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Capilla Navarro-Guzmán3, María J. Serrano-Ripoll4,5,6* and

Bárbara Oliván-Blázquez1,7
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Health Research Institute (IdISBa), Palma, Spain, 6Research Network on Chronicity, Primary Care and

Health Promotion (RICAPPS), Barcelona, Spain, 7Department of Psychology and Sociology,
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Background: Depression symptoms are prevalent in the general population,

and their onset and continuationmay be related to biological and psychosocial

factors, many of which are related to lifestyle aspects. Health promotion and

lifestyle modification programmes (LMPs) may be e�ective on reducing the

symptoms. The objective of this study was to analyse the clinical e�ectiveness

of a LMP and a LMP plus Information and Communication Technologies,

when compared to Treatment as Usual (TAU) over 6 months. The interventions

were o�ered as an adjuvant treatment delivered in Primary Healthcare Centers

(PHCs) for people with depression symptoms.

Methods: We conducted an open-label, multicentre, pragmatic, randomized

clinical trial. Participants were recruited from several PHCs. Those participants

visiting general practitioner for any reason, who also met the inclusion criteria

(scoring 10 to 30 points on the Beck II Self-Applied Depression Inventory) were

invited to take part in the study. TAU+LMP consisted of six weekly 90-min

group sessions focused on improving lifestyle. TAU+LMP+ ICTs replicated the

TAU+LMP format, plus the addition of a wearable smartwatch tomeasure daily

minutes walked and sleep patterns. A total of 188 participants consented to

participate in the study and were randomized. We used linear mixed models,

with a random intercept and an unstructured covariance to evaluate the impact

of the interventions compared to TAU.

Results: Both interventions showed a statistically significant reduction on

depressive symptoms compared to TAU (TAU+LMP vs. TAU slope di�erence,

b = −3.38, 95% CI= [−5.286, −1.474] p = 0.001 and TAU+LMP+ICTs vs.

TAU slope di�erence, b = −4.05, 95% CI = [−5.919, −2.197], p < 0.001).

These reductions imply a moderate e�ect size. In the TAU+LMP+ICTs

there was a significant increase regarding minutes walking per week (b =

99.77) and adherence to Mediterranean diet (b = 0.702). In the TAU+LMP

there was a significant decrease regarding bad sleep quality (b = −1.24).

Frontiers inMedicine 01 frontiersin.org

78

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.954644
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.954644&domain=pdf&date_stamp=2022-07-26
mailto:mariajesus.serranoripoll@ibsalut.es
https://doi.org/10.3389/fmed.2022.954644
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2022.954644/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Aguilar-Latorre et al. 10.3389/fmed.2022.954644

Conclusion: TAU+LMPs administered in PHCs to people experiencing

depression symptoms were e�ective on reducing these symptoms compared

to TAU. They also have a positive impact on changing several lifestyle factors.

These findings indicate that these interventions can be promising strategies

for PHCs.

KEYWORDS

depression, lifestyle modification, primary care, randomized controlled trial (RCT),

health promotion

Introduction

It is estimated that 280million people of all ages are currently

experiencing depression symptoms and their impact (1). Due to

its high prevalence in primary care settings (2), its treatment

at this level of care is recommended (3, 4). One of the goals

of primary care interventions is about educating people about

healthy lifestyle habits (5). Lifestyle Modification Programmes

(LMPs) can prevent the development of depression and are

considered a successful treatment option (6–9). Regarding

specific lifestyle factors, regular leisure-time exercise of any

intensity has been shown to improve mental health and prevent

depression (10, 11). Moreover, sleep disturbance is not only

a manifestation of depression but can also be considered a

prodromal symptom, therefore, its identification and treatment

needs to be prioritized before, during and after experiencing

depression (12, 13).

Spain has long been associated with the Mediterranean diet,

which is regarded as one of the world’s healthiest dietary patterns

(14). This dietary pattern may be a safe and low-cost measure for

depression prevention (15).

Additionally, facilitators of adherence to interventions, such

as the use of Information and Communication Technologies

(ICTs), should be considered in LMPs (16). In previous studies,

the practice of monitoring behaviors in daily life has been useful

to promote lifestyle changes in depressed people in primary care

(17, 18). More specifically, wearable devices have been proven to

be feasible and acceptable for use among overweight people with

severe mental illness (19). These devices allow for monitoring

behaviors in real-time in an unobtrusive way, enabling people to

monitor and change their own activity (20).

Therefore, specifically, and as a novelty of this study, we

combined and promoted several healthy lifestyles together

(physical activity, sleep patterns and diet) in a face-to-face group

format at the primary healthcare level with a longitudinal follow-

up at 6 months in order to evaluate the effectiveness of the

interventions over time.

The main objective is to analyse the clinical effectiveness of

a TAU+LMP and an TAU+LMP with ICTs, when compared

to Treatment as Usual (TAU) over 6 months, delivered in the

context of in Primary Healthcare Centers (PHCs) as an adjuvant

treatment for people experiencing depression symptoms. The

second objective is to analyse if both interventions are similarly

effective in improving the results of the lifestyle variables when

compared to TAU.

Methods and analysis

Study design

An open-label, multicentre, pragmatic, randomized clinical

trial (RCT) in three parallel groups was carried out: TAU as

a control group, and TAU+LMP and TAU+LMP+ICTs as

intervention groups in several PHCs.

Sample size

To estimate the sample needed for this study, a Spanish

study conducted with primary care patients with depression was

considered as a proxy reference (18). Serrano-Ripoll et al. (18)

reported an average score in BDI-II (21) at baseline of 24.5

points (SD 7.84). Following Button et al. (22) recommendation

of considering a 17.5% reduction in the BDI-II as clinically

relevant, we determined that a decrease of at least 4.28 points

would be clinically significant and beneficial for people in

Spain. Accepting a risk of 0.05 and a risk of 0.20 in a bilateral

contrast, each treatment group required 35 participants. A final

sample size of 42 people per each group was considered, with

consideration of having a possible 20% withdrawal rate. The

total sample size required was 126.

Recruitment and participants

Participants were chosen from among those who visited a

general practitioner (GP) at one of the participating PHCs for

any reason and who also met the inclusion criteria described

below. The recruiting time was 7 months (starting in April
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2020 and finishing in October 2020). By the end of the study,

188 patients from PHCs in two locations in Spain (Zaragoza

and Mallorca) with subclinical, mild or moderate depression

(scoring 10 to 30 points on the BDI-II) (21) were recruited

for the study. Further details about the inclusion and exclusion

criteria are available in the published protocol (23).

A computer-generated random number (24) administered

by an independent researcher was used to allocate participants.

All the study centers randomized patients to all conditions.

Intervention development and evaluation

All participants received a general medical care from their

GPs, which means that they received the care they usually get

in PHC, which typically does not mean care from clinicians

specialized in delivering mental health care (25). In Spain

general medical care could be usual antidepressant treatment

with psychological advice and / or psychotropic drugs by the

GP (26).

Those allocated to TAU+LMP received 90-min session

per week for 6 weeks conducted by an expert psychologist,

which were also supplemented with PowerPoint presentations.

The following topics were covered: 1) Psychoeducation on

depression; 2) Behavior activation; 3) Sleep hygiene habits and

careful exposure to sunlight; 4) Physical activity; 5) Adherence

to the Mediterranean diet; and 6) Summary of previous sessions.

TAU+LMP+ICTs replicated the TAU+LMP format, plus the

addition that participants were given a wearable smartwatch and

instructed to wear it to measure daily minutes walked and sleep

patterns. Those participants not assigned to either of the two

interventions were considering as part of TAU group (25).

A blinded research assistant gathered patient data by

administering questionnaires at baseline (T0), immediately after

the intervention (T1), and at six-month follow-up session (T2).

Outcomes and measures

Data about gender, age, marital status, level of education,

occupation and economic level were collected. Chronic

comorbidities with prevalences >5% were also considered

(arrhythmias, heart failure, ischemic cardiopathy, dyslipidemia,

obesity, excess weight, vein and artery disease, cerebrovascular

disease, diabetes, chronic bronchitis, chronic obstructive

pulmonary disease (COPD), asthma, chronic kidney disease,

hypo and hyperthyroidism, tobacco use, alcoholism, insomnia,

attempted suicide, anemia, neoplasia, dementia, deafness,

cataracts, glaucoma, arthrosis, osteoporosis, and back pain) (27).

The primary outcome was the severity of depressive

symptoms, measured by the BDI-II. It consists of 21

questions, with higher scores indicating more severe depressive

symptomatology (28). The internal consistency of the BDI-II in

our sample was acceptable at baseline (α = 0.71).

Secondary outcomes

To analyse the effectiveness of the intervention in modifying

lifestyles, physical activity was measured using the International

Physical Activity Questionnaire-Short Form (IPAQ-SF) (29). It

assesses the activity over the last seven days (30) and contains

seven items. In our analysis, we use the minutes walking per

week and the minutes seated per day.

Adherence to the Mediterranean diet was assessed using

the 14-item Mediterranean Diet Adherence Screener (MEDAS),

developed by the PREDIMED study group (31). It includes items

related to food consumption and consumption habits. Higher

scores indicate higher level of adherence (32).

Sleep quality and sleep patterns were measured using the

Pittsburgh Sleep Quality Index (PSQI) (33), which consists

of 19 questions about subjective sleep quality, sleep latency,

sleep duration, habitual sleep efficiency, sleep disturbances, sleep

medication use and daytime dysfunction over the previous

month. Higher scores indicate worse sleep quality (34). The

internal consistency of the PSQI in our sample was acceptable

at baseline (α = 0.75).

Ethics approval

Ethics approval was granted by the Research Ethics

Committee of Aragón (CEICA, PI18/286) and the Research

Ethics Committee of the Balearic Islands (IB3950/19 PI). The

study was developed following the Helsinki Declaration. All of

the subjects signed an informed consent form; their data were

anonymized and were only used for the purposes of the study.

Statistical analysis

Firstly, a descriptive analysis (frequencies for categorical

variables; means and standard deviation for continuous

variables) and a univariate analysis (one-way ANOVA for age,

BDI-II, IPAQ-SF, PSQI, and MEDAS, and Chi-Square test for

the remaining variables) were used to examine the data and

tested whether there were baseline differences between groups

after randomization. Secondly, to answer the main objective

– whether there were differences between treatment groups

regarding their effectiveness in reducing depression—we used

Linear Mixed-Effects Models (LMEMs) (35). We specified a

model with a random intercept and unstructured covariance.

The parameter of interest was the interaction effect of treatment

and time in a model that also included age as a covariate because

it was the only baseline variable that was significantly different

between groups. Cohen’s d (d) is calculated from the estimated
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mean values of BDI-II and its standard deviations (SD) at

baseline (36).

Moreover, to answer the second question—whether there

were differences between treatment groups with respect to the

improvement of lifestyle variables—we used LMEMs with the

same previous components.

The statistical analysis was carried out per intention-to-

treat analysis (ITT) (i.e., all participants who were randomized

were included in the statistical analysis and were analyzed

according to the group to which they were originally assigned)

(37). The results from the trial were presented as a regression

coefficient for predicting change in primary and secondary

outcomes with 95% confidence intervals. LMEMs were tested

against a Bonferroni-adjusted alpha level of 0.01 (0.05/5) (38).

A statistical analysis was performed using the SPSS software

(version 25.0) (39).

Results

A total of 246 participants were evaluated for eligibility, with

14 of them failing to meet the inclusion criteria, 6 declining to

participate because they were not interested, and 38 declining

to participate because they had time incompatibility. Of the 246

initial participants, 58 (23.58%) did not participate. Finally, 188

participants were included (Figure 1).

Firstly, the descriptive analysis showed that of the 188

participants, 162 were female and 26 were male, and all

participants were between 20 to 83 years old (mean age= 53.32,

SD = 13.07). The univariate analysis subsequently revealed

significant differences between the groups (p= 0.014) regarding

age, specifically between the TAU and TAU+LMP+ICTs groups

(p= 0.018), with the TAU+LMP+ICT participants being older.

However, no significant differences were found between the

groups in the other variables (Table 1).

Considering the raw scores of both intervention groups,

there was a decrease in BDI-II at 6 months compared to baseline

levels (TAU+LMP mean difference = −5.48, SD = 9.50 and

TAU+LMP+ICTs mean difference=−7.71, SD= 11.52). Also,

an increase in IPAQ–SF–Walking (TAU+LMP mean difference

= 123.56, SD = 251.74 and TAU+LMP+ICTs mean difference

= 189.88, SD = 350.99), a decrease in IPAQ–SF–Sedentarism

(TAU+LMP mean difference = −2.56, SD = 167.48 and

TAU+LMP+ICTs mean difference = −32.62, SD = 189.61),

a decrease in PSQI (TAU+LMP mean difference = −3.21, SD

= 4.36 and TAU+LMP+ICTs mean difference = −1.52, SD =

5.13) and a decrease and an increase in MEDAS (TAU+LMP

mean difference = −0.21, SD = 2.15 and TAU+LMP+ICTs

mean difference=0.92, SD= 1.64) (Table 2).

Secondly, the LMEM evidenced that both interventions

could be clinically effective compared to TAU, as there was a

significant interaction effect for both treatments and time on

BDI–II (TAU+LMP vs. TAU slope difference: b = −3.38, 95%

CI= [−5.286,−1.474] p=0.001; and TAU+LMP+ICTs vs. TAU

slope difference: b = −4.06, 95% CI= [−5.919, −2.197], p

<0.001) (Table 3). That reduction in BDI–II implies a moderate

effect size in both TAU+LMP and TAU+LMP+ICTs groups (d

=0.671 and d =0.779, respectively).

Moreover, LMEMs showed that the variables that measure

lifestyle (IPAQ–SF–Walking, IPAQ–SF–Sedentarism, PSQI and

MEDAS) changed differently when comparing TAU to the

intervention group. Specifically, regarding IPAQ–SF–Walking,

there was a significant increase in the TAU+LMP+ICTs group

(TAU+LMP+ICTs vs. TAU slope difference: b = 99.778, 95%

CI= [30.530, 169.026], p = 0.005) (Supplementary Table 1).

That increase in IPAQ-SF-Walking implies a small effect size

in the TAU+LMP+ICTs group (d = 0.310). Regarding IPAQ-

SF-Sedentarism, there were no significant changes in any

group (Supplementary Table 2). Regarding PSQI, there was a

significant reduction in the TAU+LMP group (TAU+LMP vs.

TAU slope difference: b = −1.240, 95% CI= [−2.126, −0.354],

p = 0.006) (Supplementary Table 3). That decrease in PSQI

implies a small effect size in the TAU+LMP group (d = 0.268).

Finally, regarding MEDAS, there was a significant increase in

the TAU+LMP+ICTs group (TAU+LMP+ICTs vs. TAU slope

difference: b = 0.702, 95% CI= [.337, 1.066], p < 0.001)

(Supplementary Table 4). That increase in MEDAS implies a

small effect size in the TAU+LMP+ICTs group (d = 0.040).

Discussion

The findings of this study indicate that over 6 months,

TAU+LMPs were effective in decreasing depressive symptoms.

Also, TAU+LMPs helped in the adoption of several healthier

lifestyle behaviors when compared to TAU.

The findings of this study are consistent with other Spanish

RCTs on psychoeducational group interventions delivered

by PHC nurses for people with depression and physical

comorbidity (40, 41). Furthermore, they are also consistent with

a multidisciplinary online programmes that integrates evidence-

based tactics from the fields of lifestyle medicine (42), as well as

with a recent pilot RCT about a group-based lifestyle medicine

for depression (43).

Recent meta-analyses of RCTs concluded that multi-

component LMPs (with three lifestyle factors such as physical

activity, nutritional advice, and sleep management) appeared to

be effective in mitigating depressive symptoms (44, 45). A recent

Spanish longitudinal cohort study (46), a cross-sectional study

about health conditions, lifestyle factors and depression (47)

and a recent meta-analysis of observational studies (48) have all

shown that healthy lifestyles are associated with a reduced risk

of depressive symptoms.

Regarding changes on lifestyle, reflecting a long-lasting effect

of the interventions, people receiving the TAU+LMP+ICTs

group significantly increased their total weekly minutes of
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FIGURE 1

Flowchart of the study: randomization, sampling and monitoring of patients. GP, General Practitioner; TAU, Treatment as Usual; LMP, Lifestyle

Modification Programme; ICTs, Information and Communication Technologies; ITT, Intention-to-treat.

walking (approximately, 1 h and three quarters) when compared

to TAU. Participants following the TAU+LMP also increased

their minutes of walking (approximately 1 h), but those results

only showed a certain trend toward significance. A systematic

review and a meta-analysis analyzing RCTs about the treatment

effect of exercise on depression (49, 50) concluded that

physical exercise is an effective intervention for depression.

Moreover, evidence suggests that it is not only necessary to

be physically active but also to limit the number of hours

spent being sedentary (51). In the same line, in a cross-

sectional study with primary care patients, depression symptoms

were associated with physical inactivity (52). Participants from
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TABLE 1 Sociodemographic and clinical characteristics of the sample.

Variables Total (n= 188) TAU (n= 63) TAU+LMP (n= 63) TAU+LMP+ICTs (n= 62) p

Age,M (SD) 53.32 (13.07) 49.54 (13.50) 54.35 (12.97) 56.11 (11.99) 0.014

Gender, female n (%) 162 (86.2) 52 (82.5) 54 (85.7) 56 (90.3) 0.448

Education

None or primary, n (%)

72 (38.3) 21 (33.3) 22 (34.9) 29 (46.8) 0.241

Secondary or tertiary, n (%) 116 (61.7) 42 (66.7) 41 (65.1) 33 (53.2)

Occupation

Working, n (%)

53 (28.2) 23 (36.5) 17 (27) 13 (21) 0.150

Not working, n (%) 135 (71.8) 40 (63.5) 46 (73) 49 (79)

Marital status

With a partner, n (%)

105 (54.4) 32 (50.8) 34 (54) 37 (59.7) 0.600

Without a partner, n (%) 88 (45.6) 31 (49.2) 29 (46) 25 (40.3)

Economic level

< IMW to 2 IMW, n (%)

164 (87.2) 57 (90.5) 51 (81) 56 (90.3) 0.187

>2 IMW, n (%) 24 (12.8) 6 (9.5) 12 (19) 6 (9.7)

Taking antidepressants, yes n (%) 132 (71.3) 45 (71.4) 46 (73) 43 (69.4) 0.776

N◦ of chronic comorbidities,M (SD) 4.51 (3.95) 4.03 (4.02) 4.41 (3.62) 5.09 (4.18) 0.314

BDI-II,M (SD) 24.90 (5.11) 24.13 (5.05) 25.00 (4.94) 25.58 (5.29) 0.278

Number of sessions attended*,M (SD) 4.98 (1.09) - 5.07 (1.02) 4.90 (1.15) 0.451

IPAQ-SF-Walking,M (SD) 206.46 (273.95) 208.25 (324.92) 233.25 (261.87) 177.42 (226.87) 0.524

IPAQ-SF-Sedentarism,M (SD) 289.97 (186.24) 256.75 (212.23) 306.67 (180.20) 306.77 (160.72) 0.222

PSQI,M (SD) 11.66 (4.64) 11.57 (4.91) 12.11 (4.34) 11.29 (4.69) 0.605

MEDAS,M (SD) 6.47 (1.86) 6.41 (1.81) 6.54 (2.08) 6.45 (1.70) 0.927

Significant differences (p≤ 0.05) are highlighted in bold. *Only patients in the intervention group who did not drop out were included. IMW, Interprofessional MinimumWage. one-way

ANOVA for age, n◦ of chronic comorbidities, BDI-II, IPAQ-SF, PSQI, and MEDAS, and Chi-Square test for the remaining variables. BDI-II, Beck II Self-Applied Depression Inventory;

IPAQ-SF, Physical Activity Questionnaire-Short Form; PSQI, Pittsburgh Sleep Quality Index; MEDAS, Mediterranean Diet Adherence Screener; TAU, Treatment as Usual; LMP, Lifestyle

Modification Programme; ICTs, Information and Communication Technologies.

the TAU+LMP+ICTs group reduced their total daily minutes

seated (∼45min) almost significantly. This lack of relationship

found between sedentary lifestyle and depression may be due

to the fact that what the participants did while sitting was not

controlled. Therefore, time spent being sedentary could have

been used doing pleasant leisure activities (i.e., watching TV,

reading or using the computer) (53).

An RCT associated physical activity with elevated mood

and with a significant reduction in the severity of insomnia

symptoms (54). In our study, there was a significant reduction in

bad sleep quality among the participants from the TAU+LMP.

In a recent cross-sectional study, inadequate sleep was associated

with most health disabilities and major depression (55).

Furthermore, a meta-analysis concluded that a lack of good

sleep quality is significantly associated with depression in older

adults (56), and another meta-analysis stated that certain sleep

disorders (nightmares and insomnia) increase the risk of suicidal

behavior in depressed patients (57).

A recent cross-sectional study observed positive associations

between a healthy diet and sleep with mental health (58).

Participants from the TAU+LMP+ICTs group significantly

increased their adherence to the Mediterranean diet. A recent

RCT determined that adherence to the Mediterranean diet was

related to fewer depressive symptoms (59). A meta-analysis

of RCTs determined that dietary interventions significantly

reduced depressive symptoms (60). Moreover, meta-analyses of

observational studies indicated that adults following a healthy

dietary pattern have fewer depressive symptoms and a lower

risk of developing depressive symptoms (61). In particular,

adhering to the Mediterranean diet appeared to reduce the risk

of depression (62).

The differences found between both interventions

(TAU+LMP and TAU+LMP+ICTs) could be due to the

use of the wearable smartwatch for monitoring. We have found

the following advantages of its use. Firstly, the patients from

the TAU+LMP+ICTs group had a more remarkable reduction

in their depression and, as previously stated, this reduction of

depression might be clinically relevant. Secondly, these patients

had significantly increased the minutes of walking per week

and they also increased their adherence to the Mediterranean

diet. However, participants from this group did not have a

significant improvement in their sleep quality, whereas the

participants from the TAU+LMP improved their sleep. These

results may have been influenced by the individual use of the
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TABLE 2 Outcome variables of each group in each measurement.

Variables TAU TAU+LMP TAU+LMP+ICTs

BDI-II,M (SD)

T0 24.13 (5.05) 25.00 (4.94) 25.58 (5.29)

T1 27.45 (9.08) 18.16 (8.53) 19.94 (8.08)

T2 24.00 (12.72) 18.49 (9.95) 17.69 (11.79)

T1-T0 3.29 (7.55) −6.43 (7.77) −5.59 (6.74)

T2-T0 −0.12 (12.06) −5.48 (9.50) −7.71 (11.52)

IPAQ-SF-walking,M (SD)

T0 208.25 (324.92) 233.25 (261.87) 177.42 (226.87)

T1 177.93 (346.64) 380.56 (371.98) 367.34 (430.34)

T2 211.12 (279.09) 368.43 (338.27) 373.33 (351.61)

T1-T0 −13.96 (410.85) 145.34 (250.76) 205.30 (432.34)

T2-T0 5.51 (270.41) 123.56 (251.74) 189.88 (350.99)

IPAQ-SF-sedentarism,M (SD)

T0 256.75 (212.23) 306.67 (180.20) 306.77 (160.72)

T1 280.69 (210.17) 240.11 (160.67) 248.57 (150.99)

T2 302.45 (188.73) 277.97 (172.68) 261.67 (184.03)

T1-T0 13.96 (223.10) −51.70 (135.25) −52.04 (149.22)

T2-T0 49.49 (211.65) −2.56 (167.48) −32.62 (189.61)

PSQI,M (SD)

T0 11.57 (4.91) 12.11 (4.34) 11.29 (4.69)

T1 12.29 (3.95) 9.25 (4.12) 10.65 (4.91)

T2 10.59 (5.74) 8.70 (4.20) 9.85 (5.06)

T1-T0 0.51 (3.79) −2.68 (3.77) −0.73 (3.25)

T2-T0 −1.32 (5.11) −3.21 (4.36) −1.52 (5.13)

MEDAS,M (SD)

T0 6.41 (1.81) 6.54 (2.08) 6.45 (1.70)

T1 5.98 (2.26) 7.18 (1.83) 7.20 (1.67)

T2 6.20 (1.98) 6.78 (1.73) 7.69 (1.52)

T1-T0 −0.41 (1.69) 0.41 (2.29) 0.61 (1.60)

T2-T0 −0.30 (1.89) −0.21 (2.15) 0.92 (1.64)

BDI-II, Beck II Self-Applied Depression Inventory; IPAQ-SF, Physical Activity

Questionnaire-Short Form; PSQI, Pittsburgh Sleep Quality Index; MEDAS,

Mediterranean Diet Adherence Screener; TAU, Treatment as Usual; LMP, Lifestyle

Modification Programme; ICTs, Information and Communication Technologies; T0,

Baseline assessment; T1, Post-intervention assessment; T2, Six-month follow-up.

smartwatch. Most of the patients from the TAU+LMP+ICTs

group were very excited about using this device, however, most

of them did not wear it during the night. As such, feedback

about their sleep was not available. This underuse of the

smartwatch could have been due to the patients’ acceptance of

technologies (63).

Regarding the limitations and strengths of the study,

the first strength was the study’s design; a pragmatic RCT

with sample homogeneity between groups. As the study was

developed in primary care conditions, the research results

are easily transferable to practice. Another advantage is that

since the randomization was blind, the evaluations and the

statistical analysis provided greater validity to the results.

TABLE 3 Estimates of Fixed E�ects in BDI-II.

Parameter Estimate 95% CI for estimated SE t p

Intercept 24.948 [22.947, 26.949] 1.017 24.524 <0.001

Time 0.118 [−1.158, 1.396] 0.649 0.183 0.855

Age −0.050 [−0.127,0.026] 0.038 −1.291 0.198

TAU+LMP+ICTs 0.307 [−2.556, 3.171] 1.456 0.211 0.833

TAU+LMP −0.749 [−3.588, 2.090] 1.443 −0.519 0.604

TAU+LMP+

ICTs× Time

−4.058 [−5.919, −2.197] 0.946 −4.289 <0.001

TAU+LMP×

Time

−3.380 [−5.286, −1.474] 0.968 −3.489 0.001

Significant differences (p ≤ 0.01) are highlighted in bold. CI, confidence interval; TAU,

Treatment as Usual; LMP, Lifestyle Modification Programme; ICTs, Information and

Communication Technologies.

Furthermore, and as a new characteristic, numerous aspects

of healthy lifestyles were considered together and no adverse

effects from the interventions were reported. In this regard,

the group intervention format offered social support, a sense

of belonging and the opportunity to share common difficulties

(64). Finally, the participant profile was similar to regular

PHC patients.

One limitation was the overlap with COVID-19 since

participants found it difficult to properly implement the lifestyle

guidelines during this time (65). Despite session attendance

being high (5 out of the 6 sessions), another issue was the

dropout rate, which was mostly due to time incompatibility or

a lack of interest in answering the questionnaires during the

follow-up. Furthermore, the sample was predominantly female

and, as such, no analysis by gender could be performed. Finally,

due to the nature of the intervention, both the psychologist who

led the sessions and the participants were aware of the assigned

intervention during the RCT.

Future trials with larger sample sizes could plan for

subgroup analyses. For example, analyzing the effectiveness

of an TAU+LMP for the different severities of depression

(i.e., subclinical, mild, moderate and even severe). Moreover,

recruiting more menmay be beneficial to be able to make gender

comparisons. Furthermore, adherence strategies (i.e., sending

text messages) (66) may be considered in future RCTs. In

addition, qualitative studies should be carried out to investigate

the specific causes of dropout. Regarding the use of ICTs, more

studies are needed to determine how to improve adherence

and compliance rates so that people can wear wearable devices

continuously for 24 h (20).

Conclusion

TAU+LMPs administered in PHCs to people suffering

from mainly moderate depression were effective in reducing

depressive symptomatology comparing to TAU. The use of

Frontiers inMedicine 07 frontiersin.org

1314

https://doi.org/10.3389/fmed.2022.954644
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Aguilar-Latorre et al. 10.3389/fmed.2022.954644

ICTs resulted in a greater improvement in depression and

in several lifestyle factors (weekly minutes of walking and

adherence to the Mediterranean diet). More research is needed

to enhance adherence. These promising programmes could be

easily implemented in PHCs.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were

reviewed and approved by Research Ethics Committee

of Aragón (CEICA, PI18/286). The patients/participants

provided their written informed consent to participate in

this study.

Author contributions

All authors made a significant contribution to the work

reported, whether that is in the conception, study design,

execution, acquisition of data, analysis and interpretation, or

in all these areas, took part in drafting, revising or critically

reviewing the article, gave final approval of the version to be

published, have agreed on the journal to which the article has

been submitted, and agreed to be accountable for all aspects of

the work.

Funding

This work was supported by Carlos III Health Institute grant

number PI18/01336. The funders have no role in study design,

data collection and analysis, decision to publish or manuscript

preparation. The funding organization will audit trial conduct

once a year.

Acknowledgments

We wish to thank the Research Network on Chronicity,

Primary Care and Health Promotion (RICAPPS,

RD21/0016/0005) that is part of the Results-Oriented

Cooperative Research Networks in Health (RICORS) (Carlos

III Health Institute), the Primary Health Care Research Group

of Aragon (GAIAP – B21-20R) of the Department of Science,

University and Knowledge Society of the government of Aragon

(Spain) and Feder Funds “Another way to make Europe”. This

research has been developed during a short-research term of A-

AL at Lancaster University supported by Campus de Excelencia

Internacional del Valle del Ebro (Campus Iberus), “Convenio

de subvención Erasmus+ Educación Superior para prácticas

Consorcio Iberus+”, and Universidad de Zaragoza, Fundación

Bancaria Ibercaja y Fundación CAI “Programa Ibercaja-CAI de

Estancias de Investigación”, grant number CM 9/21.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fmed.2022.954644/full#supplementary-material

References

1. World Health Organization (WHO). Depression. (2021). Available online
at: https://www.who.int/news-room/fact-sheets/detail/depression

2. Malhi GS, Mann JJ. Depression. Lancet. (2018) 392:2299–
312. doi: 10.1016/S0140-6736(18)31948-2

3. Aguilera-Martín Á, Gálvez-Lara M, Cuadrado F, Moreno E, García-
Torres F, Venceslá JF, et al. Cost-effectiveness and cost-utility evaluation of
individual vs. group transdiagnostic psychological treatment for emotional
disorders in primary care (PsicAP-Costs): a multicentre randomized controlled
trial protocol. BMC Psychiatry. (2022) 22, 1–15. doi: 10.1186/s12888-022-0
3726-4

4. WHO. International Statistical Classification of Diseases and Related Health
Problems, 10th Revision ICD-10: Tabular List. Geneva: World Health Organization
(2016).

5. Malhi GS, Outhred T, Hamilton A, Boyce PM, Bryant R, Fitzgerald PB, et
al. Royal australian and New Zealand college of psychiatrists clinical practice
guidelines for mood disorders: Major depression summary. Medical J Australia.
(2018) 208:175–80. doi: 10.5694/mja18.00351

6. Aguilar-Latorre A, Serrano-Ripoll MJ, Oliván-Blázquez B, Gervilla
E, and Navarro C. Associations between severity of depression, lifestyle
patterns, and personal factors related to health behavior: secondary

Frontiers inMedicine 08 frontiersin.org

1415

https://doi.org/10.3389/fmed.2022.954644
https://www.frontiersin.org/articles/10.3389/fmed.2022.954644/full#supplementary-material
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.1016/S0140-6736(18)31948-2
https://doi.org/10.1186/s12888-022-03726-4
https://doi.org/10.5694/mja18.00351
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Aguilar-Latorre et al. 10.3389/fmed.2022.954644

data analysis from a randomized controlled trial. Front Psychol. (2022)
13. doi: 10.3389/fpsyg.2022.856139

7. Forsyth A, Deane FP, Williams P. A lifestyle intervention for primary care
patients with depression and anxiety : a randomised controlled trial. Psychiatry Res.
(2015) 1–8. doi: 10.1016/j.psychres.2015.10.001

8. García-Toro M, Ibarra O, Gili M, Serrano MJ, Oliván B, Vicens
E, et al. Four hygienic-dietary recommendations as add-on treatment in
depression A randomized-controlled trial. J Affect Disord. (2012) 140:200–
3. doi: 10.1016/j.jad.2012.03.031

9. Lopresti AL, Hood SD, Drummond PD. A review of lifestyle factors that
contribute to important pathways associated withmajor depression: Diet, sleep and
exercise. J Affect Disord. (2013) 148:12–27. doi: 10.1016/j.jad.2013.01.014

10. Harvey SB, Overland S, Hatch SL, Wessely S, Mykletun A, Hotopf M.
Exercise and the prevention of depression: results of the HUNT cohort study. Am
J Psychiatry. (2018) 175. doi: 10.1176/appi.ajp.2017.16111223

11. Lin CY, Kim B, Liao Y, Park JH. Personal, behavioral, and perceived
environmental factors associated with late-life depression in older men and
women. Psychol Res Behav Manag. (2019) 12:641–50. doi: 10.2147/PRBM.S214524

12. Asarnow LD, Soehner AM, Harvey AG. Basic sleep and circadian science as
building blocks for behavioral interventions: a translational approach for mood
disorders. Behav Neurosci. (2014) 128:360–70. doi: 10.1037/a0035892

13. Fang H, Tu S, Sheng J, Shao A. Depression in sleep disturbance: a review
on a bidirectional relationship, mechanisms and treatment. J Cell Mol Med. (2019)
23:2324–32. doi: 10.1111/jcmm.14170

14. González-García S, Green RF, Scheelbeek PF, Harris F, Dangour AD. Dietary
recommendations in Spain –affordability and environmental sustainability? J
Clean Prod. (2020) 254. doi: 10.1016/j.jclepro.2020.120125

15. Pano O, Martínez-Lapiscina EH, Sayón-Orea C, Martinez-Gonzalez MA,
Martinez JA, Sanchez-Villegas A. Healthy diet, depression and quality of life: A
narrative review of biological mechanisms and primary prevention opportunities.
World J Psychiatry. (2021) 11:997–1016. doi: 10.5498/wjp.v11.i11.997

16. NICE. Behaviour Change: Individual Approaches. (2014). Avavilable onlilne
at: www.nice.org.uk/guidance/ph49 (accessed December 1, 2021).

17. Olivan-Blázquez B, Montero-Marin J, García-Toro M, Vicens-Pons
E, Serrano-Ripoll MJ, Castro-Gracia A, et al. Facilitators and barriers to
modifying dietary and hygiene behaviours as adjuvant treatment in patients with
depression in primary care: A qualitative study. BMC Psychiatry. (2018) 18:1–
12. doi: 10.1186/s12888-018-1779-7

18. Serrano-Ripoll MJ, Oliván-Blázquez B, Vicens-Pons E, Roca M, Gili M, Leiva
A, et al. Lifestyle change recommendations in major depression: Do they work? J
Affect Disord. (2015) 183. doi: 10.1016/j.jad.2015.04.059

19. Naslund JA, Aschbrenner KA, Barre LK, Bartels SJ. Feasibility of popular
m-health technologies for activity tracking among individuals with serious mental
Illness. Telemed E-Health. (2015) 21:213–6. doi: 10.1089/tmj.2014.0105

20. Lee S, Kim H, Park MJ, Jeon HJ. Current advances in wearable devices
and their sensors in patients with depression. Front Psychiat. (2021) 12:1–
8. doi: 10.3389/fpsyt.2021.672347

21. Beck A, Steer R, Ball R, Ranieri W. Comparison of beck depression 1
in psychiatric inventories−1a and - outpatients. J Pers Assess. (1996) 67:588–
97. doi: 10.1207/s15327752jpa6703_13

22. Button K, Kounali D, Thomas L, Wiles N, Peters T, Welton N, et
al. Minimal clinically important difference on the Beck Depression Inventory
- II according to the patient’s perspective. Psychol Med. (2015) 45:3269–79.
doi: 10.1017/S0033291715001270

23. Aguilar-Latorre A, Navarro C, Oliván-Blázquez B, Gervilla E, Magallón
Botaya R, Calafat-Villalonga C, et al. Effectiveness and cost-effectiveness of a
lifestyle modification programme in the prevention and treatment of subclinical,
mild andmoderate depression in primary care: a randomised clinical trial protocol.
BMJ Open. (2020) 10. doi: 10.1136/bmjopen-2020-038457

24. Kim J, Shin W. How to do random allocation (randomization). Clin Orthop
Surg. (2014) 6:103–9. doi: 10.4055/cios.2014.6.1.103

25. Cuijpers P, Quero S, Papola D, Cristea IA, Karyotaki E. Care-
as-usual control groups across different settings in randomized trials on
psychotherapy for adult depression: a meta-analysis. Psychol Med. (2019) 51:634–
44. doi: 10.1017/S0033291719003581

26. Ministry of Health Social Services and Equality. (2014). Clinical Practice
Guideline on the Management of Major Depression in Adults. SNS Clinical Practice
Guidelines.Available online at: http://www.guideline.gov/content.aspx?id=24067&
search=depression

27. Calderón-Larrañaga A, Vetrano DL, Onder G, Gimeno-Feliu LA, Coscollar-
Santaliestra C, Carfí A, et al. Assessing and measuring chronic multimorbidity

in the older population: a proposal for its operationalization. J Gerontol.
(2017) 72:1417–23. doi: 10.1093/gerona/glw233

28. Sanz J, García-Vera MP, Espinosa R, Fortún M, Vázquez C, Obreg R, et al.
Spanish adaptation of the Beck Depression Inventory-II (BDI-II): 3. Psychometric
features in patiens with psychological disorders. Clínica y Salud. (2005) 16:121–42.

29. Kim Y, Park I, Kang M. Convergent validity of the International
Physical Activity Questionnaire (IPAQ): meta-analysis. In Public Health Nutrition.
(2013). doi: 10.1017/S1368980012002996

30. Roman-Viñas B, Serra-Majem L, Hagströmer M, Ribas-Barba L, Sjöström
M, Segura-Cardona R. International physical activity questionnaire: Reliability
and validity in a Spanish population. Eur J Sport Sci. (2010) 10:297–
304. doi: 10.1080/17461390903426667

31. Martínez-González MÁ, Corella D, Salas-Salvadó J, Ros E, Covas MI, Fiol M,
et al. Cohort profile: design and methods of the PREDIMED study. Int J Epidemiol.
(2010) 41:377–385. doi: 10.1093/ije/dyq250

32. Schröder H, Fitó M, Estruch R, Martínez-González MA, Corella D, Salas-
Salvadó J, et al. A short screener is valid for assessing mediterranean diet
adherence among older Spanish men and women. J Nutrit. (2011) 141:1140–
5. doi: 10.3945/jn.110.135566

33. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
sleep quality index: A new instrument for psychiatric practice and research.
Psychiatry Res. (1989). doi: 10.1037/t05178-000

34. Royuela-Rico A, Macías-Fernández JA. Propiedades clinimétricas de la
versión castellana del Cuestionario de Pittsburgh. Vigilia-Sueño. (1997) 9:81–94.

35. Singer JD, Willett JB. Applied Longitudinal Data Analysis: Modeling Change
and Event Occurrence. Oxford: Oxford University Press (2003).

36. Mcgough JJ, Faraone SV. Estimating the size of treatment effects: moving
beyond p values. Psychiatry. (2009) 6:21–9.

37. McCoy CE. Understanding the intention-to-treat principle in
randomized controlled trials. West J Emerg Med. (2017) 18:1075–
8. doi: 10.5811/westjem.2017.8.35985

38. Haynes W. Bonferroni Correction. In Dubitzky W, Wolkenhauer O, Cho
K-H, Yokota H, editors. Encyclopedia of Systems Biology. New York: Springer.
(2013). doi: 10.1007/978-1-4419-9863-7_1213

39. IBM Corp. IBM SPSS Statistics forWindows, Version 25.0. Armonk, NY: IBM
Corp (2022).

40. Casañas R, Catalán R, Raya A, Real J. Efectividad de un programa grupal
psicoeducativo para la depresión mayor en atención primaria: ensayo clínico
controlado aleatorizado. Revista de La Asociación Española de Neuropsiquiatría.
(2014) 34:145–6. doi: 10.4321/S0211-57352014000100009

41. Raya-Tena A, Fernández-San-martin MI, Martin-Royo J, Casañas R, Sauch-
Valmaña G, Cols-Sagarra C, et al. Effectiveness of a psychoeducational group
intervention carried out by nurses for patients with depression and physical
comorbidity in primary care: Randomized clinical trial. Int J Environ Res Public
Health. (2021) 18:1–17. doi: 10.3390/ijerph18062948

42. Przybylko G, Morton D, Kent L, Morton J, Hinze J, Beamish P, et
al. The effectiveness of an online interdisciplinary intervention for mental
health promotion: a randomized controlled trial. BMC Psychology. (2021) 9:1–
11. doi: 10.1186/s40359-021-00577-8

43. Ka-Yan Ip A, Yan-Yee Ho F, Yeung W-F, Chung K-F, Ng
CH, Oliver G, et al. Effects of a group-based lifestyle medicine for
depression: A pilot randomized controlled trial. PLoS ONE. (2021)
16:e0258059. doi: 10.1371/journal.pone.0258059

44. Gómez-Gómez I, Bellón J, Resurrección DM, Cuijpers P, Moreno-Peral P,
Rigabert A, et al. Effectiveness of universal multiple-risk lifestyle interventions in
reducing depressive symptoms: systematic review and meta-analysis. Preventive
Med. (2020) 134:106067. doi: 10.1016/j.ypmed.2020.106067

45. Wong VWH, Ho FYY, Shi NK, Sarris J, Chung KF, Yeung WF. Lifestyle
medicine for depression: a meta-analysis of randomized controlled trials. J Affect
Disord. (2021) 284:203–16. doi: 10.1016/j.jad.2021.02.012

46. Ruiz-Estigarribia L, Martínez-González MÁ, Díaz-Gutiérrez J, Sánchez-
Villegas A, Lahortiga-Ramos F, Bes-Rastrollo M. Lifestyles the risk of depression
in the “Seguimiento Universidad de Navarra” cohort. European Psychiatry. (2019)
61:33–40. doi: 10.1016/j.eurpsy.2019.06.002

47. Cui N, Cui J, Xu X, Aslam B, Bai L, Li D, et al. Health conditions,
lifestyle factors and depression in adults in qingdao, china: a cross-
sectional study. Front Psychiat. 12(May). (2021) 1–9. doi: 10.3389/fpsyt.2021.
508810

48.Wang X, Arafa A, Liu K, Eshak ES, Hu Y, Dong JY. Combined healthy lifestyle
and depressive symptoms: a meta-analysis of observational studies. J Affect Disord.
(2021) 289:144–50. doi: 10.1016/j.jad.2021.04.030

Frontiers inMedicine 09 frontiersin.org

1516

https://doi.org/10.3389/fmed.2022.954644
https://doi.org/10.3389/fpsyg.2022.856139
https://doi.org/10.1016/j.psychres.2015.10.001
https://doi.org/10.1016/j.jad.2012.03.031
https://doi.org/10.1016/j.jad.2013.01.014
https://doi.org/10.1176/appi.ajp.2017.16111223
https://doi.org/10.2147/PRBM.S214524
https://doi.org/10.1037/a0035892
https://doi.org/10.1111/jcmm.14170
https://doi.org/10.1016/j.jclepro.2020.120125
https://doi.org/10.5498/wjp.v11.i11.997
http://www.nice.org.uk/guidance/ph49
https://doi.org/10.1186/s12888-018-1779-7
https://doi.org/10.1016/j.jad.2015.04.059
https://doi.org/10.1089/tmj.2014.0105
https://doi.org/10.3389/fpsyt.2021.672347
https://doi.org/10.1207/s15327752jpa6703_13
https://doi.org/10.1017/S0033291715001270
https://doi.org/10.1136/bmjopen-2020-038457
https://doi.org/10.4055/cios.2014.6.1.103
https://doi.org/10.1017/S0033291719003581
http://www.guideline.gov/content.aspx?id=24067&search=depression
http://www.guideline.gov/content.aspx?id=24067&search=depression
https://doi.org/10.1093/gerona/glw233
https://doi.org/10.1017/S1368980012002996
https://doi.org/10.1080/17461390903426667
https://doi.org/10.1093/ije/dyq250
https://doi.org/10.3945/jn.110.135566
https://doi.org/10.1037/t05178-000
https://doi.org/10.5811/westjem.2017.8.35985
https://doi.org/10.1007/978-1-4419-9863-7_1213
https://doi.org/10.4321/S0211-57352014000100009
https://doi.org/10.3390/ijerph18062948
https://doi.org/10.1186/s40359-021-00577-8
https://doi.org/10.1371/journal.pone.0258059
https://doi.org/10.1016/j.ypmed.2020.106067
https://doi.org/10.1016/j.jad.2021.02.012
https://doi.org/10.1016/j.eurpsy.2019.06.002
https://doi.org/10.3389/fpsyt.2021.508810
https://doi.org/10.1016/j.jad.2021.04.030
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Aguilar-Latorre et al. 10.3389/fmed.2022.954644

49. Kvam S, Lykkedrang C, Hilde I, Hovland A. Exercise as a
treatment for depression: A meta-analysis. J Affect Disord. (2016)
202:67–86. doi: 10.1016/j.jad.2016.03.063

50. Stanton R, Reaburn Exercise P, and the treatment of depression: A
review of the exercise program variables. J Sci Med Sport. (2014) 17:177–
82. doi: 10.1016/j.jsams.2013.03.010

51. De Rezende LFM, Rey-López JP, Matsudo VKR, Luiz ODC. Sedentary
behavior and health outcomes among older adults: a systematic review. BMCPublic
Health. (2014) 14:1–9. doi: 10.1186/1471-2458-14-333

52. Achttien R, Van Lieshout J, Wensing M, Van Der Sanden MN, Staal JB.
Symptoms of depression are associated with physical inactivity but not modified
by gender or the presence of a cardiovascular disease; a cross-sectional study. BMC
Cardiovasc Disord. (2019) 19:1–7. doi: 10.1186/s12872-019-1065-8

53. Andrade-Gómez E, García-Esquinas E, Martínez-Gómez D, Rodríguez-
Artalejo F. Sedentary behaviors, physical activity, and changes in depression and
psychological distress symptoms in older adults. Depress Anxiety. (2018) 35:884–
97. doi: 10.1002/da.22804

54. Hartescu I, Morgan K, Stevinson CD. Increased physical activity improves
sleep and mood outcomes in inactive people with insomnia: a randomized
controlled trial. J Sleep Res. (2015) 24:526–34. doi: 10.1111/jsr.12297

55. Kim Y-J, Lee S-A. The relationship of lifestyle factors with the prevalence
of major depressive disorder by ecological factors. Psychiatry Investig. (2021)
18:340–7. doi: 10.30773/pi.2020.0309

56. Becker NB, Jesus SN, João KADR, Viseu JN, Martins S. RIDepression sleep
quality in older adults: a meta-analysis. Psychology, Health and Medicine. (2017)
22:889–95. doi: 10.1080/13548506.2016.1274042

57. Wang X, Cheng S, Xu H. Systematic review and meta-analysis of the
relationship between sleep disorders and suicidal behaviour in patients with
depression. BMC Psychiatry. (2019) 19:1–13. doi: 10.1186/s12888-019-2302-5

58. Hepsomali P, Groeger JA. Diet sleep, and mental health: insights from the uk
biobank study. Nutrients. (2021) 13:2573. doi: 10.3390/nu13082573

59. Picard K, Senior PA, Adame Perez S, Jindal K, Richard C, Mager DR.
Low Mediterranean Diet scores are associated with reduced kidney function and
health related quality of life but not other markers of cardiovascular risk in adults
with diabetes and chronic kidney disease. Nutr Metab Cardiovasc Dis. (2021)
31:1445–53. doi: 10.1016/j.numecd.2021.02.002

60. Firth J, Marx W, Dash S, Carney R, Teasdale SB, Solmi M, et al. The
effects of dietary improvement on symptoms of depression and anxiety: a
meta-analysis of randomized controlled trials. Psychosom Med. (2019) 81:265–
80. doi: 10.1097/PSY.0000000000000673

61. Nicolaou M, Colpo M, Vermeulen E, Elstgeest LEM, Cabout M, Gibson-
Smith D, et al. Association of a priori dietary patterns with depressive symptoms: A
harmonised meta-analysis of observational studies. Psychol Med. (2019) 50:1872–
83. doi: 10.1017/S0033291719001958

62. Lassale C, Batty GD, Baghdadli A, Jacka F, Sánchez-Villegas A, Kivimäki
M, et al. Healthy dietary indices and risk of depressive outcomes: a systematic
review and meta-analysis of observational studies. Mol Psychiatry. (2019) 24:965–
86. doi: 10.1038/s41380-018-0237-8

63. Kim J, Park HA. Development of a health information technology acceptance
model using consumers’ health behavior intention. J Med Internet Res. (2012)
14:1–14. doi: 10.2196/jmir.2143

64. Guimón J. Manual de Terapias de Grupo. Tipos, Modelos y Programas.
Madrid: Editorial Biblioteca Nueva (2003).

65. Aguilar-Latorre A, Oliván-Blázquez B, Porroche-Escudero A, Méndez-
López F, García-Gallego V, Benedé-Azagra B, et al. The impact of the
COVID-19 lockdown on depression sufferers: a qualitative study from
the province of Zaragoza, Spain. BMC Public Health. (2022) 22:1–13.
doi: 10.1186/s12889-022-13083-2

66. Melnyk BM, Kelly SA, Stephens J, Dhakal K, McGovern C, Tucker
S, et al. Interventions to improve mental health, well-being, physical
health, and lifestyle behaviors in physicians and nurses: a systematic
review. Am J Health Promot. (2020) 34:929–41. doi: 10.1177/08901171209
20451

Frontiers inMedicine 10 frontiersin.org

1617

https://doi.org/10.3389/fmed.2022.954644
https://doi.org/10.1016/j.jad.2016.03.063
https://doi.org/10.1016/j.jsams.2013.03.010
https://doi.org/10.1186/1471-2458-14-333
https://doi.org/10.1186/s12872-019-1065-8
https://doi.org/10.1002/da.22804
https://doi.org/10.1111/jsr.12297
https://doi.org/10.30773/pi.2020.0309
https://doi.org/10.1080/13548506.2016.1274042
https://doi.org/10.1186/s12888-019-2302-5
https://doi.org/10.3390/nu13082573
https://doi.org/10.1016/j.numecd.2021.02.002
https://doi.org/10.1097/PSY.0000000000000673
https://doi.org/10.1017/S0033291719001958
https://doi.org/10.1038/s41380-018-0237-8
https://doi.org/10.2196/jmir.2143
https://doi.org/10.1186/s12889-022-13083-2
https://doi.org/10.1177/0890117120920451
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 03 August 2022

DOI 10.3389/fpubh.2022.929896

OPEN ACCESS

EDITED BY

Bárbara Oliván Blázquez,

University of Zaragoza, Spain

REVIEWED BY

Eva Andres,

Rey Juan Carlos University, Spain

Chan Wang,

Guangdong University of Finance and

Economics, China

Mack Shelley,

Iowa State University, United States

*CORRESPONDENCE

Wenyan Xu

wenyanxu1994@126.com

†These authors have contributed

equally to this work and share first

authorship

SPECIALTY SECTION

This article was submitted to

Family Medicine and Primary Care,

a section of the journal

Frontiers in Public Health

RECEIVED 27 April 2022

ACCEPTED 05 July 2022

PUBLISHED 03 August 2022

CITATION

Cao N, Li X, Jiang J and Xu W (2022)

The e�ect of basic medical insurance

on the changes of primary care

seeking behavior: An application of

hierarchical age-period-cohort

analysis.

Front. Public Health 10:929896.

doi: 10.3389/fpubh.2022.929896

COPYRIGHT

© 2022 Cao, Li, Jiang and Xu. This is an

open-access article distributed under

the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other

forums is permitted, provided the

original author(s) and the copyright

owner(s) are credited and that the

original publication in this journal is

cited, in accordance with accepted

academic practice. No use, distribution

or reproduction is permitted which

does not comply with these terms.

The e�ect of basic medical
insurance on the changes of
primary care seeking behavior:
An application of hierarchical
age-period-cohort analysis

Na Cao1†, Xuyang Li1†, Junfeng Jiang2 and Wenyan Xu3*

1School of Public Health, Wuhan University, Wuhan, China, 2School of Sociology, Central China

Normal University, Wuhan, China, 3Jiangxi Provincial People’s Hospital, The First A�liated Hospital

of Nanchang Medical College, Nanchang, China

In order to encourage residents to go to primary care facilities, China has set

up di�erentiated basicmedical insurance reimbursement ratios. The study aims

to use the dynamic point of view of longitudinal data to examine the changes

in the impact of basic medical insurance on primary care. The data for this

study comes from the Chinese Family Panel Study (CFPS) in 2010, 2012, 2014,

2016, and 2018. We adopted Hierarchal Age-period-cohort-Cross-Classified

Random E�ects Models (HAPC-CCREM) to examine the changes in the

impact of basic medical insurance on primary care. Compared with non-

insured groups, participants of the New Rural Cooperative Medical System

(coe�cient = 0.730) have a relatively high incidence of primary care seeks,

while Urban Residents’ Basic Medical Insurance (coe�cient = −0.482)

and Urban Employees’ Basic Medical Insurance (coe�cient = −0.663) are

lower, respectively. Age, period over time and cohort have a more obvious

moderating e�ect on primary care seeks. The study of primary care behavior

is an important direction for the construction of a hierarchical medical system.

As basic medical insurance is the source of power for the hierarchical medical

system, we can provide certain direction for policy formulation on the changes

of basic medical insurance in primary care behavior.

KEYWORDS

basic medical insurance, HAPC-CCREM, China, primary care, seeking behavior

Introduction

In China, the first diagnosis at the primary level guides patients to seek

health service at the primary care facilities, which can optimize the allocation

of resources and standardize the order of medical treatment. However, there has

been a tendency for people to pursue higher-level hospitalization services, with

the rate of admissions to primary care facilities decreasing from 38.4% to 26.4%
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between 2009 and 2015 (1). Only 55.19% of the patients visited

primary health care in 2018, in China (2). In order to guide

patients to the primary for medical treatment, China has set

a differentiated basic medical insurance reimbursement ratio

(3). China has developed three key basic medical insurance

programs for different groups. Among them, the Urban

Residents’ Basic Medical Insurance (URBMI) established in

1998 is for urban employees, the New Rural Cooperative

Medical System (NRCMS) initiated in 2003 is for rural

residents, and the Urban Employees’ Basic Medical Insurance

(UEBMI) established in 2007 is for urban residents who are not

covered by the URBMI, such as the elderly without pension,

children and college students. The UEBMI’s participants

are higher-paid and higher-guaranteed, the premiums are

divided amongst employers and employees by a rate set.

The NRCMS and URBMI’s participants are lower-paid and

lower-guaranteed, the Central and provincial governments

subsidize most of the premiums, and the participants only

need to pay a small part. What’s more, there are certain

differences in the reimbursement ratios of the these three

basic medical insurance types, and the reimbursement ratios

of primary medical facilities are higher than that of high-level

hospitals (4).

Definitions of age, period, and cohort
e�ects

Age, period, and cohort effects all refer to some type

of time-related variation in the phenomena of interest, yet

they carry distinct substantive meanings (5). The age effect is

defined as the variation between different age groups caused

by physiological changes, accumulation of social experience

and changes in role status. Berhanu’s research results show

that nearly half of medical costs occur in advanced age. For

85-year-old survivors, more than one-third of their lifetime

expenses will be accumulated in the remaining years (6).

The relatively low cost of primary care will make the elderly

more willing to choose primary care. However, when the age

increases to a certain level, primary medical facilities can no

longer meet their health needs. At this time, these elderly

people can only go to the hospital to bypass the primary

medical institutions.

Period effects are defined as variation over time periods

or calendar years that influence all age groups simultaneously.

Period effects include a series of complex historical events and

environmental factors (5). Shift in social, cultural, economic,

or physical environments may in turn induce similar changes

in the lives of all people at a given point in time. Past

empirical studies have shown that the proportion of primary

care in 2013 was lower than that in 2011 (7). In 2015, the

Chinese government issued the “Guiding Opinions of the

General Office of the State Council on Pushing Forward the

Building of the Hierarchical Medical System,” which marked

the beginning of the formal implementation of the construction

of a hierarchical diagnosis system in our country and provides

more possibilities for primary medical treatment. The China

Health Service Survey in 2018 mentioned that the accessibility

of urban and rural health services has been further improved,

showing the effect of implementing a hierarchical diagnosis

system. However, the choice of medical service institutions is

a habitual behavior, which is difficult to be changed in a short

period of time.

Cohort effects are defined as variation between groups

of people who experience an initial event such as birth or

marriage in the same year or years. Birth cohorts are the most

commonly used unit of analysis in demographic and aging

research. Since the founding of China (1949 to 1970s), China’s

community health services have developed rapidly. Rural areas

have established a primary care and health service system

with barefoot doctors who have no formal medical training,

still hold an agricultural household registration, and in some

cases “semi-agricultural and half-medicine” as the backbone,

and cities have established a large number of community

health service stations (8). The medical reform in 1985 made

the allocation of health resources appear to be concentrated.

The development trend of globalization has accelerated the

construction of large hospitals, but the primary care have

insufficient business volume. The new medical reform in 2009

proposed to vigorously develop community health services. Two

rounds of medical reform have affected China’s health resource

allocation pattern. These historical events or the process of

social change not only affected the attitudes or behaviors of

the population’s primary care at different time points, but

also had obvious differences in the impact on different birth

cohorts at the same time point. Although we have not retrieved

relevant studies at present, different birth cohort groups may

have different primary care due to their specific experience

background, which is also in line with the thinking of life

course theory.

The necessity to explore of the impact of
medical insurance on primary care
seeking behavior

In the past, a great number of papers found that the basic

medical insurance system will have an effect on the primary

care. However, they only pay attention to whether they are

insured or a certain type of basic medical insurance, ignoring

the differences between different basic medical insurances (9).

In addition, the attention of basic medical insurance to primary

care was limited to a static perspective. In fact, the change

in personal attitudes or behaviors may be affected by the life
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process from birth to death, with each birth cohort going

through a specific life stage. With the passage of age, period,

and birth cohort, the trajectory of changes in the behavior

of the primary care may also change. Therefore, is there any

heterogeneity in the impact of different basic medical insurance

types on primary diagnosis behavior at the primary level?

What is the impact of age, period, and cohort on primary

medical behavior? In the process of age-period-cohort, has

the effect of different basic medical insurance types changed?

For these questions, the answers have not been found in

previous studies.

Purpose of this study

The unbalanced distribution of health resources and the

ineffective utilization of primary medical facilities are the core

issues that restrict China’s medical and health reform. This paper

is a response to this social hot spot. In addition, this paper

also has the following innovations. First, this study is based

on the nationwide residents’ data to test the implementation of

primary medical diagnosis and treatment, and to understand

the current status of primary medical diagnosis and treatment

of residents as a whole. Second, we examine the guiding effect

of the basic medical insurance system on the selection behavior

of resident institutions and consider the differences between

the three basic medical insurance systems. Third, we consider

the impact of basic medical insurance on primary care under

the observation framework of age, period, and cohort. This

is the first time that the impact of basic changes in medical

insurance on primary care has been found. We re-examined the

relationship between basic medical insurance types and primary

care-seeking behavior in the transformation of the personal

life course, changes in the times and the group experience of

birth cohorts. Therefore, this study aims to solve the following

two problems:

a. Will basic medical insurance participation, age, period, and

cohort affect the behavior of seeking primary care?

b. Does the impact of basic medical insurance participation on

the behavior of seeking primary care vary with age, period,

and cohort?

Methods

Data source and study sample

This study used a large sample derived from five waves

of the CFPS survey (2010–2018), which collect individual-,

family-, and community-level longitudinal data. The baseline

survey was conducted in 2010, using multistage probability

proportional to size sampling. Counties or administrative

equivalents were drawn from 25 selected provinces, and

then communities were drawn from selected counties or

administrative equivalents. The socioeconomic level was used

as an indicator of implicit stratification at these two stages.

At the third stage, 25 households were randomly drawn from

each sampled community based on the onsite sampling frame,

and members of every household were asked to participate in

the survey. The baseline sample represents 95% of the Chinese

population, with an approximate response rate of 79%. Details

of the sample design have been described in other studies and on

the website (10). The survey aims to conduct a comprehensive

and in-depth investigation of family relationships and family

member information, establish a family structure network that

can clearly locate the relationship between family members,

and hope to be able to provide people with a broader vision

for understanding and studying Chinese society. The baseline

survey was completed in 2010, and the follow-up surveys were

completed in 2012, 2014, 2016, and 2018, respectively. There

were 32,918 samples in 2010, 34,937 samples in 2012, 34,888 in

2014, 28,450 samples in 2016, 31,683 samples in 2018 initially.

Participants who were younger than 18 years old (3,749 samples)

were excluded from the analysis, and deleted the samples with

missing values or outliers based on our study, with a final sample

of 85,316 participants.

Variables and measures

Dependent variable–primary care

Primary care was measured using the question “where

do you usually go to seek health services when you sick?”

with answer options of 1 = “community health service

center/township health center,” 2=“community health service

station/village clinic,” 3 = “clinic,” 4 = “general hospitals,” and

5 = “specialty hospitals.” Considering whether residents go

to primary care facilities is to measure the implementation

effects of major measures such as China’s deepening reform

planning and implementation scheme as of medical and health

(11, 12). According to national standards, community health

service center/township health center/community health service

station/village clinic are defined as primary medical facilities.

Therefore, we set the primary treatment as a binary variable, and

further categorized the answer options into 1 = “Residents who

choose primary care” (including 1= “community health service

center/township health center,” 2 = “community health service

station/village clinic,” 3 = “clinic”), 0 = “Residents who do not

choose primary care” (including 4= “general hospitals,” and 5=

“specialty hospitals”) (7).

Independent variables–medical insurance

Medical insurance was measured using the question “What

kind of medical insurance do you have?” with answer options

of 1 = “Free medical treatment,” 2 = “Urban Residents’ Basic
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Medical Insurance,” 3 = “Urban Employees’ Basic Medical

Insurance,” 4 = “Supplementary medical insurance,” 5 = “New

Rural Cooperative Medical System,” and 6 = “not participating

in any basic medical insurance.” Because Free medical treatment

and Supplementary medical insurance do not belong to the

scope of China’s basic medical insurance, so we further

categorized the variable into 1 = “NRCMS,” 2 = “URBMI,” 3

= “UEBMI”, and 0 = “not participating in any basic medical

insurance” (13).

Age, period, and cohort variables

This study focused on the three dimensions of age, period,

and cohort. The age variable is the actual age of the respondent

at the time of the interview, which is a continuous variable and

was placed on the first level. The cohort and period were placed

on the second level. The period was measured by the year of the

survey. As mentioned above, it is 2010 and 2012, 2014, 2016,

2018. The cohort was measured by the year of birth, and 5 years

was an interval, from the pre 1935 group, the 1940 group, . . .

until the 1995 group, a total of 14 group.

Covariates

Gender (male, female), marital status (unmarried, married,

divorced/widowed), income (in years, continuous variables),

education (primary school, middle school, high school, associate

degree or above), self-assessed health status (unhealth, health),

and chronic disease (no, yes) were included as covariates in the

study. The standard deviation of income was relatively large,

and the degree of dispersion was relatively high. The logarithmic

transformation was used to correct the non-normality of

the data.

Statistical analysis

Descriptive analyses (mean, standard deviation, frequency,

percentage) were used to present the sample characteristics. The

prevalence of primary care was presented by period and cohort.

As we discussed in the introduction section, the prevalence

of seeking primary care behaviors at specific years consists

of three time-related components: age, time period and birth

cohort. Thus, it is biased when presenting the prevalence without

considering the age and cohort effect. However, due to the

complete collinearity of the three time-related components

(e.g., age= period-cohort), conventional statistical models were

unable to address the issue. In recent years, Hierarchal Age-

Period-Cohort Cross Classified Random EffectsModels (HAPC-

CCREM) was developed by Yang Yang and colleagues to solve

the collinearity issue by breaking the natural collinearity among

the three through stratifying the influence of age, period and

cohort on the dependent variable (14).In a repeated cross-

sectional survey, the HAPC model is an effective apparatus to

estimate the effects of age, period, cohort (15).

In this study, age was placed on the first level of

individuals (i.e., fixed effect) while period and cohort were

placed on the second macro-level (i.e., random effect). The

following regression strategy was employed: we used a basic

HAPC-CCREM to explore the relationship between basic

medical insurance, age, period, cohort and Primary care-seeking

behavior. In order to examine whether the impact of basic

medical insurance participation on the behavior of seeking

primary care varies with age, period, and cohort, then we

introduced the interaction items of basic medical insurance

and age, basic medical insurance and period, basic medical

insurance and cohort on new models based on above HAPC-

CCREM. More information details can be seen in follow

informative equations.

First, a basic model was used to investigate the impacts of

basic medical insurance, age, period, and cohort on primary

medical facilities (Equations 1–2).

Level 1:

Yijk = β0ijk+β1Ageijk+β2Age
2
ijk+β3Sexijk+β4Incomeijk

+β4Educationijk+β5SRHijk+β6Chronicijk+β7Insuranceijk

+eijk , eijk∼N
(

0,δ2
)

(1)

Level 2:

β0jk=γ0+µ0j+νok , µ0j∼ N (0,εu) , νok∼ N (0,ευ ) (2)

Secondly, we investigated the interaction between the age

effect and the medical insurance on the medical treatment

behaviors (Equations 3–4).

Level 1:

Yijk = β0ijk+β1Ageijk+β2Age
2
ijk+β3Sexijk+β4Incomeijk

+β4Educationijk+β5SRHijk+β6Chronicijk

+β7Insuranceijk+β8Insurance
∗Ageijk

+eijk , eijk∼N
(

0,δ2
)

(3)

Level 2:

β0jk=γ0+µ0j+νok , µ0j∼ N (0,εu) , νok∼ N (0,ευ ) (4)

Thirdly, the interaction between the period effect and

medical insurance (Equations 5–7).

Level 1:

Yijk = β0ijk+β1Ageijk+β2Age
2
ijk+β3Sexijk+β4Incomeijk

+β4Educationijk+β5SRHijk+β6Chronicijk

+β7Insuranceijk+eijk , eijk∼N
(

0,δ2
)

(5)
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Level 2:

β0jk=γ0+µ0j+νok , µ0j∼ N (0,εu) , νok∼ N (0,ευ ) (6)

β7j=γ0+µ0j , µ0j∼ N (0,εu) (7)

Finally, we investigated the interaction between the cohort

effect and medical insurance as shown Equations 8–10.

Level 1:

Yijk = β0ijk+β1Ageijk+β2Age
2
ijk+β3Sexijk+β4Incomeijk

+β4Educationijk+β5SRHijk+β6Chronicijk

+β7Insuranceijk+eijk , eijk∼N
(

0,δ2
)

(8)

Level 2:

β0jk=γ0+µ0j+νok , µ0j∼ N (0,εu) , νok∼ N (0,ευ ) (9)

β7k=γ0+νok , νok∼ N (0,ευ ) (10)

In the above models, primary care is a binary variable, so

we adopt the logit link function in all above models. The REML

estimation method was used for parameter estimation (16).

All models were implemented using PROC GLIMMIX in SAS

(version 9.4, Cary NC, USA).

Results

Characteristics of the study sample

Results in Additional file 1: Supplementary Table 1

show that among a total sample of 85,316, 50.67% were

male, 83.63% married, 10.02% unmarried, 49.06% had

received primary school education, and their mean income

yearly was 120,889 (SD). Of the total sample, 36.38%

perceived them as healthy, and 13.87% had at least one

chronic disease. The participation rate of NRCMS, URBMI,

UEBMI was 69.83%, 7.09%, 12.97%, respectively. And

only 10.11% of the samples did not participate in any

insurance type, and 89.89% of the samples had received

primary care.

Results in Additional file 2: Supplementary Table 2

present the period and cohort distribution of primary

care seeking behavior. It is found that the prevalence

of primary care seeking behavior was higher in period

2010, and in more recent periods, earlier cohorts were

more likely to go to primary medical facilities for health

care seeking.

Age, period, and cohort e�ect of seeking
primary care

Results in Additional file 3: Supplementary Figure 1 reveal

that the age effect of seeking primary care increased consistently

with age. The probability of seeking primary care declined

from 2010 to 2016 but slightly rebounded in 2018. The cohort

effect on the probability of seeking primary care was weak,

and only the cohort born in 1981–1985 had a significant lower

probability of seeking primary care. More detail can be seen in

Table 1.

The e�ect of basic medical insurance
participation on the behavior of seeking
primary care

Results in Table 1 show that after controlling for age, period

and cohort variables, the preference for basic medical insurance

participation was significantly associated with the selection of

primary care seeking behaviors. Compared with the uninsured

group, participants of NRCMS were more likely to seek primary

care (OR= 2.075). On the contrary, participants of URBMI (OR

= 0.618) and UEBMI (OR = 0.515) have a lower incidence of

primary care.

The e�ect of basic medical insurance
participation varies with age, period, and
cohort

The e�ect of basic medical insurance on
primary care with age

Results in Table 2 show that the interaction between basic

medical insurance participation and age was significant for

URBMI (OR = 0.994) and UEBMI (OR = 0.994), but not

significant for NRCMS. Compared with those who were not

insured, the incidence of primary care for the 45.753 year

old who participated in URBMI or UEBMI was lower (OR =

0.615, OR= 0.511, respectively). The interaction effects between

URBMI, UEBMI became stronger, and the gap between in

probability of primary care between those with and without

basic insurance gradually widened, while the probability of

primary care for the NRCMS groups was lower than that of non-

insured groups. The probability of insured group at primary

level varied non-significantly.

The e�ect of basic medical insurance on
primary care with period

Results in Table 3 show that, the interaction items between

the NRCMS and 2010 (OR = 1.340), 2018 (OR = −0.788)

were significant. Compared with the uninsured population

in 2010 and 2018, the probability of primary care was

3.490[≈exp(0.734+0.292)], 1.642[≈exp(0.734–0.238)], large in

those insured population, suggesting a higher increase rate than

the average.
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TABLE 1 The e�ect of basic medical insurance participation, age, period, and cohort on behavior of seeking primary care.

Model 1 (N = 85316) Model 2 (N = 85316) Model 3 (N = 85316)

Estimate Standard

error

OR 95%CI Estimate Standard

error

OR 95%CI Estimate Standard

error

OR 95%CI

Lower Upper Lower Upper Lower Upper

Fixed effect

Intercept 0.685*** 0.039 1.983 1.836 2.141 0.904* 0.418 2.469 1.001 6.094 0.894* 0.283 2.444 1.116 5.354

Age 0.010** 0.004 1.011 1.004 1.017 −0.054*** 0.009 0.957 0.940 0.974 0.012* 0.005 1.012 1.003 1.022

Age square −0.008** 0.004 0.992 0.985 0.999 −0.028+ 0.010 0.972 0.955 0.989 −0.013* 0.005 0.987 0.977 0.996

Gender (reference:

male)

−0.067*** 0.016 0.935 0.906 0.966 −0.088*** 0.016 0.916 0.887 0.946 −0.117*** 0.017 0.889 0.861 0.919

Marital status (reference: unmarried)

Married 0.023 0.032 1.024 0.962 1.089 0.061+ 0.034 1.063 0.995 1.137 0.018 0.033 1.018 0.954 1.087

Divorced/Widowed 0.037+ 1.038 1.038 0.950 1.134 0.084+ 0.048 1.087 0.990 1.194 0.037 0.047 1.038 0.946 1.138

Education status (reference: Primary school education)

Junior high school

education

−0.221*** 0.020 0.802 0.771 0.834 −0.199*** 0.034 0.820 0.788 0.853 −0.224*** 0.021 0.799 0.767 0.832

Higher school

education

−0.469*** 0.026 0.626 0.595 0.659 −0.433*** 0.027 0.648 0.615 0.683 −0.454*** 0.027 0.635 0.603 0.670

Associate Degree

and above

−0.875*** 0.030 0.417 0.393 0.442 −0.744*** 0.031 0.475 0.448 0.505 −0.748*** 0.031 0.473 0.445 0.503

Income −0.005*** 0.002 0.995 0.991 0.998 −0.009*** 0.002 0.991 0.988 0.995 −0.014*** 0.002 0.986 0.982 0.989

SRH 0.371*** 0.017 1.449 1.400 1.499 0.308*** 0.018 1.360 1.314 1.408 0.145*** 0.019 1.156 1.115 1.199

Chronic disease −0.536*** 0.022 0.585 0.560 0.611 −0.547*** 0.022 0.578 0.554 0.604 −0.670*** 0.023 0.544 0.520 0.568

Basic medical insurance (reference: None)

NRCMS 0.671*** 0.025 1.956 1.862 2.054 0.725*** 0.025 2.064 1.965 2.169 0.730*** 0.026 2.075 1.973 2.181

URBMI −0.512*** 0.035 0.598 0.558 0.641 −0.493*** 0.035 0.611 0.570 0.655 −0.482*** 0.036 0.618 0.576 0.662

UEBMI −0.717*** 0.032 0.488 0.459 0.520 −0.694*** 0.032 0.500 0.469 0.532 −0.663*** 0.033 0.515 0.483 0.549

Variance components

Period 0.390+ 0.277

Cohort 2.4190** 0.965 0.002+ 0.001

Random effect

Cohort

Pre-1935 2.653*** 0.434 14.202 6.067 33.248 −0.015 0.040 0.996 0.927 1.071

(Continued)
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TABLE 1 Continued

Model 1 (N = 85316) Model 2 (N = 85316) Model 3 (N = 85316)

Estimate Standard

error

OR 95%CI Estimate Standard

error

OR 95%CI Estimate Standard

error

OR 95%CI

Lower Upper Lower Upper Lower Upper

1936–1940 2.032*** 0.426 7.632 3.311 17.591 0.002 0.038 0.993 0.927 1.064

1941–1945 1.685*** 0.422 5.390 2.358 12.320 0.015 0.034 1.017 0.955 1.082

1946–1950 1.270** 0.419 3.560 1.565 8.099 0.014 0.030 1.015 0.960 1.074

1951–1955 0.881* 0.418 2.414 1.064 5.477 0.028 0.027 1.022 0.971 1.076

1956–1960 0.466 0.418 1.593 0.702 3.613 −0.017 0.027 0.986 0.936 1.038

1961–1965 0.077 0.418 1.080 0.476 2.448 0.001 0.026 0.993 0.945 1.043

1966–1970 −0.251 0.418 0.778 0.343 1.764 0.008 0.025 1.007 0.960 1.057

1971–1975 −0.619 0.418 0.539 0.237 1.222 −0.012 0.026 0.991 0.944 1.040

1976–1980 −0.959* 0.419 0.384 0.169 0.871 0.004 0.027 1.004 0.954 1.056

1981–1985 −1.439*** 0.419 0.237 0.104 0.539 −0.085** 0.027 0.920 0.874 0.969

1986–1990 −1.689*** 0.421 0.185 0.081 0.421 −0.012 0.028 0.990 0.939 1.044

1991–1995 −1.923*** 0.423 0.146 0.064 0.335 0.049 0.032 1.049 0.987 1.115

Post-1995 −2.185*** 0.429 0.112 0.049 0.261 0.022 0.038 1.022 0.952 1.097

Period

2010.000 1.067*** 0.281 2.905 1.676 5.034

2012.000 −0.07 0.280 0.935 0.541 1.618

2014.000 −0.118 0.280 0.886 0.512 1.533

2016.000 −0.527* 0.280 0.592 0.342 1.025

2018.000 −0.352 0.280 0.701 0.405 1.213

Model fit

−2RLPL 96208.49a 387014.900 389391.600

c2 81244.630 84924.410 84761.970

c2/df 1.000 0.990 0.990

+, * , ** , *** denotes significant at the significant at the significance level of 0.10, 0.05, 0.01, 0.001, respectively; the same as follow.
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TABLE 2 The e�ect of basic medical insurance on behavior of seeking primary care with age.

Model4 (N = 85,316)

Estimate Standard error OR 95%CI

Lower Upper

Fixed effect

Intercept 0.816* 0.281 2.261 1.037 4.932

Control variables - -

Age 0.012+ 0.005 1.012 1.002 1.022

Age square −0.012* 0.005 0.988 0.978 0.997

Basic medical insurance (reference: None)

NRCMS 0.735*** 0.026 2.085 1.982 2.194

URBMI −0.486*** 0.036 0.615 0.573 0.660

UEBMI −0.671*** 0.033 0.511 0.479 0.546

Age*Basic medical insurance (reference: Age*None)

Age*NRCMS 0.003 0.002 1.003 0.999 1.006

Age*URBMI −0.006+ 0.002 0.994 0.990 0.999

Age*UEBMI −0.006* 0.002 0.994 0.990 0.998

Variance components

Period 0.385+ 0.273

Cohort 0.002+ 0.001

Random effect

Period - -

Cohort - -

Model fit

−2RLPL 389493.200

c2 84795.320

c2/df 0.990

+, *, ***denotes significant at the significant at the significance level of 0.10, 0.05, 0.001, respectively.

The e�ect of basic medical insurance
participation on primary care with cohort

Results in Table 4 showed that the interaction items between

NRCMS and cohort pre1935, cohort 1986 and cohort 1991, and

the interaction items between UEBMI and cohort 1991 were

significant. Under the average cohort effect, in cohort pre1935,

compared with the uninsured group, the rate of primary care to

NRCMS group was 2.442 [≈exp(0.751+0.142)].

In the cohort 1986, compared with the uninsured group, the

rate of primary care to NRCMS group was 1.811 [≈exp(0.751–

0.157)]. In the 1991 cohort, compared with the uninsured

group, the rate of primary care to NRCMS group was 1.925

[≈exp(0.751–0.096)], and the rate of primary care to the

UEBMI group was 0.607 [≈exp(–0.656+0.156)]. The effect of

basic medical insurance participation on primary care across

successive cohorts as shown in Figure 1 [below]. Under different

basic medical insurance participation types, the difference of in

primary care in different cohorts was relatively small, especially

in the NRCMS group. In addition, similar to the estimated

results of Model 3, the 1981 cohort had the lowest probability of

seeking primary care behavior in each insured group. Since then,

as the birth cohort gets younger, the probability of consultation

at the primary level has increased to varying degrees. In addition,

we set up a full model considering age, period, cohort and

medical insurance participation and interaction at the same

time. The model results are shown in the Additional file 4:

Supplementary Table 3.

Discussion

The study analyzed the CFPS (2010, 2012, 2016 and 2018)

data using the advanced HAPC-CCREM method. Findings of

the study revealed the effect of basic medical insurance on

the changes in primary care-seeking behavior. To the best of

our knowledge, this is the first study using the HAPC-CCREM

model to investigate the impact of basic changes in medical

insurance on primary care. Findings of the study will provide

evidence supporting policy formulation on the changes in basic

medical insurance in primary care behavior.
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TABLE 3 The e�ect of basic medical insurance participation on primary care with period.

Model5 (N = 85,316)

Estimate Standard error OR 95%CI

Lower Upper

Fixed effect

Intercept 0.917+ 0.260 2.501 1.219 5.130

Control variables - -

Basic medical insurance (reference: None)

NRCMS 0.734*** 0.010 2.084 1.677 2.589

URBMI −0.542*** 0.103 0.581 0.464 0.728

UEBMI −0.751*** 0.102 0.472 0.378 0.590

Variance components

Period 0.302+ 0.219

Cohort 0.001* 0.001

basic medical insurance *period 0.023+ 0.010

Random effect

Period

NRCMS*period2010 0.292* 0.102 1.340 1.096 1.637

NRCMS*period2018 −0.238* 0.097 0.788 0.651 0.954

Cohort - -

Model fit

−2RLPL 390795.100

c2 85305.240

c2/df 1.000

+, *, ***denotes significant at the significant at the significance level of 0.10, 0.05, 0.001, respectively.

First of all, study results indicated that the age effect curve

was a univariate quadratic curve with an opening downward,

showing an inverted U-shaped distribution, in line with the

general life cycle research results on primary medical care

behavior. Then, the period effect showed that the probability of

primary care was the highest in 2010, and its probability declined

since then, but rebounded in 2018, that may be attributed to

the fact that since 2015, China has continuously promoted the

construction of a hierarchical diagnosis and treatment system,

and the service capabilities of primary medical institutions have

been improved, and people were more willing to go to primary

medical institutions for seeking medical treatment. Finally, only

the cohort born in 1981–1985 had a significant impact on

the probability of primary care. This may be related to the

distrust of young people in the service capabilities of primary

medical institutions.

One of the main findings of the study was that the

participation of basic medical insurance had significant effect

on residents went to primary medical facilities treatment. The

NRCMSwas increased the possibility of treatment at the primary

level, which is consistent with the previous studies (17–24). The

participation of UEBMI and URBMI both had negative effect on

residents’ primary medical care, consistent with previous studies

(25, 26). The differences in the direction of effect of NRCMS,

URBMI and UEBMI on primary care may be attributable to

the rural-urban differences. For example, the people covered by

NRCMS are mainly rural residents, and it is more inconvenient

for them to visit high-level hospitals, compared to their urban

counterparts who were covered by URBMI and UEBMI. Instead,

benefit from the convenience of transportation, rural residents

are more likely to visit the primary medical institutions for

medical treatment (27). On the other hand, it is easier for

urban patients to visit the secondary and tertiary healthcare

institutions, which are usually located in urban areas (28,

29). Thus, they are more likely to bypass primary medical

institutions and choose these higher-level facilities, regardless of

the severity of the disease (30–32). However, the quality of rural

medical services was poor (33), underscoring the urgent need

of strengthening the quality of primary medical services in rural

areas in China.

With the increase of age, the probability of primary care

changed in an inverted “U” shape. The effect of age increase

on NRCMS is positive, but it is small and not statistically

significant. The increase of age makes the participation of

UEBMI and URBMI to increase the negative impact on primary

care. The gap of primary care probability between UEBMI
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TABLE 4 The e�ect of basic medical insurance participation on variation of primary care with cohort.

Model 6 (N = 81,276)

Estimate Standard error OR 95%CI

Lower Upper

Fix effect

Intercept 0.851* 0.283 2.342 1.067 5.140

Control variables - -

Basic medical insurance (reference: None)

NRCMS 0.751*** 0.046 2.118 1.930 2.325

URBMI −0.473*** 0.053 0.623 0.560 0.694

UEBMI −0.655*** 0.051 0.520 0.469 0.576

Variance components

Period 0.384+ 0.272

Cohort 0.002 0.003

Basic medical insurance *cohort 0.007** 0.003

Random effect

Period - -

Cohort

NRCMS*cohort pre1935 0.142+ 0.074 1.153 0.997 1.333

NRCMS*cohort1986 −0.157** 0.052 0.855 0.772 0.947

NRCMS*cohort1991 −0.096+ 0.057 0.909 0.813 1.015

UEBMI*cohort1991 0.156** 0.007 1.169 1.017 1.344

Model fit

−2RLPL 389596.800

c2 84765.760

c2/df 0.990

+, *, **, ***denotes significant at the significant at the significance level of 0.10, 0.05, 0.01, 0.001, respectively.

and URBMI insured groups and the non-insured groups

gradually widens. The potential reasons were that people’s

physical condition deteriorates due to age, and the demand

for health services inhibits the effectiveness of differentiated

reimbursement methods. Urban residents living in urban

areas and UEBMI insured residents are more willing to go

directly to high-level hospitals to receive higher level of

medical services.

From 2010 to 2016, with the change of period, the

probability of primary care declined, but in 2018 there was a

rebound. This benefited from China’s efforts in strengthening

the construction of primary medical care in recent years, and

it also showed that the construction of China’s hierarchical

diagnosis system has played a certain role in guiding residents

to the primary for medical treatment (34, 35). In the study

of the impact of basic medical insurance participation on the

probability of primary care over time, the results showed that

the positive impact of the NRCMS on the probability of primary

care was strongest in 2010 and weakest in 2018. However,

in the study of basic medical insurance on the probabilities

of primary care, the effect of URBMI and UEBMI on the

probability of primary care was not statistically significant.

As for NRCMS participation, its influence on the probability

of primary care showed a trend of first increasing and then

decreasing with the passage of the period. The agricultural

reform in 1978 made China’s 900 million farmers lose medical

insurance. With the transformation of the collective economic

system in the early 1980s, the coverage rate dropped to 5% in

1985.Since >80% of the rural residents were not covered by

any medical insurance before the introduction of the NRCMS

(36), in 2003 only 9.5% of rural residents were covered by

Cooperative Medical System (37). From 1985 to 2003, rural

residents in China were basically in a vacuum of medical

insurance. The promulgation of the NRCMS in 2003 and the

period from 2009 to 2011 were the first phases of China’s new

medical reform, emphasizing on expanding medical insurance

participation, strengthening infrastructure construction, and

improving medical utilization (35). The research data from

CHARLS have shown that there were still many shortcomings

in the combination of China’s NRCMS and medical services, but

its convenience and price advantages enhance the promotion of

basic medical insurance at the primary level. With the increasing
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FIGURE 1

The e�ect of basic medical insurance participation on primary care with age, period, and cohort.

demand for people’s health, motorized travel has ensured the

accessibility of high-level medical and health services, and the

overall reimbursement rate of the NRCMS continues to increase.

Accessibility and affordability are further improved, at this time

the positive impact of basic medical insurance on primary care

is suppressed (38).

The effect of the cohort on the probability of primary care

passed the statistical test at a lower level of significance, and

the degree of influence was weak. Different birth cohort groups

had relatively small fluctuations in the probability of seeking

medical treatment at primary level. Individuals born between

1981 and 1985 had the lowest probability of primary care. This

was slightly inconsistent with the life cycle theory, but it was

very suitable to be explained by the idea of recency effect.

Compared with people’s past historical experience, the current

reality was more likely to influence people’s consciousness and

behavior. Although the population of different birth cohorts

had undergone different historical changes, the current reality

was more effective in influencing the impact of residents on

primary care.

The above findings have some implications for medical

reform in China. In order to effectively promote China’s medical

reform, the Chinese government can promote residents’ choice

of primary care by increasing the gap in the reimbursement ratio

of medical insurance and publicizing the high reimbursement

ratio for grass-roots treatment. In addition, our results to

some extent hint at the importance and necessity of allocating

primary health care resources, especially in rural areas. The

Chinese government should further balance the allocation of

healthcare resources and enhance the capacity of primary health

care services.

This study has several limitations. First, the overall level

of medical insurance is low, and its implementation in

different regions is slightly different. Secondly, the measure of

primary care-seeking behavior was incomprehensive. Primary

care-seeking behavior could also include choosing between

home remedies, pharmacies and stores, or indigenous healers

and doctors. However, due to limitations in the data, the

current study includes only inpatient treatment, outpatient

treatment, and physical examinations. To provide a deeper

understanding of primary care-seeking behavior, further efforts

incorporating other aspects of primary care-seeking behavior

are necessary. Finally, survey data were based entirely on self-

reports and thus may be subject to recall bias. Patients’ perceived

experiences may vary as a result of their expectations and

unique characteristics.

Conclusions

Findings of the study showed that the participation of

Chinese residents in basic medical insurance during 2010-

2018 will indeed affect the behavior of seeking primary care

with age, period and cohort. We have observed that with the

changes of age, period and cohort, age and period showed a

more significant regulating effect on primary care. The study

of primary care seeking behavior is an important direction for

the construction of a graded diagnosis system. Basic medical
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insurance is the starting point of the graded diagnosis system.

We can provide some guidance for policy formulation on

the changes in basic medical insurance in the basic medical

treatment behavior.
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Association between sleep
duration and chest pain in US
adults: A cross-sectional study

Wei Chen1†, Ji-ping Wang2†, Zi-min Wang2†,
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1Department of Thoracic Surgery, Taizhou First People’s Hospital, Taizhou, China, 2Department of

Thoracic Surgery, Taizhou Hospital of Zhejiang Province A�liated to Wenzhou Medical University,

Linhai, China, 3Department of Ophthalmology, The Second A�liated Hospital of Chongqing Medical

University, Chongqing Medical University, Chongqing, China

Objective: Herein, we purposed to explore the association of sleep duration

with chest pain among adults in US.

Methods: This research work enrolled 13,274 subjects in the National

Health and Nutrition Examination Survey (NHANES) from 2011 to 2018. The

association of sleep duration with chest pain among adults in USwas evaluated

by Multivariable logistic regression.

Results: To elucidate the association, we made adjustments for gender, BMI,

diabetes, smoking status, drinking status, race, marital status, annual family

income, hyperlipoidemia, Hypertension. Chest pain incidence decreased by

5% [OR = 0.95 (0.93, 0.98), p = 0.0004] for an increase in sleep duration

by 1h. A generalized additive model (GAM) was used to reseal a U-shaped

relationship of sleep duration with incident chest pain. When duration of

sleep was <6.5 h, chest pain incidence negatively correlated to sleep duration

[OR = 0.77 (0.72, 0.82) P < 0.0001]. However, when sleep duration was ≥6.5 h,

chest pain incidence rose with escalating sleep duration [OR= 1.07 (1.03, 1.11)

p = 0.0014].

Conclusions: Duration of sleep was established to be independently linked

with an increase in the occurrence of chest pain. Excessive sleep, as much as

insu�cient sleep, increases the risk of chest pain. Both excessive sleep and

insu�cient sleep are associated with an increased risk of chest pain.

KEYWORDS

sleep duration, chest pain, adults in US, cross-sectional study, U-shape

Introduction

Chest pain is among the most frequently seen primary complaints in the emergency

department (ED), with its incidence ranging between 5 and 12% (1, 2), and there are

a wide range of its prospective causes, from benign to potentially life-threatening. It

resulted in more than eight million visits yearly in the US and most subjects with acute

chest pain are hospitalized for further assessment.

Sleep is an important health risk factor and plays a crucial role in a person’s emotional

and physical wellbeing (3, 4). Generally, optimal sleep duration is around 7 h in relation
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to subjective wellbeing and mental health (5, 6). Interestingly,

only half of US adults report a habitual sleep time of 7 h or

less (7).

Poor habits of sleeping are well recognized to cause health

problems such as cardiovascular disease, cancer mortality, and

mental health issues (5). However, few investigations have

addressed the association of duration of sleep with chest pain

and it still have been challenging. Hence, we carried out research

to elucidate the association between duration of sleep and chest

pain, to minimize incidences of chest pain to a certain extent.

The study individuals come from the National Health and

Nutrition Examination Survey (NHANES) during 2011–2018.

Methods and materials

Patient enrolment

The National Center for Health Statistics ethical review

board authorized the procedures for the National Health

and Nutrition Examination Survey (NHANES), and subjects

gave their signed consent. The National Center for Health

Statistics (NCHS) conducts representative cross-sectional

surveys (NCHS). As the present study relied on existing

NHANES data and did not generate any new data, no other local

ethical approval is needed. We utilized data from NHANES

III 2011–2018 of adult subjects (aged 18 and above). Criteria

for exclusion consisted of subjects without chest pain or those

lacking information of duration of sleep and covariates. Finally,

13,274 subjects were enrolled (Figure 1).

Measurement

Outcome ascertainment

The outcome of chest pain was explored with the Rose

questionnaire (8). A trained interviewer conducted these

questions during a computer-facilitated personal interview

(CAPI) at home. To minimize data entering mistakes, the CAPI

system is developed with checks involving built-in consistency.

CAPI additionally employs online assistance screens to aid

interviewers define major phrases in the questionnaire. Chest

pain was created from a question “Have you ever had any pain

or discomfort in your chest?”. Therefore, subjects were stratified

into two groups: pain and no pain.

Abbreviations: BMI, Body mass index; ED, emergency department;

NHANES, National Health and Nutrition Examination Survey; NCHS,

National Center for Health Statistics; CAPI, computer-facilitated personal

interview; GAM, generalized additive model.

Exposure measurement

Participants reported the duration of their sleep during

a normal weekday or workday by self-reporting. During

2011–2014, duration of sleep was determined using a question

asked of NHANES subjects: “How much sleep do you get

(h)?”. During the 2014–2018 cycle, duration of sleep was

generated from a question asked to NHANES participants:

“How much sleep do you usually get at night on weekdays

or workdays.” We categorized the duration of sleep as < 6 h

(short), 6 h ≤sleep duration<8 h (midrange), as well as ≥8

h (long).

Covariate assessment

Covariate selection was on the basis of previous

investigations and clinical experience. the following variables

was included: gender, age, BMI, diabetes, race, marital status,

annual family income, hyperlipoidemia, Hypertension.

Statistical analysis

Data are shown as mean ± SD or median (interquartile)

for continuous variables. When missing values consisted

of continuous variables, they were complemented with the

median or mean. Comparison of variables among groups

was performed with the use of the Student’s t-test or

Mann–Whitney U-test depending on the normality of the

distribution, while the Fisher’s Exact test was used to

compare categorical variables. The frequency or percentage

value for categorical variables is shown on the graph.

Logistic regression models were adopted to explore the

relationship of duration of sleep with chest pain. We adopted

unadjusted along with multivariate adjusted models. the

following variables was included: age and gender, BMI, diabetes,

smoking status, drinking status, race, marital status, annual

family income, hyperlipoidemia, Hypertension. Trend tests

were performed using linear regression, with duration of

sleep divided into three groups (< 6 h (short), 6 h ≤sleep

duration<8 h (midrange), ≥8 h (long) as a continuous variable

in the models.

To determine the non-linear relationship between duration

of sleep and chest pain, a generalized additive model (GAM) was

used. A two-piecewise linear regression approach was adopted to

explore the threshold effect of sleep duration on chest pain. The

inflection point was computed automatically using the recursive

approach if the chest pain and sleep duration were obvious in a

smoothed curve.

Data was analyzed using R 3.3.2 (http://www.R-project.org),

along with EmpowerStats (X&Y Solutions, Boston, MA). P<0.05

indicates statistical significance.
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FIGURE 1

Flow chart of patient disposition.

Results

This research work enrolled 13,274 subjects (mean age: 59.72

± 12.18 years, male: 48.17%) at baseline assessment, Chest

pain participants were more inclined to have hypertension, a

low annual family income, hyperlipoidemia, be diabetic. Chest

pain is more common in participants with short sleep duration.

In Table 1, the participant’s characteristics are summarized in

more detail.

Table 2 shows the relationship of sleep duration with

chest pain. There is a difference in the odds ratios (95%

confidence intervals) for chest pain for mid-range and long

sleep durations compared to short sleep durations. In the

crude model, the OR (95% CI) for chest pain association

with sleep duration was 0.96(0.94, 0.99), the OR (95% CI)

following age, as well as gender adjustments was 0.95 (0.93,

0.98), and OR (95% CI) following adjustment of age and

gender, BMI, diabetes, race, marital status, annual family

income, hyperlipoidemia, Hypertension was 0.95 (0.93, 0.98),

p = 0.0004. This illustrated that chest pain incidence rose by

5% for every 1 h increase in sleep duration. The categorical

variable of sleep duration processing exhibited a similar pattern

(P < 0.0001).

A generalized additive model (GAM) was adopted in further

assessment to explore the relationship of duration of sleep

with chest pain (Figure 2), which exhibited that there was a

non-linear association of duration of sleep with chest pain.

Threshold effect assessment via piecewise linear regression

(Table 3) illustrated that when sleep duration was <6.5 h,

the chest pain incidence was negatively linked with sleep

duration[OR = 0.77 (0.72, 0.82) P < 0.0001]. Nonetheless,

when the sleep duration was ≥6.5 h, chest pain incidence rose

with increasing sleep duration [OR = 1.07 (1.03, 1.11) P =

0.0014]. According to this analysis, 6.5 h of sleep was found to

be the optimal duration of sleep relating to chest pain incidence

(Figure 2).
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TABLE 1 Baseline characteristics of the study participants.

Characteristics Total (n = 13274) No pain (n = 9828) Pain (n = 3446) p

Gender (%) 0.343

Male 6,394 (48.17) 4,758 (48.41) 1,636 (47.48)

Female 6,880 (51.83) 5,070 (51.59) 1,810 (52.52)

Age (Mean+SD) 59.72± 12.18 59.44± 12.23 60.50± 12.00 < 0.001

BMI (Mean+SD) 29.57± 6.89 29.18± 6.64 30.68± 7.43

Race n (%) < 0.001

Mexican American 1,610 (12.13) 1,230 (12.52) 380 (11.03)

Other hispanic 1,375 (10.36) 1,014 (10.32) 361 (10.48)

Non-Hispanic White 5,264 (39.66) 3,722 (37.87) 1,542 (44.75)

Non-Hispanic Black 3,020 (22.75) 2,237 (22.76) 783 (22.72)

Non-Hispanic Asian 1,604 (12.08) 1,392 (14.16) 212 (6.15)

Other race 401 (3.02) 233 (2.37) 168 (4.88)

Marrage n (%) < 0.001

Married 7,504 (56.53) 5,776 (58.77) 1,728 (50.15)

Widowed 1,546 (11.65) 1,093 (11.12) 453 (13.15)

Divorced 1,947 (14.67) 1,359 (13.83) 588 (17.06)

Separated 505 (3.80) 331 (3.37) 174 (5.05)

Never married 1,156 (8.71) 817 (8.31) 339 (9.84)

Living with partner 616 (4.64) 452 (4.60) 164 (4.76)

Annual family income < 0.001

Under $20,000 2,835(21.36) 1,867(18.99) 968(28.09)

$20,000 and Over 10,439(78.64) 7,961(81.00) 2,478(77.91)

Hypertension n (%) < 0.001

Yes 64,20 (48.37) 4,320 (43.96) 2,100 (60.94)

No 6,854 (51.63) 5,508 (56.04) 1,346 (39.06)

Hyperlipoidemia n (%) < 0.001

Yes 6,045 (45.54) 4,117 (41.89) 1,928 (55.95)

No 7,229 (54.46) 5,711 (58.11) 1,518 (44.05)

Diabetes n (%) < 0.001

Yes 2,659 (20.03) 1,785 (18.16) 874 (25.36)

No 10,615 (79.97) 8,043 (81.84) 2,572 (74.67)

Sleep duration (h) < 0.001

<6 1,641 (12.36) 1,069 (10.88) 572 (16.60)

≥6, <8 6,023 (45.37) 4,587 (46.67) 1,436 (41.67)

≧8 5,610 (42.26) 4,172 (42.45) 1,438 (41.73)

TABLE 2 Relationship between sleep duration and chest pain.

Variable Model I

(OR, 95%CI)

p Model II

(OR, 95%CI)

P Model III

(OR, 95%CI)

P

Sleep duration(h) 0.96(0.94,0.99) 0.0040 0.95 (0.93,0.98) 0.0004 0.95 (0.93, 0.98) 0.0004

Duration of sleep (h)

<6 Ref Ref Ref

≥6, <8 0.59 (0.52, 0.66) <0.0001 0.58 (0.52, 0.66) <0.0001 0.66 (0.58, 0.75) <0.0001

≥8 0.64 (0.57, 0.72) <0.0001 0.62 (0.55, 0.70) <0.0001 0.66 (0.58, 0.75) <0.0001

Model I, not adjusted.

Model II, we adjust age and gender.

Model III, we adjust age and gender, BMI, diabetes, race, marital status, annual family income, hyperlipoidemia, Hypertension.
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FIGURE 2

Non-linear relationship of sleep duration and chest pain.

TABLE 3 The result of two-piecewise linear regression mode.

Inflection point of sleep duration OR, 95%CI P

Sleep duration <6.5 0.77 (0.72, 0.82) <0.0001

Sleep duration ≥6.5 1.07 (1.03, 1.11) 0.0014

P for log likelihood ratio test <0.001

Fully adjusted adjusts for age and gender, BMI, diabetes, race, marital status, annual

family income, hyperlipoidemia, Hypertension.

Discussion

From the logistic regression analysis we found the duration

of sleep was an independent factor in the occurrence of chest

pain and we also found a U-shaped association of duration of

sleep with incident chest pain. The optimal duration of sleep

to minimize the risk of chest pain was around 6.5 h. Not only

excessive sleep, but short duration of sleep would also increase

chest pain incidence.

Chest pain is among the chief complaints, which is always

met in clinic and generally looked into as a possible symptom of

coronary artery disease (1). However, In approximately half of

the cases, chest pain is of Non-cardiac origin, such as esophageal

disorder (9), depression (10), psychiatric disease (11) and is

frequently the result of musculoskeletal diseases (12). According

to epidemiological studies, pain is linked to poor sleep quality

and lack of sleep time (13), greater sleep fragmentation (14).

Adults with acute pain are additionally less likely to report

having a good sleep (15) and evening pain as a predictor of

overnight sleep, (16). According to a national survey, pain

assessments increase in a U-shaped curve as a function of

previous sleep time (17) and our findings were in agreement with

this result.

Short sleep, often known as sleep loss, is defined as sleeping

for fewer than the required 6 h each night (5, 6) and is

related with diverse metabolic, cardiovascular, as well as mental

comorbidities. Sleep deprivation has a negative impact on daily

wellbeing and is quite frequent among adults in the us, with

over one-third reporting sleeping <6 h each night (7, 18).

In some investigations (16) showed that a short duration of

sleep is additionally related with an elevated next-morning pain

intensity among the youth and poorer sleep in the nighttime

forecasting higher next day pain. Edward‘s study (17) found that
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sleep and pain correlations over an 8-day period and discovered

that poor sleep time (6 h) was associated with an escalation in

the frequency of pain reporting in the general population.

While there is much knowledge on the negative health

consequences of inadequate sleep, comparatively less emphasis

is paid to the hazards linked to excessive sleep. Only

few studies have assessed that long sleep duration also

increased occurrence of pain (19, 20) and our findings were

in agreement with those of the author. The responsible

mechanisms of the association among excessive sleep and

chest pain remain to be explored (21). The pain-to-sleep

connection is a bi-directional one: Pain disrupts sleep, and

short or disturbed sleep in turn causes pain thresholds

to decrease and increases the frequency of spontaneous

aches and pain. Numerous experimental, clinical, and review

investigations have already examined this connection (22–

24). A possible explanation is that changes in the mono-

aminergic along with opioidergic cascades participate in

pathophysiology of some pain conditions (25, 26). Afolalu et

al. (13) illustrating that sleep issues are prospectively linked

to pain outcomes and they discovered that the inflammatory

profile may play a role in mediating pain responses. Immune

system activation is prevalent during sleep and pain. Pro-

inflammatory-cytokines consisting of IL-1, IL-6, and TNF-

are recognized to play an indispensable in the progress of

inflammatory and neuropathic pain (27). A meta-analysis of

cohort investigations found that sleep disruption and lengthy

sleep duration, but not short sleep duration, were linked to

elevated levels of systemic inflammatory biomarkers (CRP and

IL-6) (28).

Collectively, our study has reported the relationship

of sleep duration with chest pain. Insufficient sleep and

excessive sleep both increase the risk of chest pain. There

are numerous limitations in our research work. Firstly, we

were not able to infer causation from the data due to the

cross-sectional aspect of our research. Because there appears

to be a bi-directional link connecting sleep time with cheat

pain. Additionally, the data from the Rose Questionnaire

could be affected by “interviewer bias.” Thirdly, because our

investigation only contained one program that inquired about

average sleep length, we were unable to investigate the reasons

behind people’s short or long sleep or the various types of

sleep disorders they suffer from. Distinct demographic or

psychological variables, for instance poor socio-economic level

or high Neuroticism, may be linked to different causes of

inadequate sleep. To develop more relevant and effective sleep

health therapies, additional research on these subtle aspects

is required.

Conclusion

In this study of US adults, we find that sleep duration were

independently associated with the incidence of chest pain. Chest

pain risk was lowest when sleep duration was around 6.5 h. Not

only insufficient sleep but excessive sleep also increases the risk

of chest pain.
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Rationale: Sleep apnea-hypopnea syndrome (OSA) is a highly prevalent disease

and has been related to cardiovascular diseases and occupational and tra�c

accidents. Currently, it is estimated that there is a significant underdiagnosis of

OSA, mainly due to the di�culty accessing the tests for that purpose.

Objective: To determine the usefulness of the Spanish version of the STOP-

Bang questionnaire (SBQ) for screening formoderate or severeOSA in the adult

population attending primary care.

Methods: A descriptive observational multicenter study was conducted.

Through an opportunistic search, (patients over 18 years old), were recruited

in seven primary care centers. The SBQ was applied to them and home

respiratory polygraphy (HRP) was subsequently performed to confirm the

diagnosis of OSA. The criterion validity of the SBQ was analyzed, comparing

the score obtained by the SBQ with the apnea-hypopnea index (AHI) obtained

by RP, establishing the diagnosis of OSA for an AHI>5. The reliability of the

questionnaire was evaluated.

Results: A total of 255 subjects, 54.1% men, with a mean age of 54.76

± 10 years, were recruited in the study. The results showed that 61.57%

(95% Confidence Interval: 55.57–67.57) of the subjects presented OSA,

presenting 22.75% (17.57–57.92) a mild OSA (530) (11.54–20.62). The Kuder
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and Richardson coe�cient was 0.623 (0.335–0.788) and Cohen’s Kappa

coe�cient was 0.871 (0.520–1.00; p < 0.001). For moderate/severe OSA

screening (AHI>15) the SBQ obtained an ROC curve of 0.769 (0.704–0.833)

that with an optimal cuto� of 3, achieved a sensitivity of 84.85% (77.28–92.42)

and a specificity of 55.10% (44.74–65.46).

Conclusions: The SBQ is very e�ective for detecting moderate/severe OSA.

Its psychometric properties are similar to those obtained in studies on other

populations. Because of its ease of use, the SBQ is a very useful tool for primary

health care professionals.

KEYWORDS

primary care (PC), obstructive sleep apnea syndrome (OSA), STOP-Bang questionnaire

(SBQ), home respiratory polygraphy (HRP), Berlín questionnaire (BQ)

Introduction

Sleep apnea-hypopnea syndrome (OSA) is a chronic disease

that causes upper airway (UA) collapse resulting in multiple

episodes of complete (apnea) or partial (hypopnea) obstruction,

causing poor sleep quality and intermittent hypoxemia with

vascular impact (1).

OSA prevalence in the general population is between 6 and

10% (2), being higher with increasing age. In Spain, between

1,200,000 and 2,150,000 people suffer from OSA, and of them,

between 24 and 26% (3) present a very severe picture, being, in

addition, OSA a condition related to cardiovascular diseases and

occupational and traffic accidents (4).

However, it is currently estimated that only 5–9% of people

with OSA have been diagnosed, with lack of accessibility to a

diagnosis being the main cause attributed (5, 6).

Conventional polysomnography (PSG) is the gold-standard

method for diagnosing OSA. PSG consists of continuous

recording during the sleep period of neurophysiological

(electroencephalogram, electrooculogram, and mental

electromyogram), respiratory (peripheral saturation of O2

and oronasal airflow by nasal cannula and/or thermistor), and

other parameters (snoring, thoracoabdominal musculature

movements, electrocardiogram, leg movement, and position);

however, the realization of PSG requires a costly hospital

infrastructure that not all health systems can cover (7). An

alternative to PSG is home respiratory polygraphy (HRP).

It consists of recording respiratory variables (peripheral

O2 saturation and airflow) and other variables (snoring,

thoracoabdominal muscle movements, and position) in

the patient’s home via portable equipment. This method

of diagnosis of OSA has demonstrated good psychometric

properties in different health care settings, especially in patients

with suspected moderate or severe OSA (7–10).

The search to improve accessibility to the diagnosis of

OSA highlights the need to implement new formulas for early

detection, the approach, and management of this condition,

mainly from the primary care setting (2, 11, 12). In this

sense, the STOP-Bang questionnaire (13) has proved its validity

and reliability in various healthcare settings (14). However, at

present, there are few studies using the Spanish version that

support and have demonstrated with the necessary evidence

its validity and reliability in primary care patients (15);

therefore, we understand pertinent to performmore studies that

demonstrate the clinical utility of this questionnaire.

Methodology

Design

Descriptive observational study of validation of the Stop-

Bang questionnaire as a valid and reliable measurement tool

compared to HRP (gold standard).

The study population consisted of people recruited from

seven primary care centers of the Cordoba-Guadalquivir Health

District (Cordoba, Spain); 5 were urban and 2 were rural.

The inclusion criteria were: People aged 18 years or above,

of both sexes, who attended their health center for any reason

and signed the informed consent. The following were considered

exclusion criteria: Patients with a previous diagnosis of OSA,

those who, because of disease, cognitive status, or educational

level, were unable to answer the STOP-Bang questionnaire, and

patients on hypnotic treatment or with chronic alcoholism.

Recruitment was conducted by consecutive sampling,

opportunistically, offering participation to those individuals

who met the selection criteria until the sample size was

completed. Applying results from previous studies (15) and

using the Epidat 3.1 statistical package, for a sensitivity of 84%, a

non-sick/sick ratio of 0.160, an absolute accuracy of 6.2%, and a

confidence level of 95%, the sample size required for conducting

our study was 157 people: 135 sick and 22 non-sick.
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The study variables were: Age, gender, body mass index

(BMI = weight in kg/height in square meters) (16), apnea-

hypopnea index (AHI), defined as the number of apneas plus

hypopneas per 1 h of polygraphy or polysomnographic (3) study,

and the 8 items constituting the STOP-Bang questionnaire (13).

The recruited people were referred in <1 week to a

researcher expert in sleep-related breathing disorders. Once

they attended the appointment, the researcher detailed the

study characteristics and development, answered the possible

doubts, and after the signing of the consent to participation,

the data were collected, starting with measuring the weight

and height using a scale/stadiometer “Seca 711 class III”.

The precision of the weight measurement was 0.10 kg and of

the height was 0.5 cm. Additionally, the neck circumference

was measured, with a tape measure on its flat side, without

exerting any pressure on the skin, excluding the hair and

surrounding the neck, passing through the area of Adam’s

apple. A flexible fiberglass tape measure of 3 cm wide and

120 cm long, OEM brand, was used, and the measurement

accuracy was 0.2 cm. All measurements were performed in

triplicate, considering the arithmetic mean of the measurements

as a reference. Then, the people completed the STOP-Bang

questionnaire. Finally, a polygraph was given to each subject,

and they were trained to use it, performing an on-site simulation

of the placement of all electrodes, ensuring that the patients

had assimilated all the information. The doubts were resolved,

telephone contact was provided, and they were summoned

again to deliver the polygraph the next day. The polygraph

used was SCREENG&GO-Sibelmed, with 6 channels (air flow,

thoracoabdominal movements, snoring, body position, pulse,

and oxygen saturation). The time of registration for each

study was 6 h, with a study considered valid when it recorded

at least 3 h of registration (3). A total of 16 out of the

255 HRP performed were not recorded correctly, so they

were repeated the following day, obtaining valid values on

this second occasion. Polygraph studies were automatically

analyzed by the polygraph software “Bitmelad.” After 1–3

days, they were manually analyzed by the researcher expert in

sleep-related breathing disorders following the Spanish Society

of Pulmonology and Thoracic Surgery (SEPAR) criteria (3)

and without being aware of the result of the STOP-Bang

questionnaire completed by each subject. The diagnosis of

OSA was established through the results of the home HRP,

considering the existence of OSA for AHI > 5 (3). OSA was

classified (3) as: Mild for 5 < AHI≤ 15, moderate for 15 < AHI

≤ 30, and severe for AHI > 30.

A collaborating researcher, different from the one who

previously collected the data, randomly selected a subsample

of 31 people from the entire study to assess the reproducibility

or reliability of the STOP-Bang questionnaire in terms of the

interobserver agreement. She contacted them by phone within

3 months of the first data collection, and they populated the

STOP-Bang questionnaire again.

The STOP-Bang questionnaire

The STOP-Bang questionnaire (13) is an easy-to-complete

OSA screening tool. The acronym of this questionnaire stands

for: “S” snore, “T” tired, “O” observed apneas, “P” pressure, “B”

BMI (body mass index >35 kg/m2), “A” age (age > 50 years),

“N” neck (neck circumference >43 cm in men or >41 cm in

women), and “G” gender (male gender). Each of these 8 items

is collected as a dichotomous question (YES/NO), adding 1

point for each question answered as “yes.” A score of 0 to 2 is

considered a low risk of OSA, a score of 3 to 4 is a moderate risk

of OSA, and a score of 5 or higher is at high risk for OSA.

Statistical analysis

The statistical package SPSS v.19 was used. The descriptive

analysis was performed for quantitative variables, and the

absolute and relative frequencies for the different groups

were tabulated for qualitative variables, expressing the most

significant statistics with their confidence intervals of 95%

of safety (95% CI). A bivariate analysis was performed

for the OSA gender and OSA grade variables using the

Pearson Chi-square test, a p-value below 0.05 was considered

significant. The internal consistency was determined through

the Kuder and Richardson index (17), interpreting the results

according to Oviedo and Campo (18). The concordance between

observers was evaluated by using Cohen’s Kappa coefficient

(19), comparing the results of the STOP-Bang questionnaire

that was administered twice, by two different researchers, a

random subsample of 31 individuals, interpreting the degree

of agreement according to the Landis and Koch scale (20).

The AHI obtained by polygraphy was compared with the sum

of the STOP-Bang questionnaire scores, calculating the area

under the ROC curve (AUC) and determining the optimal

cutoff points, performing the analysis by gender. The values of

sensitivity, specificity, positive predictive value (PPV), negative

predictive value (NPV), positive likelihood ratio (LR +), and

negative likelihood ratio (LR –) with their corresponding 95%

CIs were calculated.

Ethical considerations

The study has obtained the approval of the Research

Ethics Committee of Cordoba (Act No. 279, ref. 3915) and

the authorization of the officials responsible for the Cordoba

and Guadalquivir Health District. The study complies with

the principles established in the Declaration of Helsinki, the

Convention of the Council of Europe on human rights and

biomedicine, and the requirements established in Spanish

legislation. The study also complied with the good clinical

practice standards (art. 34 RD 223/2004; Community Directive
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2001/20/EC), the Law on Personal Data Protection and

Guarantee of Digital Rights (Organic Law 3/2018, of 5

December), the Law on Patient Autonomy 41/2002 and the Law

on Biomedical Research 14/2007.

Results

The final number of patients recruited was 255 people, of

whom 138 (54.1%) were men and 117 (45.9%) were women.

The mean ± standard deviation (SD) of age was 54.76 ± 10

years (95% CI: 53.53–55.59), BMI 31.17 ± 6.58 kg/m2 (95%

CI: 30.36–31.98), and neck circumference 38.33± 5.78 cm (95%

CI: 37.62–39.05; 95% CI), with significant differences in neck

circumference and BMI by gender (Table 1).

The internal consistency, measured with the Kuder and

Richardson coefficient, was 0.623 (95% CI: 0.541–0.665).

The interobserver agreement, measured with Cohen’s Kappa

coefficient, was 0.936 (95% CI: 0.813–1.00; p < 0.001).

Significant gender differences existed in all responses to the

STOP-Bang questionnaire (Figure 1).

A total of 38.43% (95% CI: 32.42–44.44) presented no OSA,

with significant differences by gender (p= 0.038). Mild OSAwas

found in 22.75% (95% CI: 17.57–57.92) of people, 22.7% (95%

CI: 17.57–57.92) of people presentedmoderate OSA, and 16.08%

(95% CI: 11.54–20.62) presented severe OSA, with significant

TABLE 1 Anthropometric variables.

Men Women p-value

n = 138 (54.1%) n = 117 (45.9%)

Mean (SD) CI (95%) Median Mean (SD) CI (95%) Median

Age 55.57 (10.10) 53.87–57.27 55.5 53.80 (9.82) 52.00–55.60 54 0.165(*)

BMI 32.39 (6.49) 31.29–33.48 31.07 29.73 (6.41) 28.56–30.91 28.76 <0.001(**)

Neck circumference 41.51 (5.30) 40.62–42.41 41 34.58 (3.69) 33.90–35.26 34 <0.001(***)

Age, Years; BMI, Kg/m2 ; Neck circumference, cm; SD, Standard deviation; CI (95%), 95% confidence interval. (*), Mann-Whitney U= 14161.50. (**), Mann-Whitney BMI U= 5967.50.

(***), T-Student= 2.302 (assuming equal variances [Levene >0.05]).

FIGURE 1

STOP-Bang results. Population parameters with a 95% confidence level. Item 1: YES 44.4% (95% CI: 35.30–53.58) of women and 68.1% (95% CI:

60.24–75.98) of men (p < 0.021). Item 2: YES 41% (95% CI: 31.98–50.07) of women and 42.8% (95% CI: 34.39–51.11) of men (p = 0.010). Item 3:

YES 14.5% (95% CI: 8.04–21.01) of women and 43.5% (95% CI: 35.10–51.85) of men (p < 0.001). Item 4: YES 25.6% (95% CI: 17.61–33.67) of

women and 37% (95% CI: 28.80–45.11) of men (p < 0.001). Item 5: YES 15.4% (95% CI: 8.74–22.01) of women and 26.8% (95% CI: 19.27–34.29)

of men (p < 0.001). Item 6: YES 65.8% (95% CI: 57.08–74.53) of women and 66.7% (95% CI: 58.70–74.63) of men (p < 0.001). Item 7: YES 6.8%

(95% CI: 2.19–11.47) of women and 61.6% (95% CI: 53.37–69.81) of men (p < 0.001). Total sample n = 255 (117[45.9%] women and 138 [54.1%]

men), Pearson’s Chi-square contrast statistic.
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FIGURE 2

Distribution of OSA by gender. Population parameters with a 95% confidence level. NO OSA: Pearson’s Chi square = 4.310, p = 0.038. MILD

OSA: Pearson’s Chi square = 4.906, p = 0.027. MODERATE OSA: Pearson’s Chi square =1.191, p = 0.167. SEVERE OSA: Pearson’s Chi square =

13.682, p < 0.001.

gender differences in mild OSA (p = 0.038) and severe OSA

(p < 0.001) (Figure 2). The AUC for detecting AHI > 15 was

0.769 (95% CI: 0.704–0.833), with an optimum cutoff point of

3, providing a sensitivity of 84.85% (95% CI: 77.28–92.42) and a

specificity of 55.10% (95% CI: 44.74–65.46) (Figure 3).

No significant differences were found by gender in the ability

to diagnose true positives and true negatives (Chi-square= 2.18;

p= 0.10).

Discussion

In our study, for scores higher than or equal to 3, the

STOP-Bang questionnaire showed a 77% diagnostic power for

moderate/severe sleep apneas (AHI > 15), with an ability to

classify true positives of 85% and true negatives of 55%. For

the detection of an AHI > 5, the STOP-Bang sensitivity was

73.25% and specificity was 55.10%, with a good classification

ability of 69.4%, results that should be considered with caution

because respiratory polygraphy, which is recommended only for

moderate to severe apneas (AHI > 15), was the gold standard

used for comparisons.

Although Oviedo and Campo (18) indicate an internal

consistency above 0.70 as optimal, we consider that a Kuder

and Richarson coefficient (17) of 0.623 indicates an acceptable

internal consistency considering that we are evaluating the

coherence of the questionnaire components to determine the

extent to which this tool reflects the theory of the phenomenon

to be measured and that this tool has been developed by experts

and validated for other populations. According to Landis and

Koch (20), the interobserver agreement range obtained was

“almost perfect,” confirming the reproducibility of the STOP-

Bang questionnaire.

The results of our study were similar to those reported by

others performed in Spanish-speaking primary care populations.

Cruces-Artero et al. (15) conducted a validation study

of the STOP-Bang questionnaire for the identification of

moderate/severe sleep apnea (AHI ≥ 15) in primary care in

a Spanish population (Galicia-Spain). They recruited a sample

of 178 people (57 women and 121 men) over 18 years old

whose sociodemographic characteristics (age, gender, BMI) and

selection criteria were similar to those of our study. They

performed the diagnosis of OSA for the comparison of the

STOP-Bang questionnaire score by using PSG and obtained
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FIGURE 3

Criterion validity of the STOP-Bang questionnaire for the screening for moderate/severe apneas (Apnea-Hypopnea Index [AHI] >15). AUC, area

under the curve; 95% CI, 95% confidence interval; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

for women a sensitivity of 93.8% (95% CI: 69.80–99.80) and

a specificity of 63.4% (95% CI: 46.90–77.90), with an AUC of

0.816 (95% CI: 0.709–0.922) and an optimum cutoff point of 4,

and for men a sensitivity of 55.2% (95% CI: 41.50–68.30) and a

specificity of 73% (95% CI: 60.30–83.40), with an AUC of 0.686

(95% CI: 0.594–0.778) and an optimum cutoff of 6. Compared

with the present study, the study conducted by Cruces-Artero

et al. (15) showed better results in women both in sensitivity

and specificity; however, in men, the sensitivity obtained by our

study was higher and the specificity lower. This fact could be

explained because Cruces-Artero et al. (15) used PSG to establish

the diagnosis of sleep apnea and not HRP, developing their study

for an AHI ≥ 15. In contrast, we used HRP to establish the

diagnosis of sleep apnea in our study because it was performed

entirely in the primary care setting, developing the study for an

AHI > 15.

Saldias Penafiel et al. (21) recruited a sample of 205 Spanish-

speaking people (95 men and 110 women) from a metropolitan

area of Chile, with a mean age of 47.8± 20 years, who presented

with clinical symptoms of sleep-related breathing disorders

(habitual snoring and/or observed episodes of breathing pauses).

The diagnosis of OSA was performed by using HRP. The STOP-

Bang questionnaire achieved a sensitivity of 89% and a specificity

of 36%, with an AUC of 0.67 for detecting moderate/severe

apnea (AHI > 15). These results are consistent with those

obtained in our study.

Similar results were also reported in the validation studies

of the STOP-Bang questionnaire in the field of primary care
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in the non-Spanish language (22–26), with a mean sensitivity

of 80.11% (range: 77.3–83.9) and a mean specificity of 61.46%

(range: 52.8–66.35%).

Comparing the screening ability for moderate/severe apnea

of the Berlin questionnaire, a widely used questionnaire whose

sensitivity is 76% and its specificity is 59%, we observed that

the STOP-Bang questionnaire (27) has a better ability to detect

true positives.

Conclusions

The STOP-Bang questionnaire, which consists of

dichotomous questions, that is, its questions have only

two possible answer options (Yes or No), is very useful as a

screening tool. It allows people to populate it in ∼1–2min. It

would be an easier tool than the Berlin questionnaire because

the questions in the Berlin questionnaire are more difficult,

given that they present polyatomic answers from 5 categories.

The STOP-Bang questionnaire also shows acceptable internal

consistency and good reproducibility.

The demonstrated good psychometric properties, and the

ease of use make the STOP-Bang questionnaire an effective

tool for screening moderate/severe OSA. Its use in primary

care centers could contribute decisively to reducing the

underdiagnosis that this disease presents today (3, 28), with the

consequent impact on the complications inherent in the lack

of treatment.

This study and the existing ones and the SEPAR

recommendations that indicate the need to address OSA

in primary care suggest that it is necessary to sensitize the

primary care professionals to the use of measuring tools for

the management of OSA. The STOP-Bang questionnaire is a

recommendable tool for screening and diagnostic support.

Although the results support the existing evidence, we

believe that it would be advisable to conduct new studies

demonstrating the usefulness of the STOP-Bang questionnaire

in different population groups in the primary care setting.

This fact becomes even more necessary in the Spanish

language version.

The development and validation of rapid and inexpensive

tools for screening for sleep-related breathing disorders could

facilitate their detection under the limited availability of time per

patient of the primary health care professional.

Weaknesses and strengths

Although we would have preferred to obtain a larger sample

size, the situation produced by the coronavirus disease (COVID-

19) pandemic significantly hampered the process of recruiting

the study people, having to limit the fieldwork. Consequently,

the precision of the parameters analyzed has been lower than

desired, although above the estimated values in the sample

size calculation.

Selection bias may have occurred because of the non-use

of probabilistic sampling techniques. However, convenience

or opportunistic sampling is commonly used in this type of

validation study. As some authors have pointed out (29), it is

necessary for validation studies that the selected sample covers

a broad clinical spectrum of individuals, from the asymptomatic

patient to the patient with symptoms specific to the condition

being studied, to avoid overestimating the validity of the

measuring tool. Given that the recruitment of patients was

conducted in a population setting through the primary care

services, we consider that this fact has been achieved, leading us

to think that the possible selection bias was unimportant.

It is worth noting that, in our study, all the development of

the study (recruitment of participants, completion of the STOP-

Bang questionnaire, and completion of respiratory polygraphy)

has been conducted in the primary care settings by medical and

nursing health professionals.

Likewise, we understand the blinded process used as

a strength of the study. We prevented the researcher

who conducted the polygraphic analyzes from having prior

knowledge of the results of the STOP-bang questionnaire,

ensuring that the equality of the groups was maintained during

the execution of the study. Thus, we reduced the risk of

an information bias that could arise from the psychological

influence of the knowledge of the interventions received in the

groups among the study participants.

It is our intention, when the situation produced by the

coronavirus disease (COVID-19) pandemic allows it, to increase

the sample to obtain more precise results.

Data availability statement

The original contributions presented in the study are

included in the article/supplementary material, further inquiries

can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were

reviewed and approved by Comité de ética de la

investigación de Córdoba-España. The patients/participants

provided their written informed consent to participate in

this study.

Author contributions

JS-M, LP-d-T, MV-A, RM-G, and EN-M contributed to

conception and design of the study. JS-M organized the database

and performed the statistical analysis. RM-G wrote the first

Frontiers in PublicHealth 07 frontiersin.org

4344

https://doi.org/10.3389/fpubh.2022.975114
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Muñoz-Gómez et al. 10.3389/fpubh.2022.975114

draft of the manuscript. All authors contributed to manuscript

revision, read, and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Medhra R, Ramar K,
et al. Clinical practice guideline for diag-nostic testing for adult obstructive sleep
apnea: an American Academy of SleepMedicine Clinical Practice Guideline. JAMA.
(2017) 13:479–504. doi: 10.5664/jcsm.6506

2. Jonas DE, Amick HR, Feltner C, Weber RP, Arvanitis M, Stine
A, et al. Screening for obstructive sleep apnea inadults. JAMA. (2017)
317:415. doi: 10.1001/jama.2016.19635

3. Grupo Español de. sueño (GES). Consenso Nacional sobre el
síndrome de apneas-hipopneas del sueño Definición y concepto,
fisiopatología, clínica y exploración del SAHS. Arch Bronconeumol. (2005)
41:12–29. doi: 10.1016/S0300-2896(05)70749-3

4. Schünemann HJ, Jaeschke R, Cook DJ, Bria WF, El-Solh AA, Ernst A, et al.
ATS documents development and implementation committee. An official ATS
statement: grading the quality of evidence and strength of recommendations
in ATS guidelines and recommendations. Am J Respir Crit Care Med. (2006)
174:605–14. doi: 10.1164/rccm.200602-197ST

5. Pack AI. Sleep-disordered breathing: accesss is the issue. Am J Respir Crit Care
Med. (2004) 169:666–7. doi: 10.1164/rccm.2401008

6. Durán-Cantolla J, Mar J, De la Torre G, Rubio R, Guerra L. The
availability in Spanish public hospitals of resources for diagnosing and
treating sleep apneahypopnea syndrome. Arch. Bronconeumol. (2004) 40:259–67.
doi: 10.1016/s1579-2129(06)70096-9

7. Lloberes P, Durán-Cantolla J, Martínez-García MA, Marín JM, Ferrere A,
Jaime Corral A, et al. Diagnosis and treatment of sleep apnea-hypopnea síndrome.
Arch Bronconeumol. (2011) 47:143–56. doi: 10.1016/j.arbres.2011.01.001

8. Candela A, Hernández L, Asensio S, Sánchez-Paya J, Vila J, Benito N,
et al. Validación de un equipo de poligrafía respiratoria en el diagnóstico
del síndrome de apneas durante el sueño. Arch Bronconeumol. (2005) 41:71–
7. doi: 10.1157/13070802

9. Flemons WW, Littner MR, Rowley JA, Gay P, Anderson WM, Hudgel DW,
et al. Home diagnosis of sleep apnea: a systematic review of the literature. An
evidence review cosponsored by the American Academy of Sleep Medicine, the
American College of Chest Physicians, and the American Thoracic Society. Chest.
(2003) 124:1543–79. doi: 10.1378/chest.124.4.1543

10. Hudgel D, Anderson WM. Boehlecke, Claman D, Goldberg R, Gottlieb
DJ, et al. Portable Monitoring Task Force of the American Academy of Sleep
Medicine Clinical guidelines for the use of unattended portable monitors in the
diagnosis of obstructive sleep apnea in adult patients Portable Monitoring Task
Force of the American Academy of Sleep Medicine. J Clin Sleep Med. (2007)
3:737–47. doi: 10.5664/jcsm.27032

11. Colvin LJ, Cartwright A, Freedman N, Rogers AE, D Vana K. Nurse
practitioners and physician assistants are qualified to perform home sleep apnea
test clinical evaluations. J Clin Sleep Med. (2018) 14:293. doi: 10.5664/jcsm.6958

12. Stanik-Hutt J, Robin P, White KM, Johantgen M, Bass EB, Zangaro G, et al.
The quality and effectiveness of care provided by nurse practitioners. J Nurse Pract.
(2013) 9:492–513. doi: 10.1016/j.nurpra.2013.07.004

13. Chung F. Toronto Western Hospital UHN, University of Toronto. The
official STOP-Bang Questionnaire website. Disponible en: http://www.stopbang.ca/
(Consultado el June 15, 2020).

14. Nagappa M, Liao P, Wong J, Auckley D, Ramachandran SK, Memtsoudis
S, et al. Validation of the STOP-Bang Ques-tionnaire as a screening tool for
obstructive sleep apnea among differentpopulations: a systematic review and
meta-analysis. PLoS ONE. (2015) 10:e0143697. doi: 10.1371/journal.pone.0143697

15. Cruces-Artero C, Hervés-Beloso C, Martín-Miguel V, Hernáiz-Valero S,
Isidro Lago-Deibe F, Montero-Gumucio M, et al. Diagnostic accuracy os STOP-
Bang questionnaire on moderate sleep apnoea in primary care. Gac Sanit Sep-Oct.
(2019) 33:421–6. doi: 10.1016/j.gaceta.2018.05.003

16. Bray GA. Commentary on classics in obesity Quetelet: quantitative medicine
A treatise on man and the development of his faculties. Obes Res. (1994) 2:68–
71. doi: 10.1002/j.1550-8528.1994.tb00046.x

17. Kuder GF, Richardson MW. The theory of the estimation of test reliability.
Psychometrika. (1937) 2:151–60. doi: 10.1007/BF02288391

18. Oviedo HC, Campo-Arias A. Aproximación al uso del coeficiente
alfa de Cronbach. Revista Colombiana de Psiquiatría. (2005) XXXIV:572–
80. doi: 10.7705/biomedica.v26i4.327

19. López de Ullibarri I, Pita S. Medidas de concordancia: el coeficiente kappa.
Cad aten primaria. (1999) 6:169–71.

20. Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics. (1977) 33:159–74. doi: 10.2307/2529310

21. Saldías Peñafiel F, Brockmann Veloso P, Santín Martínez J, Fuentes-López E,
Valdivia Cabrera G. Rendimiento de los cuestionarios de sueño en el diagnóstico
de síndrome de apneas obstructivas del sueño en población chilena. Subestudio
de la Encuesta Nacional de Salud, 2016/17. Rev Med Chile. (2019) 147:1543–
52. doi: 10.4067/S0034-98872019001201543

22. Pangerc A, Petek Šter M, Dolenc Grošelj L. Translation and validation
of the STOP-Bang questionnaire into Slovene. Eur J Med Res. (2021)
26:32. doi: 10.1186/s40001-021-00503-z

23. Coutinho-Costa J, Rebelo-Marques A, Neiva Machado JP, Figueiredo
Valentim BM, De Almeida Vicente Ferreir CS, Oliveira Gonçalves JD, et al.
STOP-Bang and NoSAS questionnaires as a screening tool for OSA: which
one is the best choice? Rev Assoc Med Bras 1992. (2020) 66:1203–9.
doi: 10.1590/1806-9282.66.9.1203

24. Emerson Ferreira Martins D, Cortes AL, Nascimento N, Brendler
J. Exploring the STOP-BANG questionnaire for obstructive sleep apnea
screening in seniors. J Clin Sleep Med. (2020) 16:199–206. doi: 10.5664/jcsm.
8166

25. Alexandre Rebelo-Marques C, Valentim B, Agostinho M, Pereira R, Teixeira
MF, Moita J. STOP-Bang questionnaire: the validation of a Portuguese version as
a screening tool for obstructive sleep apnea (OSA) in primary care. Sleep Breath.
(2018) 22:757–65. doi: 10.1007/s11325-017-1608-0

26. Bauters FA, Loof S, Hertegonne KB, Chirinos JA, De Buyzere ML,
Rietzschel ER. Sex-specific sleep apnea screening questionnaires: closing the
performance gap in women. Sleep Med. (2020) 67:91–8. doi: 10.1016/j.sleep.2019.
10.023

27. Chiu HY, Chen PY, Chuang LP, Chen NH, Tu YK, Hsieh YJ, et al. Diagnostic
accuracy of the Berlin questionnaire, STOP-BANG, STOP, and Epworth sleepiness
scale in detecting obstructive sleep apnea: A bivariate meta-analysis. SleepMed Rev.
(2017) 36:57–70. doi: 10.1016/j.smrv.2016.10.004

28. Hwang M, Zhang K, Nagappa M, Saripella A, Englesakis M, Chung
F. Validation of the STOP-Bang questionnaire as a screening tool for
obstructive sleep apnoea in patients with cardiovascular risk factors:
a systematic review and meta-analysis. BMJ Open Respir Res. (2021)
8:e000848. doi: 10.1136/bmjresp-2020-000848

29. Jenicek M, Cléroux R. Salvat; Barcelona. Epidemiología. Principios, técnicas,
aplicaciones. (1987). p. 13–32.

Frontiers in PublicHealth 08 frontiersin.org

4445

https://doi.org/10.3389/fpubh.2022.975114
https://doi.org/10.5664/jcsm.6506
https://doi.org/10.1001/jama.2016.19635
https://doi.org/10.1016/S0300-2896(05)70749-3
https://doi.org/10.1164/rccm.200602-197ST
https://doi.org/10.1164/rccm.2401008
https://doi.org/10.1016/s1579-2129(06)70096-9
https://doi.org/10.1016/j.arbres.2011.01.001
https://doi.org/10.1157/13070802
https://doi.org/10.1378/chest.124.4.1543
https://doi.org/10.5664/jcsm.27032
https://doi.org/10.5664/jcsm.6958
https://doi.org/10.1016/j.nurpra.2013.07.004
http://www.stopbang.ca/
https://doi.org/10.1371/journal.pone.0143697
https://doi.org/10.1016/j.gaceta.2018.05.003
https://doi.org/10.1002/j.1550-8528.1994.tb00046.x
https://doi.org/10.1007/BF02288391
https://doi.org/10.7705/biomedica.v26i4.327
https://doi.org/10.2307/2529310
https://doi.org/10.4067/S0034-98872019001201543
https://doi.org/10.1186/s40001-021-00503-z
https://doi.org/10.1590/1806-9282.66.9.1203
https://doi.org/10.5664/jcsm.8166
https://doi.org/10.1007/s11325-017-1608-0
https://doi.org/10.1016/j.sleep.2019.10.023
https://doi.org/10.1016/j.smrv.2016.10.004
https://doi.org/10.1136/bmjresp-2020-000848
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 12 September 2022

DOI 10.3389/fpubh.2022.952098

OPEN ACCESS

EDITED BY

Ana Clavería,

Instituto de Investigación Sanitaria

Galicia Sur (IISGS), Spain

REVIEWED BY

Isabel Rey Gomez-Serranillos,

Servicio Gallego de Salud, Spain

Llxs Jiang,

Kunming Children’s Hospital, China

Klejda Harasani,

University of Medicine, Tirana, Albania

*CORRESPONDENCE

Yue Chang

4567401@qq.com

Xunrong Zhou

2398662779@qq.com

Yuxi Liu

yuxiliu123@126.com

†These authors have contributed

equally to this work

SPECIALTY SECTION

This article was submitted to

Family Medicine and Primary Care,

a section of the journal

Frontiers in Public Health

RECEIVED 24 May 2022

ACCEPTED 24 August 2022

PUBLISHED 12 September 2022

CITATION

Luo X, Yu S, Zeng Z, Zhou X, Liu Y,

Wang L, Hu J and Chang Y (2022)

Systemic glucocorticoid prescriptions

pattern and factors of inappropriate

use in primary care institutions of

Southwest China.

Front. Public Health 10:952098.

doi: 10.3389/fpubh.2022.952098

COPYRIGHT

© 2022 Luo, Yu, Zeng, Zhou, Liu,

Wang, Hu and Chang. This is an

open-access article distributed under

the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other

forums is permitted, provided the

original author(s) and the copyright

owner(s) are credited and that the

original publication in this journal is

cited, in accordance with accepted

academic practice. No use, distribution

or reproduction is permitted which

does not comply with these terms.

Systemic glucocorticoid
prescriptions pattern and factors
of inappropriate use in primary
care institutions of Southwest
China

Xiaobo Luo1†, Shitao Yu2†, Zhen Zeng3, Xunrong Zhou3*,

Yuxi Liu4*, Lei Wang5, Jiaqi Hu6 and Yue Chang6*†

1School of Public Health, Guizhou Medical University, Guiyang, China, 2Guiyang Public Health
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Background: Inappropriate use of glucocorticoids in primary care institutions

is serious. It not only causes economic burden, but leads to many

adverse reactions. The purpose of this study is to explore systemic

glucocorticoid prescription pattern and factors of inappropriate use in primary

care institutions.

Methods: This is a retrospective study. Systemic glucocorticoids prescribed

in 58 primary care institutions in Guizhou province of Southwest China in

2020 were selected from the Health Information System. All prescriptions

were classified as appropriate or inappropriate use. Inappropriate use was

classified into the following two categories: (a) Inappropriate indications;

(b) Inappropriate selection of glucocorticoids. Multivariate analysis

was used to explore the factors associated with inappropriate use of

systemic glucocorticoids.

Results: A total of 63,315 glucocorticoid prescriptions were included in the

analysis. Diseases of the respiratory system (60.8%) and diseases of the skin

and subcutaneous tissue (23.1%) were the most common indications for

use. Injections (89.8%) predominated and dexamethasone (86.5%) was the

most prescribed glucocorticoid. 68.2% of all prescriptions were inappropriate.

Compared to physicians with a college degree, physicians with a junior

college (OR: 1.12, 95% CI: 1.08–1.17) and technical secondary education

(OR: 1.12, 95% CI:1.05–1.19) were more likely to prescribe glucocorticoids

inappropriately as were attending physicians (OR: 1.12, 95% CI: 1.01–1.25)

and resident physicians (OR: 1.31, 95% CI: 1.15–1.48) compared to associate

chief physicians. The risk of inappropriate glucocorticoid use was highest

in patients 65 years of age and older (OR: 6.00, 95% CI: 5.62–6.40). In

contrast, prescriptions given by injection were more likely to be used

inappropriately than those given orally (OR: 0.44, 95% CI: 0.41–0.46).
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Conclusion: Inappropriate use of systemic glucocorticoids without

appropriate indications was extremely prominent in primary care institutions of

Guizhou Province, especially in diseases of the respiratory system and among

the elderly. The risk of inappropriate glucocorticoid use was highest in patients

65 years of age and older. It is important to note that physicians younger than

33, with more than 40 years of service, and attending or residents were more

likely to inappropriately prescribe glucocorticoids.

KEYWORDS

systemic glucocorticoids, prescription patterns, appropriateness, inappropriate use,

primary care institutions

Introduction

Since 1950, systemic glucocorticoids have been widely

used to treat various inflammatory and autoimmune diseases,

such as asthma, chronic obstructive pulmonary disease, and

rheumatoid arthritis (1, 2). Although systemic glucocorticoids

(oral or injection) play a significant role in clinical treatment,

their inappropriate use can induce adverse consequences such

as adrenal insufficiency, osteoporosis, hypertension, Cushing’s

syndrome, and gastrointestinal bleeding, which could increase

the burden on medical care and even endanger the patient’s

life (3–12). Therefore, systemic glucocorticoids should be used

strictly according to their indication (13).

Over the past 20 years, prescriptions for oral glucocorticoids

have risen by 34% in the United Kingdom (14). Among

113 patients surveyed in India, 88.4% of glucocorticoids

were considered inappropriate, including imprecise diagnosis

and incorrect indications by standard clinical and evidence-

based practice guidelines (15). In France, oral glucocorticoid

prescription rates are over 17%, yet most were inappropriately

used (16). In the United States, systemic glucocorticoids were

used in more than 11% of acute respiratory tract infections, yet

guidelines failed to support this practice (17). Inappropriate use

of glucocorticoids is also common in China (18, 19), and this

phenomenon is more prominent in primary care institutions

(20, 21). A previous study reported that glucocorticoids

accounted for 63.5% of inappropriate prescriptions in 27

primary care institutions (22). In order to promote the rational

use of glucocorticoids, the Chinese government promulgated the

clinical use guidelines of glucocorticoids as early as 2011 (23),

but the expected effects have not been achieved in primary care

institutions (20, 21).

Previous studies have focused on oral glucocorticoid

prescribing patterns in adults, including trends in the

prevalence of oral glucocorticoids (14, 16, 24, 25), common

indications for glucocorticoids therapy (14, 25, 26), and

common types of glucocorticoids use (14, 27). A recent study

reported characteristics of patients and their association

with inappropriate use of systemic glucocorticoids in upper

respiratory tract infections (28). Several studies (15, 29, 30)

have also focused on the inappropriate use of systemic

glucocorticoids in primary care institutions. Other studies have

described prescribing patterns of topical glucocorticoids (31–

35), and factors associated with their inappropriate use (36–39).

However, few studies have comprehensively examined the

prescription patterns and factors associated with inappropriate

use of systemic glucocorticoid in primary care institutions.

Therefore, we conducted an in-depth analysis on the

prescription of systemic glucocorticoids in primary care

institutions in Southwest China. The objective of this study is

to describe the prescription patterns and determine associated

factors for the inappropriate use of systemic glucocorticoids.

The influencing factors of inappropriate use of systemic

glucocorticoids were analyzed from the perspective of physicians

and patients.

Materials and methods

This study was approved by the Ethics Committee of

Guizhou Medical University (REC. 2021 Ethics Approval

No. 249).

Study setting

The retrospective study was conducted in Guizhou, one

of the poorest provinces in Southwest China. In China, the

public hospital system consists of three levels from top to

bottom: tertiary hospitals, secondary hospitals, and primary

care institutions. Primary care institutions include township

health centers and community health service centers. Primary

care institutions do not require high education and certificates.

People who have a technical secondary school degree and pass

professional physician training can become junior outpatient

physicians. Out of 1,399 township public hospitals in Guizhou

rural areas, there are 132 hospitals using the same health
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information system (HIS) that was developed by Guizhou

Lianke Weixin Technology Co., LTD (LWTC) authorized by

the Information Center of Guizhou Health Commission. Due to

the high mobility of primary physicians, our inclusion criteria

were: outpatient physicians who had been in the primary care

institutions for the whole year of 2020 and had prescribed

glucocorticoids. Eventually, 58 eligible primary care institutions

were included in this study.

Data retrieval process

Glucocorticoid prescriptions and demographic

characteristics of the patients visiting outpatient departments

in 2020 were collected in primary care institutions of Guizhou

using the HIS. Personal details of the physicians were

obtained from the Personnel Management Department of

each primary care institution. According to the 10th edition

of the International Classification of Diseases (ICD-10) (40),

the common related diagnoses were grouped into 5 diagnostic

categories (Diseases of the respiratory system; Diseases of the

skin and subcutaneous tissue; Diseases of the musculoskeletal

system and connective tissue; Diseases of the digestive system;

and Symptoms, signs and abnormal clinical and laboratory

findings, not elsewhere classified). Systemic glucocorticoids are

more likely to cause side effects than topical glucocorticoids

(41). Therefore, we only included systemic glucocorticoids,

excluding topical glucocorticoids prescriptions such as nasal

inhalation and skin creams. Systemic glucocorticoids were

divided into long-acting glucocorticoids such as dexamethasone

and betamethasone, intermediate-acting glucocorticoids such

as prednisolone, methylprednisolone and triamcinolone,

and short-acting glucocorticoids such as hydrocortisone and

cortisone (42).

Categorization of appropriateness of
glucocorticoids use

As there is no international standard clinical guidelines for

glucocorticoids, we referred to the Chinese Clinical Application

Guidelines for glucocorticoids (summary of S1 documents),

Chinese Ministry of Health Standards for Hospital Prescription

Review and Management (summary of S2 documents) and the

articles of Liu et al. (42) and Yasir et al. (43). Based on the

above guidelines and references, glucocorticoid prescriptions

were divided into two broad categories: appropriate and

inappropriate. Since HIS did not provide glucocorticoid doses,

treatment duration nor patient’s characteristics, we could only

classify inappropriate use of all prescriptions into the following

two categories. (a) Inappropriate indication, such as systemic

glucocorticoids prescribed for the common cold, fever, and pain

relief; and (b) Inappropriate selection of glucocorticoids, such as

short-acting rather than long-acting systemic glucocorticoids.

Statistical analysis

Appropriate and inappropriate prescribing frequencies were

calculated to quantify the patterns and appropriateness of

systemic glucocorticoid prescriptions. Univariate analysis was

performed to initially exclude irrelevant factors of inappropriate

use of systemic glucocorticoid. Multivariate analysis under the

framework of Generalized Estimating Equations (GEE) was used

to further determine independent predictors of inappropriate

use of systemic glucocorticoids. All statistical tests were two-

sided and a p-value<0.05 was considered statistically significant.

R version 4.1.1 was used for all statistical analyses.

Results

A total of 69,554 systemic glucocorticoid prescriptions were

retrieved. Prescriptions given to patients with diagnoses in the

top five diagnoses accounted for 91.0% of the total prescriptions.

For this reason, we included only prescriptions given to these

patients, resulting in 63,315 prescriptions in our analysis. The

number of patients was 61,500.

Table 1 shows the distribution of systemic glucocorticoid

prescriptions stratified by diagnosis, drugs and rationality.

Out of the 63,315 prescriptions, 43,212 (68.2%) were

used inappropriately, of which inappropriate indication

prescriptions accounted for 67.7% and inappropriate selection

of glucocorticoids prescriptions accounted for 0.5%. In the table,

“A” represents “Appropriate use”, “I” represents “Inappropriate

indications”, “S” represents “Inappropriate selection”. Diseases

of the respiratory system (60.8%) was the most common

diagnosis, followed by diseases of the skin and subcutaneous

tissue (23.1%). Glucocorticoid prescriptions were inappropriate

for 97.2% of respiratory diseases and 90.2% of digestive diseases.

There were 20,103 (31.8%) prescriptions for appropriate use

of glucocorticoids. The main indications for appropriate use

of systemic glucocorticoids were asthma (100%), other chronic

obstructive pulmonary disease (100%), skin and subcutaneous

tissue diseases (92.4%), and musculoskeletal system and

connective tissue diseases (80.1%).

Injection and oral glucocorticoids accounted for 89.8% and

10.2% of all prescriptions, respectively. There were 5 types of

glucocorticoids for injection and only 2 types for oral route.

Dexamethasone (86.5% and 6.2%) was the most frequently used

glucocorticoid for both injection and oral routes.

Table 2 compares prescription patterns by physicians’ and

patients’ characteristics. The majority (76.4%) of prescriptions

were covered by the new rural cooperative scheme. On

univariate analysis, there were significant differences in
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TABLE 1 Prescribing patterns and appropriateness of systemic glucocorticoid prescriptions.

Diagnosis Total, n
(%)

Injection (89.8) Oral (10.2) Appropriate
use, n (%)

Inappropriate use, n (%)

Dexamethaso
ne

Triamcinolo
ne

Methylpredn
isolone

Prednisolone Hydrocorti
sone

Dexametha
sone

Prednisone A I S

Diseases of the respiratory

system

38,497 (60.8) 36,455 (66.6) 9 (39.1) 108 (72.5) 5 (3.9) 26 (1.4) 806 (20.6) 1,088 (43.4) 1,705 (2.8) 36,792 (97.2) 0 (0.0)

Acute upper respiratory infections

Acute upper respiratory
infections of multiple and
unspecified sites

18,521 (29.3) I

17,610 (32.2)
I

14 (0.8)
I

35 (23.5)
I

4 (3.1)
I

4 (17.4)
I

383 (9.8)
I

471 (18.8)
0 (0.0) 18,521 (100.0) 0 (0.0)

Acute tonsillitis 5,551 (8.7) I

5,478 (10)
I

1 (0.1)
I

16 (10.7)
0 (0.0) I

3 (13.3)
I

12 (0.3)
I

41 (1.6)
0 (0.0) 5,551 (100.0) 0 (0.0)

Acute pharyngitis 1,107 (1.6) I

1063 (1.9)
I

0 (0.0)
I

6 (4)
0 (0.0) 0 (0.0) I

31 (0.8)
I

7 (0.3)
0 (0.0) 1107 (100.0) 0 (0.0)

Other diseases of upper
respiratory tract

684 (1.1) I

520 (0.9)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

10 (0.3)
I

154 (6.1)
0 (0.0) 684 (100.0) 0 (0.0)

Chronic rhinitis,
nasopharyngitis and
pharyngitis

243 (0.3) I

199 (0.4)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

22 (0.6)
I

22 (0.9)
243 (100.0) 0 (0.0) 0 (0.0)

Acute laryngitis and
tracheitis

192 (0.3) I

157 (0.3)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

33 (0.8)
I

2 (0.1)
192 (100.0) 0 (0.0) 0 (0.0)

lower respiratory infection

Acute bronchitis 6,319 (10) I

6,037 (11)
I

6 (0.3)
I

41 (27.5)
I

0 (0.0)
I

0 (0.0)
I

90 (2.3)
I

145 (5.8)
0 (0.0) 6,319 (100.0) 0 (0.0)

Bronchitis, not specified as
acute or chronic

2,320 (3.7) I

2,065 (3.8)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

102 (2.6)
I

153 (6.1)
0 (0.0) 2,320 (100.0) 0 (0.0)

Other respiratory disorders 1,201 (1.8) A

1,168 (2.1)
A

0 (0.0)
A

6 (4.0)
A

1 (0.1)
0 (0.0) A

6 (0.2)
20 (0.8) 0 (0.0) 1,201 (100.0) 0 (0.0)

Unspecified chronic
bronchitis

677 (1.1) A

584 (1.1)
A

5 (0.3)
0 (0.0) 0 (0.0) 0 (0.0) A

55 (1.4)
A

33 (1.3)
0 (0.0) 677 (100.0) 0 (0.0)

Pneumonia, organism
unspecified

622 (1) A

609 (1.1)
0 (0.0) A

2 (1.3)
A

0 (0.0)
A

2 (8.7)
A

6 (2.2)
A

3 (0.1)
622 (100.0) 0 (0.0) 0 (0.0)

Asthma 444 (0.7) A

407 (0.7)
0 (0.0) A

1 (0.7)
0 (0.0) 0 (0.0) A

25 (0.6)
A

11 (0.4)
444 (100.0) 0 (0.0) 0 (0.0)

Acute bronchiolitis 293 (0.5) A

271 (0.5)
0 (0.0) A

1 (0.7)
0 (0.0) 0 (0.0) A

8 (0.2)
A

13 (0.5)
0 (0.0) 293 (100.0) 0 (0.0)

Other chronic obstructive
pulmonary disease

204 (0.3) A

176 (0.3)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) A

18 (0.5)
A

10 (0.4)
204 (100.0) 0 (0.0) 0 (0.0)

Simple and mucopurulent
chronic bronchitis

119 (0.2) I

111 (0.2)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

5 (0.1)
I

3 (0.1)
0 (0.0) 119 (100.0) 0 (0.0)

Diseases of the skin and

subcutaneous tissue

14,639 (23.1) 12,035 (22.1) 21 (1.2) 19 (12.8) 1 (0.8) 6 (26.1) 2,070 (49) 487 (19.4) 13,524 (92.4) 1,115 (7.6) 0 (0.0)

Allergic contact dermatitis 11,074 (17.4) A

8,978 (16.4)
A

15 (0.8)
A

8 (5.4)
A

1 (0.8)
A

1 (4.3)
A

1,748 (44.6)
3 A

23 (12.9)
11,074 (100.0) 0 (0.0) 0 (0.0)

Other local infections of skin
and subcutaneous tissue

940 (1.5) I

709 (1.3)
I

5 (0.3)
I 0 (0.0) I

5 (21.7)
I

119 (5)
I

101 (4)
0 (0.0) 940 (100.0) 0 (0.0)

Urticaria 770 (1.1) A

701 (1.3)
0 (0.0) A

2 (1.3)
0 (0.0) 0 (0.0) A

54 (1.4)
A

13 (0.5)
770 (100.0) 0 (0.0) 0 (0.0)

Atopic dermatitis 629 (1.0) A

625 (1.1)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) A

3 (0.1)
A

1 (0.0)
629 (100.0) 0 (0.0) 0 (0.0)

(Continued)
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TABLE 1 (Continued)

Diagnosis Total, n
(%)

Injection (89.8) Oral (10.2) Appropriate
use, n (%)

Inappropriate use, n (%)

Dexamethaso
ne

Triamcinolo
ne

Methylpredn
isolone

Prednisolone Hydrocorti
sone

Dexametha
sone

Prednisone A I S

Other dermatitis 410 (0.6) A

317 (0.6)
0 (0.0) A

2 (1.3)
0 (0.0) 0 (0.0) A

71 (1.8)
A

20 (0.8)
410 (100.0) 0 (0.0) 0 (0.0)

Irritant contact dermatitis 343 (0.5) A

309 (0.6)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 19 (0.5) 15 (0.6) 343 (100.0) 0 (0.0) 0 (0.0)

Pruritus 161 (0.3) A

149 (0.3)
A

1 (0.1)
0 (0.0) 0 (0.0) 0 (0.0) A

10 (0.3)
A

1 (0.0)
161 (100.0) 0 (0.0) 0 (0.0)

Unspecified contact
dermatitis

96 (0.2) A

83 (0.2)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) A

7 (0.2)
A

6 (0.2)
96 (100.0) 0 (0.0) 0 (0.0)

Acute lymphadenitis 72 (0.1) I

55 (0.1)
0 (0.0) I

6 (4.0)
0 (0.0) 0 (0.0) I

10 (0.3)
I

1 (0.0)
0 (0.0) 72 (100.0) 0 (0.0)

Cellulitis 44 (0.1) I

35 (0.1)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

6 (0.2)
I

3 (0.1)
0 (0.0) 44 (100.0) 0 (0.0)

Other epidermal thickening 43 (0.1) I

24 (0.0)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

19 (0.5)
0 (0.0) 0 (0.0) 43 (100.0) 0 (0.0)

Dermatitis due to substances
taken internally

21 (0.1) A

14 (0.0)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) A

6 (0.2)
A

1 (0.0)
21 (100.0) 0 (0.0) 0 (0.0)

Cutaneous abscess, furuncle
and carbuncle

16 (0.1) A

15 (0.0)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) A

1 (0.0)
0 (0.0) 16 (100.0) 0 (0.0)

Lichen simplex chronicus
and prurigo

13 (0.1) A

13 (0.0)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 13 (100.0) 0 (0.0) 0 (0.0)

Acne 7 (0.1) A

6 (0.0)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) A

1 (0.0)
7 (100.0) 0 (0.0) 0 (0.0)

Diseases of the

musculoskeletal system and

connective tissue

5,632 (8.9) 2,836 (5.2) 1,733 (95.4) 112 (8.1) 118 (92.2) 8 (34.8) 457 (10.8) 468 (18.7) 4,514 (80.1) 1,096 (19.5) 22 (0.4)

Other arthritis 2,396 (3.7) A

1,357 (2.5)
A

545 (30)
A

5 (3.4)
2 A

6 (20.1)
S

5 (21.7)
A

307 (5.8)
A

151 (6)
2,391 (99.8) 0 (0.0) 5 (0.2)

Other joint disorders, not
elsewhere classified

730 (1.2) 416 (0.8) 238 (13.1) 0 (0.0) 14 (10.9) S
1 (4.3)

A A

33 (1.3)
729 (99.9) 0 (0.0) 1 (0.1)

Gout 524 (0.8) A

373 (0.7)
A

54 (3.0)
A

6 (4.0)
A

2 (0.0)
0 (0.0) A

53 (1.4)
A

36 (1.4)
524 (100.0) 0 (0.0) 0 (0.0)

Other arthrosis 487 (0.8) A

79 (0.1)
A

219 (12.1)
0 (0.0) A

4 (3.1)
0 (0.0) A

38 (1.0)
A

147 (5.9)
487 (100.0) 0 (0.0) 0 (0.0)

Spondylosis 359 (0.6) I

139 (0.3)
I

173 (9.5)
0 (0.0) I

3 (2.3)
0 (0.0) I

3 (0.1)
I

41 (1.6)
0 (0.0) 359 (100.0) 0 (0.0)

Other intervertebral disc
disorders

298 (0.5) I

75 (0.1)
I

205 (11.3)
0 (0.0) I

7 (5.5)
0 (0.0) I I

9 (0.4)
0 (0.0) 298 (100.0) 0 (0.0)

Dorsalgia 253 (0.4) I

140 (0.3)
I

84 (4.6)
0 (0.0) I

7 (5.5)
0 (0.0) I

9 (0.2)
I

13 (0.5)
0 (0.0) 253 (100.0) 0 (0.0)

Shoulder lesions 217 (0.3) A

57 (0.1)
A

131 (7.2)
A

1 (0.7)
A

11 (8.6)
0 (0.0) A

5 (0.1)
S

12 (0.5)
205 (94.5) 0 (0.0) 12 (5.5)

Other soft tissue disorders,
not elsewhere classified

186 (0.3) I

151 (0.3)
I

1 (0.1)
0 (0.0) I

3 (2.3)
0 (0.0) I

7 (0.2)
I

24 (1.0)
0 (0.0) 186 (100.0) 0 (0.0)

Synovitis and tenosynovitis 182 (0.3) A

49 (0.1)
A

83 (4.6)
0 (0.0) A

41 (32.0)
S

2 (8.7)
A

5 (2.1)
S

2 (2.9)
178 (97.8) 0 (0.0) 4 (2.2)

Diseases of the digestive

system

3,672 (5.8) 2,712 (5.0) 27 (1.5) 10 (6.7) 3 (2.3) 0 (0.0) 478 (11.3) 442 (17.6) 360 (9.8) 3,312 (90.2) 0 (0.0)

(Continued)
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TABLE 1 (Continued)

Diagnosis Total, n
(%)

Injection (89.8) Oral (10.2) Appropriate
use, n (%)

Inappropriate use, n (%)

Dexamethaso
ne

Triamcinolo
ne

Methylpredn
isolone

Prednisolone Hydrocorti
sone

Dexametha
sone

Prednisone A I S

Gingivitis and periodontal
diseases

1,895 (3.0) A

1,278 (2.3)
A

3 (0.2)
3 (2.0) 0 (0.0) 0 (0.0) A

308 (7.9)
A

303 (12.1)
0 (0.0) 1,895 (100.0) 0 (0.0)

Diseases of pulp and
periapical tissues

396 (0.6) I

346 (0.6)
0 (0.0) I

1 (0.7)
0 (0.0) 0 (0.0) I

37 (0.9)
I

12 (0.5)
0 (0.0) 396 (100.0) 0 (0.0)

Gastritis and duodenitis 381 (0.6) I

285 (0.5)
I

20 (1.1)
I

4 (2.7)
I

2 (1.6)
0 (0.0) I

60 (1.5)
I

10 (0.4)
0 (0.0) 381 (100.0) 0 (0.0)

Other noninfective
gastroenteritis and colitis

360 (0.6) A

337 (0.6)
A

0 (0.8)
A

2 (1.3)
A

1 (0.0)
0 (0.0) A

15 (0.4)
A

5 (0.2)
360 (100.0) 0 (0.0) 0 (0.0)

Stomatitis and related lesions 336 (0.5) I

236 (0.4)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

19 (0.5)
I

81 (3.2)
0 (0.0) 336 (100.0) 0 (0.0)

Functional dyspepsia 95 (0.2) 85 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.2) 4 (0.2) 0 (0.0) 95 (100.0) 0 (0.0)

Other disorders of teeth and
supporting structures

83 (0.1) I

37 (0.1)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

21 (0.5)
I

25 (1)
0 (0.0) 83 (100.0) 0 (0.0)

Embedded and impacted
teeth

67 (0.1) I

67 (0.1)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 67 (100.0) 0 (0.0)

Cholecystitis 31 (0.1) I

21 (0.0)
I

3 (0.2)
0 (0.0) 0 (0.0) 0 (0.0) I

5 (0.1)
I

2 (0.1)
0 (0.0) 31 (100.0) 0 (0.0)

Diseases of tongue 28 (0.1) I

23 (0.0)
I

1 (0.1)
0 (0.0) 0 (0.0) 0 (0.0) I

4 (0.1)
0 (0.0) 0 (0.0) 28 (100.0) 0 (0.0)

Symptoms, signs and

abnormal clinical and

laboratory findings, not

elsewhere classified

875 (1.4) 734 (1.4) 9 (0.5) 0 (0.0) 1 (0.8) 0 (0.0) 108 (2.5) 23 (0.9) 0 (0.0) 526 (60.1) 349 (39.9)

Rash and other nonspecific
skin eruption

349 (0.6) S

256 (0.5)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) S 92 (2.3) S

1 (0.0)
0 (0.0) 0 (0.0) 349 (100.0)

Cough 91 (0.1) I

84 (0.2)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

3 (0.1)
I

4 (0.2)
0 (0.0) 91 (100.0) 0 (0.0)

Abdominal and pelvic pain 91 (0.1) I

86 (0.2)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

3 (0.1)
I

2 (0.1)
0 (0.0) 91 (100.0) 0 (0.0)

Fever of other and unknown
origin

90 (0.1) 90 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 83 (100.0) 0 (0.0)

Dizziness and giddiness 83 (0.1) I

77 (0.1)
I

3 (0.2)
0 (0.0) 0 (0.0) 0 (0.0) I

1 (0.0)
I

2 (0.1)
0 (0.0) 90 (100.0) 0 (0.0)

Headache 63 (0.1) I

52 (0.1)
I

2 (0.1)
0 (0.0) 0 (0.0) 0 (0.0) I

6 (0.2)
I

3 (0.1)
0 (0.0) 63 (100.0) 0 (0.0)

Pain in throat and chest 50 (0.1) I

46 (0.1)
I

4 (0.2)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 50 (100.0) 0 (0.0)

Enlarged lymph nodes 27 (00.1) I

21 (0.0)
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

1 (0.0)
I

5 (0.2)
0 (0.0) 27 (100.0) 0 (0.0)

Pain, not elsewhere classified 18 (0.1) I

12 (0.0)
0 (0.0) 0 (0.0) I

1 (0.8)
0 (0.0) 0 (0.0) I

5 (0.2)
0 (0.0) 18 (100.0) 0 (0.0)

Oedema, not elsewhere
classified

13 (0.1) 10 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) I

2 (0.1)
I

1 (0.0)
0 (0.0) 13 (100.0) 0 (0.0)

Total, n (%) 63,315 54,773 (86.5) 1,816 (2.9) 149 (0.2) 128 (0.2) 23 (0.1) 3,918 (6.1) 2,508 (4.0) 20,103 (31.8) 42,841 (67.7) 0 (0.5)

A, Appropriate use; I, Inappropriate indications; S, Inappropriate selection. The bold values indicate the number and frequency of prescriptions for each system disease to the reader.
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TABLE 2 Factors associated with inappropriate use of glucocorticoids on univariate analysis.

Variables Total, n (%) Appropriate

use, n (%)

Inappropriate use, n (%)

Inappropriate

indications

Inappropriate

selection

P-value

63,315 20,103 (31.8) 42,841 (67.7) 371 (0.5)

Physician characteristic

Sex

Female 20,075 (31.7) 6,506 (32.4) 13,361 (66.6) 208 (1.0) <0.001

Male 43,240 (68.3) 13,597 (31.4) 29,480 (68.2) 163 (0.4)

Age group (years)

24–32 24,430 (38.6) 7,558 (31.0) 16,618 (68.0) 254 (1.0) <0.001

33–40 18,892 (29.8) 6,272 (33.2) 12,515 (66.2) 105 (0.6)

41–64 19,993 (31.6) 6,273 (31.4) 13,708 (68.5) 12 (0.1)

Education

College 22,824 (36.0) 7,142 (31.3) 15,667 (68.6) 15 (0.1) <0.001

Junior college 28,241 (44.0) 8,967 (31.8) 18,935 (67.0) 339 (1.2)

Technical secondary school 12,250 (20.0) 3,994 (32.6) 8,239 (67.3) 17 (0.1)

Professional title

Associate chief physician 1,503 (2.4) 507 (33.7) 994 (66.2) 2 (0.1) <0.001

Attending physician 6,791 (10.7) 2,231 (32.9) 4,560 (67.1) 0 (0.0)

Resident physician 55,021 (86.9) 17,365 (31.6) 37,287 (67.7) 369 (0.7)

Work duration (years)

≤5 15,970 (25.2) 4,811 (30.1) 10,895 (68.2) 264 (1.7) <0.001

6–10 21,593 (34.1) 6,946 (32.2) 14,555 (67.4) 92 (0.4)

11–20 8,264 (13.0) 3,005 (36.4) 5,254 (63.5) 5 (0.1)

21–30 1,090 (17.2) 3,449 (31.6) 7,448 (68.3) 5 (0.1)

31–39 5,707 (9.1) 1,643 (28.8) 4,063 (71.1) 1 (0.1)

≥40 879 (1.4) 249 (28.3) 626 (71.2) 4 (0.5)

Patient characteristics

Sex

Female 30,704 (48.5) 9,641 (31.4) 20,887 (68.0) 176 (0.6) 0.162

Male 32,611 (51.5) 10,462 (32.1) 21,954 (67.3) 195 (0.6)

Age group (years)

<5 10,288 (16.3) 249 (12.7) 10,012 (87.1) 27 (0.2) <0.001

5–17 12,354 (19.5) 3,533 (28.6) 8,753 (70.8) 68 (0.6)

18–49 17,465 (27.2) 5,285 (30.3) 12,065 (69.0) 115 (0.7)

50–64 10,917 (17.1) 4,307 (39.4) 6,546 (60.0) 64 (0.6)

≥65 5,616 (8.9) 5,519 (49.8) 5,465 (49.3) 97 (0.9)

Routes of use

Injection 56,889 (89.8) 16,829 (29.6) 39,796 (70.0) 264 (0.5) <0.001

Oral 6,426 (10.2) 3,274 (50.9) 3,045 (47.4) 107 (1.7)

Payment source

New rural cooperative

medical system (NCMS)

4,873 (76.4) 15,704 (32.5) 32,325 (66.8) 344 (0.7) <0.001

Out-of-pocket 14,942 (23.6) 4,399 (29.4) 10,516 (70.4) 27 (0.2)

prescribing patterns among physicians by sex, age group,

education, professional title and work duration (P < 0.001).

In addition to patients’ sex (P = 0.162), the appropriateness

of glucocorticoid prescription was also related to patients’ age,

source of payment and route of use (P < 0.001). Therefore,

patients’ sex was excluded in the initial multivariate model.

Frontiers in PublicHealth 07 frontiersin.org

5152

https://doi.org/10.3389/fpubh.2022.952098
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Luo et al. 10.3389/fpubh.2022.952098

Table 3 shows factors associated with inappropriate

glucocorticoids use on multivariate analysis. Physicians who

were male or older than 32 years (compared to those aged

less than or equal to 32 years) were less likely to prescribe

glucocorticoids inappropriately. Physicians with a junior level of

education (compared to those who completed a college degree)

and attending/resident physicians (compared to associate

chief physicians) were more likely to prescribe glucocorticoids

inappropriately. Compared to physicians with 5 or fewer years

of work duration, those who had worked for 11–39 years

were less likely to prescribe glucocorticoids inappropriately.

However, physicians with 40 or more years of service were more

likely to prescribe glucocorticoids inappropriately. From the

patient’s perspective, those who were five years of age or older

(compared to those younger than 5 years) were more likely

to be prescribed glucocorticoids inappropriately and the odds

was the highest in patients aged 65 years or more. Injection

prescriptions and prescriptions covered by the new rural

cooperative medical system had a higher odds of inappropriate

use.

Discussion

In this retrospective study, we analyzed 63,315 systemic

glucocorticoid prescription patterns in 58 primary care

institutions in Guizhou, China. Inappropriate use accounted

for 68.2% of all glucocorticoid prescriptions, in which

inappropriate indications was the majority (67.7%), and

inappropriate selection of glucocorticoids accounted for 0.5%.

Diseases of the respiratory system (60.8%) and diseases of the

skin and subcutaneous tissue (23.1%) were the most common

diagnoses among the patients who received the prescriptions.

The proportion of inappropriate prescriptions was higher

in diseases of the respiratory system (97.2%) and diseases of

the digestive system (90.2%). Most (89.8%) glucocorticoid

prescriptions were injected with only 10.2% given orally.

Dexamethasone was the most used in both oral (6.2%) and

injectable forms (86.5%). The younger physicians were more

likely to prescribe inappropriately and the risk of inappropriate

prescription was higher for physicians with lower educational

and professional titles.

Among all patients prescribed systemic glucocorticoids

in this study, prescriptions for diseases of the respiratory

system (60.8%) were the most common, of which 97.2% of

the prescriptions were inappropriate. A study from Ethiopia

(27) showed glucocorticoids were used in 63.5% of respiratory

diseases. Another study from China also reported that 60.48% of

glucocorticoids were used for respiratory diseases (44). In Puerto

Rico, 75% patients with of common colds were prescribed

corticosteroids (45). Studies from the US and South Korea

reported that 11% and 6.8% of systemic glucocorticoids were

used for acute upper respiratory tract infections, respectively

TABLE 3 Factors predicting inappropriate use of systemic

glucocorticoids on multivariate analysis.

Variables Adjusted OR

(95% CI)

P-value

Physician characteristics

Sex

Female Ref

Male 0.92 (0.89–0.96) <0.001

Age group (years)

24–32 Ref

33–40 0.87 (0.82–0.91) <0.001

41–64 0.71 (0.64–0.78) <0.001

Education

College Ref

Junior college 1.12 (1.08–1.17) <0.001

Technical secondary school 1.12 (1.05-1.19) <0.001

Professional title

Associate chief physician Ref

Attending physician 1.12 (1.01–1.25) 0.049

Resident physician 1.31 (1.15–1.48) <0.001

Work duration (years)

≤5 Ref

6–10 0.98 (0.92–1.02) 0.390

11–20 0.60 (0.55–0.64) <0.001

21–30 0.69 (0.61–0.76) <0.001

31–39 0.88 (0.77–0.98) 0.033

≥40 1.59 (1.31–1.92) <0.001

Patient characteristics

Age group (years)

<5 Ref

5–17 2.61 (2.44–2.78) <0.001

18–49 2.74 (2.58–2.91) <0.001

50–64 3.93 (3.72–4.24) <0.001

≥65 6.00 (5.62–6.40) <0.001

Routes of use

Injection Ref

Oral 0.44 (0.41–0.46) <0.001

Payment source

New rural cooperative

medical system (NCMS)

Ref

Out-of-pocket 0.96 (0.91–0.99) <0.04

(28, 46). However, evidence-based clinical practice guidelines

and Centers for Disease Control and Prevention (CDC)

(47–51) suggest that systemic glucocorticoids are ineffective

in acute respiratory tract infections since respiratory tract

infections are usually caused by viruses such as acute bronchitis

and acute tonsillitis. These conditions are self-healing with

symptomatic treatment.
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A previous study of digestive diseases showed an

inappropriate rate of 69.0% (52). In this study, inappropriate use

of systemic glucocorticoids was also common in diseases of the

digestive system (90.2%). The largest number of prescriptions

were for gingivitis and periodontal diseases. Themain reason for

using glucocorticoids was to relieve the patient’s pain and reduce

swelling during acute attacks. However, gingivitis is caused by

the accumulation of substances produced by microbial plaque

in or near the gum groove (53). Periodontitis may be associated

with bacteria and the herpes viruses (54). Studies have shown

that non–operative treatment for gingivitis and periodontitis

should begin with special mechanical removal of plaque and

calculus. Adjuvant therapy with antibiotics may also be used,

but glucocorticoids are not recommended (55–58). In addition,

a review study indicated that glucocorticoid use may increase

the incidence of periodontitis (58).

In this study, systemic glucocorticoids used for COPD (204,

0.3%), asthma (444, 0.7%), and arthritis other arthritis (2,396,

3.7%), other joint disorders, not elsewhere classified (730,1.2%),

other arthrosis (487,0.8 %), respectively. We only analyzed

systemic glucocorticoid prescriptions, excluding topical

glucocorticoid prescriptions. All diseases are classified according

to the first three codes of ICD-10. In fact, these prescriptions

for “Other Chronic obstructive pulmonary disease (J44)”

contained only “acute exacerbation of undesignated COPD

(J44.155) in the HIS”. Short-term, systemic glucocorticoids

were prescribed to relieve symptoms. In addition, primary care

physicians reported that systemic glucocorticoids are often used

in conjunction with bisphosphonates in rheumatoid arthritis or

osteoarthritis disease. The STOPP-START criteria mention that

moderate to severe asthma or chronic obstructive pulmonary

disease should be treated with regular inhaled glucocorticoids

rather than long-term systemic glucocorticoids. And long-term

use of glucocorticoids for rheumatoid arthritis or osteoarthritis

should also be concomitant with bisphosphonates (59).

And previous studies have shown that short-term systemic

glucocorticoids could be used for remission in severe or acute

asthma (60, 61), COPD (62), and arthritis (63, 64). Therefore,

we comprehensively considered that short-term use of systemic

glucocorticoids in severe COPD and rheumatoid arthritis was

appropriate in this study.

Up to 68.2% of systemic glucocorticoids were used

inappropriately in this study. A study in China found that

56.55% of glucocorticoid prescriptions were inappropriate

(65). Similarly, Masih et al. (15) also reported that 88.4%

of glucocorticoids were inappropriately used, which was

a common phenomenon in rural areas of India. Due

to the difficulty of finding the optimal induction and

maintenance doses, glucocorticoids were also commonly

misused in systemic lupus erythematosus in Spain (66). A

United States study (30) reported that primary physicians often

prescribed systemic corticosteroids for no apparent reason.

Among the inappropriate prescriptions, 67.7% of prescriptions

were inappropriate indications and 0.5% of prescriptions were

inappropriate selection of glucocorticoids in this study. This

suggests that most primary physicians may not have sufficient

knowledge of the indications for glucocorticoids and individual

physicians may have poor understanding of the characteristics

of glucocorticoid drugs.

Injectable of glucocorticoids (89.8%) was more common

than oral glucocorticoids in this study. In China (67), the

proportion of glucocorticoids used for injection reached

71.42% while in Serbian (27) 52.6% of systemic glucocorticoid

prescriptions were injections. A study reported that 22.5% of

acute respiratory infections were treated with intramuscular

glucocorticoids in the United States (68). Overuse of injected

glucocorticoids not only increases medical costs, but also

increases the transmission of iatrogenic diseases and

the probability of side effects (21). Generally, systemic

glucocorticoids are used in patients with exacerbations or

emergencies. However, there is no advanced equipment to

assist in the examination or rescuing patients in primary

care institutions (69). Once suffering from acute or serious

illness, most outpatients will choose to go to higher level health

care institutions. Therefore, they are mild in primary care

institutions in China. In general, injection glucocorticoids

are not necessary in primary care institutions (70, 71). In this

study, dexamethasone was the most prescribed glucocorticoid.

Li Jia et al. (67) also reported a high prevalence (90.92%) of

dexamethasone use in China. This is similar to a study by Masih

(15) where dexamethasone (58.3%) is also the most commonly

prescribed drug in India.

In our study, physicians younger than 33 years and

attending or resident physicians were more likely to prescribe

glucocorticoids inappropriately. Most of these physicians are

non-undergraduates and their professional knowledge and

clinical experience are also inadequate. Physicians with more

than 40 years of service were also more likely to prescribe

glucocorticoids inappropriately. It has been reported that most

elderly physicians in rural China have no formal education (72).

In China, most young and middle-aged primary physicians still

lack higher education (73). Xu et al. (72) recommended that

better welfare policies be set up to attract more highly educated

physicians to the countryside while Li et al. (74) suggested

that remote education and clinical continuing education could

be used to train rural physicians to improve the professional

knowledge of physicians.

Inappropriate use of systemic glucocorticoids was also

associated with patient’s age and route of use in this study. The

inappropriate use of glucocorticoids became more pronounced

with the patient’s age, especially those 65 years and older. In

rural China, most elderly citizens lack formal education (75).

Education level is positively correlated with health literacy

(76, 77). Yuan et al. (78) also reported that rural residents

over 65 years old had the lowest rate of health knowledge.

In our study, injection glucocorticoids were more likely to
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be used inappropriately than those given orally. Indeed, it

is still widely believed that injections are more convenient

and effective than oral drugs (21). Because few people are

aware of the harmful consequences of inappropriate use of

injections, it is common for patients to request injectable

treatment to quickly recover from their disease (79). In addition,

glucocorticoid use covered by the New Rural Cooperative

Medical scheme were more likely to be inappropriate than

those paid out-of-pocket. In rural China, most people have

rural health insurance, which reduces the cost of medical

care and thus may increase patient’s demand for drugs (80).

Therefore, health education on the rational use of injections

among the general population should be strengthened, and

more targeted prescription medication policies and program

management in primary care institutions should be formulated.

It is also necessary to strengthen the public awareness of the

potential risks of glucocorticoids to change traditional consumer

attitudes. Dogba et al. (81) proposed the use of information and

communication technologies to provide health education to the

public in rural and remote areas.

Our study has some limitations. First, the appropriateness of

glucocorticoids was classified based on incomplete retrospective

data. So far as we know, the HIS of most primary care

institutions in less developed areas of China are still being

improved, and factors such as dose, treatment time, and patient’s

disease history are difficult to obtain. It is hoped that future

studies will provide a more comprehensive classification of

appropriateness. Secondly, as this study was conducted in only

one province of China, the results may not be representative

of systemic glucocorticoid use in all primary care institutions

of China, its representation may not be sufficient. Even so, the

study still can be replicated in areas of countries like the study,

the results of the study are consistent with those set out in the

objectives and the size of the sample allows these objectives to

be measured, reaching the final conclusions. Thirdly, there is no

international clinical medication guidelines for glucocorticoids

at present, so the results of our evaluation might be inconsistent

with the medication practices of other countries. We therefore

call for the formulation of more comprehensive guidelines for

the clinical use of glucocorticoids to promote their rational use

and reduce the occurrence of adverse side effects.

Conclusion

The inappropriate use of systemic glucocorticoids is an

urgent problem in primary care institutions of Guizhou

Province. The use of systemic glucocorticoids without

appropriate indications was extremely prominent, especially in

diseases of the respiratory system. It is important to note that

physicians younger than 33, with more than 40 years of service,

and attending or residents were more likely to inappropriately

prescribe glucocorticoids.
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A prospective study on the
association between social
support perceived by parents of
children aged 1–7 years and the
use of community youth health
care services

Irene N. Fierloos1, Dafna A. Windhorst1,2,3, Yuan Fang1,

Rienke Bannink4, Marlinda Stam5, Conny A. A. Slijkerman5,

Wilma Jansen1,6 and Hein Raat1*

1Department of Public Health, Erasmus Medical Center, Rotterdam, Netherlands, 2Department of

Cognitive Neuroscience, Donders Institute for Brain, Cognition and Behaviour, Radboud University

Medical Center, Nijmegen, Netherlands, 3TNO Child Health, Leiden, Netherlands, 4CJG Rijnmond,

Rotterdam, Netherlands, 5JONG JGZ, Dordrecht, Netherlands, 6Department of Social Development,

City of Rotterdam, Rotterdam, Netherlands

Aim: This study examined the association between social support perceived by

parents of children aged 1–7 years and the use of additional community youth

health care services.

Methods: Data of 749 parents of children aged 1–7 years, gathered in the

CIKEO cohort study in the Netherlands, were analyzed. Social support was

assessed with the Multidimensional Scale of Perceived Social Support. Data

on the use of additional community youth health care services during a period

of 1.5 years were obtained from the electronic records of participating youth

health care organizations. Multivariable logistic regression models were used

to examine the association between perceived social support and the use of

additional youth health care services and to exploremoderation by the parent’s

educational level.

Results: The mean age of the responding parents was 33.9 years (SD = 5.1);

93.6% were mothers. Parents who perceived low to moderate levels of social

support had 1.72 (95% CI: 1.11, 2.66) times higher odds of using one or more

additional youth health care services during the study period compared to

parentswho perceived high levels of social support at baseline. This association

was independent of predisposing factors, but not independent of need factors

(p > 0.05). Furthermore, the association was moderated by the educational

level of the parent (p = 0.015). Among parents with a high educational level,

low to moderate levels of perceived social support at baseline were associated

with 2.93 (95%CI: 1.47, 5.83) times higher odds of using one ormore additional

youth health care services during the study period independent of predisposing

and need factors. Among parents with a low or middle educational level the

association between perceived social support and use of additional youth

health care services was not significant.

Conclusion: Our findings provide evidence that low to moderate levels

of perceived social support are associated with a higher use of additional
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community youth health care services among parents of children aged 1–7

years, especially among high educated parents. Recommendations for policy

and practice are provided.

KEYWORDS

social support, community care, youth healthcare, parenting, empowerment, Health-

seeking behavior

Introduction

Many countries offer community youth health care services

to monitor and promote children’s health and development (1–

3). A widely used model on health care utilization, developed by

Andersen, Davidson (4) provides insight into the determinants

of the use of community youth health care services. According

to this model, health care utilization is influenced by individual

and contextual factors, each consisting of predisposing, need

and enabling factors (4, 5). Although the model emphasizes the

importance of contextual factors (4), the influence of the social

network on the use of community youth health care services

gained little attention in empirical research (6–12).

Gourash (9) proposed that social networks may influence

the use of youth health care services in three ways (9). First,

by influencing norms and attitudes toward care use, which may

reduce or enhance the likelihood that youth health care services

are used in case they are needed (9). Second, by providing

various types of support including material resources, emotional

support, advice, and assistance with child care, which may

reduce the need for care (9, 13–16). Third, by the positive

outcomes of perceived social support for families’ health and

wellbeing (17–27). Higher levels of perceived social support have

been associated with a higher parenting sense of competence,

more positive parenting behavior, better coping mechanisms,

and a decreased risk of depression in parents (17–27). By

preventing, alleviating and solving problems, social support may

influence the use of community youth health care services (9).

Nevertheless, the association between social support and the

use of community youth health care services has hardly been

examined in empirical studies. Even with regard to other types

of youth care and pediatric medical care, empirical studies on

the association between social support and care use are scarce

and the results of the few studies that were conducted are

inconsistent (8, 28–31). Horwitz et al. (31) found no association

between social support and the use of pediatric medical care,

while Riley et al. (28), found that high levels of perceived social

support were correlated with a lower use of pediatric medical

care, but not after adjusting for potential confounders. In a

study among a low educated “at risk” population (8), parents

who perceived high levels of social support were more likely

to participate in preventive home visits (8). With regard to the

use of mental health care for youth, results of systematic review

by Planey et al. (32) and Radez et al. (33) suggest that having

a supportive social network may increase the use of mental

health care. On the other hand, results of a systematic review

by Eijgermans et al. (34) suggest that higher levels of perceived

social support may be associated with a lower use of mental

health care.

Given the contradictory findings with regard to various types

of youth care and the lack of related studies on the use of

community youth health care services, more research is need to

gain insight into the association between social support and the

use of community youth health care services.

Therefore, this study will examine the association between

perceived social support by parents of children aged 1–7 years

and the use of additional community youth health care services.

We hypothesize that parents who perceive low levels of social

support use more additional community youth health care

services during the study period than parents who perceive

high levels of social support (9) (hypothesis 1). In addition,

this study explores whether this association is moderated by the

parent’s educational level. Parents with a higher educational level

may have more positive attitudes toward additional community

youth healthcare services and may be more proactive in care

seeking when informal support is insufficient (31, 35, 36). We

hypothesize that the association between social support and the

use of additional community youth health care services may be

stronger among parents with a high educational level compared

to parents with a low educational level (hypothesis 2).

Materials and methods

Data collection and study population

This prospective correlational study used data of a cohort

study embedded in the Consortium Integration Knowledge

promotion Effectiveness Of parenting interventions (CIKEO).

The CIKEO project was originally designed to examine the

effects of (elements of) parenting support on parent and child

outcomes (37).

In the CIKEO project, baseline data were collected between

October 2017 and March 2018. Two community youth health
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care organizations in the areas Rotterdam and Dordrecht used

their registries to send invitation letters and questionnaires

to parents/caregivers of children aged 1–7 years. In the

Netherlands, all children are registered at their local community

youth health care organization, regardless of whether they

do or do not use youth health care services. All parents

who provided written informed consent and returned the

questionnaire were enrolled in the study. The parent who

generally spends most time with the child was invited to

complete the questionnaire. With permission of the parent,

additional data were requested from their community youth

health care organization’s electronic registries. Participation was

completely voluntary. A detailed description of the recruitment

process has been provided by Windhorst, Fang (37).

In total, 979 parents recruited via community youth

health care organizations filled out the baseline questionnaire

(Figure 1); for 821 parents additional data could be obtained

from the youth health care electronic registries. Data from 26

questionnaires completed by two parents together were excluded

from the analyses; 18 parents participated in the study with

multiple children, and questionnaires filled out for their second

child were excluded. Participants with missing information on

social support (n = 28) were excluded from the analyses.

Hence, the population for analyses consisted of 749 participants

(Figure 1).

Measures

Additional community youth health care
services

In the Netherlands, community youth health care services

are freely available to all families (1). From birth onwards,

parents regularly receive an invitation to visit a youth health care

doctor or nurse with their child; the attendance rate is above 90%

(38). During these visits, the health, development, and wellbeing

of the child are monitored, and parents receive information and

advice about health promotion, child wellbeing and parenting

(3, 39). If needed, additional community youth health care visits

are scheduled to further examine a specific problem or issue.

Parents can also request additional visits or use walk-in consult

hours to receive additional advice on any issue related to their

child’s health, wellbeing or parenting (3).

For parents who gave permission, additional data on the

use of youth health care services during a study period

of 1.5 years (1st of October 2017 until the 1st of April

2019) were obtained from the electronic registries of the

two participating community youth health care organizations.

Available data were the total number of visits of the child

for whom the questionnaire was completed and the type

of visit(s) (regular/additional). Standard age-related visits

were categorized as “regular” visits. All other visits, i.e.,

further examinations, additional appointments for advice and

prevention, and walk-in consult hours, were categorized as

“additional youth health care services.” For the purpose of this

study, we were interested in the use of additional services.

Social support

Perceived social support was assessed with the 12-item

Multi-dimensional Scale of Perceived Social Support (MSPSS)

(40). Previous validation studies showed a high internal

reliability among diverse populations, with Cronbach’s alpha

coefficients ranging between 0.74 and 0.95 (40–44). The MSPSS

consists of statements such as: “I get the emotional help and

support I need from my family”; “There is a special person in

my life who cares about my feelings”; “My friends really try

to help me.” Answers were given on a 7-point Likert scale,

ranging from 1 = “very strongly disagree” to 7 = “very strongly

agree.” The scores were calculated as described in the guidelines

(45). Scores ranging from 1 to 2.9 indicated low levels of

support, scores ranging from 3 to 5 indicated moderate levels

of support, and scores ranging from 5.1 to 7 indicated high

levels of support (45). Among our study population, scores

below 2.9 were rare (n = 3; 0.4%). Therefore, low and moderate

MSPSS scores (<5.1) were categorized as “low to moderate”

social support; MSPSS scores ≥5.1 were categorized as “high”

social support.

Covariates

Potential confounders were categorized as predisposing,

need and enabling factors (4). Predisposing factors relate to

conditions and characteristics that predispose people to use

care, need factors relate to the actual need for care, and

enabling factors relate to conditions and resources that facilitate

care use (4). The following predisposing factors were included

as potential confounders: age (in years), gender of the child

(girl/boy), age of the responding parent (in years), gender of

the responding parent (female/male), educational level of the

responding parent, immigration background of the responding

parent, family situation (one-parent family/two-parent family),

and the number of children in the household (one/two or more)

(4, 28, 29, 46–48). The highest completed educational level of the

responding parent was categorized based on the International

Standard Classification of Education 2011 (49). Level 0–2 (no

education, primary education, lower secondary education) was

categorized as “low”; level 3–5 (upper secondary to short-

cycle tertiary education) was categorized as “middle”; level 6–

8 (bachelor to doctoral) was categorized as “high” (49). When

the responding parent or at least one of his/her parents were

born outside the Netherlands, this was categorized as having an

immigration background (50).

The following need factors were included as potential

confounders: the child’s general health, the child’s emotional

and behavioral problems according to their parent, the parent’s

mental health status, and parenting self-efficacy (30, 47, 51).

The general health status of the child was assessed with the
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FIGURE 1

Flowchart of the inclusion process of the CIKEO cohort study and the final sample for analyses (n = 749).

first item of the Child Health Questionnaire (52). Scores ranged

between 0 (poor health) and 100 (excellent health). The child’s

emotional and behavioral problems according to their parent

were assessed with the Child Behavior Check List (CBCL/1.5–5

year) (53). The CBCL consists of 99 items concerning the child’s

behavior in the previous 2 months. Each item was scored on a

three-point scale with 0 (not true), 1 (somewhat or sometimes

true), and 2 (very true or often true). A total problem score was

computed by summing up the scores of the 99 items. Scores

ranged between 0 (lowest score) and 198 (highest score); higher

scores indicate more problems (53). The parent’s mental health

status was assessed with the Brief Symptom Inventory 18 (BSI-

18) (54). The BSI-18 consists of 18-items and three subscales:

depression, anxiety, and somatization. One item on thoughts of

ending your life was removed from the questionnaire, because

it was perceived to be too invasive. Each item was scored on a

five point scale ranging from 0 (not at all) to 4 (an awful lot).

For the missing item, the respondents’ mean was substituted.

The total score, indicating general psychological distress, ranged

from 0 (lowest score) to 72 (highest score); higher scores

indicate more psychological distress. Parenting self-efficacy was

measured with the self-efficacy subscale of the 17-item Parenting

Sense Of Competence scale (PSOC) (55). The PSOC consists

of a self-efficacy and a satisfaction subscale. The 7-item self-

efficacy subscale was used to assess parenting self-efficacy on a 6-

point Likert scale, ranging from 1 (strongly agree) to 6 (strongly

disagree). Scores ranged from 7 (lowest parenting self-efficacy)

to 42 (highest self-efficacy) (55).

Enabling factors were not included as potential confounders

because community youth health care services in the

Netherlands are widely used (acceptability), free of charge

(affordability), and usually available nearby (accessibility) (4).

However, the frequency, intensity and content of the available

community youth health care services may differ by region

and therefore a dummy variable indicating the region of the

community youth health care center (Dordrecht/Rotterdam)

was included as a potential confounder in all regression

models (3).

Ethical considerations

The Medical Ethics Committee of the Erasmus Medical

Center in Rotterdam, decided that the rules laid down in

the Dutch Medical Research Involving Human Subjects Act

(in Dutch: “Wet Medisch-wetenschappelijk Onderzoek met

mensen”) did not apply to the research proposal of the CIKEO

cohort study (proposal number MEC-2017-432). There were no

objections to the execution of this study and results of the study

could be submitted to scientific journals (Letter NL/sl/321518;

24/07/2017). The study was registered in the Netherlands Trial

Registry as NL7342 (37).

Data analysis

First, descriptive statistics were used to characterize the

sample. Characteristics of parents who used one or more

additional youth health care services during a period of 1.5 year

were compared to characteristics of parents who did not use

any additional youth health care services during this period.

For continuous variables, p-values were based on independent

T-tests, and for categorical variables, p-values were based on

Chi-squared tests.

For themain analysis (hypothesis 1), three logistic regression

models were used to examine whether social support at

baseline was associated with the use of one or more additional

community youth health care services during the study period:

a bivariate model (model 1), a model adjusted for predisposing

factors (model 2), and a model additionally adjusted for need

factors (model 3). Odds Ratios (OR) and 95%-confidence

intervals (CIs) were calculated for each factor.

For the additional analysis (hypothesis 2), moderation

by the parent’s educational level was examined by adding

the interaction term (social support∗educational level) to

the fully adjusted logistic regression model. Stratified logistic

regression models were conducted in case the interaction effect

was significant.
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Multiple imputation was used to deal with missing values

of the potential confounders. The percentage of missing values

ranged between 0.01% (n= 1) for gender of the parent and 1.2%

(n = 9) for emotional and behavioral problems of the child.

Five imputed datasets were created for pooled estimates. The

regression analyses were repeated in the non-imputed dataset,

which gave similar results (data not shown). Data were analyzed

in Statistical Package for Social Sciences, version 25 forWindows

(IBM SPSS Statistics for Windows, IBM Corp). p-Values below

0.05 were considered to be statistically significant.

Non-response analysis

The socio-demographic characteristics of participants who

were excluded from the sample for analysis due to missing

data (n = 230) were compared with the socio-demographic

characteristics of participants included in the sample for analysis

(n = 749) using chi-squared tests for categorical variables and

T-Tests for continuous variables. There were no significant

differences (p > 0.05).

Characteristics of the sample

Table 1 presents the characteristics of the study population

by the use of one or more additional youth health care services

during the study period. The mean age of the responding

parents was 33.9 years (SD = 5.1); 93.6% were mothers; the

mean age of their child was 3.1 years (SD = 1.8); 15.2% of

the parents reported low to moderate levels of perceived social

support. Additional youth health care services were more often

delivered to younger children (p = 0.001), children of parents

with an immigration background (p < 0.001), children with a

poorer general health status (p = 0.022), children with more

behavioral and emotional problems according to their parent

(p < 0.001), children of a parent with more mental health

problems (p < 0.001), and children of a parent who perceived

low to moderate levels of social support (p= 0.006). On average,

participants had 1.7 (SD = 1.1) visits at their community youth

health care organization during the study period of 1.5 year and

used 0.5 (SD= 1.0) additional services (range 0–10).

Results

Social support and the use of additional
community youth health care services
(hypothesis 1)

Table 2 presents the results of the logistic regression models

on the association between perceived social support and the use

of one or more additional youth health care services. Model

1 presents the unadjusted association. Model 2, adjusted for

predisposing factors, shows that parents who perceived low to

moderate levels of social support at baseline had higher odds

of using one or more additional youth health care services

during the study period (OR: 1.72, 95% CI: 1.11, 2.66) compared

to parents who perceived high levels of social support. Model

3 shows that this association was no longer significant after

adjusting for need factors (OR: 1.46, 95% CI: 0.92, 2.31).

Moderation by educational level (hypothesis 2)

Results of the interaction analysis (Supplementary Table S1)

showed that the association between social support and the

use of one or more additional youth health care services was

moderated by the educational level of the parent (p= 0.015).

Table 3 presents perceived social support and the use of

additional youth health care services by parents with different

educational levels. For the stratified regression analysis, the

groups of parents with a middle and low educational level were

combined due to the relatively low number of participants with

a low educational level (n = 55). Table 4 presents the stratified

logistic regression models on the association between perceived

social support and the use of one or more additional youth

health care services. Among parents with a high educational

level (n = 412), low to moderate levels of perceived social

support at baseline were associated with 2.93 times higher odds

of using one or more additional community youth health care

services during the study period (95% CI: 1.47, 5.83). Among

parents with a low/middle educational level (n= 337), perceived

social support was not associated with the use of one or more

additional youth health care services during the study period

(OR: 0.84, 95% CI: 0.44, 1.62).

Discussion

Low to moderate levels of perceived social support among

parents of children aged 1–7 years were associated with higher

odds of using one or more additional youth health care services

during the study period independent of predisposing factors, but

not independent of need factors. The association was moderated

by the educational level of the parent. Among parents with a

high educational level, low to moderate levels of social support

were associated with higher odds of using one ormore additional

youth health care services, independent of predisposing and

need factors. Among parents with a low or middle educational

level, social support was not associated with the use of additional

youth health care services.

As described in the introduction, the association between

social support and the use of community youth health care

services has hardly been examined in empirical research. With

regard to other types of youth care and pediatric medical care,

previous studies found little support for an association between

social support and care use (28–31). However, the comparability
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TABLE 1 Characteristics of 749 parents of children aged 1–7 years participating in the CIKEO study by the use of additional community youth health care services during the study period of 1.5 year.

Additional youth health care services during the study period (1.5 year)

Total No additional services One or more additional services p-Values

n = 749 (100%) n = 534 (71.3%) n = 215 (28.7%)

Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%)

Predisposing factors

Age of the child (in years) 3.1 (SD= 1.8) 3.2 (SD= 1.9) 2.7 (SD= 1.7) <0.001

Gender of the child 0.713

Girl 361 (48.3%) 260 (48.8%) 101 (47.2%)

Boy 386 (51.7%) 273 (51.3%) 113 (52.8%)

Age of the parent (in years) 33.9 (SD= 5.1) 33.9 (SD= 5.0) 33.8 (SD= 5.4) 0.769

Gender of the parent 0.947

Female 700 (93.6%) 499 (93.6%) 201 (93.5%)

Male 48 (6.4%) 34 (6.4%) 14 (6.5%)

Educational level1 0.146

High 411 (55.0%) 299 (56.2%) 112 (52.1%)

Middle 281 (37.6%) 200 (37.6%) 81 (37.7%)

Low 55 (7.4%) 33 (6.2%) 22 (10.2%)

Immigration background of the parent 0.001

No 658 (88.2%) 483 (90.8%) 175 (81.8%)

Yes 88 (11.8%) 49 (9.2%) 39 (18.2%)

Family situation 0.422

Two-parent family 709 (94.8%) 503 (94.4%) 206 (95.8%)

One-parent family 39 (5.2%) 30 (5.6%) 9 (4.2%)

Number of children in the household 0.237

One child 224 (29.9%) 153 (28.7%) 71 (33.0%)

Two or more children 525 (70.1%) 381 (71.3%) 144 (67.0%)

Need factors

General health of the child (0= worst; 100= best) 79.3 (SD= 16.6) 80.2 (SD= 15.7) 76.9 (SD= 18.4) 0.022

Behavioral and emotional problems of the child (0= lowest; 198= highest) 20.0 (SD= 16.7) 18.3 (SD= 14.8) 24.4 (SD= 20.1) <0.001

Parenting self-efficacy (7= lowest; 42= highest) 31.9 (SD= 4.2) 32.0 (SD= 4.2) 31.5 (SD= 4.1) 0.165

Mental health parent BSI (0= least problems; 72=most problems) 5.3 (SD= 6.4) 4.8 (SD= 5.7) 6.7 (SD= 7.7) <0.001

Perceived social support 0.006

High 635 (84.8%) 465 (87.1%) 170 (79.1%)

Low to moderate 114 (15.2%) 69 (12.9%) 45 (20.9%)

p-Values <0.05 in bold.

p-Values for continuous variables were based on independent T-tests and p-Values for categorical variables were based on Chi-squared tests.

SD, standard deviation.

Missing values: age of the child n = 4; gender of the child n = 2; age of the parent n = 1; gender of the parent n = 1; education parent n = 2; migration background parent n = 3; family situation n = 1; general health of the child n = 8; behavioral and

emotional problems n= 9; parenting sense of competence n= 4; mental health of the parent n= 1.
1Educational level ‘High’: bachelor, master, doctoral or equivalent; ‘Middle’: upper secondary education, post-secondary non-tertiary education, short-cycle tertiary education; ‘Low’: no education, primary education, lower secondary education.
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TABLE 2 Logistic regression models on the association between social support and the use of additional community youth health care services among parents of children aged 1–7 years participating

in the CIKEO study (n = 749).

One or more additional youth health care services during the study period (1.5 year) “yes” = 215 (28.7%)

Model 1: Crude model

OR (95% CI)

Model 2:

Adjusted for predisposing factors

OR (95% CI)

Model 3:

Adjusted for predisposing and

need factors

OR (95% CI)

Perceived social support

High ref. ref. ref.

Low to moderate 1.78 (1.18, 2.69) 1.72 (1.11, 2.66) 1.46 (0.92, 2.31)

Predisposing factors

Age of the child (in years) 0.84 (0.76, 0.94) 0.81 (0.73, 0.91)

Gender of the child

Girl ref. ref.

Boy 1.03 (0.74, 1.43) 0.99 (0.71, 1.38)

Age of the parent (in years) 1.02 (0.98, 1.06) 1.03 (0.99, 1.07)

Gender of the parent

Female ref. ref.

Male 0.87 (0.43, 1.74) 0.83 (0.40, 1.71)

Educational level 1

High ref. ref.

Middle 1.16 (0.81, 1.66) 1.08 (0.75, 1.56)

Low 1.76 (0.95, 3.28) 1.63 (0.86, 3.07)

Immigration background parent

No ref. ref.

Yes 2.08 (1.30, 3.35) 1.90 (1.16, 3.10)

Family situation

Two-parent household ref. ref.

One-parent household 0.62 (0.28, 1.40) 0.62 (0.27, 1.41)

Number of children in the household

Two or more children ref. ref.

One child 1.12 (0.77, 1.62) 1.06 (0.71, 1.56)

Need factors

General health of the child (better) 0.99 (0.98, 1.00)

Behavioral or emotional problems child (more) 1.02 (1.00, 1.03)

Parenting sense of competence (higher) 1.01 (0.96, 1.05)

Mental health of the parent (worse) 1.02 (0.99, 1.04)

Table is based on the imputed dataset. p-Values <0.05 in bold. ORs and 95% confidence intervals were derived from the multivariable logistic regression models.

OR, odds ratio; CI, confidence interval; ref., reference group.

All models were adjusted for the region of the community youth health care center.
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of these studies may be limited as these studies examined

different types of care and used different measures to assess

social support (28–31).

We found support for our hypothesis that the association

between social support and the use of additional community

youth health care services was moderated by the parent’s

educational level. Among parents with a high educational level,

low social support was associated with higher odds of the use

of additional community youth health care services during the

study period, while there was no association among parents

with a low or a middle educational level. Parents with higher

educational levels may have more positive attitudes toward

(additional) community youth health care services and may

therefore be more likely to use these services in case these are

needed (31, 35, 36). They may also be more proactive in asking

for additional community youth health care services when

informal social support is insufficient (31, 35, 36). According to

a qualitative study by Turnbull, Pope (56), factors related to a

parent’s socioeconomic position, like owning a car and having

flexible work hours may facilitate the use of health care, while

relying on public transportation and inflexible work hours may

be a barrier to the use of healthcare (56). The threshold to use

additional youth health care services in case they are neededmay

be lower among parents with a high socioeconomic position (of

which the parent’s educational level is an important indicator).

We recommend to take a broad range of factors into account in

future studies. More quantitative research is needed to confirm

the moderation effect between social support and educational

level. Qualitative research is needed to gain more in-depth

insight into factors that possibly explain this moderation effect.

In additional interaction analyses (Supplementary Table 1),

we explored possible moderation by other factors, namely the

age group of the child (1–3 and 4–7 years) and the immigration

background of the parent (57). The analyses showed that

these factors were not moderating the association between

social support and the use of additional youth health care

services (p-values of the interaction terms were 0.441 and 0.665,

respectively). However, the number of participants with an

immigration background was rather low (n= 88), and therefore

we recommend to examine this moderation effect in future

studies. Cultural beliefs and practices, language barriers and

familiarity with the health care systemmight influence the use of

community youth health care services in various ways (57, 58).

Methodological considerations

Strengths of this study include the use of prospective

data from the electronic registries of community youth health

care organizations and the relatively large sample size. There

are also limitations. First, a comparison of the participants’

socio-demographic characteristics with national open data (62)

showed that parents with a low educational level, parents with
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TABLE 4 Stratified logistic regression models on the association between social support and the use of additional community youth health care services during the study period (1.5 year) among

parents of children aged 1–7 years participating in the CIKEO study (n = 749); stratified by educational level.

Parents with a high educational level (n = 412) Parents with a low/ middle educational level

(n = 337)

One or more additional youth health care services

during the study period (“yes” n = 112)

One or more additional youth health care services

during the study period (“yes” n = 103)

Model 1: Crude

model

OR (95% CI)

Model 2: Adjusted

for predisposing

factors

OR (95% CI)

Model 3: Adjusted

for predisposing

and need factors

OR (95% CI)

Model 1: Crude

model

OR (95% CI)

Model 2: Adjusted

for predisposing

factors

OR (95% CI)

Model 3: Adjusted

for predisposing

and need factors

OR (95% CI)

Perceived social support

High ref. ref. ref. ref. ref. ref.

Low to moderate 2.91 (1.60, 5.27) 3.33 (1.75, 6.36) 2.93 (1.47, 5.83) 1.07 (0.59, 1.95) 1.02 (0.55, 1.89) 0.84 (0.44, 1.62)

Predisposing factors

Age of the child (in years) 0.85 (0.73, 0.98) 0.83 (0.71, 0.97) 0.84 (0.72, 0.98) 0.79 (0.67, 0.93)

Gender of the child

Girl ref. ref. ref. ref.

Boy 0.83 (0.53, 1.32) 0.79 (0.49, 1.28) 1.33 (0.82, 2.14) 1.28 (0.78, 2.08)

Age of the parent (in years) 1.02 (0.97, 1.08) 1.03 (0.97, 1.09) 1.01 (0.96, 1.07) 1.03 (0.97, 1.08)

Gender of the parent

Female ref. ref. ref. ref.

Male 0.84 (0.35, 2.03) 0.88 (0.35, 2.22) 0.79 (0.23, 2.75) 0.66 (0.18, 2.49)

Immigration background parent

No ref. ref. ref. ref.

Yes 2.48 (1.32, 4.66) 2.24 (1.16, 4.33) 1.83 (0.86, 3.88) 1.75 (0.79, 3.85)

Family situation

Two-parent household ref. ref. ref. ref.

One-parent household 0.21 (0.03, 1.77) 0.19 (0.02, 1.76) 0.88 (0.35, 2.17) 0.87 (0.35, 2.20)

Number of children in the household

Two or more ref. ref. ref. ref.

One 1.89 (1.11, 3.20) 1.89 (1.09, 3.29) 0.64 (0.37, 1.12) 0.60 (0.33, 1.07)

Need factors

General health of the child (better) 0.99 (0.98, 1.00) 0.99 (0.98, 1.01)

Behavioral or emotional problems of the child (more) 1.03 (1.01, 1.05) 1.01 (1.00, 1.03)

Parenting self-efficacy(higher) 1.03 (0.97, 1.10) 0.99 (0.93, 1.05)

Mental health of the parent (worse) 1.02 (0.98, 1.07) 1.01 (0.98, 1.05)

p-Values <0.05 in bold. ORs and 95% confidence intervals were derived from the multivariable logistic regression models.

OR, odds ratio; CI, confidence interval; ref., reference group. Table is based on the imputed dataset. All models were adjusted for the region of the community youth health care region.
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a migration background and one-parent families were relatively

underrepresented in the sample. We have no rationale to expect

that the directions of the associations have been affected by

this underrepresentation, however it may have resulted in an

over- or underestimation of the strength of the associations.

Therefore, we advise to include a more diverse group of parents

in future studies. Second, there were no data available on the

reasons for the use of additional youth health care services (e.g.,

physical development or parenting issues) and we did not know

whether the additional support was requested by the parent or

initiated by the professional. These factors may be included in

future studies, together with other potentially relevant factors

such as characteristics of the social network, socioeconomic

factors and norms and attitudes toward care use (9, 31, 35).

Third, this study was not designed to examine causality between

social support and the use of additional youth health care

services. It may be possible that the use of youth health care

services is influencing a parent’s level of perceived social support.

To reduce this possibility, we used a measure that specifically

focused on perceived social support provided by family, a special

person and friends, and not on external social support (40).

A methodological consideration is that all regression models

were adjusted for the region of the community youth health

care organization. The region of the community youth health

care organization was not significant in any of the regression

models and adjustment for this potential confounder did not

influence our results. As a final methodological consideration

we want to point out that our full multivariable regression

models were adjusted for need factors, which may have caused

overadjustment. As mentioned in the introduction, need factors

are also influenced by social support and may therefore (partly)

mediate the association between social support and the use of

additional youth health care services (63–67).

Implications for practice and policy

First of all, our results indicate that parents with a high

educational level may be more likely to find their way to

additional services in case they perceive low to moderate levels

of social support. To ensure that all parents receive appropriate

care we advise youth health care professionals to pay attention to

all parents who perceive low to moderate levels of social support,

and in particular to parents with low/ middle educational levels

as our results indicate they may less often find their way to

additional youth healthcare services.

In addition, our results have implications for social

policy. In several countries, recent policy reforms aim to

build stronger informal social networks in order to empower

parents and to reduce the demand for youth and family

care (16, 59–61). This study provides some empirical support

for the association between social support and the use of

additional youth health care services. Intervention strategies

aiming to strengthen social support may be used to improve

families’ health and wellbeing and to empower parents to

solve parenting issues within their social networks (13–

27).

Conclusion

Our findings support the hypotheses that low levels of

perceived social support by parents of children aged 1–7

years are associated with a higher use of community youth

health care services, especially among high educated parents.

This underlines the relevance of examining the broader social

context in which care use takes place. More empirical research

is needed to gain a better understanding of the association

between social support and the use of community youth

health care services and possible moderation effects. To ensure
that all parents receive appropriate care, youth health care
professionals are advised to pay attention to all parents who

perceive low to moderate levels of social support, and in
particular to parents with lower educational levels because they
may less often find their way to additional youth health care

services. We advise to be aware of the relevance of perceived

social support for improving families’ health and wellbeing

and empowering them to solve parenting issues within their

social networks.
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Cumulative exposure to
elevated blood pressure better
predicts cardiovascular disease
risk in rural Chinese adults
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2School of Public Health, Shanghai Jiao Tong University School of Medicine, Shanghai, China,
3Department of Cardiology, The First A�liated Hospital of China Medical University, Shenyang,
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Background: Traditional risk estimations for cardiovascular disease (CVD)

are based on current blood pressure (BP); however, whether cumulative

exposure to elevated BP among rural individuals has additional prognostic

value is unclear. We aimed to validate the association of cumulative BP with

CVD occurrence and assess the prognostic value of cumulative BP in CVD

risk prediction.

Methods: A total of 13,057 participants who underwent three examinations

from 2004 to 2010 were included in this rural epidemiological study and

followed up until 2017. Cumulative BPwas defined as the sumof the product of

the average BP values between consecutive examinations and the time interval

for each pair of successive tests prior to the follow-up period. CVD incidents

that occurred during the follow-up period were noted and verified by qualified

researchers. We used multivariate Cox models to assess the association of

cumulative BP with CVD risk. The receiver operating characteristic curve was

constructed to determine the predictive di�erentiation of single baseline BP

measurements and cumulative BP values for CVD outcomes.

Results: During the follow-up period, 1,312 participants underwent CVD

incidents. We found that cumulative systolic BP (hazard ratio = 1.334,

95% confidence interval: 1.245, 1.430) and cumulative diastolic BP (hazard

ratio = 1.253, 95% confidence interval: 1.168, 1.343) were associated with

CVD incidence above and beyond that of the current BP. These stronger

associations persisted for stroke, myocardial infarction, and CVDmortality. The

area under the curve for the model increased significantly (p < 0.001) from

0.735 (0.720, 0.750) to 0.742 (0.728, 0.757)when integrating cumulative systolic

BP instead of baseline systolic BP.

Conclusion: Cumulative BP in Chinese rural adults showed a stronger

association with CVD incidence than that of current BP. Furthermore,
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cumulative BP slightly improved the predictive performance for CVD. Our

findings underline the incremental predictive value of cumulative BP in CVD

risk assessment among Chinese rural adults.

KEYWORDS

hypertension, cardiovascular disease, stroke, myocardial infarction, blood pressure

Introduction

Hypertension is one of the top five risk factors for disease

burden worldwide, and approximately half of all people in

China aged 35–75 years have hypertension (1, 2). In addition,

hypertension remains the highest risk factor for cardiovascular

disease (CVD) (3, 4). According to findings from the Blood

Pressure Lowering Treatment Trialists’ Collaboration study,

each 5-mmHg decrease in systolic blood pressure (BP) reduces

the risk of cardiovascular events by ∼10% (5). Therefore,

elevated BP poses a serious threat to public health.

However, the current frequently used prediction models

for atherosclerotic CVD use baseline BP levels measured at

a single time point, which do not consider the long-term

fluctuations and cumulative exposure to BP levels (6–8). It

is widely acknowledged that CVD occurrence arises from the

progressive load of risk factors on vascular and cardiac tissues

over time (9, 10). Although previous studies have discovered

that cumulative BP, which incorporates both the intensity and

duration of long-term BP recordings, has a more informative

predictive value for CVD risk than baseline BP measurements

in different populations, the generalization of this discovery

remains somewhat limited because of the specific occupational

population (11) and age of the study populations (12, 13).

Whether cumulative BP has incremental predictive value at

the time of CVD risk assessment among rural populations,

the key target audience in primary care with higher morbidity

and mortality than other populations in China (14, 15),

remains uncertain.

Therefore, our main objective was to validate the effect

of cumulative BP on subsequent CVD risk among 13,057

individuals in this prospective cohort study conducted in rural

areas of China. Moreover, we assessed the predictive deviation

of cumulative vs. baseline BP for the incidence of CVD during

the follow-up period.

Methods

Study design and population

The present analysis was based on a previously reported

large-scale epidemiological cohort study (16, 17). In brief, this

study adopted a random stratified cluster-sampling scheme to

FIGURE 1

The flowchart for the study design and population.

investigate the prevalence, incidence, and natural history of

cardiovascular risk factors, and 84 rural villages in eight towns

from diverse geographic regions were identified according to the

population. A total of 45,925 individuals aged ≥ 35 years were

enrolled as a representative sample. The initial anthropometric

data of the overall cohort were gathered between 2004

and 2006, and three additional follow-up examinations were

completed in 2008, 2010, and 2017. Among the total population,

3,883 participants were excluded because they lacked contact

information or refused to participate in follow-up. Ultimately,

42,042 participants were eligible to participate in the follow-

up survey.

Individuals with missing data on BP level at least one

time point from 2004 to 2010 and a history of CVD prior

to 2010, as well as participants who dropped out after 2010,

were excluded from the current study (Figure 1). Consequently,

13,057 individuals were ultimately included in the analysis.

BP assessment

During each visit, three BP readings were obtained and

recorded by competent technicians using a calibrated electronic

sphygmomanometer (HEM-741C; OMRON Corporation,

Kyoto, Japan) after a minimum of 5min of rest. The average

of three BP measurements was used for further analysis.

Participants were instructed to abstain from drinking alcohol,
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smoking cigarettes, drinking tea, and engaging in strenuous

activities for at least 30min prior to each examination.

Cumulative BP, the major exposure variable, was represented

in mmHg × years and defined for each participant as the sum

of the product of the average BP values between consecutive

examinations and the time interval for each pair of successive

tests. Systolic and diastolic BP were calculated.

Data collection

Qualified researchers performed rigorous measurements

and administered standard questionnaires to gather

demographic data (age, sex, ethnicity, and education level);

lifestyle factors (smoking status, alcohol consumption, and

sodium intake); medical history (stroke, coronary heart disease,

diabetes mellitus, and hyperlipidaemia); and anti-hypertensive

medication use for every participant. Based on a standardized

measurement protocol, participants were instructed to wear

light-weight clothing and bare feet for height and weight

measurements, which were then used to calculate body mass

index. Sodium intake was estimated by dividing the total

household sodium consumption by the total number of family

members (16). Current drinking was defined as consumption

of more than 8 grams of alcohol per week, which was derived

by converting the weekly beer, wine, and liquor intake (18).

Current smoking was defined as smoking at least one cigarette

per day in the previous year. Primary school or below, middle

school, and high school or above were used to characterize

education levels. In addition, throughout each examination,

participants provided information on their previous history

of diabetes, coronary heart disease, and stroke, as well as

data on contemporaneous medication usage, verified by

medical records.

Outcomes assessment

The outcomes during the follow-up period were

independently reviewed and confirmed via autopsy reports,

death certificates, and medical records by the endpoint

assessment committee in which members were blinded to the

baseline risk factor information of the study participants. The

primary study outcome was incident CVD, including non-

fatal myocardial infarction (MI), non-fatal stroke, and CVD

mortality. If more than one incident occurred in a participant

during the follow-up period, the first occurrence was deemed

the endpoint. In addition, MI, stroke, and CVD mortality

functioned as independent outcomes. MI was diagnosed based

on the consensus document of the Joint European Society

of Cardiology/American College of Cardiology Committee

by combining laboratory markers with electrocardiographic

signs or clinical symptoms (19). According to the World

Health Organization’s Multinational Monitoring of Trends

and Determinants in Cardiovascular Disease criteria, stroke

is defined as a rapidly developing signs of a focal (or global)

disturbance of cerebral function that lasts longer than 24 h

without a clear non-vascular cause (unless interrupted by

surgery or death). This definition covers individuals who exhibit

clinical symptoms and signs indicative of a complete stroke,

including ischaemic and haemorrhagic stroke (intra-cerebral

and sub-arachnoid hemorrhage stroke). All stroke cases were

diagnosed using computed tomography, magnetic resonance

imaging (including diffusion images), brain magnetic resonance

angiography, or carotid duplex imaging (20). The follow-up

visits ended in December 2017.

Statistical analysis

The demographic variables, lifestyle factors, medical history,

anti-hypertensive medication use, and baseline BP readings

were obtained from data collected during the examination in

2010, the beginning of the follow-up period in the present

study. The overall characteristics are reported as the mean ±

standard deviation for continuous variables and frequencies and

proportions for categorical variables. The Kaplan-Meier method

was used to calculate the cumulative incidence of CVD by

tertiles of cumulative BP among participants; the long-rank test

was performed for comparisons among tertiles. The association

between baseline or cumulative BP and incident CVD was

assessed using Cox proportional hazard models. Continuous

baseline BP measurements and cumulative BP values scaled per

standard deviation change were separately fitted to the model.

The proportional hazards assumption in the Cox proportional

hazards models was confirmed using Schoenfeld residuals. We

constructed three models: unadjusted model A; adjusted model

B with covariates of age, sex, body mass index, history of

hyperlipidaemia and diabetes, anti-hypertensive medication use,

smoking and drinking status, sodium intake, family history

of hypertension, and education level; and model C that

simultaneously included baseline BP data and cumulative BP

measurements (either systolic or diastolic BP) after adjusting for

all factors in model B. Individual predictive values determined

by the receiver operating characteristic curve were used to

assess the predictive value of baseline and cumulative BP for

CVD incidence. The areas under the curves were computed to

assess and compare the improvement in prediction ability when

cumulative BP measurements obtained before follow-up were

included in the adjusted model, rather than the BP readings

obtained at the beginning of follow-up. In addition, models for

the association of cumulative BP with incident CVD outcomes

were implemented for the age sub-groups. All statistical analyses

were performed using STATA version 16.0 (StataCorp LLC,

College Station, TX, USA); p-values < 0.05 were considered

statistically significant.
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TABLE 1 The characteristics of the study population by the tertile of cumulative systolic BP.

Characteristics Total (n = 13,057) Tertile of cumulative systolic BP P-value

Tertile 1(n = 4,348) Tertile 2 (n = 4,349) Tertile 3(n = 4,360)

Age, (years) 52.1± 10.1 48.7± 8.7 51.4± 9.3 56.3± 10.8 <0.001

Men, n (%) 6,720 (51.5) 1,723 (39.6) 2,504 (57.6) 2,493 (57.2) <0.001

Ethnicity, n (%) <0.001

Han 10,061 (77.1) 3,498 (80.5) 3,413 (78.5) 3,150 (72.2)

Mongolian 2,811 (21.5) 778(17.9) 879(20.2) 1,154 (26.5)

Other 185 (1.4) 72 (1.7) 57 (1.3) 56 (1.3)

Body mass index, kg/ m2 23.8± 3.1 23.4± 2.8 23.6± 2.6 24.3± 3.6 <0.001

Salt intake, g/d 15.2± 12.3 14.7± 12.8 14.6± 11.8 16.2± 12.2 <0.001

Current smoking, n (%) 4,763 (36.5) 1,331 (30.6) 1,747 (40.2) 1,685 (38.6) <0.001

Current drinking, n (%) 3,993 (30.6) 1,057 (24.3) 1,496 (34.4) 1,440 (33.0) <0.001

Antihypertensive drugs use, n (%) 841 (6.4) 25 (0.6) 105 (2.4) 711 (16.3) <0.001

History of diabetes, n (%) 68 (0.5) 11 (0.3) 19 (0.4) 38 (0.9) <0.001

Family history of hypertension, n (%) 1,538 (11.8) 399 (9.2) 500 (11.5) 639 (14.7) <0.001

History of hyperlipidemia, n (%) 289 (2.2) 40 (0.9) 81 (1.9) 69 (3.9) <0.001

Education level <0.001

Primary school or below 5,211 (39.9) 1,477 (34.0) 1,658 (38.1) 2,076 (47.6)

Middle school 7,143 (54.7) 2,660 (61.2) 2,448(56.3) 2,035 (46.7)

High school or above 703 (5.4) 211 (4.9) 243 (5.6) 249 (5.7)

Blood pressure

Systolic BP, mmHg 130.5± 14.6 120.0± 9.6 129.3± 9.4 142.2± 14.5 <0.001

Diastolic BP, mmHg 80.8± 9.6 76.0± 8.0 79.9± 8.4 86.3± 9.5 <0.001

Cumulative systolic BP, mmHg*years 638.3± 57.1 581.2± 24.9 633.0± 12.4 700.7± 42.5 <0.001

Cumulative diastolic BP, mmHg*years 396.9± 36.5 372.0± 26.1 392.0± 25.7 426.6± 33.4 <0.001

Population characteristics are presented as mean ± standard deviation for continuous variables, and frequencies and proportions for categorical variables. P-value represents

multiple-comparison tests for between-group differences. BP, blood pressure.

FIGURE 2

(A) Cumulative incidence of CVD by tertile of cumulative systolic BP. (B) Cumulative incidence of CVD by tertile of cumulative diastolic BP. The

cumulative incidence of CVD by tertile of cumulative BP was calculated using the Kaplan–Meier method. The log-rank test was used to

calculate the p-value (<0.001). SBP, Systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular disease.
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Results

The main participant characteristics across tertiles of

cumulative systolic BP are shown in Table 1. Among the 13,057

study participants, the mean age was 52.1 ± 10.1 years and

51.5% (6,720) were men. At the onset of the follow-up period,

the systolic and diastolic BP means were 130.5 and 80.8

mmHg, respectively. The mean cumulative BP measurements

were 638.3 and 396.9 mmHg × years for systolic and diastolic

BP, respectively. Individuals with higher cumulative systolic

BP were more likely to be male, older, to smoke and drink

alcohol, to have a higher body mass index, and to be less

educated. The cumulative incidence curves of primary outcomes

according to cumulative systolic and diastolic BP categories

are shown in Figures 2A,B, respectively. Individuals with the

highest cumulative BP had the highest incidence of CVD (p

< 0.001).

Over the course of follow-up, a total of 1,312 participants

experienced CVD events: 954 strokes, 309 MIs, and 690 CVD

deaths. Table 2 shows the association of baseline BP levels

assessed at a single time point and cumulative BP data on
a continuous scale with CVD events. BP and cumulative BP

were both significantly associated with the incidence of CVD,
stroke, MI, and CVD mortality in the unadjusted hazards

models. Even after adjustments for confounding variables in

the Cox models, the results indicated that baseline systolic
BP [hazard ratio (HR) = 1.161, 95% confidence interval (CI):

1.097–1.229], baseline diastolic BP (HR = 1.063, 95% CI:

1.003–1.126), cumulative systolic BP (HR = 1.313, 95% CI:

1.242–1.387), and cumulative diastolic BP (HR= 1.200, 95% CI:

1.134–1.270) were significantly associated with CVD incidence.

The association also remained statistically significant for the

other endpoints. Nonetheless, once current and cumulative

BP were incorporated into the model concurrently, a higher

risk association was demonstrated for cumulative BP when

we assessed separately for incident CVD, stroke, MI, and

CVD mortality, whereas the association with baseline BP

(systolic or diastolic) was not significant. As shown in Table 3,

the association between cumulative BP and long-term CVD

risk persisted even when the models were stratified by

age sub-groups.

In addition, we discriminated the improvement in predictive

performance for CVD occurrence by conducting a receiver

operating characteristic curve analysis. In a direct comparison

of the effectiveness of baseline and cumulative systolic BP on

risk estimation, the areas under the curve were 0.603 (95%

CI: 0.586–0.620) and 0.655 (95% CI: 0.639–0.671), respectively,

with a significant difference (p < 0.001) (Figure 3A). Moreover,

the analysis results indicated that integrating cumulative

systolic BP instead of systolic BP at a single time point

in the model increased the area under the curve from

0.735 (0.720, 0.750) to 0.742 (0.728, 0.757), which was

statistically significant (p < 0.001) even though this result only

represented a minor improvement (0.7%) in prediction ability

(Figure 3B).

TABLE 2 Association of cumulative or baseline blood pressure levels

(continuous scale) with hazards of cardiovascular disease (per 1

standard deviation).

CVD Stroke MI CVD

mortality

Hazard ratio (95% confidence interval)

Model A: Unadjusted

Systolic BP 1.419 (1.354,

1.487)

1.403 (1.327,

1.482)

1.450 (1.320,

1.593)

1.530 (1.440,

1.626)

Diastolic BP 1.244 (1.183,

1.308)

1.243 (1.172,

1.319)

1.240 (1.117,

1.376)

1.288 (1.203,

1.378)

Cumulative

systolic BP

1.614 (1.546,

1.685)

1.581 (1.502,

1.664)

1.631 (1.494,

1.780)

1.794 (1.702,

1.892)

Cumulative

diastolic BP

1.421 (1.351,

1.494)

1.401 (1.321,

1.486)

1.429 (1.289,

1.583)

1.496 (1.398,

1.600)

Model B: Adjusted

Systolic BP 1.161 (1.097,

1.229)

1.178 (1.102,

1.260)

1.141 (1.017,

1.280)

1.181 (1.096,

1.273)

Diastolic BP 1.063 (1.003,

1.126)

1.075 (1.004,

1.150)

1.039 (0.921,

1.171)

1.072 (0.990,

1.160)

Cumulative

systolic BP

1.313 (1.242,

1.387)

1.332 (1.248,

1.421)

1.239 (1.105,

1.389)

1.368 (1.272,

1.472)

Cumulative

diastolic BP

1.200 (1.134,

1.270)

1.200 (1.122,

1.282)

1.179 (1.051,

1.323)

1.211 (1.122,

1.307)

Model C: Adjusted, including baseline BP

Systolic BP 0.972 (0.905,

1.045)

0.980 (0.900,

1.067)

1.004 (0.868,

1.162)

0.966 (0.879,

1.062)

Diastolic BP 0.927 (0.863,

0.997)

0.943 (0.866,

1.027)

1.908 (0.782,

1.053)

0.929 (0.842,

1.025)

Cumulative

systolic BP

1.334 (1.245,

1.430)

1.348 (1.242,

1.463)

1.236 (1.071,

1.426)

1.396 (1.275,

1.529)

Cumulative

diastolic BP

1.253 (1.168,

1.343)

1.241 (1.143,

1.347)

1.246 (1.081,

1.436)

1.262 (1.150,

1.386)

Cox models assess the association of systolic BP, diastolic BP, cumulative systolic BP, and

cumulative diastolic BP measures for incident CVD, stroke, MI, and CVD mortality.

CI, confidence interval; MI, myocardial infarction; CVD, cardiovascular disease; BP,

blood pressure.

Model A was unadjusted.

Model B was adjusted for age, gender, body Mass Index, history of hyperlipidemia,

diabetes, antihypertensive medication usage, smoking, drinking, salt intake, family

history of hypertension, and education level.

Model C was adjusted for age, gender, body Mass Index, history of hyperlipidemia,

diabetes, antihypertensive medication usage, smoking, drinking, salt intake, family

history of hypertension, education level and baseline BP (either systolic BP or

diastolic BP).

Discussion

In this prospective cohort of Chinese rural adults,

cumulative BP was associated with an increased risk of CVD.

Cumulative BP showed a significantly greater risk association

with CVD incidence than that of baseline BP, even after

stratification by age. Substituting cumulative systolic BP for

baseline systolic BP in the models significantly improved the

prediction performance for CVD, although the improvements

were modest in magnitude.
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The cumulative exposure to BP incorporated with the

duration and severity of the BP level may provide additional

insight into disease risk assessment. Previous studies have

TABLE 3 Association of cumulative systolic blood pressure levels

(continuous scale) with hazards of cardiovascular diseases –

subgroups analysis (per 1 standard deviation).

Hazard ratio (95%

CI) for incident

CVD

Model A

Unadjusted

Model B

Adjusted

Model C

Adjusted,

including

baseline BP

Age <45 (n = 3,592)

Cumulative systolic BP 1.474 (1.247, 1.743) 1.423 (1.168,

1.734)

1.690 (1.309,

2.183)

Cumulative diastolic BP 1.431 (1.221, 1.678) 1.392 (1.161,

1.669)

1.532 (1.214,

1.933)

Age 45–59 (n = 6,638)

Cumulative systolic BP 1.470 (1.356, 1.595) 1.394 (1.269,

1.531)

1.396 (1.239,

1.573)

Cumulative diastolic BP 1.363 (1.255, 1.479) 1.280 (1.169,

1.403)

1.352 (1.207,

1.514)

Age >60 (n = 2,827)

Cumulative systolic BP 1.340 (1.258, 1.428) 1.246 (1.157,

1.342)

1.243 (1.134,

1.363)

Cumulative diastolic BP 1.167 (1.085, 1.255) 1.123 (1.038,

1.215)

1.153 (1.048,

1.269)

Cox models assess the association of cumulative systolic BP, and cumulative diastolic BP

measures for incident CVD. CI, confidence interval; CVD, cardiovascular disease; BP,

blood pressure.

Model A was unadjusted.

Model B was adjusted for age, gender, body Mass Index, history of hyperlipidemia,

diabetes, antihypertensive medication usage, smoking, drinking, salt intake, family

history of hypertension, and education level.

Model C was adjusted for age, gender, body Mass Index, history of hyperlipidemia,

diabetes, antihypertensive medication usage, smoking, drinking, salt intake, family

history of hypertension, education level and baseline BP (either systolic BP or

diastolic BP).

emphasized the importance of long-term exposure to elevated

BP in the development of CVD. A previous study from the

Lifetime Risk Pooling Project found that 10-year cumulative

systolic BP exposure was a risk factor that surpassed current

systolic BP for CVD and all-cause death during a median

follow-up period of 12.9 years (21). The Coronary Artery Risk

Development in Young Adults study discovered that quantified

cumulative exposure to BP over 16 years of follow-up was

associated with subsequent risks of heart failure, coronary heart

disease, stroke, and CVD (12). In the present analysis, our

findings are consistent with those of prior investigations and

cover a wider age range of participants. The Kailuan Study

demonstrated a higher CVD risk associated with cumulative

BP across a follow-up period of 3 years for cardiovascular

and cerebrovascular events among the Chinese occupational

population (22). Compared with this study, ours had a longer

follow-up period with a relatively sufficient amount of time

for the development of CVD. Additionally, in the sub-group

analysis stratified by age, cumulative BP remained associated

with CVD incidence even after adjustment for baseline BP. This

finding is highly consistent with those in the age sub-groups in

the Lifetime Risk Pooling Project (21).

Moreover, our study revealed that the improvement in

predictive performance for CVD outcomes in the adjusted

models was modest. The Lifetime Risk Pooling Project also

found that using long-term measures of cumulative BP

instead of single measurements at baseline can modestly

improve the ability of CVD risk prediction models to

correctly classify individuals in terms of their risk for CVD

(23). The Kailuan Study demonstrated that the predictive

value of baseline BP for the occurrence of cardiovascular

events was only slightly lower than that of the cumulative

BP (11). Considering that single baseline BP is more

accessible, baseline BP may still be a useful marker for

CVD risk assessment.

FIGURE 3

(A) ROC analysis for baseline or cumulative systolic BP distinguishing CVD incidence. (B) ROC analysis for the inclusion of baseline or cumulative

systolic BP to adjusted models predicting CVD incidence. ROC, receiver operating characteristic; AUC, area under curve; CVD, cardiovascular

disease; BP, blood pressure.
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The rising prevalence of hypertension in low- and middle-

income nations over the past few decades has increased the

burden of primary prevention, directly resulting in an ever-

increasing number of individuals with increased CVD risk

(24, 25). Individualized CVD risk assessment in conjunction

with BP levels has become the basis for determining anti-

hypertensive treatment strategies (6, 8), and have been proven

more effective and cost-effective (26, 27). Cumulative BP,

which considers the intensity and duration of BP levels, has

a higher predictive value for CVD risk than that of current

BP. Individuals with similar BP levels may have different long-

term risks for CVD owing to variations in their cumulative

exposure to BP; therefore, cumulative BP may be used to stratify

individuals based on their CVD risk. Since BP is measured

frequently and is widely available in longitudinal electronic

health record data, cumulative BP can be applied in primary

health systems with adequate electronic data capabilities (23).

This study had several limitations. First, while there were

13,057 participants in the study sample, 26,368 were excluded

because they were lost to follow-up at any time between

2004 and 2017, which may have resulted in bias. Second,

cumulative BP only marginally improved the risk-prediction

model. Consequently, further studies in different populations

are needed to investigate the applicability of cumulative BP.

Third, some incidents may not have been reported because of

vague clinical signs. Therefore, the actual number of cases might

have been underestimated in this study. Finally, this study was

conducted on a rural population in northeastern China, and

whether the findings can be generalized to other populations

needs to be verified.

Conclusion

Cumulative BP in Chinese rural adults showed a stronger

association with CVD incidence than that of current BP.

Furthermore, cumulative BP slightly improved the predictive

performance for CVD. Our findings underline the incremental

predictive value of cumulative BP in CVD risk assessment

among Chinese rural adults.
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Introduction: Lay health workers, despite their lack of formal trainings,

are important partners in providing accessible care to people with risk to

develop diabetes in the community. While pre-diabetes and diabetes are

more prevalent among people with low socio-economic status, including

those living in inadequate houses. However, this population often have

accessibility problems to formal care services due to their financial and social

disadvantages. In a high-income, developed Chinese society, this pragmatic

randomized controlled trial seeks to investigate the e�ect of a 6-months lay

health worker intervention in diabetes management among people living in

sub-divided flats units in Hong Kong.

Methods and analysis: In this trial, 222 Chinese primary caregivers living

in inadequate houses and with diabetes risk will be recruited via non-profit

organizations serving in districts with low average household incomes and

prevalent subdivided flats in Hong Kong. Adopting a 6months wait-list control,

participants will be randomized to receive a 6-months lay health worker

intervention of 5 components, including (1) lay health worker training and

support; (2) health professional training; (3) formulation of a targeted care

plan for the health and nutritional needs of the families; (4) case management

approach; and (5) financial subsidy for lay health workers to sustain the

practice. The control group will receive usual care and health information

on diabetes risk management. Glycated hemoglobin (HbA1c) and fasting

blood glucose will be taken at the entry and exit assessment of this trial as

primary outcomes.

Discussion: Our randomized controlled trial is one of the first to investigate

the e�ect of lay health worker intervention on pre-diabetes management in

a low-income Chinese population residing in inadequate houses. This study

could provide insights to consider alternative service provision models to

people living with diabetes risk in the community, by providing a care option

to be supported by community health workers and enhanced community

participation of care providers. This study attempts to evaluate the impact
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of a lay health worker intervention using a mixed-method study design.

Despite its contribution, this study might be subjected to sampling bias since

all the participants will be recruited from non-profit organizations serving

deprived populations.

Trial registration number: ChiCTR2100052080 in Chinese Clinical Trial

Registry. URL: https://www.chictr.org.cn/edit.aspx?pid=134928&htm=4.

KEYWORDS

pre-diabetes, primary care, task-shifting, protocol, diseasemanagement, community-

based participatory research, community participation, community health worker

Introduction

Diabetes is a major cause of preventable deaths globally.

In 2019, diabetes affected 463 million populations and caused

1.5 million extra deaths directly (1). The developed, high-

income countries have the highest prevalence, with 10%

of the population is diagnosed with diabetes (2). Pre-

diabetes and diabetes (including impaired fasting glycemia

and impaired glucose tolerance, IGT), can be diagnosed by

glycated hemoglobin (HbA1C) or 2-h plasma glucose based on

75-gram oral glucose tolerance test (OGTT). Without proper

intervention, people with diabetes might be complicated from

blindness, kidney failure, heart attacks, stroke, and lower limb

amputation, which collectively contributes to 4.2 million deaths

globally (2). Given the global cost of pre-diabetes and diabetes,

early interventions and cost-effective disease management

strategies offer an opportunity to reduce preventable disabilities

and all-cause mortality in the general population.

Among all populations, people with lower socio-economic

status are more prone to be identified with pre-diabetes/diabetes

especially in developed economies. Socio-economic status is a

multidimensional concept generally refers to the individual’s

income level, employment status, and educational attainment (3,

4). In the United States, the prevalence of diabetes was inversely

related to household poverty level, which the group in the

lowest federal poverty level has twice the odds of having diabetes

compared to those ranked the highest (5). It can be explained by

the findings of a meta-analysis, which indicates that low income,

low educational level and low occupation were associated with

a 40, 45, and 31% increased risk of developing type 2 diabetes

in high-income countries (6). Similarly, in developed countries,

pre-diabetes is more prevalent in the population with lower

socio-economic conditions (7). On the other hand, low socio-

economic status also impairs the management of diabetes.

There is considerable evidence that low socio-economic status

increases the risk of diabetes-related complications (8) and

mortality (9).

Poor socio-economic status could limit individuals’ choices

of the living environment, and eventually lead to residing in

inadequate houses. According to the United Nations, inadequate

housing is a residence which fails any of the following criteria:

(1) security of tenure; (2) availability of services, materials,

facilities and infrastructure; (3) affordability; (4) habitability; (5)

accessibility, (6) location, or (7) cultural adequacy (10). Deprived

households might not be able to afford whole-flat residences,

and eventually live in sub-divided flats. In Hong Kong, a

developed high-income region in China, there are 0.2 million

population residing in sub-divided flats in Hong Kong in

2016 (11). A survey revealed that more than 90% of the sub-

divided flats households failed to meet at least one criterion

of adequate housing, while half of the respondents did not

have an independent kitchen and suffer from pest problems

(12, 13). Sharing the challenge of worsening inequities with

other Asian developed cities, Hong Kong have a Gini co-efficient

of 0.54 in 2016, and its average flat price has rocket-raised

to the top globally, indicating a worsening income inequality

and difficulties in home ownership of the citizen (11). Against

the backdrop of its extreme income disparity and growth of

SDU resident size, Hong Kong could be an example of a high-

income, developed city to investigate the health needs of people

in inadequate environments in Asia.

Lay health workers are important partners in managing

chronic disease including diabetes, through performing tasks

related to health care delivery, despite their lack of formal

professional trainings (14). Their responsibilities include

facilitating the adoption of healthy practices, promoting access

to care, supporting primary and chronic care, and advocating

structural changes to cater to the health needs of a community

(15). Lay health workers are particularly suitable for delivering

support to hard-to-reach populations at a relatively low cost.

Residing in the same community, lay health workers have

shared backgrounds and connections with the people they are

serving and therefore could provide assistance that is more

culturally-sensitive and appropriate (14, 16). A randomized

control trial has resulted in a reduction in HbA1c levels, body

mass index and waist circumference of diabetic patients in

12 months. The diabetic patients in the intervention group

have received three courses delivered by trained lay health
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workers with diabetes every 3 months, while the control

group has received usual care (17). Another randomized

control trial with a lay health worker intervention has also

significantly reduced the HbA1c levels in diabetic patients.

Patients were assigned to a control group with usual care,

and an intervention group with trained lay health workers

working with a registered nurse. Over the 12 months, the lay

health workers have provided continuous support to the patients

by conducting health education sessions, solving problems

in diabetic self-management, mobilizing family support, and

reinforcing adherence to medical appointment and medication

regimens. Meanwhile, the nurse arranged meeting with patients,

provided feedback to the physicians and supervised the work of

the lay health workers (18).

However, there are inconclusive conclusion of the

intervention effectiveness and further study is needed. There

were three systematic reviews conducted on the effectiveness

of lay health worker interventions on diabetes management

(19–21). Authors note that there was high variability in study

designs, diseases outcomes and measurements, leading to high

risk of bias in the current studies (19–21). Also, some studies

on lay health intervention of diabetes management did not

clearly differentiate the intervention for people with type 1

and type 2 diabetes, and did not mention details of trainings

provided to the lay health workers. There were also a wide

range of duties covered by lay health worker in these studies,

including language interpretation, conducting educational

sessions, and providing health assessment (19–21). There was a

high heterogeneity in content, duration, frequency and intensity

of existing lay health worker intervention in literature and a

robustly designed evaluation is needed to draw conclusion on

its effectiveness.

This is a pragmatic, wait-list randomized controlled trial

to evaluate the impact of lay health worker intervention on

the incidence and disease management of pre-diabetes among

people living in inadequate households. We hypotheses that

the lay health worker intervention could significantly improve

disease prognosis of people with a risk to develop diabetes, who

are living in inadequate housing using an example of Hong Kong

Chinese population.

Methods and analysis

Study design

This randomized controlled trial aims to evaluate the impact

of a lay-health worker intervention on the disease management

of type II diabetes mellitus (T2DM) among Chinese sub-

divided flat residents units in Hong Kong, comparing to

the wait-list controls who receive usual care. This trial is a

part of a community, diabetes-screening programme which

targets families living in sub-divided homes, aiming to provide

disease management to the population diagnosed with diabetes

or identified with risk to develop diabetes. This lay worker

intervention contains five features, including: (1) lay health

worker training and support; (2) health professional training,

(3) formulation of a targeted care plan for the health and

nutritional needs of the families; (4) case management approach;

and (5) financial subsidy for lay health workers to sustain the

practice. This trial will be reported in accordance with SPIRIT

2013 checklist (22), as enclosed in Supplementary material S1.

Figure 1 comprises the workflow of this trial. Table 1 includes

the minimal data set for trial registration.

Selection of subjects

In this study, participants will be invited by corresponding

non-profit organizations (NPOs) in the Kwai Tsing and

Kowloon City districts, which are the third district with the

lowest average household income, and the third district with

the highest percentage of households living in sub-divided units

in Hong Kong (11). In 2016, there are in total 12,770 families

living in sub-divided units in these two districts, accounting for

13.7% of the total population residing in sub-divided flats in

Hong Kong (11).

This trial includes the major caregiver of households living

in sub-divided flat units who are (1) responsible for the

food preparation of the family, (2) ethnically Chinese and

aged ≤ 18 and < 65, (3) identified with ≤ 1 risk factor or

symptoms for T2DM according to the Hong Kong Reference

Framework for Diabetes Care for Adults in Primary Care Settings

(19); (4) Hong Kong Identity Document holders, (5) able

to communicate in Chinese or English; and (6) able to give

consent. People who are cognitively incompetent, and whose

co-living family members have already enrolled in this trial

will be excluded. Hong Kong Reference Framework for Diabetes

Care for Adults in Primary Care Settings is a well-established

guideline adopted in the primary care services in Hong Kong

for screening people who are at risk of T2DM (23). Major

caregivers of household are the target and the service recipients

of our lay health worker intervention as they are more prone

to adverse health outcomes and poorer quality of life due to the

physical and mental burden of caregiving duties (24, 25). Also,

family caregivers are usually responsible for diet preparation

and cooking in the household, and therefore their behavioral

change might also enable a change in dietary behavior of the

household members.

Eligible participants will be invited to participate in this

study through partnering NPOs that provided care services

to low-income families living in inadequate housings in

Hong Kong. Participants who are interested in the study will be

invited to an initial health assessment, where a study information

sheet and the ethics consent form will be explained to the

participants in person by the research assistant, and participants
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FIGURE 1

CONSORT workflow of this trial.

will be allowed to consider their participation before offering

consent. People who are mentally incapable to offer consent

will be excluded. The consent form to be used is enclosed in

Supplementary material S2.

We will recruit participants from four NPOs in the Kwai

Tsing, and Kowloon City districts in Hong Kong to participate

in this study. In Hong Kong, social care services are delivered

by NPOs and a list of NPOs subverted by public funding was

publicly accessible at the Social Welfare Department, which

multiple NPOs are responsible for the service delivery in each

district. In this study, we do field investigation in the initial

design stage of this protocol, and identify NPOs that are

responsible for low-income family’s services in the districts.

The initial communication was established between the research

team and the NPOs, of which four of them have agreed to be our

recruitment sites for this project.

Recruitment and training of lay health
workers

Lay health workers will be recruited from retired population,

local tertiary education institutes, and from the local community

through collaboration with NGOs. Potential lay health worker

who are (1) either fluent in Cantonese, Mandarin or English;

(2) accomplish an education of secondary form 3 or above; and

(3) committee to attend training session will be invited to an

interview. There will be no restriction of age and sex of the lay

health worker to be participated in this study. Upon recruitment,

every lay health worker will need to go through a 10-h training

session, which consists of the knowledge of conducting health

assessment, motivational interviewing, and referral to formal

support if necessary. The detailed training content and time

distribution is presented in Supplementary materials S3 and S4.
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TABLE 1 Minimal data set for trial registration.

Data category Information

Primary registry and trial

identifying number

Chinese clinical trial registry ChiCTR2100052080

Date of registration in

primary registry

16-Oct-21

Secondary identifying

numbers

N/A

Source (s) of monetary or

material support

The Hong Kong jockey club charities trust

Primary sponsor The Hong Kong jockey club charities trust

Secondary sponsor (s) N/A

Contact for public queries Crystal Chan, PhD DFPH Jockey club school of

public health and primary care, The Chinese

University of Hong Kong, China

Contact for scientific queries Crystal Chan, PhD DFPH Jockey club school of

public health and primary care, The Chinese

University of Hong Kong, China

Public title Lay health worker as an example of medical

task-shifting: design of a pragmatic randomized

controlled trial for diabetes prevention in people

living in inadequate housing

Scientific title Lay health worker intervention on diabetes

management

Countries of recruitment Hong Kong, China

Health condition (s) or

problem (s) studied

Diabetes

Intervention (s) Active comparator: lay health worker intervention

Placebo comparator: usual care with diabetes

control information

Key inclusion and exclusion

criteria

Ages eligible for study: ≥ 18 years and < 65 years

Sexes eligible for study: both

Accepts healthy volunteers: no

Inclusion criteria: adult patient (≥ 18 years and <

65 years) who is the major caregiver of households

living in sub-divided flat units in Hong Kong

Exclusion criteria: mentally incapable to give

consent

Study type Interventional

Allocation: randomized intervention model

Parallel assignment

Wait-list control of 6 months waiting period

Primary purpose: prevention

Phase I

Date of first enrolment Nov-21

Target sample size 222

Recruitment status Recruiting

Primary outcome (s) Glycated hemoglobin (HbA1c)

Key secondary outcomes Body mass index; Waist circumference; Percentage

body fat; 3-day food records; Depression, anxiety

and stress as measured by DASS-21; Quality of life

as measured by ED-5D-5L

Training will be conducted in the way of interactive

training workshops given by a nurse, a dietitian, and public

health practitioners to provide the introduction of medication

management, nutritional knowledge, and health promotion

skills. In the training session, the lay health workers will be

given a set of training manuals and resources to guide their

involvement in the programme. The training manual will be

developed with reference to the evidence from the literature

review for other volunteer-based training programmes, such as

the Get Healthy Information and Coaching Service provided

by the New South Wales Government of Australia (26).

The training manual will include roles and responsibilities

clarification, training in communication skills, needs assessment

skills, trust-building advice, health and safety in a home setting,

coping strategies for handling unexpected events, and skills

to conduct motivational interviewing. Additional resources

such as the instruments to be adopted in needs assessment

and continuous monitoring of the health of the families, the

detailed workflow of carrying the assessments, knowledge on

providing basic consultation and identifying life-threatening

symptoms, and skills for infection control during the pandemic

will be provided. Furthermore, stimulations on the health

need assessment, reinforcing behavioral change, and health

monitoring will be done in the workshops. This training

workshop will be a co-creation of the dietitian, nurse, social

worker and public health practitioner in our inter-disciplinary

team, which will create and synergies and knowledge transfer of

professional knowledge across dietetics, nursing, public health

science and social care.

To ensure the quality of training, all the workshops are

conducted in an interactive manner and all the lay health

workers must achieve a passing grade in the phone practicum

and participate in the debriefing. Each workshop has multiple

discussion sessions and quizzes to answer questions and provide

opportunities for practice. The quiz is in the form of multiple-

choice questions, and instructor will discuss the answers with the

lay health worker immediately. The main purpose of the quizzes

is to ensure the lay health workers understand the main concept

of training, and facilitate in-class discussion with the instructors.

All answers could be found in the training materials provided.

Recruitment and training of healthcare
professionals

Trainings will be provided to the healthcare professional

to facilitate collaboration with the lay health workers. The

primary care workers for the participants in community settings,

including nurse and dietitians, will be invited to participate a

1.5-h interactive workshops and training in supporting them to

familiarize with the role and strengths of the lay health workers.

The interactive workshop will be given to them by the dietitian
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service lead and the nursing service lead in our project team,

covering the project introduction, the overview of the service

flow and the collaboration model with the lay health workers,

and go through the administrative documents that would be

used in the service. The health professionals will also receive a

protocol to brief them on the rationales and operational details

of this trial, and illustrate the clinical workflow of a lay-health

worker intervention with real-case scenarios. Since the lay health

workers will be responsible for a 6-month follow-up of the

participants, the health professionals will learn how to hand

over the case properly to the lay health workers. Moreover,

the health professionals should expect to receive referrals for

further investigation from the lay health workers when any

red-flag symptoms or indicators of care plan occurred. During

the face-to-face training session, healthcare workers will have a

chance to meet their corresponding lay health workers to build

rapport and trust in the working relationship, and therefore

to facilitate the necessary referral that might happen during

the intervention.

Each healthcare profession will be offered a shadowing

session to shadow and observe a real-case practice with lay

health worker as demonstrated by our project leads. Then,

professional staff trainees will participate in a real-case trial

session to conduct the intervention themselves with the LHW,

and receive spontaneous feedback from our clinical service

leads to ensure homogeneity of the service given. The clinical

leads in our project team will review the case notes and

collect feedbacks from the professional staffs engaging in the

intervention regularly to audit the service quality. In both

LHW and professional trainings, repeated rounds of real-case

practices will be provided if the intervention quality is deemed

as unsatisfactory.

Lay health worker intervention content

A tailored behavioral change plan will be co-formulated by

the lay health workers and the healthcare professional to cater

the health needs of the participants. Upon the collection of

consent, a needs assessment will be conducted to understand

the health and nutritional needs of the participants in the

community settings. Then, the primary care workers (who

is a nurse or dietitian in this trial) will provide a face-to-

face initial consultation session with the trial participants, and

identify tailored health goals corresponding to the needs of

the participants. Toward the end of the initial consultation,

nurse/dietitian will introduce lay health workers to the

participants, provide necessary information to ensure smooth

handover and handling, and facilitate the rapport building

between lay health workers and the participants. Then, the lay

health workers will formulate a tailored behavioral change plan

according to the health goals set, discuss the feasibility and

readiness of the plan with participants, and be responsible for

the monitoring of the behavioral change, and managing the self-

reported health status of the participants since then through

telephone consultation, once 2–4-week for 6 months.

This interventional will adopt a case-management approach.

Upon the commencement of the tailored behavioral change

plan, lay health workers will perform behavioral change

monitoring through the 6-months period, under the supervision

of the nurse/dietitian. The lay health workers will adopt a

case-management approach, which each participant will be

follow-up by the same lay health workers throughout the

intervention, to allow the change monitoring to be done based

on a trusted relationship. Each of the lay health workers will

not be managing more than four families in the same period.

To better facilitate behavioral change, the lay health workers

will adopt the Stages-of-Change Model, which was developed

by James Prochaska and Carlo DiClemente in 1983 (27). The

model describes personal behavioral change in five stages,

namely pre-contemplation, contemplation, preparation, action,

maintenance, and relapse. Stage-of-Change Model is widely

adopted in health psychology field and behavioral interventions

(28, 29). In our proposed intervention, lay health workers will

assess which stage the client is in, and motivate the client

to move on to the next stage until the maintenance stage

(27). During each follow-up, the lay health workers will review

pre-established health goals with the participants, identify the

facilitators and barriers of the participants’ behavioral changes,

and provide recommendations for the participants to overcome

the identified barriers through motivational interviewing.

Motivational interviewing is a “collaborative, goal-oriented style

of communication with particular attention to the language of

change,” with the aim to strengthen the person’s motivation and

commitment for the health behavior goal in an accepting and

compassionate atmosphere (30).

Alongside the case management duties, lay health workers

will continuously assess the physical, mental, and nutritional

health status of the participants through patient-reported

outcomes. Lay health workers will maintain a close working

relationship with the nurse and dietitian. Following each of the

telephone follow-up, the lay health workers will participate in

a group-based case de-briefing session where they can discuss

the difficulties they encountered during the follow-up, and learn

from each other’s for better consultation skills. Lay health worker

will review case progress with nurse/dietitian once every 2–

4 weeks, and will discuss the motivators and barriers for the

participants’ behavioral changes to guide necessary amendments

in the care plan. The participants are, therefore, under the co-

management of the clinical professional (nurse or dietitian) and

the lay health workers. For there is any undesirable outcome

identified during the follow-up, the lay health workers will refer

the participants for immediate intervention by the nurse and

dietitians’ management.

Lastly, financial subsidy will be provided to lay health

workers to ensure the sustainability of their practice, and as
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a reward to honor their time spent on providing services to

the participants.

Randomization and binding

This study will adopt wait list control with open labels,

as binding is not possible. The sequence of subjects receiving

interventions will be determined by randomization after the

informed consent is being collected, of each slots of intervention

will be separated by 6 months of waiting period. Statisticians

independent from the project team will be given randomly

generated treatment allocation within sealed, opaque envelops.

During the initial health assessment, one of the envelops will

be drawn and the participant will be allocated with the drawn

sequence after they consent to participate in this trial. During

the waiting period, the experimental group of subjects will be

allocated to usual care with no intended treatment given.

Control group selection

This study will have a wait-list control, where the control

will receive usual care of health information on diabetes risk

management, conventional weight-control management and

dietary education during the 6 months waiting period. On

completion of the waiting period, the nurse and dietitian

will invite the control group’s participants for a face-to-face

consultation, where the clinical staff and lay health workers will

have a chance to identify their service needs and give tailored

care plans.

Primary and secondary outcomes

This controlled trial will use a wide range of

clinical and patient-reported outcomes measures to

assess the cost-effectiveness of this intervention. The

outcomes are set with reference to the Medical Research

Council framework for evaluating complex intervention

(31) and on the American Diabetes Association’s

Standards of Medical Care in Diabetes 2021 for diabetes

research (32).

We have two primary outcomes in this trial. Glycated

hemoglobin (HbA1c) will be measured by self-test kit (Polymer

Technology Systems Inc., Whitestown USA), and fasting blood

sample for plasma glucose will be measured by blood glucose

monitor (ForaCare Inc, Moorpark USA).

We also included anthropometric measures, self-reported

outcomes, dietary consumption patterns, and patients’

satisfaction of the lay health worker intervention as secondary

outcomes. Body mass index will be calculated with body weight

(kg) and body height (m) measured, and waist circumference

of the participants will be measured to the nearest 0.1 cm.

We will measure the percentage body fat using bioimpedance

analysis with BC240 (Tanita Corp., Tokyo Japan). Participants’

risk of depression, anxiety and stress will be measured by The

Depression, Anxiety and Stress Scale - 21 Items (DASS-21)

(33). Self-reported health related quality of life will be measured

using EQ-5D-5L (34). Consumption pattern of the participants

as recorded by three-day food records to capture the day-to-day

variations of the participants’ diet (35). In order to improve

the validity of the food record collected, a written guideline

will be given to the participants to guide their completion of

the dietary records, together with a filled template and size of

standard food containers for reference. Firstly, participants are

instructed to complete the food record in 2 weekdays and 1

weekend day. Also, they are encouraged to consume a typical

diet, record every meal they have consumed, using bowls and

other utensils to measure the amount of foods and drinks,

record the portion of pre-packaged foods stated on the food

labels, record the ways of cooking, record the recipes and take

a picture of the meals consumed. Upon the completion of the

food record, a registered dietitian and a group of lay health

workers trained by the dietitian will call the participants to

review the accuracy and completeness of the food record. Visual

aids are used including pictures of foods and food models. The

complete food record is then input into Food Processor by an

experienced research assistant to generate nutritional values of

the participant’s diet (36). Patients’ satisfaction toward the lay

health worker intervention will be measured with a 5-points

Likert scale in a self-administered questionnaire to be filled

by the patients at the exit assessment for the assessment, with

a higher score indicating a more satisfied care experience in

the intervention.

Sample size calculation

Two hundred and twenty-two participants are needed

(111 for intervention, 111 for control at a 1:1 case to

control ratio) to attain 80% power, 95% level of significance

and 20% dropout rate in a population with an expected

population standard deviation of 1.5, and an allowable difference

of 0.01 to detect a change of 0.5% change in HbA1c

concentration. We plan to train 70 lay health workers on a

1:4 lay health worker to patient ratio, and assuming a 20%

dropout rate.

Data collection, management and
monitoring

There will be at least two time points for data collection

of this intervention trial as demonstrated in Figure 1. For each

assessment, the personal information of the participants will
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be collected through an electronic survey form that is directed

link to an encrypted, private domain hosted by the Chinese

University of Hong Kong. All information that contains the

identification of the participants will be stored separately, and

link with the main dataset with a unique identifier. The file

containing the personal information of the participants and their

corresponding identifier will only be accessible to the research

team members. All data will be destroyed 5 years upon the

completion of results dissemination of this study.

Data monitoring will be done by an epidemiologist that

is independent of the sponsor for this trial. An interim

analysis will be done upon the competition for the first

block of intervention to evaluate the effectiveness, and to

manage and report any adverse events or unintended of the

interventions. Stopping rule will be employed to terminate this

trial stop if there is evidence of futility or severe and serious

adverse reactions due to intervention. For participants who

discontinue from intervention, their reasons of discontinuation

will be collected. Results of effectiveness, adverse events, and

unintended outcomes of this intervention will be reported

and disseminated through publishing in open-access, peer-

reviewed journals.

Data analysis

We will adopt both qualitative and qualitative approaches

to evaluate the impact of lay health worker intervention in

pre-diabetes management in this trial.

A quantitative methodology will be adopted to evaluate

the intervention effectiveness by performing group-wise

comparison of the primary and secondary outcomes in this

study. A CONSORT flowchart will be adopted to present the

progress and of this trial. We will adopt an intention-to-treat

approach in conducting the analysis, with sensitivity analysis

to be done with non-ignorable missing data. Descriptive

statistics will be produced for primary and secondary outcomes

depending on their measurement scale and data distribution

to allow meaningful interpretation. Histogram of the data

distribution will be plotted to examine whether the data is

parametric, or non-parametric. We will produce mean and

standard deviation for parametric data, and use median and

inter-quarter range for non-parametric data. Number and

percentage will be quoted for ordinal and nominal data.

Standardized mean differences of each variable will be produced

to evaluate the balance in control and intervention groups, with

a value larger than 0.1 indicating an imbalance between groups.

In order to compare the effectiveness of intervention

between control and the intervention group at the exit

assessment of intervention (6th month), we will use repeated-

measures Analysis of Variance (ANOVA) for parametric

outcomes. We will consider the measures of data at baseline

(0th month) and covariates that are imbalanced in control

and intervention groups when conducting ANOVA, and the

effect size will be estimated by calculating the Cohen’s d

value. For non-parametric variables, the Friedman test will be

done, and Kendall’s W value will be produced for effect size

estimation. For ordinal data, we will use Generalized Estimating

Equations to compare groups at each follow-up (0th month,

6th month, and 12th month), allocation group (intervention

and wait-list control), time by group interaction, covariates that

are imbalance between groups, and important socio-economic

variables including sex, age, and education level. We will use

an identify link function given a normal distribution of the

captioned outcome. Also, Kaplan-Meier curves will be drawn

to capture the comparison of diabetes-free survival in the

intervention and control group. The level of significance is set

at 5% m and post-hoc adjustment will be applied for multiple

comparisons. Multiple imputations will be used whenever

appropriate for missing data. In this analysis, all statistical

analyses will be conducted using R and RStudio, and the Cohen’s

d value will be estimated using G∗Power.

We will use a mixed-method approach to conduct the

process evaluation on the participants. Quantifiable, routine data

will be collected to evaluate the output of this intervention

in corresponding to the five components of this intervention

as described in Table 2, following with a t-test to compare

intra-groups estimates to allow meaningful interpretations at

the 6th and 10th month. The results from quantitative study

part will provide a description for the overall execution of the

intervention, which inform the answer for the following research

questions: (1) what outputs were delivered to achieve the five

components of the interventions; and (2) to which extend did

the different stakeholders (study participants, healthcare worker,

and lay health workers) complete/ adhere to the intervention?

In complimentary to the quantitate research, the qualitative part

of the mix-method study will be conducted in parallel. Two

rounds of qualitative semi-structured, auto-taped individual

interviews will be conducted at 6th months (the completion of

wait list control period) and 12th month (project endpoint),

to collect feedbacks from different stakeholders involved in

this project. Project staffs (n = 2), lay health workers (n

= 10), healthcare professionals participated (n = 5), NPO

collaborators (n = 5) and study participants (n = 10) will be

invited to participate in this study. Each individual interview

will last for 1–1.5 h, with the following research questions to

be answered: (1) what are the feedback and major concerns of

the participants of the programme; (2) how to address these

concerns in the second cycle of intervention?; (3) what are

the facilitators and barriers in the programme delivery; and

(4) how to enhance the facilitators or mitigate the barriers?,

as guided by the Consolidated Framework for Implementation

Research (37). Detailed interview questions can be found in

Supplementary material S5. All the interviews will be conducted

by research staff that is not involved in the delivery of this trial

to ensure impartiality.
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TABLE 2 Outline of the process evaluation: output indicators.

Component Output Indicators Source of data

1. Lay health worker training More trained workers Number of training sessions

conducted

Administrative data

Number of total lay health workers

trained

Administrative data

Lay health workers being more

confident to lead intervention

Knowledge, attitude and behavior

in leading an intervention

Self-administered survey before

and after training

2. Health professional training More health professionals are

equipped with the necessary

knowledge to co-work with lay

health workers

Number of training sessions

conducted

Administrative data

Number of health professionals

trained

Administrative data

Knowledge, attitude and

confidence in collaborating with

lay health workers

Self-administered survey before

and after training

3. Formulation of targeted

care plans

Tailored care plan built for

participants

Number of health need

assessments conducted

Administrative data

Number of targeted care plans

formed

Clinical and service record

Completion rate of designed health

goals

Clinical and service record

4. Case management Close and tailored case

management for participants

Number of families followed-up by

lay health workers

Administrative data

Number of lay health workers

follow-up conducted

Administrative data

Number of biweekly reviews

meeting conducted between lay

health workers and nurse/ dietitian

Administrative data

Number of families followed-up by

the same lay health workers

Administrative data

5. Financial subsidy for lay

health workers

More lay health workers recruited Number of lay health workers

recruited

Administrative data

Sustainable service model Proportion of lay health workers

that finished the 6-months

follow-up

Administrative data

Discussion

This is the first pragmatic, randomized controlled trial

in evaluating the impacts of lay health worker intervention

on the pre-diabetes management of Chinese, sub-divided flats

residents with T2DM risk in Hong Kong. Our study findings

could supplement the literature gap of real-world evidence

in evaluating the benefit of lay health worker intervention

in diabetes management in a Chinese population living

in comprising housing environment. The use of laboratory

data to monitor diabetes prognosis could eliminate potential

bias due to the self-reporting, while the randomization

arrangement could prevent selection bias and accidental

bias. We will adopt a wait-list control in this study by

administrative procedure, in order to acquire a comparable

control at a more reasonable cost, and to ensure equitable

access to our intervention of both the intervention and the

control groups.

Despite its contribution to the field, there are challenges

surrounding the generalizability of the study findings to other

populations, and other settings due to its restriction to the

population living in compromised housing environments.

Our sample population was recruited through NPOs

serving deprived households, and therefore sampling bias
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could occur. To acquire more detailed and generalizable

results for the health care provider and decision-makers

to establish policy changes, future quantitative and

qualitative studies should be done to collect data on

health improvement and cost of intervention in a larger,

territory-wide sample.

This study is an open label study and therefore blinding

is hard to achieve. However, allocation concealment is

secured by generating random numbers by drawing

lots and keeping the allocation series in a sealed and

opaque envelope. Meanwhile, loss to follow-up is

minimized by maintaining a good relationship with

participants, monthly telephone calls, timely referral to

professionals and clinical services, setting up telephone

hotline to resolve enquiries, connecting with participants

via WhatsApp, and providing assistances in times

of pandemic.

Ethics and dissemination

The protocol, informed consent form, procedure to obtain

consent, and the procedure to protect confidentiality of

personal data of this trial was approved by the Joint Chinese

University of Hong Kong – New Territories East Cluster

Clinical Research Ethics Committee of the Chinese University

of Hong Kong (2021.313), and are registered in the Chinese

Clinical Trial Registry (ChiCTR2100052080). Any amendments

on the protocol will be communicated though updating in

the public webpage of the Trial Registry. The funder has no

role in study design; collection, management, analysis, and

interpretation of data; writing of the report; and the decision

to submit the report for publication. The results of this trial

will be published in peer-reviewed journal articles and the final

trial dataset will be made available after de-identification of

the participants.

To ensure confidentiality of the participants, all information

collected from respondents will be locked in a password-

protected computer. Personal data (name, identity document,

and any other personal identifiable information) will not

be recorded on the project’s data sheets or electronic files.

Instead, each participant will be assigned a unique study

identifier. The document or electronic file containing the

linkage information between study code and the identity of

the participants will be kept separate from the study data

files. Database with names will be kept in locked cabinet

to which is only accessed by staff involving in this study,

and electronic data will be saved in secured computer

with restricted access. The authors of this protocol will be

responsible for the safekeeping of the personal data involved in

this study.

Conclusion

Lay health worker is a possible solution to lessen medical

manpower stress and provide a continuum of care in population

with problem to access medical services. This study aims to fill

a knowledge gap in finding the best practice for shifting the

care load to partners in the community, and rigorously examine

the effectiveness of lay health worker intervention in diabetes

prevention among a low-income, Chinese population. Research

findings could shed lights on future health services delivery, by

providing a promising cost-effective solution to delivery diabetes

care to the deprived population in developed world.
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Introduction: Familial Hypercholesterolemia (FH) is one of the most common

genetic disorders, with an estimated global prevalence of 1:200-500,

which leads to premature cardiovascular disease. Nevertheless, public and

professional awareness of FH is often lacking, with an estimated 20,000 largely

undiagnosed cases in Ireland.

Purpose: The overall aim of the project was to test the feasibility of a model of

care that would include electronic record screening, clinical assessment, and

coding of possible FH patients across a network of general practices in Ireland.

In addition, a secondary aim was to gauge the awareness and knowledge of

FH across the network.

Methods: This study took part in multiple phases, employing a mixed

methods design. The study included a validated questionnaire, tailored online

educational resources, a retrospective chart review of patients with a history of

elevated LDL cholesterol (LDLc) and an active review with a selection of those

patients. Results were analyzed using SPSS V27, where descriptive statistics and

relevant correlation tests were employed.

Results: Eighteen general practices agreed to take part in the study. In the

initial survey, respondents rated their personal and practice familiarity with FH

as slightly below average. Around one-third of respondents were not aware

of FH guidelines. Of over 55,000 adult patient records searched, only 0.2%

had a recorded FH diagnosis and 3.9% had ever had an LDLc above 4.9

mmol/l. Eight practices completed 198 chart reviews. Among these, 29.8%

of patients had a family history recorded, and 22.2% had a family history of

CVD recorded. Female patients had higher averages for highest and recent

LDLc. Seventy patients underwent a clinical review—with 27% of these patients

identified as “probable” or “definite FH.” There was a statistically significant

(p = 0.002) relationship between FH status and whether the patient had other

CVD risk factors.

Conclusion: General practitioners in Ireland had similar levels of awareness of

FH compared to findings from elsewhere. The activities discussed encouraged

clinicians to consider FH when talking to their patients, especially those with

elevated LDLc at an early age. Broader awareness of the condition could

increase conversations about FH and benefit patient outcomes.

KEYWORDS

primary care, general practice, familial hypercholesterolaemia, hyperlipidemia, record

screening, LDL cholesterol

Frontiers inMedicine 01 frontiersin.org

8990

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.1016198
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.1016198&domain=pdf&date_stamp=2022-10-12
mailto:claire.collins@icgp.ie
https://doi.org/10.3389/fmed.2022.1016198
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2022.1016198/full
https://orcid.org/0000-0002-5564-2890
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Homeniuk et al. 10.3389/fmed.2022.1016198

Introduction

Familial Hypercholesterolemia (FH) is an inherited or

genetic disorder that leads to premature atherosclerotic

cardiovascular disease. FH now presents a major public health

concern, as untreated FH significantly results in higher and

earlier risk for cardiovascular disease (1, 2). However, there is a

documented lack of awareness among both the public and health

professionals (3) about FH which contributes to underdiagnosis

and treatment (2). There are two forms of FH—Heterozygous

FH (HeFH) and Homozygous FH (HoFH). HeFH prevalence

has been estimated to be around 1 in 300 people (4). Recent

reviews have (5, 6) noted the difference in prevalence in global

subpopulations and the importance of understanding its true

prevalence in the community to target interventions. Previous

studies (3, 7, 8) have identified a need to develop a universal

screening process to promote early identification and treatment

to prevent severe cardiovascular disease and recurrent and pre-

mature cardiovascular events (9).

The clinical diagnosis is based on an elevated cholesterol,

LDL>4.9 mmol/l, with a triglyceride (TG) concentration within

a normal range, and a premature family history of CVD (2, 10).

Local guidelines for diagnosis may differ slightly, however the

Dutch Lipid Clinic Network Score (DLCNS)or Simon Broome

Criteria are commonly accepted criteria to aide in diagnostics

(2, 11). Internationally, the former is more frequently used,

however national differences in diagnosing and managing FH

(1). Genetic testing may be used to diagnose FH, although there

are variations in the genetic mutations that result in the disorder

(12). Ergo, it is possible to receive a negative genetic test result

yet have a phenotypic diagnosis, and vice versa (13).
The Irish Heart Foundation estimates at least 10,000

people in Ireland have FH, and most cases are likely to be

undiagnosed (14). The Irish College of General Practitioners

(ICGP), the professional body for general practitioners (GPs)

in Ireland, estimates this figure could be closer to 20,000 if

the estimated Irish prevalence of 1 in 250 is applied (4). Most

general practices will have approximately 10–20 undiagnosed

cases at conspicuously high risk of early severe vascular

disease. With Irish people attending their GP an estimated

4.34 times a year (15), there is an opportunity for primary

care clinicians to diagnose and help manage cases of FH in

their practices.

Research in Australia, Europe, and the UK (16–19) has

suggested that this high-risk group of patients is accessible in

the general practice setting and educational resources such as

webinars could increase awareness among clinicians. The overall

aim of our project was to test the feasibility of a model of

care that would include electronic record screening, clinical

assessment, and coding of possible FH patients across a network

of general practices in Ireland. In addition, a secondary aim was

to gauge the awareness and knowledge of FH in the Irish general

practice setting.

Methods

Recruitment and initial survey

Practices were invited via an ICGP member newsletter in

January 2021. Before commencing participation, practices were

provided with an information leaflet and completed a consent

form in accordance with ethical standards. Ethical approval

for the study was obtained from the ICGP Research Ethics

Committee. After expressing an interest in participating in the

project, one survey per practice was requested, completed by

either a GP or practice nurse (PN). The survey aimed to assess

current awareness and management of FH. Our target was

20 practices based on practical feasibility; while 28 practices

expressed an interest, 18 completed the initial survey and hence

were included in latter phases.

The survey included questions on practice demographics,

educational needs, and quiz style questions (one correct answer).

Part of the survey included a questionnaire originally developed

by Bell et al. (20) for a 2014 study looking at the knowledge,

awareness, and treatment of FH by Australian GPs. It was also

used in the FH “Ten Counties Study” (21), and has been used

and validated widely including in the UK, India, Saudi Arabia,

and Malaysia (22).

For this project, the questions were adjusted for an Irish

context, and it was piloted by an Irish GP team. Analysis of

survey responses was completed usingMicrosoft Excel and SPSS

V.27, where descriptive statistics were used as well as chi-square

tests where appropriate to measure correlation. A p-value <0.05

was considered significant.

Retrospective electronic health record
(chart) review

Practices were asked to search their electronic health record

(EHR) database for active patients who had ever had a recorded

LDL cholesterol (LDLc) of 4.9 mmol/L or higher. Active patients

were defined as either public or private patients who had

attended the practice at least once in the past 3 years. Up to

thirty patients with the highest LDLc levels were selected for

a retrospective chart review, where GPs and/or PNs looked at

factors such as family history, smoking status, history of lipid

lowering medication, and other health factors.

Active patient review

After the retrospective chart review, up to ten patients from

each practice with the most concerning LDLc levels and who

consented to be reviewed underwent an active review. GPs

were asked to gain more insight on the patients’ history and

record any actions taken in relation to FH management. There
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were sixteen questions in the active review, including questions

on co-morbidities, CVD risk factors, information needed for a

complete family history, any new diagnostic tests (in relation

to FH) and their results and other changes to the patient’s care

relating to lipid management. Responses were used to assess the

possibility of FH diagnosis.

Educational component

The educational component consisted of a 1 h live virtual

webinar with related resources material hosted on the ICGP

education platform and available to all participating practices

on an ongoing basis. There was no follow up assessment after

the session, rather practices were asked to apply the knowledge

in the next phases of the study. The educational component

occurred after recruitment and initial survey and before the

chart review. Our cardiovascular clinical lead also discussed

cases with individual practices on request.

Results

Survey results

Eighteen practices completed the survey; two of which

are single handed practices. In two cases, more than one

staff member responded from the practice for a total of 20

responses—for staffing questions, the first completed survey

per practice was included; all responses were retained for the

awareness questions.

All practices had a minimum of one PN on at least a part

time basis, with an average of 2.1 full-time equivalent (FTE)

PNs employed across practices. There was a range of 0.6 FTE

PNs to 6 FTE PNs per practice. Over 60 individual GPs were

employed, for an accumulative 53.5 FTE GPs. Practices were in

twelve different counties and were geographically disparate. Half

of all practices were in towns. Table 1 covers the demographics

of the practices and respondents of the survey.

A total of 84,936 patients were noted across the eighteen

practices, with an average total practice size of 4,718 patients per

practice. The maximum number of patients at any one practice

was 20,000 and the minimum was 800.

Awareness of FH

Respondents were asked to rate their personal level of

familiarity with FH on a scale of one to five, where one

equals below average and five equals above average, three was

average. Across the twenty responses, the average score was

2.65 which is slightly below the “average” level of familiarity.

Respondents were asked to rate their practice’s overall awareness

and knowledge of FH, using the same scale as above. In this case,

TABLE 1 Demographic profile of respondents.

n %

Years in General Practice (n = 20)

4–6 years 6 30.0%

7–10 years 1 5.0%

11–15 years 5 25.0%

15+ 8 40.0%

Location (n = 18)

A City (50,000+ population) 6 33.3%

A Town (1,500-49,999 population) 9 50.0%

A Village (<1,499 population) 3 16.7%

Number of Staff (n = 18) Mean

Total GPs 68 3.78

Total PNs 40 2.22

FTE GPs 53.5 2.97

FTE PNs 36.9 2.05

TABLE 2 Tools to assist in detection of FH.

Percent N

Laboratory report on a lipid profile alerting possible

familial hypercholesterolaemia

80.0% 16

Alert by the clinical software system in your practice 60.0% 12

Direct telephone call from the laboratory 30.0% 6

Finder tool in your clinical software system for

patient who may meet criteria

70.0% 14

None of the above 0.0% 0

Do not know 5.0% 1

the practices were considered to have better overall awareness

with an average score of 2.75.

When asked if they were aware of any guidelines on the

detection andmanagement of FH, around a third of respondents

were not aware of any such guidelines. Ninety five percent (n

= 19) correctly identified that FH is characterized as ‘a genetic

disorder with very high cholesterol and a family of premature

heart disease. Seventy percent (n= 14) of respondents were able

to correctly identify the correct lipid profile of someone with FH.

Respondents were presented with a series of options and

asked which would assist them in detecting FH in their practice

(Table 2). Respondents were able to select as many options as

desired. The most frequently selected option was a laboratory

report (77.8%, n= 14), and a finder tool in their clinical software

was a close second (72.2%, n= 13).

Regarding the prevalence of FH in Ireland, 45.0% (n = 9) of

respondents correctly identified the estimated prevalence, 25.0%

(n = 5) said they did not know, and the remaining responses

were over or underestimates.
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TABLE 3 Routine care activities used for patients with documented

premature CAD.

% N

Check patient’s lipid levels 85.0% 17

Look for arcus cornealis 25.0% 5

Look for tendon xanthomata 30.0% 6

Take a detailed family history of coronary artery disease 75.0% 15

Screen close relatives for hypercholesterolaemia 25.0% 5

All of the above 25.0% 5

None of the above 0.0% 0

In terms of the likelihood that first degree relatives of

someone with FH will also have it themselves, sixty five percent

(n = 13) of the respondents correctly identified that there is

a 50% chance of a patient with a first degree relative with

FH having it themselves. The next question asked how much

of a greater risk of premature coronary heart disease people

with untreated FH have compared to the general population-

−45.0% (n = 9) correctly identified the risk is 10 times greater,

while 25.0% (n = 5) did not know and the remaining selected

incorrect answers.

Respondents were asked to identify the age for males and

females when heart disease is considered “premature”; the

correct answer for males was 55 and females 65. Three people

(15.0%) did not know for either males or females. A fifth (n= 4)

correctly identified the age in males. Only 10.0% (n = 2) people

identified 65 as the threshold in females. Most responses were

< 65 years old. Regarding whether an accurate FH diagnosis

can only be made after genetic testing, 35.0% (n = 7) of the

20 respondents correctly selected “false” as their response while

30.0% did not know.

Management of FH

Respondents were given a list of five care options and asked

if they routinely carried them out for patients with premature

CHD. Overall, 85% (n = 17) said they would check the patient’s

lipid levels, 75.0% (n= 15) said they would take a detailed family

history (Table 3).

Practices also provided the number of adult patients who

had been formally diagnosed with FH, and those who have ever

had an LDLc above 4.9 mmol/l. Out of the eighteen practices,

two could not search for these factors on their practice software

and one practice provided estimates based on prevalence.

The range of total adult patients ranged from 600 to 14,000,

with an average of 4,070 adults registered to each practice. For

the number of formal diagnoses of FH, the range was from 0 to

50 and the average number per practice was eight. Finally, the

number of adults who had ever had an elevated LDLc recorded

ranged from 0 to 366 with an average of 133 per practice. Overall,

TABLE 4 If you have patients with familial hypercholesterolaemia

under your care, do you routinely screen close relatives for this

condition with a lipid profile?

% N

Yes, patient’s children only 0.0% 0

Yes, patient’s children and other close relatives 35.0% 7

Refer for Screening 10.0% 2

Screening not available 5.0% 1

No 45.0% 9

Not applicable, I do not have patients diagnosed with FH 5.0% 1

there were a total of 55,205 adult patients at the sixteen practices

with valid information, 0.2% of them had a formal FH diagnosis

while 3.9% had an LDLc above 4.9 mmol/l at some point.

When asked if there were patients with FH under their care,

would the clinician conduct routine screening of close relatives

by completing a lipid profile for them. Almost half (45.0%, n= 9)

of the clinicians did not routinely screen close relatives (Table 4).

Respondents were asked to identify which healthcare

provider would be most effective to detect and diagnose FH, and

screen first degree relatives. They were given the option of lipid

specialist, GP, cardiologist, specialist nurse, and endocrinologist

to choose from for each. Three quarters (n = 15) selected GP

as the most effective healthcare provider to detect a “significant

lipid abnormality,” 45.0% (n = 9) selected lipid specialist as

the most effective provider to diagnose FH, and 40.0% (n = 8)

selected specialist nurse as the most effective person to screen

family relatives for FH.

In terms of what age should a patient be tested for

hypercholesterolaemia in a family that has FH, 40.0% (n = 8)

said they would start testing at age 13–18 years old, 25.0% (n =

4) said they would start testing at age 7–12 and the remainder

selected none of the above or do not know. Forty five percent

of respondents (n = 9) did not know of any specialist services

for lipid disorders they could refer to, 45.0% (n= 9) were aware

of a service and had referred to it, and 5.0% (n = 1) said they

were aware of a service but have not referred to it and the same

number were aware of such a service but did not know if any

referrals had been made.

Respondents ranked the key barriers to detection and

management of FH in Ireland from 1 to 6. Just under two-

thirds of respondents selected ‘Lack of resourced programme

in general practice for detection and management’ as the most

common barrier (Table 5).

Each respondent could select multiple options from a list

of drugs they would use to treat hypercholesterolaemia in their

own practice. All respondents said they would use statins to

treat hypercholesterolaemia, over three-quarters indicated they

would use ezetimibe (80.0%, n = 15), the remainder are shown

in Table 6.
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TABLE 5 Common barriers to the detection and management of FH.

1 = most

common

2 3 4 5 6 = least

common

Lack of resourced programme in general practice for detection and management 60.0% 5.0% 20.0% 0.0% 5.0% 10.0%

Lack of specialist services 15.0% 25.0% 20.0% 5.0% 10.0% 25.0%

Lack of family screening services 15.8% 15.8% 42.1% 15.8% 10.5% 0.0%

Lack of genetic testing services 20.0% 10.0% 10.0% 25.0% 20.0% 15.0%

Lack of education on this topic for GPs and practice nurses 25.0% 10.0% 35.0% 5.0% 25.0% 0.0%

Lack of guidelines for GPs and Practice Nurses 20.0% 35.0% 25.0% 5.0% 5.0% 10.0%

TABLE 6 Which drugs would you use to treat hypercholesterolaemia

in your practice?

% N

Exchange resins/bile acid sequestrants 5.00% 1

Ezetimibe 80.00% 16

Statins 100.00% 20

Fibrates 35.00% 7

Nicotinic acid 0.00% 0

PCSK9 inhibitors 5.00% 1

None of the above 0.00% 0

Learning needs

Practices were asked if they had any learning needs relating

to FH. All practices said they had learning needs related to FH.

When asked what the best method to fulfill this need, webinar

and ICGP guidelines were selected by 80.0% (n= 16) and 85.0%

(n= 17) respectively.

Educational component

The ICGP Education department collaborated with

one of the authors—Joe Gallagher, ICGP HSE Primary

Care Lead for Integrated Care Programmes (cardiovascular

disease)—and the ICGP Research Department to deliver the

educational component.

We recorded individual subject matter experts on the named

areas/topics below. All modules were delivered via a live webinar

followed up by a Question-and-Answer session with Gallagher.

A total of 16 practices participated in the live event where both

GPs and nurses took part.

These short recordings were then combined as lessons in an

overall module, which continue to be available to staff in the

participating practices on the ICGP Education platform. This

allows for reference to the material at a time that works best for

all practice staff. We also provided a discussion facility so that

participants can ask questions, share progress etc.

Retrospective chart review

Eight practices returned information on 198 patients. The

range of the number of patient charts reviewed per practice was

10 to 30. Themajority, 59.1%, of patients were female. Just under

two-thirds of patients were aged 46–65 years old. The mean age

for all patients was 55 years, however female patients tended to

be older with a mean age of 57.5 compared to 51.2 for males as

there was a higher proportion of males aged 41 to 50 (Figure 1).

Out of the 198 patients, 29.8% had a family history recorded

in their electronic medical record—with a higher proportion

of male patients (37.0%) having a family history recorded

compared to female patients (24.8%). Although not statistically

significant, patients who had a family history recorded had

higher average LDLc– 4.44 mmol/l compared to 4.39 mmol/l for

latest LDLc recorded and 6.00 mmol/l compared to 5.78 mmol/l

for highest ever. Just under a quarter of all patients (n = 44)

had a family history of CVD recorded, and for half of these

the family history of premature CVD (defined as Female relative

<65 or male relative <55 years of age) was recorded. Only 7.6%

of patients had a personal history of atherosclerosis recorded.
For the highest recorded LDLc, the average was 5.8 mmol/L.

Female patients had a slightly higher average of 5.9 mmol/L

compared to males at 5.7 mmol/L. In terms of the latest LDLc

recorded, the overall mean was 4.41mmol/l and again the female

patients had a slightly higher average of 4.42 mmol/l compared

to males at 4.38 mmol/l (Figure 2).

Less than one percent of patients had a Dutch Lipid Clinic

Network Score (DLCNS) recorded, while 9.1% of patients

reviewed had a diagnosis of FH already.

Female patients also had a higher average BMI of 30.4

compared to males at 29.6 and the overall average of 30.1.

The mean systolic blood pressure (SBP) recorded across all

198 patients was 131.7 mmHg and the mean diastolic blood

pressure was 81.3 mmHg. Female patients had an average blood

pressure of 132.6/80.9 mmHg and male patients had an average

of 130.4/82.1mmHg.

Smoking status was recorded for 68.2% of patients – 38.3%

of male patients were current or ex-smokers compared

to 23.1% of female patients. Drinking behaviors were less
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FIGURE 1

Age pyramid (counts).

FIGURE 2

Comparison of the most recent LDLc mean for males and females.

well recorded, with only a third of patients having this

information in their records. Out of the patients with drinking

frequency recorded, around half said they never drank or

drank once a month or less. However, just under one fifth

(18.5%) of patients with alcohol consumption information

drank four or more times in a week. A third of these

patients were drinking more than ten units of alcohol on

each occasion.
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TABLE 7 Prescriptions for lipid management.

Has the patient

ever been

prescribed

statins?

Is the patient

currently on

statins?

Has the patient

ever been

prescribed

ezetimibe?

Is the patient

currently

prescribed

ezetimibe?

Is the patient on

other lipid

lowering

therapies?

Has the patient

attended specialist

clinic related to

their lipids?

Yes (%) 68.2 58.6 11.1 9.6 1.5 6.1

No (%) 31.3 40.9 88.4 89.9 98.0 93.4

Not recorded (%) 0.5 0.5 0.5 0.5 0.5 0.5

TABLE 8 Patients’ comorbid conditions.

Percent of

Patients

N

No 61.4 43

Yes 38.6% 27

Frequency of comorbid conditions (% of Yes)

Hypertension 48.2% 13

Coronary Artery Disease 7.4% 2

Diabetes 11.1% 3

Cardiomyopathy 3.7% 1

Other 37.0% 10

Regarding the management of FH, GPs reported on

medication history and specialist referrals relating to lipid

management. Most patients had been or were currently taking

statins, while few had experience with ezetimibe or other lipid

lowering medication (Table 7). Furthermore, 6.1% of patients

had ever been referred to a specialist for lipid management.

Active patient review

Seven practices returned data from the patient active review

activity—hence seventy patients underwent this targeted review.

Within this subset of patients, 64.3% were female and the overall

average age was 55.2. The male’s mean age was 52, while it was

57 for females. All adult patients’ records were checked for family

history of CVD, 41.4% of patients had family history information

added to their file.

More than one third, 38.6%, of these patients had a

comorbid condition. Of these 27 patients, 48.1% (n = 13) had

hypertension, 22.2% (n = 6) had hypothyroidism, and three

people had diabetes (Table 8). Nearly half of females (46.7%) in

the subset had a comorbidity compared to around one fifth of

male patients (21.7%). The mean age for females with comorbid

conditions was 58.4 years, for males this was 51 years.

Overall, 60% of patients (n= 42) had other CVD risk factors.

The most frequently cited risk factor for these patients was

TABLE 9 Patients’ CVD risk factors.

Risk factor Percent of patients with CVD

risk factor with this risk

Overweight or obesity 38.1%

Hypertension (HTN) 23.8%

Smoker 40.5%

Sedentary 9.5%

smoking, followed by being overweight, having hypertension

or a sedentary lifestyle (Table 9). Additionally, we identified a

small number of patients with hypothyroidism which may also

increase LDL cholesterol, however, the data did not permit us

to establish if the highest LDLc recorded was when patient was

being treated for hypothyroidism. Two of these patients already

had an FH diagnosis.

Some patients had multiple risk factors and others had some

that were unique to them and not included in this table, such as

an autoimmune condition. Around half of male patients had at

least one CVD risk factor compared to just under two thirds of

female patients. As a result, many of the patients were referred

for blood tests, had a medication change and/or were given

smoking cessation and lifestyle (diet/exercise) advice to help

improve their situation. In two cases, a patient’s children were

notified so they could have their own health check.

New diagnostic tests were ordered for 65% of patients, all

of which received new blood tests. In addition, one patient

had a 24h BP monitor and another had an ECHO and

Carotid Doppler.

In total, thirty-five patients had a new LDLc result; the

average overall was 3.83 mmol/l. The lowest result was 1.3

mmol/l and the highest was 8 mmol/l. The average values for

each sex were similar, with females having an average of 3.84

mmol/l and males 3.85 mmol/l.

Fifty-nine patients had a DLCNS calculated as part of this

review. The female average DLCNS was 4.8 and male was 5.5—

overall mean was 5. A DLCNS between 3-5 is considered as

“possible FH.” Based on the DLCNS guidelines, 14.3% of these

patients were classed as “definite FH” cases (Figure 3).
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FIGURE 3

FH status based on DLCNS from active review.

TABLE 10 Medication changes.

Medication changes % of patients

Decreased 4.29%

Exchanged one medication for another 2.86%

Increased 4.29%

No change 68.57%

Started a new one 17.14%

Stopped 1.43%

N/A 1.43%

Total 100.00%

There were no correlations between age, sex, or

whether the patient had other general comorbidities and

the newly determined FH status. However, there was a

statistically significant (p = 0.002) relationship between newly

determined FH status and whether the patient had other CVD

risk factors.

Some patients had their medications changed

(Table 10), most of the medications added were

either statins or ezetimibe. Almost a fifth of

patients began a new medication because of

their review.

Finally, around a third of patients were referred to a new

specialist service because of the review. The most common

referrals were to cardiology or endocrinology. One person was

referred to a lipid specialist.

Discussion

Summary of results

Out of the 55,205 adult patients at the sixteen practices with

valid information, 0.2% of them had a formal FH diagnosis

and 3.9% had an LDL above 4.9 mmol/l recorded in their

EHR. Very few respondents reported themselves as having an

above average familiarity with FH, though 65.0% considered

their knowledge to be “average.” Seventy percent of respondents

were aware of some guidelines about FH, however, more ICGP

guidelines were requested tomeet learning needs by 85.0% of the

sample. Almost all respondents were able to correctly describe

the characteristics of FH and the majority were able to correctly

identify a lipid profile that is consistent with a FH diagnosis. The

respondents knew which medications to use to treat FH and the

importance of taking a family history for these patients, but half

had not performed or referred to screening for family members

of patients with FH.
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Furthermore, as the recording of FH and number of formal

diagnoses was low, this may indicate that increased awareness

about the importance of early diagnosis and treatment is

needed. Gaps in knowledge about the prevalence, risks of

untreated FH and the best secondary care services to refer to

for help in managing and screening for FH were identified and

covered in the educational material—of which sixteen practices

participated in a webinar and 13 used the additional online

module. This material can now be disseminated to all Irish

general practices.

Additionally, 198 adult patients from eight practices with

a history of elevated LDLc in Ireland had their charts

retrospectively reviewed. Over half (59.1%) of patients were

female, and the average age of the patients was 55 years old. Just

under two-thirds of patients were aged 46–65 years old. Female

patients included were older than males. The key data points

from the retrospective chart review were the latest and highest

LDLc results. The average latest LDLc result (likely a managed

cholesterol score) was 4.4 mmol/l and the highest average LDLc

was 5.8 mmol/l. Females tended to have a higher result for LDLc

and BMI results, however more males were current smokers.

Seventy patients from seven practices underwent an active

health review, just over a quarter of these were subsequently

classified as “probable” or “definite FH” using DLCNS criteria.

Overall, 41.4% of these patients had their family history updated

on their record. All patients were given advice on how tomanage

their lipids and cardiovascular health, with some starting on

medication and others having medication adjusted; all received

lifestyle advice to help reduce other identified risk factors. The

most frequently identified risk factor for these patients was

smoking, either tobacco or vape. Furthermore, just under 40% of

these patients had another health concern such as hypertension.

Forty-six (65.7%) had new blood tests and 31.4% were referred

to a specialist. Half of these patients had a new LDLc result;

the average overall was 3.83 mmol/l. The lowest result was 1.3

mmol/l and the highest was 8 mmol/l. This may indicate some

patients needing further management of their lipids.

Strengths and limitations

There were a few challenges and limitations of this work.

The initial call for expressions of interest was sent to ICGP

members in early 2021, with the goal of recruiting 20 practices.

After this email went out, there were 28 interested practices,

however due to the time commitment required and the demands

of the COVID-19 vaccination schedule that GPs were asked to

complete at the same time, along with usual practice duties,

there was a gradual drop out over the course of the project.

In the end, 18 practices responded to the survey, 16 engaged

with the educational materials, 8 completed retrospective chart

reviews and finally 7 completed active patient reviews. The small

number of practices is considered a limitation for this study;

furthermore, it may have introduced a bias as these practices had

an interest in the topic of FH, which may have also been true for

the patients who participated.

Despite the small number of practices, a strength of this

study was that 198 patients had their charts reviewed and 70 had

an active investigation into their dyslipidemia. Furthermore, it is

a similar sample to a study completed in the UK (23). Another

limitation of the study was the limited search capabilities of the

practice management software systems in Ireland. Practices had

different software packages with variable data quality, some GPs

found it difficult or time consuming to search for patients based

on recorded LDL cholesterol level.

GPs who discontinued their participation reported being

too busy in their practice to participate and this may have

introduced bias.

Many of the practices faced challenges in recruiting patients

for active reviews, partially due to reluctance to come into the

practice during the pandemic and partially due to disinterest

in FH from patients. Although others have also found that

importance of cholesterol control has not garnered the same

attention as blood pressure in the public (17).

Finally, when practices were asked to participate in a final

educational activity and qualitative interviews—for both those

who had and had not participated throughout the project—

there was a lack of interest to continue participation. A possible

reason for lower participation than desired could be a low level

of awareness and interest in FH among Irish GPs. However, we

do not consider that this impacted on the data reported here.

Comparisons to other literature

In 2014, Bell et al. (20) developed the original

questionnaires to determine GPs’ knowledge regarding

familial hypercholesterolaemia in Western Australia (col 2,

Table 11). This questionnaire was then used in other studies,

most notably in the “Ten Countries” study (21) (col 4-12,

Table 11) led by the FH Australasia Network (26). In that study

(21), the UK (25) was used as an international benchmark—

these results will also be used. The work has expanded to at

least fifteen countries and into other areas of medicine outside

of general practice. In the following section, we will compare

our key findings from Table 3 to the same table from previous

studies. In 2019, Mirzaee et al. (24) repeated the survey with 121

healthcare professionals (HCP) involved with the management

of acute coronary syndrome (col 3, Table 11).

None of our participants had previously completed the

questions ergo it can be considered a baseline awareness level

for these practices (Table 11) like the other studies. This table

compares our findings to other international results

In our study, 65% of respondents rated their familiarity with

FH as average or above with 5% of this being “above average.”

In Bell et al.’s 2014 cohort of 191 GPs, 62% rated themselves

as average or above (20); in the “Ten Countries” study (21),

34% rated their familiarity above average and 39% were above
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TABLE 11 Awareness and knowledge survey response comparisons.

Awareness 1.

Ireland

2. Western

Australia

[2014 (20)]

3. Cardiac

HCPs

Victoria,

Australia

2019 (24)

4. Australia

[2017–(21)]

5.

Japan

6.

Malaysia

7. South

Korea

8.

Philippines

9. Hong

Kong

10.

China

11.

Vietnam

12.

Taiwan

13. UK

(25)

Familiarity of FH rated as above average (>4)

(personal)

5% 32% 23% 38% 28% 34% 50% 23% 49% 47% 39%

Familiarity of FH rated as average (3) (personal) 65% 62% (average

or above)

76%

Awareness about FH guidelines 70% 33% 43% 36% 47% 35% 34% N/A 43% 8% 28% 53% 61%

Awareness about lipid specialists 55% 62% 36% 51% 33% 34% 30% 31% 40% 12% 39% 57% 50%

Knowledge

Correctly described FH 95% 80% 63% 72% 77% 86% 51% 73% 62% 75% 65% 60% 89%

Correctly identified lipid profile 70% 68% 68% 59% 85% 65% 57% 48% 51% 85% 45% 61% 74%

Correctly identified prevalence of FH in the community 45% 27% 16% 26% 41% 24% 19% 16% 11% 17% 14% 30% 30%

Correctly identified the transmission rate of FH to

first-degree relatives

65% 45% 44% 40% 49% 42% 37% 49% 36% 26% 61% 51%

Correctly identified the cardiovascular disease risk in

untreated FH patients

45% 29% 48% 14% 13% 9% 8% 10% 7% 4% 2% 5% 14%

Correctly identified that genetic testing was not

required to accurately diagnose FH

35% 50% 50% 52% 47% 64% 68% 38% 38% 58% 24% 52%

Selected statins to best treat hypercholesterolemia 100% 95% 89% 85% 96% 90% 95% 93% 95% 75% 95% 94%

Selected a combination of statin and ezetimibe to treat

severe hypercholesterolemia

65% 74% 64% 48% 56% 70% 48% 49% 77% 31% 63% 50%

Practice

Screened patients with premature CAD for family

history

100% 56% 45% 93% 83% 95% 89% 92% 95% 94% 85% 95% 90%

Performed/referred for routine family screening of

patients with FH (if GP has FH patients under their

care)

45% 53% 8% 86% 30% 82% 50% 53% 90% 47% 83% 77% 73%

The most prevalent age for screening young people in a

family with FH was 13–18 years, which was selected by

40% 52% 43% 52% 18% 52% 54% 52% 48% 16% 33% 20% 45%

Have referred FH patients to a lipid specialist (if aware

of lipid specialist)

45% 27% 66% 26% 52% 57% 32% 86% 86% 49% 100% 72%

Opinions on detection

Selected GPs as the most effective healthcare provider

for the early detection of FH

75% 84% 72% 80% 45% 92% 71% 58% 76% 8% 23% 50% 82%
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average in the UK. In comparison with the 2019 Australian

results (24), 76% of these HCPs considered their familiarity with

FH as average or better. This shows some disparity in above

average familiarity with FH in Ireland. Seventy percent of the

Irish cohort were aware of guidelines about FH, this was similar

to the 61% in the UK (25), and higher than Bell et al.’s Australian

GPs at 33% (20), and the 35% in the “Ten Countries Study” (21),

and 43% of HCPs inn theMirzaee et al. 2019 study. In a Croatian

study, only 56.9% of the interviewed physicians actively used

guidelines in their work, and they found primary care physicians

were more likely to rely on their own experience compared to

specialists (27). However, ICGP guidelines were the secondmost

requested learning material in our study which could mean that

while Irish GPs are aware of guidance on FH, they need more

information on the condition. Half of the Irish GPs were aware

of lipid specialists, compared to 62% in Bell et al.’s cohort, the

same in the UK cohort, and the 35% percent in the Asia-Pacific

countries and 36% in Mirzaee’s study.

Looking at the knowledge indicators, 95% of our sample

were able to correctly identify the FH definition. In comparison,

89% of the UK sample, 63% of the Australian HCPs (24), 80% of

the Australian GPs, and 72% of the Asia-Pacific group were able

to identify the correct definition. Thirty-five percent of the Irish

HCPs correctly identified that genetic testing is not required to

diagnose, this was slightly less than the half of GPs in the “Ten

Countries” study, Bell et al.’s 2014 Cohort and 52% in the UK

study. For treatments, all the Irish clinicals had selected statins

as the best option to treat FH, similar to the 94% of the UK GPs

had selected this compared to 90% in the “Ten Countries” study

and 95% in Bell et al.’s study. However perceived knowledge may

differ in practice-−80.6% of physicians in the Croatian study

believed they treated patients with dyslipidaemia well, though

only 53.3% knew the LDLc target value (27).

Just under half of the Irish respondents performed routine

family screening of patients with FH, while similar to Bell

et al.’s 53%, this is lower than 73% of the UK respondents,

and 66% of respondents in the “Ten Countries” study.

More proactive family screening of Irish patients should be

conducted. Finally, 75% of the Irish group said GPs were

the most effective healthcare provider to detect FH early,

the same percent of respondents selects GPs in Mirzaee’s

study, which is < 84% in Bell et al.’s study and 82%

in the UK but more than most of the countries in the

“Ten Countries” study.

In a recent study, searching for patients with an elevated

LDLc in their electronic health record (EHR) was found to

be an effective way to identify the key patients to prioritize

when screening for FH (28). These researchers also found that

as the LDLc category worsens, using either the DLCNS or

Simon Broome technique, so does the presence of secondary

causes of dyslipidaemia (28). These are comparable results

to what we found, with a significant correlation between a

patients’ FH status and the presence of secondary CVD risks

being observed.

A team of primary care researchers in the UK completed a

similar exercise as our study, asking a set of general practices

to search EHRs for patients with high total cholesterol (23) and

completing an assessment with 118 of these patients. In this

study, they also saw females having higher mean cholesterol

levels and over a quarter of their patients meeting the Simon-

Broome Criteria for possible FH.

Another possible method for identifying patients at risk

of FH using EHRs could be employing machine learning

techniques. A team of researchers in the United States found

that after training their classification tool with information

such as DLCNS and total and LDLc measurements, it was able

to correctly flag 84% of patients with the highest probability

of having FH (29). Other studies (30, 31), have also shown

that using and improving clinical tools, such as the Familial

Hypercholesterolaemia Case Ascertainment Tool (FAMCAT)

(17), in primary care are helpful in finding patients most

at risk for having FH ergo increasing diagnoses. This could

be an effective method to use in Ireland and elsewhere

if the data quality of EHRs is sufficient and contains the

required information.

While searching EHRs in primary care has been shown to

improve detection of FH (18), it needs to be done at a system

level if the thousands of undetected cases are to be identified

(17). Ireland currently lacks a formal screening programme (32),

and a third of the respondents in this study were unaware of the

current available guidelines which may highlight the need for

better national awareness of FH. Public awareness should also

be considered regarding FH and risks for CVD—in a Croatian

survey of the public, 30.9% of people were aware that elevated

LDLc increased the risk of CVD (33). The organization “FH

Europe” and other key stakeholders aim to implement EU-level

policies that will encourage governments to raise awareness and

to fund screening programmes and related care (34). This could

be an opportunity for Ireland and other EU countries to develop

their own screening programme.

Following the detection, standard method of treating FH

should also be employed. Santos et al. (12) reported that targeted

interventions can reduce the excess mortality resulting from FH,

with primary prevention reducing the increased risk of CVD to

just two-fold of the general population and secondary reducing

the risk to four-fold more than the general population. In our

cohort, less than two-thirds of the patients who had ever had

an elevated LDLc were currently taking a statin to manage their

LDLc—which could indicate an area of improvement in the Irish

context.

Conclusion

The activities in this project have encouraged more in Irish

general practice (GPs and PNs) to consider FH when talking

to their patients, especially those with an elevated LDLc. Very

few patients reviewed had a Dutch Lipid Clinical Network
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Score or a family history, which would be key elements in

improving detection of FH in general practice. Wider awareness

in clinicians of how to detect and manage FH for general

practice, as we have achieved in this study, can have positive

impact on detection and management of FH (18). Using tools

such as machine learning algorithms or record flagging may be

effective in helping general practice clinicians to identify at-risk

patients. Further education and awareness activities for GP staff

and possibly a public facing FH campaign could encourage more

conversations about it in the doctor’s office.
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Introduction: A substantial proportion of individuals with low cardiovascular

risk receive inappropriate statin prescription for primary prevention of

cardiovascular disease (CVD) instead of the evidence-based recommendations

to promote healthy lifestyle behaviors. This study reports on the structured

process performed to design targeted de-implementation strategies to reduce

inappropriate prescription of statins and to increase healthy lifestyle promotion

in low cardiovascular risk patients in Primary Care (PC).

Methods: A formative study was conducted based on the Theoretical

Domains Framework and the Behavior Change Wheel (BCW). It comprised

semi-structured interviews with PC professionals to define the problem in

behavioral terms; focus groups with Family Physicians and patients to identify

the determinants (barriers and facilitators) of inappropriate statin prescription

and of healthy lifestyle promotion practice; mapping of behavioral change

interventions operationalized as de-implementation strategies for addressing

identified determinants; and consensus techniques for prioritization of

strategies based on perceived e�ectiveness, feasibility and acceptability.

Results: Identified key determinants of statin prescription and healthy lifestyle

promotion were: the lack of time and clinical inertia, external resources,
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patients’ preferences and characteristics, limitation of available clinical tools

and guidelines, social pressures, fears about negative consequences of not

treating, and lack of skills and training of professionals. Fourteen potential

de-implementation strategies were mapped to the identified determinants

and the following were prioritized: 1) non-reflective decision assistance

strategies based on reminders and decision support tools for helping clinical

decision-making; 2) decision information strategies based on the principles

of knowledge dissemination (e.g., corporative di�usion of evidence-based

Clinical Practice Guidelines and Pathways for CVD primary prevention); 3)

reflective decision-making restructuring strategies (i.e., audit and feedback

provided along with intention formation interventions).

Conclusions: This study supports the usefulness of the BCW to guide

the design and development of de-implementation strategies targeting

the determinants of clinicians’ decision-making processes to favor the

abandonment of low-value practices and the uptake of those recommended

for CVD primary prevention in low-risk patients. Further research to evaluate

the feasibility and e�ectiveness of selected strategies is warranted.

Clinical trial registration: Sanchez A. De-implementation of Low-value

Pharmacological Prescriptions (De-imFAR). ClinicalTrials.gov, Identifier:

NCT04022850. Registered July 17, 2019. In: ClinicalTrials.gov. Bethesda

(MD): U.S. National Library of Medicine (NLM). Available from: https://www.

clinicaltrials.gov/ct2/show/NCT04022850.

KEYWORDS

de-implementation, inappropriate prescribing, statin, cardiovascular disease, primary

prevention, primary care

Introduction

De-implementation or abandonment of ineffective or low-

value healthcare has gained great interest in recent decades,

due, among other factors, to the growing empirical evidence

of its high prevalence and its impact on patient safety,

resource consumption and social inefficiency (1, 2). Accordingly,

theoretical and empirical evidence-based knowledge about the

key factors (barriers, facilitators, etc.) required for the design and

application of de-implementation of low value care, is growing

rapidly (2–4).

In light of current understanding of how to tackle targeted

implementation and de-implementation endeavors, several

fundamental aspects can be concluded. Firstly, factors driving

the implementation of both evidence-based and inappropriate

interventions in the clinical setting are multi-level, complex, and

context specific (2). Therefore, a wide range of factors related to

the intervention or practice to be de-implemented, the agents

involved in this practice (e.g., healthcare professionals, patients)

and other inner and outer context factors, should be carefully

accounted for. Secondly, in order to be able to change a certain

clinical practice, involved agents and stakeholders should be

engaged in the process of identifying the practice determinants,

in the design of focused interventions and implementation

strategies and in the planning of their assessment (5, 6). Finally,

the intervention design should be performed following a formal

analysis of the target behavior and its mechanisms of action,

and guided by models or theories covering the whole range of

potential behavior influences or determinants at stake (7, 8). To

this end, Behavioral Science and behavior change theories and

frameworks for the development or planning of interventions

can aid in better identifying and understanding the multi-

level mechanisms that altogether influence clinical behavior,

as well as in the selection of focused, effective techniques

to promote behavior change of healthcare professionals (9,

10). Some examples of such theories or frameworks for the

development or planning of interventions are the PRECEDE-

PROCEED model (11), Implementation Mapping (12), or the

Behavior Change Wheel (BCW) (13). Despite the wealth of

recent scientific literature on the development of intervention or

implementation strategies to facilitate the uptake of innovative

or evidence-based practices, the application of behavioral

science theory for the development of de-implementation

interventions is scarce (14–16).
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The DE-imFAR (from the Spanish for DE-implementation

of low-value pharmacological prescriptions) study aims to

carry out a structured, evidence-based and theory-informed

process involving the main stakeholders (healthcare managers,

professionals, patients, and researchers) for the design,

deployment and evaluation of targeted de-implementation

strategies for reducing low-value pharmacological prescribing

(17). Specifically, the selected low-value practice is the

prescription of statins in primary prevention of cardiovascular

disease (CVD) in patients with low cardiovascular risk (CVR)

(i.e., <10% CVR according to the REGICOR equation). Based

on the evidence (18) and clinical practice guidelines (19–21), it

is recommended not to start statin therapy in this population,

with promotion of healthy lifestyles (i.e., healthy diet, physical

activity and smoking cessation) being the recommended

intervention instead.

Despite these recommendations, over the last years the

consumption of statins in the Basque Country has increased

substantially due, in part, to a CVD prevention approach

excessively focused on the control of lipid levels and the use

of medications. In this regard, the results from a descriptive

observational study (as part of the DE-imFAR study) with data

from electronic health records (EHR) on the inappropriate

prescription rate of statins in patients aged 40–75 years with no

history of CVD, with moderately cholesterol but with a CVR

<5% (REGICOR) showed an incidence of new inappropriate

prescriptions of 10.5 per 100,000 people/year (22). Furthermore,

over 60% of the EHRs of these patients with inappropriate

prescription of statins did not have a record of having been

given advice on physical activity or a healthy diet. Likewise,

49% did not receive preventive recommendation on smoking

cessation (22).

This paper reports on Phase I of the DE-imFAR study.

Its main aim is to conduct a formative research in the

specific context of the Basque Health Service-Osakidetza to:

i) understand the problem of low-value statin prescription in

primary prevention of CVD and define it in behavioral terms;

ii) identify the main determinants of this clinical practice

(e.g., at personal, inter-personal, organizational, social level)

that must be addressed to change this behavior, and iii)

map potential de-implementation strategies; and iv) prioritize

mapped strategies based on their perceived effectiveness,

feasibility and acceptability.

Materials and methods

Design

A Phase I formative study applying systematic,

comprehensive and evidence-based frameworks, such as

the Theoretical Domains Framework (TDF) (23, 24) and the

BCW (13, 25) for the collaborative design and development

of de-implementation strategies to favor the abandonment

of low-value pharmacological prescribing of statins in

primary prevention of CVD. The DE-imFAR study protocol was

reviewed and approved by the Basque Country Clinical Research

Ethics Committee (Reference: PI2019102, approved on 10 April

2019) and was registered in the U.S. NLM ClinicalTrials.gov

database (ClinicalTrials.gov Identifier NCT04022850, 17

July 2019).

A working group, which was composed of experts

in the design of implementation strategies, methodologists,

pharmacists, qualitative researchers, clinicians and health

service managers, used the TDF and BCW to identify, select,

adapt and define possible behavioral change interventions

operationalized as de-implementation strategies to address the

prioritized determinants of inappropriate statin prescription in

CVD primary prevention. This process involved eight steps

grouped into the following three stages:

1st stage-understand the behavior: Step 1)
define the problem in behavioral terms; step 2)
select the target behaviors; step 3) specify the
target behaviors; step 4) identify what needs to
change

We conducted a set of five semi-structured interviews with a

sample of Family Physicians (FPs) (n = 3) and Practice Nurses

(n = 2) with recognized expertise and experience in CVD

prevention in order to identify the overall behavioral scenario

and break down the chain of behaviors and concomitant non-

behavioral (e.g., contextual) factors (step 1). The interview

script was centered on determining how physicians address and

manage the clinical encounters related to CVD prevention, and

what the main steps taken are. Three members of the working

group independently reviewed the recordings of the interviews,

and identified and proposed a set of possible target behaviors.

Subsequently, using matrices and exercises proposed by the

BCW (25), the working group proceeded to vote and discuss

until agreement in order to select (step 2) and to specify (step

3) the final target behaviors most likely to lead to the desired

behavior change.

In order to explore the practice determinants (barriers

and facilitator) of the selected target behaviors related to

inappropriate statin prescription and healthy lifestyle promotion

actions, a qualitative study comprising focus groups with FPs

was performed (step 4).

Since the DE-imFAR study was carried out in two of the

13 Integrated Healthcare Organizations (IHO) of Osakidetza,

a convenience sampling strategy for the recruitment of the

healthcare professionals was used. In short, emails were sent to

all the FPs from the Ezkerraldea-Enkarterri-Cruces (n= 83) and

Barakaldo-Sestao (n= 123) IHOs with a brief explanation of the

project and the invitation to participate. Out of the total number

contacted, it was possible to recruit 21 FPs. Four focus groups
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of about 90min of duration were conducted, two for each IHO,

with between four to seven attendees in each group.

The groups were led by two researchers with experience

in qualitative research methods, as well as knowledge of the

clinical field. The focus groups were audio recorded and

transcribed verbatim. Informed consent from all participants

was obtained prior to any research procedure. The script

of the focus groups were developed to explore in-depth

potential determinants with questions covering each of the

TDF dimensions (24). An inductive analysis based on grounded

theory (26) was adopted to favor the emergence of a theory

on the functioning of inappropriate statin prescription based

on the words and phrases of the professionals. To facilitate

the analysis, a coding scheme regarding the TDF dimensions

and their relative constructs was developed. Two researchers

independently reviewed and coded the transcripts and iteratively

discussed possible discrepancies until reaching a consensus.

In addition, and with a twofold goal of firstly, ascertaining

patients’ experience regarding the clinical practice of statin

prescription; and secondly, of triangulating physicians

discourse, a focus group with patients was also conducted. To

do so, participating professionals were requested to provide a list

of patients “at low cardiovascular risk, in treatment with statins,”

as well as for authorization to contact them. Eleven identified

patients were contacted by telephone explaining the general

objective of the study and the specific purpose of the discussion

group and were invited to participate. Finally, a discussion

group made up of six patients who agreed to participate was

held. Informed consent from all patients was obtained prior

the focus groups commencement. The following aspects were

explored: how the pharmacological treatment was started;

whether it was a decision made in conjunction with the FP; how

they were informed; what factors could determine this action

(preference or health problem, and at patient, professional,

health center level), patient comfort with treatment, and so on.

2nd stage-identify intervention options: Step 5)
select intervention functions; step 6) select the
specific behavior change techniques

The goal at this stage was to identify the Behavior Change

Techniques (BCTs) for each of the agreed determinants of

selected target behaviors. Two researchers proceeded first

to group each identified barriers and facilitators into their

respective TDF domain. Subsequently, they described identified

determinants in the form of “what needs to change” and

linked them to the intervention functions guided by the

BCW instructions and suggestions. Then, all potential policy

categories were identified. Lastly, potential BCTs most likely to

produce a change were selected for each determinant using the

process established by the BCW (25).

3rd stage-identify implementation procedures:
Step 7) select strategies and intervention
techniques; step 8) select the mode of
execution of the intervention

Final definition, packaging and selection of previously

identified de-implementation strategies were carried out

through a participatory consensus process in the form of

round meetings involving the working group as representatives

of the main stakeholders. In short, the working group first

grouped and logically ordered all related mapped BCTs (i.e.,

those hypothesized to address the same determinant or several

determinants at a time). Then and guided by examples of

de-implementation interventions within the literature and

by the experience of several team members in the design of

implementation strategies, the working group decided upon

a clear layout of the techniques to be applied (i.e., the actual

content of the interventions, their possible formats and modes

of execution) for each of the potential interventions identified

through this structured mapping process.

Priorization of identified de-implementation
strategies

Finally, in order to prioritize the de-implementation

strategies derived from the conducted mapping, a poll process

using the LimeSurvey platform involving FPs who collaborated

in the focus groups was carried out. Specifically, they assessed

the potential effectiveness, acceptability and feasibility of

each identified strategy. The prioritization analysis, taking

into account the ordinal nature of the measurement scale,

was carried out by counting the number (proportion) of

observations in each value of the assessed variables. Those

considered potentially effective while highly acceptable and

feasible for enacting behavior change were prioritized as the

final set of specific strategies, to be contained in at least one

broad de-implementation strategy seeking to reduce low-value

pharmacological prescribing in the primary prevention of CVD.

Results

1st stage-understand the behavior

Steps 1, 2, and 3. Define the problem in
behavioral terms, select the target behaviors,
and specify the target behaviors

Firstly, derived from the five semi-structures interviews with

FPs and Nurses conducted in step 1, the working group defined

the target behavior as: “Reduce the prescription of statins in

the context of primary prevention of CVD in low-risk patients

(REGICOR <5%) and favor the adoption and implementation of

the recommended intervention, the promotion of healthy lifestyles

(regular physical activity, healthy diet and giving up smoking) at
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any opportunistic or programmed health center visit for screening

or addressing CVD risk factors” (Supplementary Table S1).

Afterwards, in steps 2 and 3, this target behavior was

broken down into the chain of behaviors involved and

the concomitant precipitating factors (Supplementary

Table S2). Three precipitating factors for the practice of

primary prevention of CVD were identified: i) alarm systems

integrated within the EHR prompting the fulfillment of

the Preventive Activities Program (PAPPs); ii) the presence

of high cholesterol levels in a blood test result; or, iii)

the presence of a prescription initiated or suggested by

another professional (specialist or private). Regarding the

preventive action behaviors by FPs and Practice Nurses, seven

main steps were identified, ranging from the initial general

approach for CVD primary prevention focused on CVD risk

and the cholesterol level to the enactment of the decided

treatment or intervention, the options being the prescription

of a statin, the delivery of a healthy lifestyle promotion

intervention, or both. The following specific behavior was

prioritized by the working group and described according

to who needs to do what, when, where, how often, how

and with whom, as that most likely to bring about change:

“The FP considers options and makes the clinical decision on

intervention/treatment to be provided, based on the result of the

CVD risk estimation, on knowledge and heuristics in relation

to the recommended practice, their attitudes, expectations and

abilities, and other contextual factors (time, work overload,

organizational norms, decisional fatigue, etc.).”

Step 4. Identify what needs to change

Numerous determinants, facilitators of the inappropriate

statin prescription and barriers toward healthy lifestyle

promotion emerged from the focus groups with healthcare

professionals. Determinants were identified from the quotes

guided by a pre-specified coding. Though professionals’

discourse tended to saturation, we do not have explicit

confirmation of having reached saturation of data with

the four groups. Table 1 displays some examples of quotes

classified by the domains of the TDF. Except from one

TDF dimension, Optimism, all the rest of the dimensions

were covered in the FPs’ discourses (see Table 1 for

extracted quotes):

Knowledge

Participants felt that lack of awareness of the problem,

doubts, clinical guidelines being out of date, and lack of

consensus on or variability of recommendations, are main

facilitators for an inappropriate prescription (see quotes K_Q1-

Q3; Table 1). They believed that clearer evidence and getting a

broader vision considering further risk factors would help to

prescribe properly (K_Q4, Q5).

Skills

Differential required skills of alternative behaviors, statin

prescription versus healthy lifestyle promotion, due to their

perceived or experienced ease/difficulty seem to be, on the

one hand, a facilitator of an inappropriate prescription, and

on the other hand, a barrier to the recommended practice to

be provided, especially regarding the prescription of physical

activity (Sk_Q1,Q2).

Beliefs about capabilities

The main determinant related to capabilities is the low

perceived confidence in prescribing healthy lifestyles, a clinical

practice considered difficult in itself as compared to prescribing

a statin (Cap_Q1, Q2). This problem is augmented by the

difficulties faced by professionals to tackle healthy lifestyle

promotion actions as a means of preventing CVD in low-risk

patients, who are not usually frequent attenders (Cap_Q3).

Beliefs about consequences

The fear of negative consequences of not treating seemed

to be a powerful driver of inappropriate prescribing (Con_Q1).

This “defensive medicine” was also enhanced by the perceived

effectiveness of statins in decreasing cholesterol levels

(Con_Q2). Obtaining such a positive clinical result in the

short term contrasted with the long term (and somewhat

unperceived) benefits of healthy lifestyle promotion actions

(Con_Q3). The adverse effects associated with statins seemed to

be a potential barrier to statin prescription (Con_Q4).

Motivation, goals, and intent

The abovementioned scarcity of positive expected results

from healthy lifestyle promotion actions has derived in a low

motivation of professionals (M_Q1). Actual intention in the

form of action plans or goals, both for not prescribing statins

and for providing healthy lifestyle promotion interventions, is

seen as a necessary condition to endorse guideline-concordant

CVD primary prevention efforts (M_Q2).

Memory, attention, and decision-making

A repeated theme in physicians’ discourse is the influence

of clinical inertia in decision-making favored by contextual

factors such as lack of time and heavy workload (MAD_Q1,

Q2). Pharmacological prescription is perceived to require less

cognitive effort in a saturated clinical practice that leads to

decisional fatigue. A defensive medicine mindset is always

present when deciding upon treatments (MAD_Q3). Physicians

also requested the removal of asterisks in patients’ blood test

results (i.e., an asterisk is placed alongside cholesterol level

when value is greater than or equal to 200 mg/dl) as this

visual stimulus induces patients’ concerns regarding cholesterol

levels (MAD_Q4, Q5). Such markers incite cholesterol-control-

focused clinical actions.
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TABLE 1 Quotes extracted from FPs discussion groups by theoretical domains framework determinant dimensions.

TDF dimension Extracted quotes

Knowledge “When you called me, what struck me was that I don’t see so many people who should not take statins and are taking them.” (K_Q1)

“Then also, the issue of the reliability of the guidelines is an issue... the sensitivity and specificity you have when making a decision... the issue of

cholesterol is quite controversial.” (K_Q2)

“Cholesterol levels have been very variable, and we didn’t know if it was necessary to treat this in primary or secondary prevention, but then it became

clear that it was in secondary, not in primary, that diabetics are in secondary, and if they’re not... there we’ve also had a bit of trouble and so that could

also be the cause of this prescription” (K_Q3)

“I think that we have to be clear about that at least, that there’s no evidence for giving statins, unless there’s a family history, yes.” (K_Q4)

“We are seeing that there are other added risk factors, there are diseases that we are seeing that have a greater risk of having that disease, rheumatism for

example, but some other things aren’t. In the analysis that you have made of Osakidetza, this might be there or not, but you probably haven’t been able

to see if they have a family history of sudden death, you cannot see if in addition to this they have other diseases that have to do with greater risk, which

are being seen today. We don’t see many of these.”(K_Q5)

Skills “..For us it is also easier to prescribe a pill. . . It’s simple, I ask you to take a test in two months, and ask ‘Is everything okay? Does anything hurt? See you

next year’ and, that’s it, it was a test and two appointments.” (Sk_Q1)

“We have a training deficit in terms of the prescription of physical exercise and the prescription of nutrition in general and if you have some training it is

because you have asked for it, because you have read about it, because you have shown interest. I believe that the way we are working, it is very

complicated in the appointment with the patient, with the time we have and all the things we have to do. . . ” (Sk_Q2)

Beliefs about

capabilities

“It is much harder to change the habits of someone who comes to have their cholesterol tested if they are about 40 or 45, with settled habits that are

difficult to change. . . that’s harder than, ‘Give me a pill and I am going to do it quickly’, and I have peace of mind.” (Cap_Q1)

“Walking progressively without getting tired, that works for everyone. I am not ready to prescribe physical activity. I think we can, but it is not effective.”

(Cap_Q2)

“This age group is people who are working and do not come to consult you except when they are sick for some reason, so they often pass under the radar.

You ask them for a test, and their cholesterol is skyrocketing, but you don’t get them to come to a consultation to see where they are failing, to be able to

treat changes in habits... it is difficult to make them come to the health center, and it is also difficult to get them to make the changes... I think that there

is a lot we don’t see.” (Cap_Q3)

Beliefs about “And the decision is always going to be, just in case, I’m going to give it to them. And then you also defend yourself just in case.” (Con_Q1)

consequences “Also, in the real world, statins are a spectacular, very effective drug. I have 270 cholesterol, I go on a diet or exercise and I get down to 240 and that’s

that. However, if I take the pill, after 3 months I am at 200” (Con_Q2)

“On the one hand we have the problem on both sides, we who find it more work and have a reward in the medium to long term in terms of results, and

on the other hand what the user wants is immediacy now. They’ve come to ask us to solve it now.” (Con_Q3)

“Patients also hear that statins are bad, that they can cause diabetes and brain hemorrhages... some stop taking them because they have heard that it can

cause some problems, or there have been people who for muscular reasons have had to stop taking them and take others... there was one statin that came

out and they had to withdraw it from the market... all of these are little things... but, well. . . ” (Con_Q4)

Motivation, goals,

intent

“My experience is that maybe you have been saying to the patient for 2 or 3 years, ‘You have to take exercise, go for a walk’. . . and they always look for

an excuse, ‘I can’t because of my work. . . ’, so in the end you say, ‘Well, leave it then’ and you give up.” (M_Q1)

“In the end it depends on the conviction that you have, if you are more convinced, you will dedicate more time. Personal conviction and what you

want.”(M_Q2)

Memory, attention,

decision making

“We doctors are inert by definition. Clinical and therapeutic inertia is part of our makeup. We are very inert, whether to prescribe or to stop

prescribing.”(MAD_Q1)

“Often, when you are not sure, the most normal thing that we doctors learn is to see something and prescribe, as that it is the fastest thing we have. . . . so

we don’t have to explain. . . it’s easier to give medicine than to explain.” (MAD_Q2)

“You are seeing patient 141, you are already tired, and someone has made an appointment for you to give them statins, they tell you that if something

happens to them you will be responsible... And on top of it all, at that time of day you have low blood sugar... I ask you how you would manage that

situation.” (MAD_Q3)

“...the matter of the asterisk, and what happens when we see one... just today someone came to me with cardiovascular risk of 3 or 4, and had an LDL

that was almost 190. This was a young woman of 40, with low cardiovascular risk, and she asked me if she had to take something for it.” (MAD_Q4)

“And one thing, they should take away the asterisks, as we spend a lot of time explaining asterisks when we shouldn’t have to.” (MAD_Q5)

(Continued)
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TABLE 1 (Continued)

TDF dimension Extracted quotes

Environmental

context, resources,

“Sometimes, most of the time, we don’t have enough time, and the time factor is important for everyone I think, to tell them, to try to convince them.”

(E_Q1)

constraints “...I think that the pressure of attending patients may have too much influence on the matter of prescription.” (E_Q2)

“The Regicor does not mean you stop being a doctor, you have to continue being a doctor, just like we use the stethoscope as a tool. And the problem of

the risk scale is good for the population, it is very good for population risks, but not for individuals, they weren’t designed for that.” (E_Q3)

“Well, that allows me to put if the patient is in primary or secondary prevention, if they have anxiety or not, are stressed or not... that allows me to

modulate those risk modifiers, and gives me peace of mind in both senses. This patient doesn’t need statins, I’m sure, and that one does need statins,

certainly.” (E_Q4)

“My nurse does it very well. I am very lucky, she is a highly trained woman who does it very well. So I delegate some things to her. But unfortunately,

nowadays she is not always there, and not all nurses are trained...” (E_Q5)

“. . . But it has to be at another level, multidisciplinary, health policies, health policies, lifestyle, which do not necessarily have to be based at the health

center. It should also be involved but should not be the greatest weight and we should invest more in health policies especially in these types of people, the

population base with least risk but who in the end are the ones that we can really prevent getting ill.” (E_Q6)

“This age group includes people who are working and do not come to consult you except when they are sick for some reason, so they often pass under the

radar. You ask them for a test, and their cholesterol is skyrocketing, but you don’t attract them to a consultation to see where they are failing, to be able

to treat changes in habits. That is the problem that I think we have in this age group. With older people who come to the health center more often, it’s

much easier. But with people who are at work... it is difficult to make them come to the health center, and it is also difficult to get them to make the

changes... I think that there is a lot we don’t see.” (E_Q7)

“It is very difficult to get hold of them and to continue to call them in to make them get tests, like cholesterol, as they don’t think much about prevention,

because nothing hurts, and on top of that you restrict them a little, and in their life it is difficult for them to make those changes of habits so they don’t

come.” (E_Q8)

Social and

professional role and

“I’ve had the experience of stopping a patient’s statins, and the endocrinologist asked them what the family practitioner thought they were doing, taking

them off statins... and then in the end the endocrinologist or the cardiologist put them back on them.” (Rol_Q1)

identity “You see that a patient who has been to the... endocrinologist or... a patient who is seen in oncology, then comes to us in a state because they tell them

that the doctor has to lower their cholesterol. These colleagues have a completely different view from ours, that this is a disease, and it can be important,

except for very high numbers, which is a separate issue. The cardiologist who sees patients every day with heart attacks and things like that is much more

likely to prescribe statins than we are, who see that much less.” (Rol_Q2)

“This work is a bit beyond our usual work, but it should be a bit, it should direct us to giving a good prescription for physical education, where we can do

this, or where there can be a good health provider who works in this way.” (Rol_Q3)

Social influences “Cholesterol doesn’t hurt, but it is so well-known that people are terribly afraid of it. On the other hand, they are not afraid of weighing 100 kilos, or

smoking, or not exercising, but cholesterol is something objective. . . ”(SI_Q1)

11Maybe the message of the media has a lot of influence, maybe we should try to change it, so that people become more aware of what cardiovascular

risk means, as they’re not aware. I think that’s where we spend most time, explaining it to them.” (SI_Q2)

“I believe that, on this issue, unlike other health issues, people come with a very preconceived idea, because there is pressure. In fact, when people do some

tests, the first thing they ask you when they come for the results, is how high their cholesterol is.” (SI_Q3)

“But I am referring to the advertising in which exercise, healthy food is being promoted more. . . that is what needs to be promoted. In the past, people

didn’t know much about exercise, but now they are a little more aware. Another thing is to get them to do it on a regular basis. That is what is difficult

for the patients.” (SI_Q4)

“For the patient, when you explain these dietary hygiene measures, it’s like you aren’t telling them anything... ‘What did the doctor tell you? Nothing, the

usual...’ So it has little weight and little value for them, it’s like not telling them anything. However, if you give them a pill and send them to have tests,

that’s different.” (SI_Q5)

“Sorry, I have to go now. I signed up for a congress to prescribe exercise, and they didn’t accept me. I was amazed. The reply from the person in the

department where I applied was: “That is not a primary medicine matter.” I was amazed. To cap it all, I was the first at that time.” (SI_Q6)

“We travel thanks to the pharmaceutical companies and we go to congresses thanks to the pharmaceutical companies and inadvertently there is always

some contact in some way because they have given us training, which our company didn’t do...” (SI_Q7)

“I suppose these are the questions that (patients) often keep asking themselves, due to ignorance of the professionals, due to pressure from pharmaceutical

companies, the media... and they think that if you don’t take it you will have a heart attack, sure.” (SI_Q8)

(Continued)
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TABLE 1 (Continued)

TDF dimension Extracted quotes

“. . . . there is a lot of obesity, people eat very badly... you tell them, eat fish. Maybe fish is the most expensive thing there is, maybe that person cannot

afford it... there are many factors at play.” (SI_Q9)

I believe that the socioeconomic and cultural level of the patients is very important because it’s the people who have a lower cultural and socioeconomic

level who are the ones we should invest in more, though it is harder for us, we know that we have to try harder. (SI_Q10)

Emotion “Then too, the issue of the reliability of the guidelines is an issue... the sensitivity and specificity you have when making a decision... the issue of

cholesterol is quite controversial.” (Em_Q1)

“Perhaps I should also add, to all these causes which are variable, that at the beginning it was necessary to treat cholesterol no matter what. So perhaps

we also have that inertia internalized, followed by all the other factors. The cholesterol figures have been very variable, we did not know if it was

necessary to treat it in primary or secondary prevention, and then it was clarified and it was in secondary, not in primary, diabetics are secondary, if

they are not... there we have also had a bit of a mess so that could also be the cause of this prescription. (Em_Q2)

“I think it also affects you a bit, that little voice in the head that we all have, that maybe you still find a cholesterol level of 300 with low cardiovascular

risk and you say, uff, they have 300, the risk is 2 and a half... and even though you yourself have explained to the patient and others, that also influences

things, I mean, what if... and then there’s what [name of healthcare professional] said about the penetration on the subject of cholesterol in all areas,

which makes you always think about it, and say, what if I don’t treat them?” (Em_Q3)

It is much harder to change the habits of someone who comes to check their cholesterol when they are 40 or 45, when they are set in their ways, which are

difficult to change... it is harder than ‘Give me a pill so that I will do it quickly and have peace of mind’. (Em_Q4)

The ease, it is very easy to prescribe and it is also easily observable with the figures, that’s it,... You feel good and the patient too (Em_Q5)

“If you can get a patient to lose those kilos and on top of that stop smoking, there is no tool to measure it, but that’s a great satisfaction.” (Em_Q6)

Behavioral regulation I always comment on a lack of quality in the health center. . . and I still see that we do not stop and think, that there is no culture of quality evaluation,

of demanding minimum standards and it seems to me that it’s the most serious thing wrong with the public services. (BR_Q1)

I think [data] is useful and we are all open to using it. When you are under this healthcare pressure, you are not aware of the way you are working day

to day, if you see 30 patients a day, you do not remember if you have prescribed 2 statins or... I do not see it as intrusive, I see it as data, it helps me, it is

a reflection. (BR_Q2)

. . . Motivation is what drives everything, being aware of it. And for practical purposes I would ask the company for a tool. . . . I often want to see how my

patients are doing, how many diabetics, under what conditions, but I can’t. Before, we asked for this information and they gave it to us, but after a while

you had to ask again... We shouldn’t have to ask for it, we should be able to access it... to monitor yourself and do self-evaluation and then that’s what

would really change, if the company asks me, ‘Hey what are you doing?’. . . (BR_Q3)

What was really useful for me in the center is to make small resolutions to make small changes that you are willing to make and that you feel capable of

making, and once you have done them it is much better to keep them and then make a few more and If you have not been able to do them, you have to

work on why not, if it was too excessive, if you think you can do a little less, if you can change it and solve it. (BR_Q4)

Reinforcement But [name of healthcare professional], if you don’t comply, what happens? And if you comply, what happens? Nothing, neither positive nor negative

incentives, so. . . (Re_Q1)

If you do it really well, and I do it really badly, they pay us the same, so. . . it doesn’t matter. (Re_2)

Environmental context, resources, and constraints

As previously commented, lack of time and the heavy

workload experienced in Primary Care are the main obstacles

for prevention efforts (E_Q1, Q2). Physicians also perceived

that tools within the EHR are useful but somewhat limited for

estimating cardiovascular risk, for reminding and fomenting

guideline-concordant CVD primary prevention practice, and

for restricting inappropriate statin prescribing (E_Q3, Q4).

Teaming up with an involved Practice Nurse in order to

share prevention efforts facilitated adequate healthy lifestyle

promotion actions in primary prevention of CVD (E_Q5). Lack

of external resources inside and outside the clinical setting (i.e.,

allied healthcare professionals, community resources, etc.) limits

the reach of prevention efforts, especially in low-risk young

adults, as a non-frequent-user population (E_Q6-Q8).

Social and professional role and identity

Lack of coherence in prescription criteria among

the different healthcare professionals (i.e., cardiologists,

neurologists and interns in addition to FPs) who attend the

same patients dilutes responsible clinical practice (Rol_Q1,

Q2). Uncertainties regarding limits in responsibility with

respect to healthy lifestyle prescribing and fear of questioning

each other’s clinical decisions help to maintain inappropriate

treatments (Rol_Q3).
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TABLE 2 Mapping matrix of potential intervention functions, policy categories and Behavior Change Techniques (BCI) to previously identified

determinants of inappropriate statin prescription and healthy lifestyle promotion categorized by Theoretical Domains Framework (TDF) dimensions

identified from the qualitative study.

TDF What needs to change (statin

prescription/healthy lifestyle

promotion)

Intervention function policy

category

Potential BCTs

Knowledge Be aware of the problem of inappropriate statin

prescription

Education Feedback on behavior

Training Feedback on outcome of the behavior

Be knowledgeable of the CVD prevention clinical

guidelines, especially regarding adequate or

recommended care depending on actual CVD risk

Persuasion

Enablement

Information about social and health consequences

Credible source

Have updated and unified clinical practice criteria

based on independent scientific evidence

Information about others’ approval

Regulation (principles of practice) Social comparison

Be aware of the beneficial impact of healthy

lifestyles for the prevention of CVD (professionals

and patients)

Guidelines (mandating changes to

adequate service provision) Service

provision (training)

Instruction on how to perform a behavior

Demonstration of the behavior

Be knowledgeable of the evidence-based healthy

lifestyle promotion intervention in primary care

(physical activity and healthy diet)

Communication/marketing Behavioral practice/ rehearsal

Habit formation

Behavioral substitution

Goal setting (behavior)

Action planning

Self-monitoring of behavior

Review behavior goal(s)

Problem solving

Cognitive and

interpersonal skills

Increase skills to estimate and to

address/communicate on CVD risk with a focus

that goes beyond the numbers and risk factors

Education Instruction on how to perform a behavior

Increase skills for appropriate statin prescription Training Demonstration of the behavior

Persuasion Behavioral practice/rehearsal

Have skills in prescribing physical activity and other

healthy lifestyles (healthy diet, giving up smoking)

Enablement Feedback on behavior

Environmental restructuring Review behavior goal(s)

Have a standardized protocol that facilitates clinical

actions to promote habits

Self-monitoring of behavior

Service provision (continued

training/tools)

Adding object to the environment

Guidelines (mandating changes related to

service provision)

Prompts /Cues

Communication/marketing Goal setting (behavior)

Regulation Action planning

Self-monitoring of behavior

Memory, attention,

and decision processes

Remember to provide the recommended clinical

practice in CVD primary prevention

Training Prompts/cues

Environmental restructuring Framing/reframing

Remove visual cues that induce an inappropriate

approach to high cholesterol in low-risk patients

Enablement Adding objects to the environment

Environmental planning Restructuring the physical environment

Avoidance/reducing exposure to cues for the

behavior (inappropriate statin prescription)

Behavioral regulation Reflect on the performance/practice of

inappropriate prescription of statins in primary

prevention of CVD

Education

Training

Goal setting (behavior)

Feedback on behavior

(Continued)
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TABLE 2 (Continued)

TDF What needs to change (statin

prescription/healthy lifestyle

promotion)

Intervention function policy

category

Potential BCTs

Have clear and specific objectives, at a personal

and organizational level, in reduction of

inappropriate statin prescription in primary

prevention of CVD

Modeling

Enablement

Self-monitoring of behavior

Have access to data on inappropriate statin

prescribing in primary prevention of CVD.

Service provision (auditing)

Have access to healthy lifestyles promotion practice

data

Environmental context

and resources

Have a simple tool that favors correct estimation

of CVR, according to evidence, that considers

additional characteristics of the people (e.g.,

antecedents)

Environmental restructuring

Enablement

Adding/Removing object to the environment

Prompts /Cues

Have support systems in the electronic records

that remind about and promote practice in

primary prevention of CVD according to the

CPGs (avoiding statins and recommending

promotion of lifestyles)

Restriction

Training

Avoidance/reducing exposure to cues for the

behavior

Restructuring the physical environment

Restrict or impede the inappropriate prescription

of statins because of simplicity and speed of

clinical prescribing conduct

Framing/reframing

Guidelines Behavior substitution

Having tools for a feasible (fast) and effective

intervention in healthy lifestyles

Service provision (IT support tools in

EHR and training)

Habit formation

Associative learning

Having access to resources within/outside the health

care setting to favor the provision of recommended

primary prevention of CVD practice (i.e., healthy

lifestyle resources in the community)

Action planning

Goal-setting (behavior) (organization level)

Nursing participation in the primary prevention of

CVD: provision of the recommended intervention

to avoid inappropriate prescription

Demonstration of the behavior

Review behavior goals

Review outcome goals

Social influences Patients should be aware of the problem of

inappropriate statin prescribing: Risks vs. Benefits

Persuasion

Education

Information about social and health consequences

Feedback on behavioral outcomes

Patients must have knowledge of the criteria and

practice guidelines: cholesterol, CVD, CVR

(patients)

Environmental restructuring

Restriction

Credible source

Prompts/cues

The general population must be aware of the

problem of excessive medication

Enablement Framing/reframing

Exposure

The organization must continuously become

aware of the problem of inappropriate

prescription of statins in healthcare practice

(Adaptation; Priority health policies)

Communication/marketing

Regulation (organizational priority &

standards)

Review behavior goals

Review outcome goals

(Continued)
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TABLE 2 (Continued)

TDF What needs to change (statin

prescription/healthy lifestyle

promotion)

Intervention function policy

category

Potential BCTs

The organization must have up-to-date clinical

criteria, established in the guidelines based on

independent scientific evidence

Environmental/social planning

Guidelines

Discrepancy between current behavior and goal

Instructions on how to perform the behavior

The organization must have a focus beyond the

figures and risk factors, both in CPGs and in

risk-screening tools and/or interventions

Legislation Action planning

Habit reversal

Advertising or promoting the use of statins in

primary prevention of CVD should be restricted

Commitment

Removing objects to the environment

Avoidance/reducing exposure to cues for the

behavior

Professional/social role

and identity

Believe that adequate CVD prevention is

considered important at their peer and

organizational level

Education

Persuasion

Information about social and health consequences

Feedback on outcomes of the behavior

Be clear about the criteria for action and

responsibilities at the inter-institutional and

inter-sectorial level (external: e.g., business

medicine) in CVD prevention, based on

indication (primary, secondary prevention, etc.)

Modeling

Enablement

Credible source

Social comparison

Understand that the role of the doctor goes

beyond prescribing drugs

Information about others’ approval

Communication/marketing Identity associated with changed behavior

Family Medicine and Community Health

professionals establishment should be the

protagonists (leadership, responsibility) in

primary prevention of CVD

Regulation (organizational priority &

standards)

Valued identity

Guidelines (mandating changes to

practice and service provision)

Review behavior goals

Get other professionals (nurses) involved in the

optimization of primary prevention of CVD

Service provision Review outcome goals

Discrepancy between current behavior and goal

Instructions on how to perform the behavior

Action planning

Habit reversal

Commitment

Beliefs about

consequences

Perceive that not prescribing statins in primary

prevention of CVD is not “not treating”

Education

Persuasion

Demonstration of the behavior

Feedback on outcome(s) of behavior

Perceive that statins are not more effective than

the promotion of habits to avoid CV events in

primary prevention of CVD

Modeling Information about health consequences

Incentivization Information about social and environmental

consequences

Perceive that the statin, in primary prevention of

CVD, may have adverse effects and is not entirely

safe

Credible source

Communication/marketing Identity associated with changed behavior

Have an expectation of the benefits of healthy

lifestyle promotion actions (short, medium and long

term)

Guidelines (evidence diffusion) Valued identity

(Continued)
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TABLE 2 (Continued)

TDF What needs to change (statin

prescription/healthy lifestyle

promotion)

Intervention function policy

category

Potential BCTs

Service provision (continued training) Information about others’ approval

Social support

Incompatible beliefs

Incentive

Beliefs about

capabilities

Perceive that one is able and has the necessary

skills to provide the healthy lifestyle promotion

Education Feedback on behavior

Training Focus on past success

Perceive that statin prescribing is not such a

simple (low skill) or safe practice

Persuasion Verbal persuasion about

Modeling capability

Perceive that one is competent and confident

enough to carry out the CV risk screening process

Enablement Vicarious consequences Information about social

an environmental consequences

Information about health consequences

Perceive that one is competent and confident

enough to respond to the sporadic arrival of

patients in the target population for CVD primary

prevention (they come infrequently), through the

promotion of good habits

Guidelines Demonstration of the behavior

Service provision (auditing and

provision) (continued training)

Instruction on how to perform a behavior

Perceive that statin treatment is not so easy for the

patient (dosage)

Behavioral practice/ rehearsal

Credible source

Have a sense of self-confidence in prescription of

physical activity and other healthy lifestyles

Problem solving

Action planning

Not have a perception of difficulty in modifying

lifestyles (compared to taking a pill)

Social support (practical)

Problem solving

Intentions Should have a strong intention not to prescribe

statins inappropriately in primary prevention of

CVD

Education Information about health consequences

Persuasion Information about social and environmental

consequences

Should have a strong intention to provide

interventions to promote healthy habits for the

primary prevention of CVD

Incentivization Credible source

Modeling Identity associated with changed behavior

Discrepancy between current behavior and goal

Communication/marketing (evidence

diffusion)

Instructions on how to perform the behavior

Regulation (organizational priority &

standards)

Action planning

Guidelines (mandating changes to service

provision)

Habit reversal

Commitment

Feedback on outcome(s) of behavior

Incompatible beliefs

Incentive

Verbal persuasion about capability

Goals Have organizational objectives related to the

reduction of inappropriate prescription of statins

in primary prevention of CVD

Education Review behavior goals

(Continued)
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TABLE 2 (Continued)

TDF What needs to change (Statin

prescription/Healthy lifestyle

promotion)

Intervention function policy

category

Potential BCTs

Persuasion Review outcome goals

Should consider the practice of primary

prevention of CVD a priority in accordance with

the recommendations.

Incentivization Discrepancy between current behavior and goal

Modeling Instructions on how to perform the behavior

Should be committed to carrying out a practice of

primary prevention of CVD according to the

recommendations

Enablement Goal-setting (behavior)

Action planning

Have the motivation (priority and commitment) to

promote lifestyles in primary prevention of CVD

Regulation (organizational priority &

standards)

Commitment

Guidelines (mandating changes to

adequate service provision) Service

provision (training)

Self-monitoring of behavior

Monitoring of behavior by others

Feedback on behavior

Feedback on outcomes of the behavior

Reinforcement Receive positive or negative reinforcement related

to adequate ECV prevention performance

Training

Incentivization

Feedback on behavior

Material incentive

Should avoid prescribing out of habit, routine or

inertia (to treat cholesterol)

Coercion (behavior)

Environmental restructuring Material reward

Social reward

Service provision (auditing) Reward alternative

Regulation (principles of practice) behavior

Avoidance/reducing exposure to cues for the

behavior (inappropriate statin prescription)

Emotion Not feel threatened (fear) for not prescribing a

drug

Education

Persuasion

Feedback on behavior

Feel confident about not prescribing a statin for

CVD primary prevention

Incentivization

Coercion

Information about health consequences

Credible source

Experience positive feelings/emotions associated

with not doing defensive medicine Guidelines

Discrepancy between current behavior and goal

Anticipated regret

Experience negative emotions when making an

inappropriate prescription

Communication and marketing

Regulation

Remove aversive stimulus

Information about others’ approval

Feel safe and confident with the action guidelines Social support

Target behavior: Reduce the prescription of statins in the context of the primary prevention of CVD in low-risk patients and favor the promotion of healthy habits (regular physical activity,

healthy diet and giving up smoking) at any opportunistic or programmed office visit for screening or addressing CVD risk factor and/or prevention.

Social influences

Patients’ lack of awareness together with a perception of

low susceptibility and vulnerability regarding cardiovascular risk

hamper physicians’ primary prevention efforts (SI_Q1, Q2).

In contrast, due to the importance given by the media and

probably fueled by the pharmaceutical industry, cholesterol

is “the bad guy” everybody is worried about and needs

to be addressed (SI_Q3). Another ambivalence occurs with

healthy lifestyles. On the one hand, the population seems

to be more conscious about the overall benefits of healthy

behavior. But on the other hand, patients seem to have

become so used to the message about the need to change

to healthy lifestyles that some prefer to take a “magic”

drug in the belief that there is no need to change habits

(SI_Q4, Q5). In fact, neither the internal context in the

health system which does not prioritize healthy lifestyle

promotion practice, nor the external context at societal level

influenced by media messages and the economic interests of

the pharmaceutical industry targeting cholesterol reduction

exclusively, are conducive to good CVD primary prevention
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practice (SI_Q6-Q8). Professionals also perceive that in certain

sectors of the population, such as those with lower socio-

economic status, the promotion of healthy lifestyle, although

being the recommended practice, is very difficult to implement

(SI_Q9, Q10).

Emotion

Mixed emotions were reported by physicians who mainly

favor inappropriate prescribing. Professionals must make

decisions in an emotional climate marked by uncertainty due

to the variability of recommendations and limitations of the

Clinical Practice Guidelines (CPG) and fear of consequences

of not treating (Em_Q1-Q3). The feeling of pleasing the

patient coupled with peace of mind after prescribing statins

and obtaining “positive” cholesterol results are factors that

seem to weigh substantially on decision making (Em_Q4,

Q5). In contrast, positive emotions associated with successful

healthy lifestyle changes seen in patients are the only emotional

asset that favors continuing the work of promoting healthy

lifestyles (Em_Q6).

Behavioral regulation

Professionals complained of a poor quality assessment

culture in the healthcare system and of lack of standards

and indicators established by the organization to anchor and

guide clinical performance (BR_Q1). Data are needed to be

able to reflect on performance and to be able to set goals,

monitor progress and provide useful feedback, and the lack of

access to such data prevents reflection and the establishment

of objectives, both of which are seen as necessary to correct

the problem of inadequacy in drug prescription (BR_Q2-

Q4).

Reinforcement

In addition to the mentioned above in relation to

objectives and performance indicators, the results of the

evaluations of indicators carried out by the organization do

not translate into incentives for professionals, which generates

demotivation among those professionals willing to do things

right (Re_Q1,Q2).

In addition, we conducted one focus group with six patients

in order to triangulate professionals’ discourse. We must

highlight that the majority of the participants indicated a lack

of explanation of the prescribed treatment and their desire to

be more involved in the treatment decision. Moreover, they

believed that family health history has a lot of weight in the

decision and they are concerned about it. They reported that

only some professionals recommended healthy lifestyles with

or without prescription of statins. When we asked about their

preferences for doing physical activity or taking a cholesterol-

lowering drug in a context of low CVR, different points of view

arose: some preferred physical activity while others preferred to

combine exercise and pharmacological treatment. Overall, they

were satisfied with taking statins although they preferred not to

think about the adverse effects.

2nd stage. Identify intervention options

Steps 5 and 6. Select intervention functions and
specific behavior change techniques

Table 2 summarizes the conducted mapping process, linking

practice determinants for inappropriate statin prescription

(mainly facilitators) and for providing healthy lifestyle

promotion interventions (mainly barriers) to intervention

functions and policy categories, ending with potential BCTs

for attaining the desired target behavior. For example, the

lack of awareness among patients regarding the problem of

inappropriate pharmacological prescription (Facilitator of

the low-value practice) can be addressed through persuasion

(Intervention function) and communication actions (Policy

category) enacted by techniques focused on providing

information about health consequences (BCT) of this low-value

practice.

3rd stage. Identify implementation
procedures

Steps 7 and 8. Select strategies, intervention
techniques, and modes of execution

Through various round meetings, the working group agreed

and drew up a list of 14 potential de-implementation strategies

with their respective format and techniques of delivery (Table 3).

The specified strategies ranged from the optimization of

informatics tools in the EHR used in the routine clinical context

of CVD prevention, to update or develop clinical guidelines

and educational materials on primary prevention of CVD based

in evidence, periodic sending of audit and feedback regarding

clinical practice indicators or patient mediated interventions.

As an example of BCTs grouping into a potential strategy or

intervention component, the editing or updating of a CPG put

together at least three identified and selected BCTs that may

impact Knowledge: A credible source, gives Instruction on how

to perform a behavior, and can guide goal setting related to the

behavior (see Table 2).

Prioritization of de-implementation
strategies

Lastly, the potential strategies were sent back to all the

healthcare professionals involved in the discussion groups

and two health managers for their evaluation regarding three

dimensions: acceptability, feasibility and potential effectiveness.

Frontiers inMedicine 14 frontiersin.org

115116

https://doi.org/10.3389/fmed.2022.967887
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Sanchez et al. 10.3389/fmed.2022.967887

TABLE 3 Prioritization of the 14 de-implementation strategies derived from the mapping process.

Potential effectiveness

To what extent do you

think this intervention

can achieve the desired

results in the

target population?

1: unlikely, 2: unlikely but

deserves consideration,

3: likely, 4: very likely

Acceptability

To what extent is it acceptable for

key agents (PHC professionals,

patients, managers, etc.) to use this

intervention?

1: unacceptable, 2: not very

acceptable but deserves

consideration, 3: acceptable,

4: highly acceptable

Feasibility

To what extent do you consider that

this intervention can be

implemented in the routine

clinical context?

1: unfeasible, 2: unfeasible but

deserves consideration, 3: feasible,

4: highly feasible

New or optimized CVR calculation tool, adding

other important risk factors (e.g., family history)

to the estimation and/or to help in

decision-making

Very likely Highly acceptable Highly feasible

Alert and reminder systems (notifications,

pop-ups, messages, etc.) in the Medical Record

and/or in the prescription system to promote the

practice according to the evidence in primary

prevention of CVD

Very likely Highly acceptable Feasible

Alert and message reminder systems using printed

material (e.g., posters, manuals, information

sheets, etc.) or interactive means (emails,

information capsules, newsletters, etc.) to

encourage practice according to the evidence in

primary prevention of CVD

Very likely Acceptable Feasible

Planning and organization of shared action at

health center level, between medicine and nursing,

for the provision of clinical intervention in

promoting healthy lifestyles

Very likely Acceptable Feasible

Formation of a committee of experts to update or

develop a corporate guidance document on

primary prevention of CVD that includes: a)

evidence-based clinical practice

recommendations; b) unified criteria for action

and responsibilities at the inter-institutional and

inter-sectorial level; c) establishment of

practice/performance objectives in primary

prevention of CVD

Likely Highly acceptable Feasible

Elimination of the “asterisk” in blood test results

and/or adaptation of the criteria for identification

and marking of “case” (e.g., asterisk on cholesterol

number >240 mg/dl)

Likely Acceptable Highly feasible

Training workshops on primary prevention of

CVD and promotion of healthy habits, including

training support resources (e.g., clinical

intervention manual for promoting healthy habits)

Likely Acceptable Feasible

IT tools that facilitate the execution of an

intervention to promote lifestyles based on

evidence

Likely Acceptable Feasible

(Continued)
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TABLE 3 (Continued)

Potential effectiveness

To what extent do you

think this intervention

can achieve the desired

results in the

target population?

1: unlikely, 2: unlikely but

deserves consideration,

3: likely, 4: very likely

Acceptability

To what extent is it acceptable for

key agents (PHC professionals,

patients, managers, etc.) to use this

intervention?

1: unacceptable, 2: not very

acceptable but deserves

consideration, 3: acceptable,

4: highly acceptable

Feasibility

To what extent do you consider that

this intervention can be

implemented in the routine

clinical context? 1: unfeasible,

2: unfeasible but deserves

consideration, 3: feasible,

4: highly feasible

Corporate campaign “Giving up low-value

pharmacological prescribing” promoted by

Osakidetza

Likely Acceptable Feasible

Tools to aid clinical decision-making in the

electronic prescription system, which restrict the

inappropriate prescription of statins

Likely Acceptable Feasible

Active involvement of the patient in a shared

decision-making process in CVD preventive

action

Likely Acceptable Feasible

Inclusion of practice indicators in primary

prevention of CVD in the management and

evaluation tools for care performance: a) CV risk

registration rate, b) rate of inappropriate

prescription of statins in primary prevention in

low-risk patients; c) rate of performance of actions

to promote lifestyles

Likely Acceptable Feasible

Audit/feedback system: Periodic sending of

practice or performance indicator reports in

inappropriate prescription of statins and actions

to promote lifestyles

Likely Acceptable Feasible

Edition and publication of educational and

informative materials on primary prevention of

CVD for patients

Unlikely Acceptable Feasible

Thirteen complete evaluations (13/23) were received that

allowed the prioritization of the de-implementation strategies

(see Table 3).

Discussion

This study aimed to report on the application of a

systematic, comprehensive, theory-and evidence-informed

framework to design potentially effective and feasible de-

implementation strategies to favor the abandonment of

low-value pharmacological prescribing in CVD primary

prevention in low CVD risk patients (17). Specifically, guided

by the TDF and the BCW frameworks (13, 23–25), we have

conducted a series of actions to identify determinants of

low-value practices and behavioral objectives as areas for

improvement, which have helped us to design, operationalize

and prioritize various de-implementation strategies.

Avoiding or substituting proven potentially harmful,

ineffective or inefficient medical practices is important for

improving the quality of healthcare while ensuring sustainability

of healthcare systems, which is the reason why in recent years

the interest in and the evidence base related to successful

de-implementation strategies to favor the abandonment of low-

value practices has grown quickly. Statins are among the most

widely prescribed medications globally and are increasingly

used to prevent CVD in people without CVD (“primary

prevention”). However, statins have no or low value for the

primary prevention of CVD in low-risk patients (18). On the

other hand, healthy lifestyle promotion interventions in clinical

settings have been shown to be effective and are the preferred

recommended practice, especially in low-risk patients (19–21).
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From the growing scientific evidence in implementation

research it is known that factors determining the

implementation of both evidence-based and inappropriate

interventions in the clinical setting are multi-level, complex, and

context specific (2). Consequently, the design of interventions

should be performed following a process of formal analysis of

the target behavior and its theoretically predicted mechanisms

of action, all guided by models or theories that cover the entire

range of possible influences or determinants of the behavior

in question (7–10). Through the performed qualitative study

with both main involved healthcare professionals (FPs and

Practice Nurses) and affected users (low-CVR-risk patients with

inappropriate prescription of statins), we have identified multi-

level determinants of the target low-value practice within the

context of two IHOs in the Basque Health Service-Osakidetza.

Almost all of the dimensions of the TDF have been called into

play, as at least one practice determinant (barrier or facilitator)

was included in these dimensions. Some of the most consistently

reported determinants professionals’ focus groups were the lack

of time and external resources, preferences and characteristics

of patients, limitation of available clinical tools and CPGs, social

pressures, fears about negative consequences of not treating

high cholesterol levels with drugs, and lack of skills and training

of professionals in healthy lifestyle promotion. Patients’ main

determinants were the lack of explanation of the situation at

the medical appointment, the desire to be more involved in

the treatment decision, belief and concern about family health

history in the decision, and the lack of healthcare professional’s

recommendation about healthy lifestyles with or without

prescription of statins.

The identified determinants are in line with other

determinants identified or reported in previous studies

regarding determinants of low-value practice and of low-value

pharmacological prescription. For example, uncertainty due

to the variability and/or conflict of the guidelines with respect

to the recommended practice, the pressures and demands on

the part of the patients, the need for rapid and decisive action

in response to the reasons for consultation and the desire

to please the patients have been identified as interconnected

motives that generally justify maintaining low-value practices

(27). With regard to inappropriate prescription of drugs in

general, a systematic review published by Anderson et al.

(28), in which the barriers and facilitators for inappropriate

prescription were explored, highlights four aspects that

facilitate or hinder professionals’ decisions when faced with

a possible pharmacological prescription: first, awareness of

the problem, i.e., knowing to what extent the clinical practice

of each professional conforms to what is recommended

in CPGs, as well as knowing the consequences of treating

a patient pharmacologically or not. Second, self-efficacy,

which encompasses the professional’s ability to manage the

clinical situation based on their knowledge or their ability

to offer a non-pharmacological alternative, among others.

The third aspect to highlight is inertia, which is a barrier to

change in clinical practice; and finally, feasibility, where all

the external factors that affect the clinical decision would be

included: patient characteristics and preferences, social/cultural

factors, prescriptions made by another professional, group

pressure and so on. Studies carried out exclusively on the

inappropriate prescription of statins emphasized the influence

of the perception that professionals have of each patient’s CVR

and their opinion about the effectiveness and safety of statins

(29), beliefs or attitudes toward behavior and perceived control

(30); the additional risk factors that the patient may present

and the patient’s preferences about receiving drug treatment or

not (31).

One peculiar aspect in this point is that, due to the addressed

clinical scenario (the reduction of low-value prescribing of

statins in CVD primary prevention where the promotion of

healthy lifestyles is the alternative, recommended practice), this

project has attempted to simultaneously identify determinants

of both clinical practices. Although it may seem obvious, in

such clinical scenarios, stress must be placed on identifying the

factors that facilitate or maintain the low-value practice, and

on the other hand, the barriers that impede the recommended

practice (32).

With the main goal of designing and developing targeted

strategies that address the specific determinants of CVD

prevention practice in the Basque Health Service-Osakidetza,

the present’s study main action has been to carry out a

mapping process of de-implementation and implementation

strategies in order to reduce low-value practices (inappropriate

statin prescribing) and promote the implementation of the

recommended practice (healthy lifestyle interventions), based

on the determinants of routine practice reported by FPs in the

focus groups, following the procedure established by the BCW.

The 14 strategies that have emerged from the mapping

processes are all “old known” strategies and interventions.

Nevertheless, previous studies targeting the reduction of low-

value statin prescription have shown some effectiveness of

certain dissemination strategies as informative web pages or
the implementation of electronic CPGs when compared to
routine practice especially when used as multi-component

strategies (33–37). Further, educational or training actions
for professionals (webinars and workshops), have also shown

some effectiveness, especially when combined with other

interventions in multi-component strategies (33, 34). And lastly,

audit and feedback interventions or those sending a clinical

case scenario to professionals (38), and techniques to aid

decision-making through clinical decision support systems have

achieved good results in increasing the registering of CVR and

in adjusting the prescription (39–41).

However, the innovative contribution of having used the

BCW is that, both actions, determinant identification and

mapping of strategies, aim to target the specific clinical behavior

most likely to enable the desired change prioritized by the
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research group and professionals involved: physicians’ decision-

making regarding the therapeutic option. Moreover, following a

taxonomy of choice architecture techniques (42), all except one

of the 14 identified strategies may be categorized as influencing

FPs decision-making through three different modes: decision

information (e.g., dissemination of CPGs), decision assistance

(i.e., alert and reminder systems; involvement of the patient in

a shared decision-making process), and decision structure (e.g.,

audit and feedback system). Furthermore, the agents involved

have prioritized the resulting potential de-implementation

strategies after assessing their perceived acceptability, feasibility

and potential effectiveness. Therefore, though not innovative

interventions or strategies, those identified are those that

address the specific determinants identified by the protagonists.

Research is now needed however, to test whether these barrier-

specific strategies for de-implementation identified in the

present study are also effective in our context (17).

The present study has several limitations. First, the formative

study has been performed in only two IHO of Basque Health

Service-Osakidetza that are not representative of all Primary

Care centers within our health service. Second, after having

invited all professional within the two participating IHOs, only

a reduced and auto-selected sample was obtained and we cannot

guarantee that we have reached saturation of data regarding

physicians discourse related to inappropriate statin prescription.

And finally, this previous issue also extends to patients groups

by limiting the planned triangulation of discourses to only one

group of patients.

Conclusion

The present study aims to contribute to the body of currently

scarce literature available on practical de-implementation

initiatives by providing detailed illustrations/explanations of our

stepped, systematic approach to the design and development

of targeted behavior change actions based on prominent

available frameworks and theories, mostly from implementation

science. Key research questions in implementation science also

involve determining what implementation strategies should be

provided, to whom, and when, to achieve optimal success in

implementing evidence-based clinical practice. As the same

paradigm must apply for de-implementation of low-value

practices, we propose now to investigate the comparative

effectiveness of some/different types or intensities of the

prioritized strategies in Phase II of the DE-imFAR project.

The future evaluative phase of our study will have the aim

of increasing evidence on whether the specific strategies

that address determinants of recommended practice in CVD

prevention, some similar to those evaluated in the few studies

conducted to date, are also effective in our context. If the

strategies explored are successful, health planners and managers

will have the evidence needed to support the introduction

of such structured strategies, informed by the application

of methods and procedures of the emerging science of

implementation and de-implementation.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed

and approved by Basque Country Clinical Research Ethics

Committee (Reference: PI2019102, approved on 10/04/2019).

The patients/participants provided their written informed

consent to participate in this study.

Author contributions

AS, JP, and GG conceived the idea, the study guarantors,

primarily responsible for the study design and planning, as well

as the funding obtained, and will be responsible for project

coordination and supervision, analysis and interpretation of

results, and manuscript preparation. SP, UE-A, SG-L, MM, IL,

RS, ML, OL, and CH collaborated in the study design and were

responsible for study coordination, interpretation of results, and

manuscript preparation. AS, UE-A, and MM were responsible

of the performed analysis. All authors critically reviewed the

manuscript and approved this version submitted for publication.

Funding

This project was supported by the Basque Government

Department of Health (funded project 2018111085 and

2021111024) and by the Carlos III Institute of Health and

co-funded by the European Union (funded project Grant

Nos. PI21/00025, RD16/0007/0002, and RD21/0016/0003). The

funding bodies had no role in the design of the study,

collection, analysis, and interpretation of data or the writing of

the manuscript.

Acknowledgments

We thanks are given to the following Family physicians

and Practice Nurses that collaborated in the study: Tomás

Méndez (Ortuella Primary care Health Center PHC), Idoia

González Uribe-Etxebarria (Portugalete PHC), Adelaida Román

(Buenavista PHC), Julian Bajo (Kueto PHC), Alberto Arranz

Frontiers inMedicine 18 frontiersin.org

119120

https://doi.org/10.3389/fmed.2022.967887
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Sanchez et al. 10.3389/fmed.2022.967887

(Repélega PHC), Rosana San Emeterio (Buenavista PHC),

Dominga González (Buena Vista PHC), Juan Ignacio Urresti

(Desierto-Urban PHC), Joaquín Lineo (Rontegui PHC), Josune

Aragón (San Vicente PHC), Maite Puente (Zuazo PHC),

Aranzazu Azaceta (Zalla PHC), Juana Ma Clemente (Sodupe

PHC), Javier Angulo (Sodupe PHC), Javier Amiama (Sodupe

PHC), Begoña Ruiz (Sodupe PHC), Juan José Casa (Sodupe

PHC), José Antonio Quindimil (Kueto PHC), Fernando Uribe

(Desierto-Urban PHC), Sofía García (Zaballa PHC), Karmele

Benito del Valle (Lutxana-Barakaldo PHC), Josep Cortada

(Deusto PHC), Jesús Torcal (Bsauri-Ariz PHC), Agustín Salazar

(Deusto PHC). Acknowledgments and thanks are given to the

patients who participated in the study.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fmed.2022.967887/full#supplementary-material

References

1. Brownlee S, Chalkidou K, Doust J, Elshaug AG, Glasziou P, Heath I, et al.
Evidence for overuse of medical services around the world. Lancet. (2017) 390:156–
68. doi: 10.1016/S0140-6736(16)32585-5

2. Norton WE, Chambers DA. Unpacking the complexities of de-
implementing inappropriate health interventions. Implement Sci. (2020)
15:2. doi: 10.1186/s13012-019-0960-9

3. Colla CH, Mainor AJ, Hargreaves C, et al. Interventions aimed at reducing
use of low-value health services: a systematic review. Med Care Res Rev. (2017)
74:507–50. doi: 10.1177/1077558716656970

4. Grimshaw JM, Patey AM, Kirkham KR, Hall A, Dowling SK, Rodondi N, et al.
De-implementing wisely: developing the evidence base to reduce low-value care.
BMJ Quality & Safety. (2020) 29:409–17. doi: 10.1136/bmjqs-2019-010060

5. Parchman ML, Henrikson NB, Blasi PR, Buist DS, Penfold R, Austin B, et al.
Taking action on overuse: creating the culture for change. Healthc (Amst). (2017)
5:199–203. doi: 10.1016/j.hjdsi.2016.10.005

6.Willis CD, Saul J, BevanH, ScheirerMA, Best A, Greenhalgh T, et al. Sustaining
organizational culture change in health systems. J Health Organ Manag. (2016)
30:2–30. doi: 10.1108/JHOM-07-2014-0117

7. Michie S, Johnston M, Abraham C, Lawton R, Parker D, Walker
A, et al. Making psychological theory useful for implementing evidence
based practice: a consensus approach. Qual Saf Health Care. (2005) 14:26–
33. doi: 10.1136/qshc.2004.011155

8. Eccles M, Grimshaw J, Walker A, Johnston M, Pitts N. Changing the behavior
of healthcare professionals: the use of theory in promoting the uptake of research
findings. J Clin Epidemiol. (2005) 58:107–12. doi: 10.1016/j.jclinepi.2004.09.002

9. Atkins L, Francis J, Islam R, O’Connor D, Patey A, Ivers N, et al.
A guide to using the theoretical domains framework of behaviour
change to investigate implementation problems. Implement Sci. (2017)
12:77. doi: 10.1186/s13012-017-0605-9

10. Michie S, Richardson M, Johnston M, Abraham C, Francis J,
Hardeman W, et al. The behavior change technique taxonomy (v1) of 93
hierarchically clustered techniques: building an international consensus for
the reporting of behavior change interventions. Ann Behav Med. (2013) 46:81
−95. doi: 10.1007/s12160-013-9486-6

11. Glanz K, Rimer B. Theory at a Glance: A Guide for Health Promotion
Practice. 2nd ed. Bethesda: National Cancer Institute; U.S. Department of Health
and Human Services; National Institutes of Health (2005).

12. Fernandez ME, Ten Hoor GA, van Lieshout S, Rodriguez SA,
Beidas RS, Parcel G, et al. Implementation mapping: using intervention

mapping to develop implementation strategies. Front Public Health. (2019)
7:158. doi: 10.3389/fpubh.2019.00158

13. Michie S, van Stralen MM, West R. The behaviour change wheel: a
new method for characterising and designing behaviour change interventions.
Implement Sci. (2011) 6:42. doi: 10.1186/1748-5908-6-42

14. Skolarus TA, Hawley ST, Wittmann DA, Forman J, Metreger T, Sparks
JB, et al. De-implementation of low value castration for men with prostate
cancer: protocol for a theory-based, mixed methods approach to minimizing
low value androgen deprivation therapy (DeADT). Implement Sci. (2018)
13:144. doi: 10.1186/s13012-018-0833-7

15. Thompson LM, Diaz-Artiga A, Weinstein JR, Handley MA. Designing a
behavioral intervention using the COM-B model and the theoretical domains
framework to promote gas stove use in rural Guatemala: a formative research study.
BMC Public Health. (2018) 18:253. doi: 10.1186/s12889-018-5138-x

16. Voorn VM, Marang-van de Mheen PJ, So-Osman C, Vlieland TP, Koopman-
van Gemert AW, Nelissen RG, et al. Designing a strategy to implement cost-
effective blood transfusion management in elective hip and knee arthroplasties: a
study protocol. Implement Sci. (2012) 7:58. doi: 10.1186/1748-5908-7-58

17. Sanchez A, Pijoan JI, Pablo S, Mediavilla M, de Rozas RS, Lekue I, et al.
Addressing low-value pharmacological prescribing in primary prevention of CVD
through a structured evidence-based and theory-informed process for the design
and testing of de-implementation strategies: the DE-imFAR study. Implement Sci.
(2020) 15:8. doi: 10.1186/s13012-020-0966-3

18. Byrne P, Cullinan J, Smith A, Smith SM. Statins for the primary prevention
of cardiovascular disease: an overview of systematic reviews. BMJ Open. (2019)
9:e023085. doi: 10.1136/bmjopen-2018-023085

19. San Vicente Blanco R., Pérez Irazusta I., Ibarra Amarica J., Berraondo
Zabalegui I., Uribe Oyarbide.F., Urraca Garcia de Madinabeitia J., et al. Guía de
Práctica Clínica sobre el manejo de los lípidos como factor de riesgo cardiovascular.
Osakidetza. Vitoria-Gasteiz. Available online at: https://portal.guiasalud.es/wp-
content/uploads/2018/12/GPC_567_Lipidos_Osteba_compl.pdf.

20. National Institute for Health and Care Excellence. Cardiovascular Disease:
Risk Assessment and Reduction, Including Lipid Modification [Internet]. London:
NICE (Clinical guideline [CG181]) (2014). Available online at: https://www.nice.
org.uk/guidance/cg181

21. Grundy SM, Stone NJ, Bailey AL, Beam
C, Birtcher KK, Blumenthal RS, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol: a report of the
American College of Cardiology/American Heart Association Task

Frontiers inMedicine 19 frontiersin.org

120121

https://doi.org/10.3389/fmed.2022.967887
https://www.frontiersin.org/articles/10.3389/fmed.2022.967887/full#supplementary-material
https://doi.org/10.1016/S0140-6736(16)32585-5
https://doi.org/10.1186/s13012-019-0960-9
https://doi.org/10.1177/1077558716656970
https://doi.org/10.1136/bmjqs-2019-010060
https://doi.org/10.1016/j.hjdsi.2016.10.005
https://doi.org/10.1108/JHOM-07-2014-0117
https://doi.org/10.1136/qshc.2004.011155
https://doi.org/10.1016/j.jclinepi.2004.09.002
https://doi.org/10.1186/s13012-017-0605-9
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.3389/fpubh.2019.00158
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/s13012-018-0833-7
https://doi.org/10.1186/s12889-018-5138-x
https://doi.org/10.1186/1748-5908-7-58
https://doi.org/10.1186/s13012-020-0966-3
https://doi.org/10.1136/bmjopen-2018-023085
https://portal.guiasalud.es/wp-content/uploads/2018/12/GPC_567_Lipidos_Osteba_compl.pdf
https://portal.guiasalud.es/wp-content/uploads/2018/12/GPC_567_Lipidos_Osteba_compl.pdf
https://www.nice.org.uk/guidance/cg181
https://www.nice.org.uk/guidance/cg181
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Sanchez et al. 10.3389/fmed.2022.967887

Force on Clinical Practice Guidelines. Circulation. (2019) 139:e1082–
e1143. doi: 10.1161/CIR.0000000000000624

22. Elizondo-Alzola U, Sánchez A, Pijoan JI, Mediavilla MM, Sainz De Rozas R,
Lekue I, et al. Statins in primary prevention of cardiovascular disease: incidence
of potentially inappropriate prescriptions in very low risk primary care patients
and associated factors. J Gen Prac. (2022) 10:456. doi: 10.37421/2329-9126.22.
10.461

23. French SD, Green SE, O’Connor DA, McKenzie JE, Francis JJ, Michie S,
et al. Developing theory-informed behaviour change interventions to implement
evidence into practice: a systematic approach using the Theoretical Domains
Framework. Implement Sci. (2012) 7:38. doi: 10.1186/1748-5908-7-38

24. Cane J, O’Connor D, Michie S. Validation of the theoretical domains
framework for use in behaviour change and implementation research. Implement
Sci. (2012) 7:37. doi: 10.1186/1748-5908-7-37

25. Michie S, Atkins L, West R. The Behaviour Change Wheel: A Guide to
Designing Interventions. London: Silverback Publishing (2014).

26. Strauss A, Corbin J. Grounded theory methodology: an overview. In: Denzin
N, Lincoln Y, editors. 1st ed. Handbook of Qualitative Research. Thousand Oaks,
CA: SAGE (1994). p. 273.

27. Ingvarsson S, Augustsson H, Hasson H, Nilsen P, von Thiele Schwarz
U, von Knorring M. Why do they do it? A grounded theory study of the use
of low-value care among primary health care physicians. Implement Sci. (2020)
15:93. doi: 10.1186/s13012-020-01052-5

28. Anderson K, Stowasser D, Freeman C, Scott I. Prescriber barriers
and enablers to minimizing potentially inappropriate medications in
adults: a systematic review and thematic synthesis. BMJ Open. (2014)
4:e006544. doi: 10.1136/bmjopen-2014-006544

29. Bonner C, Jansen J, McKinn S, Irwig L, Doust J, Glasziou P, et al. How
do general practitioners and patients make decisions about cardiovascular disease
risk? Health Psychol. (2015) 34:253–61. doi: 10.1037/hea0000122

30. Rashidian A, Russell I. Intentions and statins prescribing:
can the theory of planned behaviour explain physician behaviour
in following guideline recommendations? J Eval Clin Pract. (2011)
17:749–57. doi: 10.1111/j.1365-2753.2011.01690.x

31. Clough JD, Martin SS, Navar AM, Lin L, Hardy NC, Rogers
U, et al. Association of primary care providers’ beliefs of statins for
primary prevention and statin prescription. J Am Heart Assoc. (2019)
8:e010241. doi: 10.1161/JAHA.118.010241

32. Davidson KW, Ye S, Mensah GA. Commentary: de-implementation science:
a virtuous cycle of ceasing and desisting low-value care before implementing new
high value care. Ethn Dis. (2017) 27:463–8. doi: 10.18865/ed.27.4.463

33. Etxeberria A, Alcorta I, Pérez I, Emparanza JI, Ruiz de Velasco E, Iglesias MT,
et al. Results from the CLUES study: a cluster randomized trial for the evaluation
of cardiovascular guideline implementation in primary care in Spain. BMC Health
Serv Res. (2018) 18:93. doi: 10.1186/s12913-018-2863-x

34. Keller H, Hirsch O, Kaufmann-Kolle P, Krones T, Becker A, Sönnichsen
AC, et al. Evaluating an implementation strategy in cardiovascular prevention to
improve prescribing of statins in Germany: an intention to treat analysis. BMC
Public Health. (2013) 13:623. doi: 10.1186/1471-2458-13-623

35. Keller H, Krones T, Becker A, Hirsch O, Sönnichsen AC, Popert U,
et al. Arriba: effects of an educational intervention on prescribing behaviour
in prevention of CVD in general practice. Eur J Prev Cardiol. (2012) 19:322–
9. doi: 10.1177/1741826711404502

36. Comin E, Catalán-Ramos A, M Verdu J, Iglesias-Rodal M, del Val García
JL, Grau M, et al. Impact of the implementation of electronic guidelines for
cardiovascular prevention in primary care: study protocol. Inform Prim Care.
(2012) 20:129–39. doi: 10.14236/jhi.v20i2.33

37. Comin E, Catalan-Ramos A, Iglesias-Rodal M, Grau M, Del Val
JL, Consola A, et al. Impact of implementing electronic clinical practice
guidelines for the diagnosis, control and treatment of cardiovascular
risk factors: a pre-post controlled study. Aten Primaria. (2017)
49:389–98. doi: 10.1016/j.aprim.2016.11.007

38. Dormuth CR, Carney G, Taylor S, Bassett K, Maclure M. A randomized trial
assessing the impact of a personal printed feedback portrait on statin prescribing in
primary care. J Contin Educ Health Prof. (2012) 32:153–62. doi: 10.1002/chp.21140

39. Peiris D, Usherwood T, Panaretto K, Harris M, Hunt J, Patel B, et al.
The Treatment of cardiovascular Risk in Primary care using Electronic Decision
supOrt (TORPEDO) study-intervention development and protocol for a cluster
randomised, controlled trial of an electronic decision support and quality
improvement intervention in Australian primary healthcare. BMJ Open. (2012)
2:e002177. doi: 10.1136/bmjopen-2012-002177

40. Peiris D, Usherwood T, Panaretto K, Harris M, Hunt J, Redfern J, et al. Effect
of a computer-guided, quality improvement program for cardiovascular disease
risk management in primary health care: the treatment of cardiovascular risk
using electronic decision support cluster-randomized trial. Circ Cardiovasc Qual
Outcomes. (2015) 8:87–95. doi: 10.1161/CIRCOUTCOMES.114.001235

41. Patel B, Peiris D, Usherwood T, Li Q, Harris M, Panaretto K, et al. Impact of
sustained use of amultifaceted computerized quality improvement intervention for
cardiovascular disease management in australian primary health care. J Am Heart
Assoc. (2017) 6:e007093. doi: 10.1161/JAHA.117.007093

42. Münscher R, Vetter M, Scheuerle T. A review and taxonomy
of choice architecture techniques. J Behav Decis Mak. (2016) 29:511–
24. doi: 10.1002/bdm.1897

Frontiers inMedicine 20 frontiersin.org

121122

https://doi.org/10.3389/fmed.2022.967887
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.37421/2329-9126.22.10.461
https://doi.org/10.1186/1748-5908-7-38
https://doi.org/10.1186/1748-5908-7-37
https://doi.org/10.1186/s13012-020-01052-5
https://doi.org/10.1136/bmjopen-2014-006544
https://doi.org/10.1037/hea0000122
https://doi.org/10.1111/j.1365-2753.2011.01690.x
https://doi.org/10.1161/JAHA.118.010241
https://doi.org/10.18865/ed.27.4.463
https://doi.org/10.1186/s12913-018-2863-x
https://doi.org/10.1186/1471-2458-13-623
https://doi.org/10.1177/1741826711404502
https://doi.org/10.14236/jhi.v20i2.33
https://doi.org/10.1016/j.aprim.2016.11.007
https://doi.org/10.1002/chp.21140
https://doi.org/10.1136/bmjopen-2012-002177
https://doi.org/10.1161/CIRCOUTCOMES.114.001235
https://doi.org/10.1161/JAHA.117.007093
https://doi.org/10.1002/bdm.1897
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 17 October 2022

DOI 10.3389/fpubh.2022.955559

OPEN ACCESS

EDITED BY

Gwenn Menvielle,

Institut National de la Santé et de la

Recherche Médicale (INSERM), France

REVIEWED BY

Samera Qureshi,

Norwegian Institute of Public Health

(NIPH), Norway

Heling Bao,

Peking University, China

*CORRESPONDENCE

Christophe Berkhout

christophe.berkhout@univ-lille.fr

SPECIALTY SECTION

This article was submitted to

Family Medicine and Primary Care,

a section of the journal

Frontiers in Public Health

RECEIVED 28 May 2022

ACCEPTED 21 September 2022

PUBLISHED 17 October 2022

CITATION

Quersin F, Serman F, Favre J,

Rochoy M, Descamps A, Gers E,

Duhamel A, Collins C,

Deken-Delannoy V, Berkhout C and

Raginel T (2022) Participation rate in

cervical cancer screening in general

practice related to the proximity of

gynecology care facilities: A 3 year

follow-up cohort study.

Front. Public Health 10:955559.

doi: 10.3389/fpubh.2022.955559

COPYRIGHT

© 2022 Quersin, Serman, Favre,

Rochoy, Descamps, Gers, Duhamel,

Collins, Deken-Delannoy, Berkhout

and Raginel. This is an open-access

article distributed under the terms of

the Creative Commons Attribution

License (CC BY). The use, distribution

or reproduction in other forums is

permitted, provided the original

author(s) and the copyright owner(s)

are credited and that the original

publication in this journal is cited, in

accordance with accepted academic

practice. No use, distribution or

reproduction is permitted which does

not comply with these terms.

Participation rate in cervical
cancer screening in general
practice related to the proximity
of gynecology care facilities: A 3
year follow-up cohort study

François Quersin1, Fanny Serman1, Jonathan Favre1,

Michaël Rochoy1, Axel Descamps1, Elise Gers2, Alain Duhamel3,

Claire Collins4, Valérie Deken-Delannoy5,

Christophe Berkhout1,6* and Thibaut Raginel7,8

1Department of General Practice/Family Medicine, University of Lille, Lille, France, 2University of

Lille, CHU Lille, Intern Promotion Division of the Research and Innovation Board, Lille, France,
3University of Lille, CHU Lille, EA 2694 – Public Health: Epidemiology and Quality of Care, Lille,

France, 4Irish College of General Practitioners, Dublin, Ireland, 5University of Lille, CHU Lille, Service

de Statistique, Evaluation Economique, Data-Management, Lille, France, 6Department of Primary

Health and Interprofessional Care, University of Antwerp, Antwerp, Belgium, 7Normandy University,

UniCaen, Inserm U 1086 “Anticipe”, Caen, France, 8Normandy University, UniCaen, Faculty of

Health, Department of General Practice, Caen, France

Cervical cancer screening (CCS) by Pap tests is mainly performed by

gynecologists in France, but also by general practitioners (GPs) and midwives.

The screening uptake is insu�cient to reduce the incidence of cervical

neoplasms. Our aim was to investigate the association between screening

rates in patients listed with GPs and the distance between GPs’ o�ces and

gynecology facilities. The population of 345 GPs, and their 93,918 female

patients eligible for screening over 3 years (2013–2015), were derived from

the Health Insurance claim database. We estimated the socioeconomic level

of the geographical area of GPs’ o�ces using the European Deprivation Index

(EDI). The proximity of gynecology facilities was calculated by computing their

distance from GPs’ o�ces (in order to adjust the proximity of gynecology

facilities with EDI and performance of smears by the GP). The number of

gynecologists within 5 km of a GP’s o�ce was associated with the CCS rate

increasing by 0.31% for every unit increase in the density of gynecologists

within 5 km (p < 0.0001). The close proximity of gynecology facilities was not

significantly associated with screening uptake among female patients when

the o�ce of the GP where they were registered was settled in a deprived area.

KEYWORDS

uterine cervical neoplasm, screening, general practice, primary healthcare, Ilot

Regroupé pour l’Information Statistique (French smallest area for statistical data),

delivery of health care, lower-layer super output areas
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Introduction

According to the Global Cancer Observatory (GLOBOCAN)

from 2018 estimating cancer data from 185 countries, cervical

cancer (CC) was the fourth most common cancer in women

worldwide, with a global age-standardized incidence rate (ASIR)

of 13.1/100,000 women. This ASIR varied widely among

countries ranging from <2 to 75/100,000 (1). In Europe

between 2012 and 2018, the ASIR of CC varied from 13.4

to 13.9/100,000, and in France from 8.0 to 8.4/100,000,

and the age-standardized mortality rate (ASMR) from 2.6

to 3.2/100,000, showing an increase after four decades of

decrease (2, 3). In France, there were 2,920 new cases of CC

and 1,117 related deaths in 2018 (4). In Northern France,

the incidence rate is 10% higher compared to the country

average (4).

CC is always preceded by neoplastic lesions with a
long-lasting persisting evolution before reaching a cancerous

stage. This offers the opportunity to prevent cancer by
screening and early intervention. The classical screening test
is the Papanicolaou-test (Pap-test) by cytologic examination of

cervical smears, which requires a gynecological examination.

To implement cervical cancer screening (CCS), French health

authorities recommend a Pap-smear every 3 years in women

between 25 and 29 years of age after two annual normal initial

Pap-smears. Since 2019, the same authorities recommend aHPV

test every 5 years between 30 and 65 years of age; in the case of

positive test a cytology must be achieved. In the case of negative

cytology, screening must occur again the next year following the

same procedure (5). In France in 2017, CCS was “opportunistic”

except in 13 departments testing an experimental organized

screening. The screening participation rate is not in accordance

with the recommended rate of 80% in the guidelines for women

in the target ages, being insufficient for 51.6% of women or too

frequent for 40.6% (5).

In high income countries, insufficiently screened women

are mainly those who do not use the services of gynecologists

for cultural or economic reasons: low level of education or

income [consultations with a gynecologist being more expensive

than those with a general practitioner (GP)], women with no

children, having no partner or being post-menopausal (6). Most

of these women have at least one encounter with their GP over

3 years. In France, 80% of targeted women have previously

chosen to be screened by a gynecologist but their numbers are

drastically decreasing (7). In French Flanders, 53.1% of GPs

and more recently midwives also perform this procedure (8).

The performance of smears by the GP or the female gender

of the GP, described as positive factors for participation in

CCS, do not increase the rates significantly (9). Socioeconomic

environmental factors like the European Deprivation Index

(EDI) appear significantly and independently associated with

these rates, women dwelling in deprived areas being more often

insufficiently screened or not screened at all (10). Another factor

described as positive for participation in CCS is the proximity of

the office of a gynecologist (11).

Our interest was to investigate the effect of the close

proximity of the office of a gynecologist on the CCS participation

rates. In our former publications (8–10), we acknowledged

as main limitations a follow up period of 2 years and not

controlling for the influence of the gynecology care facilities.

These elements are considered in this paper.

Materials and methods

Study design

As at that time (2017), the recommended interval between

two CCS smears was 3 years, a cohort study was undertaken

based on a 3 year retrospective follow up of 93,918 female

patients aged from 25 to 65 years and their 345 GPs coupled with

a telephone survey.

Setting

This study took place in primary care in French Flanders

(Northern France). Data were collected from 2013/01/01 to

2015/12/31 from the Information System of themainmandatory

Health Insurance claim database (SIAM) of French Flanders

(CPAM). Telephone surveys with all the practicing GPs

registered with the CPAM were carried out.

Participants

Participants were the GPs listed on the registers of the

CPAM. Inclusion required that the GPs were practicing in

primary care over the 3 year period selected. GPs having

another practice outside of primary care were excluded if

they had <100 female patients declared on their patient

lists, ruling out GPs with complementary medicine practices

(for example homeopathy, acupuncture), other practices than

primary care (for example sonography and angiology) and GPs

with an unbalanced practice (recently established or nearing

retirement). GPs who retired during the follow up period

and those who refused to answer the telephone surveys were

also excluded.

For the included GPs, we considered their female patient

population aged from 25 to 65 years eligible for cervical cancer

screening under French guidelines.

Variables

The main outcome was the cervical cancer screening

participation rate in the eligible female patient population of
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included GPs, measured by the refunding to female patients

of cytological examination of cervical samples by the health

insurance fund.

Working with claim databases where patients are

anonymised and not traceable for regulatory ethic reasons (we

only know their gender, their age between 25 and 65 years, the

designation of their GP, and the reimbursement of a pap smear),

it was not possible to compute the distance between the dwelling

place of patients and offices of gynecologists. However, most of

the patients are registered on the patient lists of their closest

settled GP and share the same environmental characteristics

(10). As a surrogate outcome of the distance between the

dwelling place of patients and offices of gynecologists, we

computed as our proximity indicator the density of the

gynaecologists’ offices around GPs’ offices within 5, 10, 20, and

40 km. Thus, the predictor was the distance between the office of

a gynecologist and each GP office. This variable was computed

using geo-tracking of GP offices and the gynaecologists’ offices.

The confounding variables on the GP level were the gender

of the GP (recovered from the SIAM database) and the

performance of vaginal samplings (as a binary variable) in the

GP office based on telephone surveys as described in a former

paper (8).

The European Deprivation Index (EDI) (12) was the socio-

economic effect indicator utilized. The EDI is an ecological

marker reflecting the individual deprivation experience of

the general population in an area based on the census. The

determination of EDI started from the construction of an

individual deprivation indicator associated with both objective

and subjective poverty and following the identification of the

basic needs of people. This first part was undertaken using

the European survey specifically dedicated to the study of

deprivation (EU-SILC: European Union—Statistics on Income

and Living Conditions), since there is no gold-standard of

deprivation. It was then necessary to identify and dichotomize

the variables available and coded in a similar way both at the

individual level (EU-SILC) and in the census data. Variables

associated with the individual deprivation indicator were then

selected and weighted by multivariate logistic regression. The

regression coefficients associated with these variables in the final

model then became the weights of these 10 variables measured

at the aggregate level in the ecological index: overcrowding,

no access to a system of central or electrical heating, non-

home owner, unemployment, foreign nationality, no access to a

car, unskilled worker—farm worker, household with more than

six persons, low level of education, single parent household.

The EDI is then defined as the weighted sum of these 10

variables quantifying fundamental basic needs associated with

both objective and subjective poverty, normalized to the national

average and usually divided into quintiles (national or regional).

Areas of reference were the smallest available statistical census

units in France (IRIS) allowing for an infra-municipal study

scale. Each GP surgery was assigned its IRIS and the EDI of

the corresponding IRIS was computed. Elsewhere (10), we have

demonstrated the strong association between the EDI and the

CCS rate. The EDI has a mediation effect on the CCS uptake.

Bias

The number of patients managed by the GP was not

considered as we have demonstrated that it is not associated

with the CC screening rate (8). The age of the GP has not

been considered though it appears to be associated with the

screening rate, as it is linked to the age of the patients, and young

female patients are more likely to participate in cervical cancer

screening compared to older patients (13, 14). Another reason

is that young GPs are more often of female gender compared to

older GPs, and the performance of smears is associated with the

gender of the GP as demonstrated earlier (8), though without

influence on CCS uptake in a multivariate analysis. The gender

of the GP and the performance of smears therefore seemed to be

sufficient substitution variables.

Study size

This study was implemented on a complete population basis

without sampling.

Statistics and analysis

Continuous quantitative variables are expressed as mean

± standard deviation (SD), median [interquartile range (IQR)]

and categorical variables are expressed as frequencies and

percentages. In this study, there were two hierarchical levels for

the data: the individual GP level (GP’s gender and performance

of smears, and the outcome “the cervical cancer screening

participation rate among the GP’s listed eligible female patients”)

that were nested in the geographical level (variable EDI and

number of gynecologists at a given distance) as the patients

of GPs practicing in the same area (IRIS) share common

characteristics. The association between the CCS rate and the

distance from gynaecologists’ offices was analyzed using a linear

generalized hierarchical mixed model. This statistical model

takes into account the hierarchical structure of the data. The

analysis was performed without and with adjustment based

on the characteristics of the GPs and the socioeconomic level

considered as a mediator (EDI).

All statistical tests were two-sided and performed at the 0.05

level. Data were analyzed using the SAS software
R©

version 9.4

(SAS Institute, Cary, NC).
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FIGURE 1

Flow chart.

Bioethics

The protocol of this trial is available on Clinical Trials

under the reference NCT02749110. It was approved by the ethics

committee North West III of Caen under the reference 2015-23,

on 2016/03/02.

Results

Of the 410 GPs registered on the CPAM of Flanders, 52 were

excluded as they had <100 female patients on their patient lists,

six because they retired before the end of the study period, five

because they refused to answer the telephone survey and two

because they planned to suspend their activity as primary care

practitioners, resulting in 343 included GPs (Figure 1).

Among the 343 GPs participating in this study, 269

(78.4%) were men, and 182 GPs (53.0%) performed smears.

Characteristics of the listed patients per GP are described

in Table 1 and shows the mean screening participation rate

for female patients from 25 to 65 years during the 3 years

was 50.1% (SD: 7.5%).

The mean number of gynecologists within 5 km of GP

surgeries was 5.4 (SD 5.6, median 5, IQR 0–11), between 5 and

10 km was 3.1 (SD 6.2, median 1, IQR 0–3), between 10 and

20 km was 15.2 (SD 21.0, median 7, IQR 0–20) and between 20

and 40 km was 30.8 (SD 28.1, median 15, IQR 10–42) (Figure 2).

TABLE 1 Characteristics of the listed patients per GP.

Characteristics Mean (SD) Median (IQR)

Number of listed patients 702.9 (293.8) 666 (497–852)

Number of listed women 375.8 (158.5) 352 (266–451)

Number of screened women 145.4 (69.9) 134 (98–177)

Number of listed women 25–65 years 272.2 (123.1) 256 (185–329)

Number of screened women 25–65 years 136.5 (65.6) 126 (92–167)

Percentage of screened women 25–65 years 50.1% (7.5%) 50.6% (44.7–55.3)

SD, Standard deviation; IQR, Interquartile range.

FIGURE 2

Density of gynecology care facilities within 5 km of a GP surgery

on the territory of the CPAM of Flanders.

The association between the cervical screening rate and the

distance from gynecology care facilities is shown in Table 2. The

table presents the unadjusted model, the model adjusted for GP

gender, and performance of smears by the GP and the model

adjusted for GP gender, performance of smears by the GP and

EDI. All models show the impact of the density of gynecologists

within specified distances from the GP offices on the CCS rate

with the greatest impact being the density within 5 km. The

density of gynecologists within 20–40 km of GP surgeries had

a smaller significant positive coefficient.

We found a significant association between the density of

gynecologists within 5 km of the GP’s office and the cervical

cancer screening participation rate after adjustment for these

GP characteristics and the EDI, with the cervical screening rate

increasing by 0.31% with every unit increase in the density of

gynecologists within 5 km. When not adjusting for EDI, the

density of gynecologists within 5 km of GP surgeries had no

significant effect on the screening rate.

The density of gynecologists between 20 and 40 km also had

a significant effect, with the cervical screening rate increasing by
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TABLE 2 Association between the cervical screening rate and the density of gynecologists.

Unadjusted model Adjusted model** Adjusted model***

Characteristics Coefficient

(95%CI)*

p Coefficient

(95%CI)*

p Coefficient

(95%CI)*

p

Density < 5 km 0.184

(−0.016; 0.384)

0.07 0.203

(0.006; 0.400)

0.04 0.312

(0.158; 0.466)

<0.0001

Density 5–10 km 0.125

(−0.041; 0.291)

0.14 0.145

(−0.017; 0.307)

0.08 0.093

(−0.029; 0.215)

0.14

Density 10–20 km −0.011

(−0.060; 0.037)

0.64 −0.014

(−0.062; 0.033)

0.55 −0.033

(−0.068; 0.000)

0.06

Density 20–40 km 0.086

(0.047; 0.125)

<0.0001 0.082

(0.044; 0.121)

<0.0001 0.074

(0.045; 0.104)

<0.0001

*Regression coefficient from linear mixed model with 95% confidence interval.

**Adjusted model with GP’s gender, performance of smears by the GP.

***Adjusted model with GP’s gender, performance of smears by the GP and EDI.

0.09% with every unit increase in the density of gynecologists

between 20 and 40 km. After adjusting for the GP’s gender,

practice of Pap-smears by the doctor and EDI, the association

remained significant though the effect size was small.

Discussion

Main findings

In the analysis adjusting for EDI, we found that the

density of gynecologists within 5 km of GP surgeries had the

most significant positive regression coefficient with the CCS

rate. We also found that the density of gynecologists within

20–40 km of GP surgeries had a smaller but still significant

positive coefficient.

The higher the density of gynecologists within 5 km of GP

surgeries, the higher the CCS rate: for each supplementary

gynecologist, the screening rate was improved by 0.31%. When

not adjusting for EDI, the density of gynecologists within 5 km

of GP surgeries had no significant effect on the screening rate,

reflecting the major influence of socioeconomic determinants

on screening behavior. Thus, in disadvantaged areas (like French

Flanders: EDI of 2.3 compared to the mean EDI of 0 for France),

a higher number of gynecologists does not increase the screening

rate in the overall population, unless erasing the influence of

the deprivation factor. This reflects the fact that women from

deprived areas are not likely to be managed by gynecologists

while women from more favored areas are more likely to be so

(15, 16).

Study strengths and limitations

The claim database of the CPAM of Flanders is reliable

and consistent, and the data extracted from this database for a

duration of 3 years are considered trustworthy. A participation

rate of 98% of the targeted GPs allows us to consider that

our study was based on an entire, not sampled population.

Including 345 GPs, their almost 94,000 female patients eligible

for CCS, and the 149 gynecologists in the area who may have

been consulted by these patients, confers to this study a solid

internal validity.

Studies exploring the association between the density of

gynecological care facilities and the CCS participation rate as

the main outcome are scarce. No one has previously explored

this association based on the ground distance between GPs and

gynecologists. Our results match another French country-side

study highlighting the same association by another method (11)

strengthening the external validity of our finding.

In our previous publications, we acknowledged as limits

a follow up of only 2 years (as CCS used to be triennial in

France) and no consideration of gynecology care facilities as

confounding factors (8–10). These limits have been addressed

in the current paper.

This study only investigates the association between CCS

rates and the distance from gynecologist offices to GP offices.

The global screening rate in French Flanders of 50.2% is lower

than the national rate of 62.3% (range 41.6–72.5%) (17). The

density of GPs in French Flanders was slightly lower than

in the rest of France (13 vs. 16/10 000) and is even lower

now (retirement of GPs from the baby-boom generation).

However, the density of gynecologists (2.7/10 000) in this

area was not lower than in the rest of France, which does

not explain under-screening and our findings regarding the

highlighted association.

There are many different compulsory health insurance

regimes in France depending on the occupational sector of the

insured persons. We based our study on the claim database of

the CPAMof Flanders representing 80% of insured persons. This

means that we missed some occupational sectors like teachers
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or farmers. This can possibly be considered as a selection bias

though there is no reason that the 20% of missed population

substantially differs from the general population as described in

other contexts (18). This does not diminish the external validity

of our main result.

Comparison to literature

The only former publications investigating this association

are the above cited French study carried out by Araujo in 2010

(11), and another French study published by Barré in 2017 (19),

which found that a lower CCS participation rate was associated

with a lower density of gynecologists in the residence area,

matching our findings. A third study, carried out by Grillo in

2012 in Paris, did not find any significant association between

the density of GPs and gynecologists in the residence area

of women and the CCS participation rates (20). However, no

adjustment was performed to correct for the influence of the

overall deprivation rate and the geographical area studied was

smaller with more opportunities for public transport.

Profound changes in the mindset of women influenced

by the social pressure of their deprived neighborhood will

be necessary to enhance participation in CCS. The proximity

of care facilities has little influence on enhancing screening

participation in deprived areas unless community oriented

primary care reaches out to concerned people (21–23).

Education is probably the main solution to solve the lost

opportunity associated with underscreening in deprived

areas (24).

Conclusion

Adjusting for our deprivation indicator (EDI), the density

of gynecology care facilities within 5 km of a GP surgery,

and to a lesser extent, within 20–40 km of a GP surgery,

was significantly associated with a higher CC screening

rate. When the effect of deprivation on the screening

participation rate is erased by adjusting the model, the

density of gynecology care facilities is linked to an increase

of the CCS participation rate, meaning a potential decrease

of CC. However, this effect is not noticeable when this

adjustment is not made probably because women dwelling

in deprived areas do not make use of services offered by

gynecologists. The reasons women are not screened are

complex and this certainly explains why medical demography

alone cannot resolve inequalities and social disparities in

participation in screening. This seemed to be confirmed

by our models, despite its adjustment using the EDI (an

aggregate index quantifying fundamental basic needs associated

with both objective and subjective poverty). The current

setting of midwifes in primary care practices might be a

response to this situation that will have to be confirmed by

further studies.
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Background: Intermediate care is often defined as healthcare occurring

somewhere between traditional primary (community) and secondary

(hospital) care settings. High quality intermediate care is important in

dementia, may prevent caregiver burnout and also lead to optimal care

for people with dementia. However, very little is known about the point of

intermediate care for persons with dementia in Europe.

Research questions: What intermediate care services exist and how are they

utilized in the care of people with dementia in Europe?

Objective: This study aims at describing the point of view of

General Practitioners on intermediate care services for people with

dementia across Europe.

Methods: Key informant survey was sent to GPs via a self-developed

questionnaire with space for open ended comments. 16 European countries

participated to this cross-sectional mixed method study. Given the volunteer
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nature of the study, no minimum sample size requirements were applied to

participation. Convenience sampling technique was used to address variations

due to regional variations and regulations within the same country. Descriptive

analyses of all intermediate care facilities groups by countries were performed.

Qualitative analyses approach was used for the optional-free text to exemplify

and/or complete the reasons contained in the closed response categories.

Results: The questionnaire was sent to 16 European countries. 583

questionnaires were analyzed. The responding physicians were 48 (± 11)

years old on average and they had been in practice for an average of 18

(+ /11) years. The types of intermediate care considered were integrated

at-home services, respite and relief services, day care centers and nursing

homes. Their availability was considered very inhomogeneous by the majority

of respondents. The main benefits of intermediate care cited were better

medical care for the patient (78%), better quality of life for the caregiver (67%),

prevention of the caregiver burden (73%) and a break for the caregiver (59%).

The reported difficulties were: accessing these facilities due to limited financial

support (76%) and cumbersome administrative procedures (67%). Many other

facets of our findings were captured in the qualitative themes that emerged.

Conclusion: Intermediate care in Europe is diverse and heterogeneous. Major

concerns of GPs are about the cost issues and the cumbersome administrative

procedures to access them.

KEYWORDS

intermediate care, primary care, dementia, care giver, caregiver support

Introduction

For many years policymakers have encouraged citizens to
age at home. While many older adults live well independently,
others with multi-morbidity and frailty rely on the support
from family members, leading to a significant impact on the
support-givers. The term “caregiver’s burden” is often employed
to describe these negative consequences. The impact of caregiver
burden includes neglected personal health, depression, anxiety,
financial problems and employment losses (1–3). Caregivers
of people with dementia have a higher risk of care-giver
burnout and so are in particular need of support (4). These
caregivers and their close relatives are also more vulnerable to
social isolation and psychological distress resulting from the
heavy demands of care-giving and the challenges of managing
dementia, in particular the challenges of managing behavioral
and psychological symptoms of dementia (4).

Serious concerns have been raised about a future shortage of
family caregivers. Women’s increased labor force participation,
the aging demographic, smaller families that are more
geographically dispersed and the longer duration and
increasing complexity of unpaid care-giving work are all
factors that contribute to this shortage (5). In order to provide

rehabilitation services, prevent prolonged hospital stays, and
reduce readmission to hospitals among the elderly, aging
societies have established intermediate care facilities, which
involve both health and social care services in a variety
of settings: rehabilitation units in hospitals nursing-led
care inpatient units, post-acute care units in community
hospitals, nursing homes, and patients’ own homes. Home
care encompasses a broad range of services including needs
assessment, personal care provision, leisure activities and
rehabilitation at home (6, 7).

Intermediate care is an increasingly popular concept in
health care, which may offer attractive alternatives to hospital
care for elderly patients. A prerequisite for research is the
agreement on the definition of a concept; however, there
is no accepted definition of the term “intermediate care.”
Intermediate care conveys little meaning other than being about
care that is “in between.” Several very different definitions of
intermediate care are in use. Broadly speaking, intermediate care
is often defined as healthcare occurring somewhere between
traditional primary (community) and secondary (hospital)
care settings (8); according to other authors (9) intermediate
care refers to “services or activities concerned with patients’
transition between hospital and home, and from medical
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FIGURE 1

The different types of intermediate care.

social/dependence to functional independence.” Intermediate
care provides a bridging function between hospital and home,
and is geared “toward promoting faster recovery from illness,
preventing unnecessary acute hospital admissions, supporting
timely hospital discharge and, most of all, enabling people to
retain their independence for as long as possible” (10).

In UK the criteria of Intermediate Care were established by
the Department of Health in 2001 (11). Intermediate care can
vary from in-home services to well-equipped nursing homes.
High quality intermediate care is important in the care of
dementia and may prevent caregiver burnout. Intermediate care
is delivered by those health services that do not require the
resources of a general hospital but are beyond the scope of the
traditional primary care team. In PubMed “intermediate care
facilities” are institutions that provide health related care and
services to individuals who do not require the degree of care
which hospitals or skilled nursing facilities provide, but require
care and services above the level of room and board (12). It is
crucial to have a clear definition of this term in order to have a
proper development of appropriate services that will meet the
needs of patients and family carers, for healthcare services to
plan, for governments to spend wisely.

Key concept

Different types of intermediate care

Integrated at-home services
The patient is cared for at home just for a few hours by social

workers people from the voluntary sector et cetera, and visited
at home by doctors, nurses. The familial/informal caregiver is

supported in terms of clinical tasks to do but still has a 24 h/day
commitment and he/she does not have free time. The caregiver
has to give up many things in his/her life (Figure 1).

Integrated care is described as “the management and
delivery of health services so that clients receive a continuum of
preventive and curative services, according to their needs over
time and across different levels of the health system” (13).

Integrated care is associated with greater client satisfaction,
increased use of community based services, and reduced
hospital days, however, the clinical impacts on persons with
dementia and their carers are not known (14).

Respite and relief services for caregivers
Respite care is short-term relief for the caregiver. The patient

is cared for at home for part of the day by social workers people
from the voluntary sector paid carers et cetera, and visited
at home by doctors, nurses. The familial/informal caregiver is
supported not only in terms of clinical tasks to do but he/she
is given also free time to get out of the house because the task
of caregiver is taken over temporarily by someone else. Respite
care offers caregivers a temporary break from their daily routine
and the stress from caregiving (15). Utilization of respite care
has been found to be generally low in different countries despite
high levels of need (16).

Day care centers
The patient is taken to a different place but just

for a limited period of time during the day. During
this time the familial/informal caregiver is free to do
what he/she wants.

Day care is assumed to promote independence in
home-based people with dementia, increase wellbeing,
and improve social stimulation. Between 10 and 18% of
people with dementia in the community are utilizing the
service internationally (17). There is significant variation
between countries and across the same country in the
existing capacity of day care centers to cater for people with
dementia (18).

Day care for older people can be defined in several ways; a
“social model” in which the centers aim to provide socialization
and activity and a “medical model” in which health and
rehabilitation services are provided (19).

Some authors have showed that day care can have a positive
influence on patients’ physical functioning, cognition, wellbeing
and situation at home because they were provided with social
stimulation, meals and activities. Day care helped maintain a
rhythm and structure in daily life (20).

Nursing homes and residential home
(In the nursing home the staff is down the hall 24/7. In the

residential home the staff is involved only for a limited period
of time a day). The patient is staying at a different location
all the time. No need for familial/informal caregiver. Informal
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caregivers often describe aspects of care that led to both positive
and negative experiences with and perceptions of nursing home
care (21).

Aim

This study aims to identify the different modalities of
intermediate care and how it is provided in Europe and to
describe GPs’ views on the advantages and disadvantages
of different intermediate care services for people with
dementia in Europe.

Materials and methods

Study design and setting

This cross-sectional study is based on a key informant
survey from 16 member countries of the European General
Practice Research Network (EGPRN). EGPRN operates under
the umbrella of WONCA (World Organization of National
Colleges, Academies and Academic Associations of General
Practitioners/Family Physicians).

Procedure

The study started off as an idea of the EGPRN Education
Committee researchers and primary care professors from
the University of Tours, France, University College Cork,
Ireland and the University of Louvain, Belgium. The
steering committee (CDD, FP, AJ, JDL) of this project,
called “Intermediate care for dementia in Europe,” developed a
semi-structured questionnaire with 20 questions. It contained
quantitative/qualitative questions, some in Likert scale-type and
open-ended questions as well.

Development of the questionnaire

The steering committee of this project, called “Intermediate
care,” developed a semi structured questionnaire with 20
questions, 14 of these included free text comments.

The first draft of the questionnaire was based on the research
objectives through an extensive literature review. Subsequently,
a panel of PHC experts and methodology experts used a
Delphi process to evaluate the validity of the items and the
length of the questionnaire, formulate suggested changes, and
identify missing items. The research team then discussed all
feedback until consensus was reached, and a final version of the
questionnaire was developed.

Validity

The psychometric properties of the questionnaire were
assessed both quantitatively and qualitatively, focusing on
validity as a theoretical construct and as an empirical construct.
Regarding validity as a theoretical construct, face validity and
content validity were tested. During the development of the
questionnaire, face validity, i.e., whether the questionnaire
measures at first glance what it purports to measure, and
content validity, i.e., whether the items adequately represent
the entire domain that the questionnaire attempts to measure,
were tested. In each case, this was done by EGPRN Primary
health care experts, all international authorities in the field
of health care. Construct validity, i.e., the extent to which
the items in the instrument relate to a relevant theoretical
construct, was improved by using the results in the first step
of the development process. Given that full randomization
was not possible in all countries, a sampling bias may exist,
which might have affected external validity. Some strategies were
implemented to minimize the potential biases encompassed by
conducting multicenter surveys. Each partner undertook the
translation (and back-translation) and cultural adaptation of
the questionnaire first, and then after resolving terminology
issues, the collaborators reached the harmonized version of the
questionnaire, with consideration of local arrangements and
definitions. This rigorous development of the questionnaire is
a strength of the study.

Participants

EGPRN National coordinators from 16 European countries,
(Bosnia, Croatia, Georgia, Greece, France, Hungary, Ireland,
Israel, Italy, Latvia, Poland, Portugal, Romania, Switzerland,
United Kingdom, and Ukraine), agreed to coordinate the survey
in their countries.

A convenience sampling technique was used whereby
national coordinators (members of EGPRN) chose informants
from different geographical regions within their own country.
The informants were contacted directly by the national
coordinators by email; the participants were required to be
primary healthcare doctors. The informants were asked to give
the general view of the attitude of P in their country. Since we
used a convenient sample of informants, the representativeness
of primary care personnel for each country may be questionable
although we tried to achieve geographical distribution especially
in big countries. The national coordinators tried to avoid bias
and recruit practicing primary care physicians with different
interests, and not necessarily in dementia care. This type
of recruitment strategy has been currently used in many
collaborative recent studies in Primary care.
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Sample size

Exact data on the population of general practices in
every partner country was not available to calculate the
target sample size, and, additionally, given the volunteer
nature of the study, no minimum sample size requirements
were applied to participation. For this reason, we did
not focus on presenting individual country-level data in
detail. Given the potential volunteer bias and the cross-
sectional survey design, direct assessment of causal relationships
was not possible.

Main outcome measures

The questionnaire comprised 20 questions including
sociodemographic variables and length of clinical experience
(Supplementary material). The data were collected using the
online survey tool Google Form.

The authors planned descriptive analysis of the
quantitative data.

Analysis

Six hundred and six doctors responded to the questionnaire.
16 responses were excluded because the respondent was not a
general practitioner or had not answered the first question. On
the other hand, 7 responses were excluded for duplicates. 583
responses were finally analyzed.

To describe baseline characteristics, proportions were
calculated for dichotomized or categorized data, and means for
continuous data. Median and interquartile range were utilized
for the analysis of Likert scale data. Statistical analyses were
performed in Microsoft Office Excel 2010 software.

Qualitative analysis

Because responses were limited to short sentences for the
open-ended questions, a brief conceptual qualitative content
analysis was conducted. Responses (direct quotes) from GPs
were independently reviewed by two members of the research
team (22, 23).

Results

Six hundred and six doctors responded to the questionnaire.
Sixteen responses were excluded because the respondent was not
a general practitioner or had not answered the first question.
On the other hand, 10 responses were excluded for duplicates (3
in Israel). Five hundred and eighty three responses were finally
analyzed. Response rate was above 50%.

Characteristics of participants

Physician characteristics: 61% (357) of the
participants were women and 39% (226) men

The average age is 48 years with a standard
deviation of 11 years.

All the characteristics of the surveyed population can be seen
in Table 1.

Setting and seniority of work
The doctors surveyed mainly practiced in urban areas 57%

(335) of the participants. The semi-rural and rural practices
consisted of 22% (131) and 20% (116) of doctors, respectively.
One participant did not answer this question.

At the time of the questionnaire, physicians had practiced
medicine on average for 18 years with a median of 17 years.

What do you think might be the main
benefits of intermediate care for a
patient with dementia?

Respondents identified the main advantages of intermediate
care as better medical care for the patient (78%), better
quality of life for the caregiver (67%), prevention of
caregiver burnout (73%) and a break and assistance for
the caregiver (59%).

Respect for the patient’s choice was identified by 27% of
physicians, but in a heterogeneous manner depending on the
country. The presence of other benefits was reported in 14% of
cases. The full picture of the responses by country is available in
Figure 2.

Qualitative analysis: Analysis of qualitative data revealed
three main themes:

1. Improved care: “It would certainly improve the current
care of such patients, as well as their caregiver. . . and
would also have a positive impact on their interpersonal
relationships” Croatia.

2. Enhanced quality of life: “Better quality of life for both the
patient and the caregiver and the rest of the family” Bosnia-
Herzegovina.

3. Reduced costs to the healthcare system: “It is cheaper than
hospital care. It avoids bouncing in and out of inappropriate
hospital” UK.

What do you think are the main
disadvantages of intermediate care in a
patient with dementia?

According to the doctors, the main disadvantage
seems to be the high cost for the family (66%). The
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TABLE 1 Characteristics of participants.

Number of
participants

Men Women
N (%)

Age
Med (Q1-Q3)a

Urban Semi-rural Rural Seniority
Med (Q1-Q3)

Bosnia 29 4 (14%) 25 (86%) 50 (36–54) 17 (59%) 6 (21%) 6 (21%) 17 (6–25)

Croatia 19 3 (16%) 16 (84%) 31 (30–39.5) 13 (68%) 6 (32%) 0 6 (4.5–11)

France 50 28 (56%) 22 (44%) 50 (39–59) 13 (26%) 27 (54%) 10 (20%) 16.5 (8.25–29.75)

Georgia 22 0 22 (100%) 41 (38. 25–51.25) 5 (23%) 4 (18%) 13 (59%) 11.5 (7.5–20)

Greece 23 8 (35%) 15 (65%) 43 (38.5–45) 8 (35%) 7 (30%) 8 (35%) 5 (5–9.5)

Hungary 24 14 (58%) 10 (42%) 47.5 (40–53.5) 22 (92) 2 (8%) 0 16 (11.75–22.25)

Ireland 34 20 (59%) 14 (41%) 49 (45–59) 16 (47%) 12 (35%) 6 (18%) 20 (16–26)

Israel 28 11 (39%) 17 (61%) 46.5 (40.3–55) 23 (82%) 1 (4%) 4 (14%) 14.5 (5.75–23.5)

Italy 31 25 (81%) 6 (19%) 61 (61–66) 11 (35.5%) 9 (29%) 11 (35.5%) 35 (26–37.5%)

Latvia 20 2 (10%) 18 (90%) 49 (44–60) 13 (65%) 3 (15%) 4 (20%) 20 (7.3–23)

Poland 37 19 (51%) 18 (49% 47 (32–53) 22 (60%) 9 (24%) 6 (16%) 18.5 (5.5–21.3)

Portugal 40 13 (33%) 27 (68%) 43 (37.8–57.3) 33 (82.5%) 5 (12.5%) 2 (5%) 11 (9.5–31)

Romania 105 8 (8%) 97 (92%) 54 (48–60) 66 (63%) 6 (6%) 33 (31%) 21 (17–28)

Switzerland 53 42 (79%) 11 (21%) 55 (47–59) 31 (58%) 16 (30%) 6 (11%) 18 (10–22)

United Kingdom 34 17 (50%) 17 (50%) 42 (36.3–47.5) 22 (65%) 9 (26%) 2 (6%) 9 (5–13.8)

Ukraine 34 12 (35%) 22 (65%) 38 (32–44.8) 20 (59%) 9 (26%) 5 (15%) 11.5 (7–18.8)

Total 583 226 (39%) 357 (61%) 49 (39–58) 335 (57%) 131 (22%) 116 (21%) 17 (8–25)

aMedian (1st quartile–3rd quartile).

FIGURE 2

Intermediate care: Main benefits declared by general practitioners. BS, Better support; BQoL, Better quality of life; PB, Prevention of burnout;
CBA, A break and assistance for the caregiver; PC, Respect for the patient’s choice; O, Others.

second disadvantage (51%) is the “disorientation and
exacerbation of behavioral and psychological symptoms
of dementia because the patient was transferred to
another living environment.” The third main drawback
identified is the feeling of shame with 46% of doctors
having reported it.

The cost to society is a disadvantage for 36% of physicians.
Poor medical care, decline in the quality of life of the

caregiver and poor prognosis of the patient’s state of health do
not seem to be concerns for the doctors because less than 15%
checked these answers.

The breakdown of responses by country is available in
Figure 3.

Qualitative part: analysis of qualitative data revealed two
main themes:

1. Funding: “There is no doubt that the issue of funding and
fundability is a disadvantage,” Hungary and “Long-term
care is a considerable financial burden for relatives, which
only stops when the assets are used up and the general public
has to assume the uncovered costs,” Switzerland.
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FIGURE 3

Intermediate care: Main disadvantages declared by general practitioners. PMC, Poor medical care of the patient; WCQoL, Decrease in the
quality of life of the caregiver; PPHS, Poor prognosis of the patient’s state of health; BPSD: Disorientation and exacerbation of behavioral and
psychological symptoms of dementia because the patient has been transferred to another living environment. CS: Feeling of shame on the part
of the caregiver (s) for not being able to take care of the patient (s) themselves (“natural” obligation according to social conventions). FHC, High
cost for the family; SHC, High cost for society and the healthcare system; O: Others.

FIGURE 4

Availability of intermediate care services.

2. High staff turn-over: “Turnover of staff causing lack of
rapport and familiarity,” Ireland and “High staff turnover
and subsequent issues with continuity of care,” UK.

What kind of intermediate care is
available in your country?

The results are summarized in Figure 4.
There are big differences among countries in the

availability of the different form of intermediate care
a part the nursing homes. For the respite and relief
services in Bosnia (7%), Croatia (16%), Greece (13%),
Hungary (17%), Italy (6%), Israel (18%), Latvia (25%),
Poland (24%), Romania (6%), Ukraine (9%) less than

50% of the respondents declare the existence of such
kind of services.

Regarding the integrated care services countries below
50% were Bosnia (21%), Croatia (42%), Greece (13%), Ireland
(38%), Poland (41%), Romania (30.5%). Regarding the day-
care centers, countries with a positive response below 50%
were Bosnia (3%), Greece (35%), Latvia (40%), Romania
(15%), Ukraine (3%).

Regarding the nursing homes countries with a positive
response below 50% was only Georgia (0.0%).

Qualitative part: Other forms of intermediate care
structures, included:

1. Foster families: Croatia and France.
2. Voluntary organizations: “Support from

charities and community groups,” UK and
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“Volunteers present at home for a few hours/day,”
Switzerland.

Are intermediate care services
homogeneously available in your
country?/(homogeneously means: no
difference between regions and no
difference between rural and urban
setting)

The median of responses is 1 for Greece, the majority of
Greek respondents (12 out of 23 responses) find the availability
of intermediate care very heterogeneous in their country
(Figure 5).

The median of responses is 4 for Italy and Ukraine,
indicating intermediate care available in a rather
homogeneous manner.

Four countries stand out for their better homogeneity:
Bosnia Herzegovina, Italy, Switzerland and Ukraine. Indeed,
Bosnia Herzegovina and Italy have a median at 3 with a
3rd quartile at 4.

For the majority of countries, the median is 2. This is the case
for France, Georgia, Hungary, Ireland, Latvia, Poland, Portugal,
Romania, and UK.

Qualitative part: From analysis of qualitative data two
themes emerged:

1. A rural-urban divide: “The rural environment is
disadvantaged in all respects,” Romania and “More
often, access in cities is better,” Poland and “In rural areas,
social services are less accessible,” Latvia and “In urban
areas, it is more accessible,” Bosnia and Herzegovnia and
“In rural locations, mainly in mountain villages, there are
not at all intermediate care services,” Greece.

2. The social deprivation effect: “Wealthy councils have
better care, there are long waiting lists for government care,”
Latvia and “Gaps most commonly in areas of deprivation
but even that is not consistent,” Ireland.

Are these two types of intermediate
care integrated at-home
services/respite and relief services for
caregivers, described in full in question
provided for free in your country? (Free
means that the patient is not charged,
or that he/she is reimbursed by the
health care system)

Two answers were uninterpretable because they were not
formulated according to the available scale.

For this question and the following one, the scale went from
1 (not at all) to 3 (completely free or fully reimbursed).

Free home care and respite facilities were reported on
average in only 9% of cases, with a minimum in Latvia of 0%
and a maximum in Georgia with 27.3% of responses.

In France, Georgia, Ireland, Israel, Italy, Latvia, Poland,
Portugal, Switzerland and the United Kingdom more than 50%
of doctors described partial reimbursement for home care and
respite facilities.

The responses concerning the total lack of support for home
care and respite facilities are summarized in Figure 6.

Do families receive economic support
when a patient is admitted to a nursing
home or long-term care facility (type 3
and 4 in question 1) in your country?

Like the precedent question, two answers were
uninterpretable because they were not formulated according
to the available scale. The scale used was identical to the one
mentioned in previous question.

Full coverage of retirement homes and assisted living
facilities costs seems even rarer than for home care and respite
facilities: only 5.3% of respondents checked this answer. In
Georgia however, this response was checked in 45.4% of cases
out of a sample of 22 doctors. In other countries, it was checked
between 0 and 11% of cases.

Note that no doctor from Georgia has reported the
availability of nursing homes or residences in their country to
the question concerned.

Only France, Ireland, Israel, Italy, Portugal, Switzerland
and the United Kingdom also reported partial reimbursement
in more than 50% of cases for nursing homes and assisted
living facilities.

The responses concerning the total lack of support for
assisted living facilities are also summarized in Figure 6.

Nursing homes and serviced residences seem to be less
well supported than home care and respite facilities, with the
exception of Georgia and Portugal.

Does your country have written
standards or guidelines for admission
to any form of intermediate care?

49.7% of doctors responded that there are no written
standards or guidelines for access to any type of intermediate
care in their country.

Countries where there appear to be no standards
according to doctors are Bosnia Herzegovina, Croatia, France,
Georgia, Greece, Hungary, Ireland, Israel, Latvia, Romania,
Switzerland, and Ukraine.

36.7% of respondents believe that there are written
standards or guidelines in their country. 13.6% checked “other.”
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FIGURE 5

Intermediate care services: Homogeneity of diffusion. 1: not at all homogeneous. 5: completely homogeneous.

FIGURE 6

Intermediate care services: subsidization by the healthcare system.

However, in Italy, Poland, Portugal and the UK, more
physicians confirmed the existence of standards or guidelines.

Qualitative part: Three themes emerged from analysis of
the qualitative data:

1. GP’s lack awareness of admission guidelines: “I honestly
have not come across anything like that,” Hungary and “I
don’t know,” Portugal and “I am not aware of any guidelines
on this,” Switzerland.

2. Multi-disciplinary assessment of clinical need:
“Multidisciplinary evaluation units that assign a score, relative to
the patient’s need,” Italy and “an examination by a psychiatrist,
psychologist and internal medicine specialist is required for
admission to the institution,” Bosnia and Herzegovnia and “The
family doctor and the manager of the home should score the
patient’s current condition and the level of social care,” Hungary
and “Assessed by the primary care doctor and the home/service
staff on the basis of self-care grades,” Hungary and “Must be
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assessed by age care assessment team with consultant geriatric
doctor,” Ireland and “Admission is based on evaluation by the
District Physician and subsequent introduction of the patient to
the regional ranking list” and “GP report with the opinion of the
Psychiatrist,” Portugal.

1. Funding: “In the private sector the determinant is having
money to pay the costs,” Portugal and “Personal connections
are more important, or geographical availability and of
course, money,” Hungary.

What is in your opinion the general
attitude of family caregivers toward
admitting their relative to a nursing
home in your country?

The question concerned the feelings of caregivers regarding
the admission of their loved one to a retirement home in the
country of the surveyed. The scale ranged from 1 (happy)
to 10 (ashamed).

The opinion of respondents is unanimous across the
countries with a median systematically greater than or equal to
5 (Figure 7).

Qualitative part: Five themes emerged following analysis
of the qualitative data:

1. Shame: “experienced as a shame or failure,” France, and
“Guilt, feelings of failure, fear,” France and “Some are
ashamed but, again, this is perhaps not the most common
reaction,” Ireland and “families are not proud of placing
the charges in nursing homes, they hide it from their
friends,” Poland.

2. Sadness: “Probably sadness/anguish for not being able to
care,” Portugal and “It is a painful choice,” Italy and “Most
feel sad but have reached the end of their coping strategies by
this point,” UK.

3. Guilt: “The feeling of guilt is great,” Poland and
“Switzerland and “It is considered that you are a bad son
or daughter if you cannot take care of your parents on your
own,” Ukraine.

4. Relief: “It is thought that their relative may have better
supervision and treatment in a nursing home than at home,”
Greece and “At a point of burnout, it is accepted,” Hungary
and “Many families are relieved by the time if admission
despite wishing things could be different,” Ireland and “Relief
since they can no longer make it on their own,” Italy and
“. . .appreciate the fact that they are relieved of the burden of
taking care of the sick, which they are not obliged to share
with such a center,” Poland and “It varies from family to
family, but in most cases it is a relief,” Portugal.

5. Family-dependent heterogenous responses: “. . .it is
different for each individual,” Hungary and “Varies hugely
from family to family,” Ireland and “. . .very dependent
on relatives,” Latvia and “family dependent and culture
dependent,” UK.

Do you as a GP have the power to
admit a patient to any form of
institutional support of intermediate
care?

Respondents from Bosnia and Herzegovina (72%), Croatia
(63%), France (70%), Greece (61%), Ireland (73%), Israel
(54%), Latvia (50%), Poland (57%), Romania (79%), and the

FIGURE 7

Level of caregiver dissatisfaction of intermediate care. 1: happy. 10: ashamed.
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United Kingdom (50%) consider that they do not have the
power to admit a patient to any form of institutional support
of intermediate care.

Responses from general practitioners in Georgia (73%),
Hungary (71%), Italy (45%), Switzerland (85%), and Ukraine
(59%) showed that GPs have this power. Note that in Italy, 20%
of doctors ticked the answer “Other.”

Qualitative part: The themes that emerged from analysis
of the qualitative data indicated that GPs do not have the
power to admit a patient to any form of institutional support
of intermediate care. Three themes emerged.

1. Cost
“It depends on the urgency of the placement and the cost to

the patient’s family,” Italy
“It depends on financial means,” France.
1. Bed Availability
“Frequent refusals due to lack of available space,” France.
“Can suggest the need, but can’t ensure availability of

beds,” Ireland.
1. Governance
“. . .does not depend on the doctor, because the admission

commission is independent of the doctor,” France.
“I can suggest. Intermediate care is given by the social

services, not medical,” Israel.
“I Need authorization from a specialist working in the public

health system,” Italy.

Do you, as a GP, need an approval from
a secondary care specialist or any
other authority to admit a patient to
any form of institutional support?

In some countries non-medical administrative staff such as
health service economists need to approve the admission of the
patient to these forms of institutional support.

In Croatia (74%), France (86%), Hungary (75%),
Poland (62%), Portugal (60%), Switzerland (92%) and the
United Kingdom (59%), respondents denied the need of the
approval of a secondary care specialist or other authority in
order for a patient to receive intermediate care.

Conversely, in Bosnia Herzegovina (62%), Georgia (82%),
Greece (48%), Ireland (68%), Israel (69%), Italy (71%), Latvia
(50%), Romania (67%), and Ukraine (82%), respondents stated
that GPs do need the approval of a secondary care specialist or
some other authority.

Qualitative part: There was much variability with Countries.
“Complicated procedure,” Bosnia and Herzegovina
“Once again, it depends, for some home care or some,”

France

“In some cases, they seek psychiatric advice, but in most
cases they do not,” Hungary

“. . . in some situations Yes; in others No,” Ireland.

How would you rate the quality of
intermediate care for people with
cognitive impairment in your country?

The scale ranged from 1 (low quality) to 5 (high quality).
The average across all countries is 2.48 with a standard

deviation of 1.04.
The outcome for this question is available in Table 2.

What are in your opinion the main
issues related to intermediate care for
persons living with dementia in your
country or in your area?

The major issues reported are limited financial support
(76%) and access difficulties with restrictive administrative
procedures (67%).

Equally important issues are the poor quality of service
(43%), stigmatization for the family (41%). The least important
issue is the feeling that the situation has worsened in recent years
due to cuts in health spending (35%). 16% of physicians checked
“other.”

The complete picture of the responses by country is available
in Figure 8.

Are general practitioners in your area
educated and trained to familiarize
themselves with and manage
intermediate care services?

51% of doctors consider they are not at all trained and
44% moderately trained. Only 5% of doctors think they are
very well trained.

Switzerland (13%) and Ukraine (26%) are the only
two countries to exceed 7.5% of responses in favor of
very good training.

Doctors from France (66%), Greece (57%), Hungary (75%),
Israel (54%), Italy (61%), Portugal (52.5%), Romania (80%), and
Ukraine (44%) consider that GPs are not trained at all.

For the other countries, the majority of doctors think
they are moderately trained. This is the case of Bosnia
Herzegovina (59%), Croatia (53%), Georgia (82%), Ireland
(65%), Latvia (55%), Poland (54%), Switzerland (60%), and the
United Kingdom (65%).
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TABLE 2 Assessment of the quality of care by general practitioners by country.

Country Median Minimum Maximum 1er Quartile 3e Quartile

Bosnia 2 1 3 1 2

Croatia 3 1 5 2 3

France 3 1 4 2.25 4

Georgia 2 1 4 2 3

Greece 2 1 3 1 2

Hungary 2 1 4 1.75 3

Ireland 3 1 5 2 3

Israel 3 1 5 2 3.3

Italy 3 1 4 2 4

Latvia 2 1 3 2 2

Poland 2 1 4 1 3

Portugal 2.5 1 3 2 3

Romania 2 1 4 1 2

Switzerland 4 2 5 4 4

UK 3 2 4 2.25 3

Ukraine 3 1 4 2 3

FIGURE 8

Main issues with intermediate care. LFS, Limited financial support; PQoS, Poor quality of service; ARAP, Access difficulties with restrictive
administrative procedures; FS, A stigma for the family (for the retirement home); FSW, A feeling that the situation is worsening in recent years,
due to cuts in health spending; O, Other.

In your area are GPs regularly updated
on the intermediate care services
available?

Two countries stand out with more than 20% of respondents
who consider that general practitioners are regularly informed
about the available intermediate care services: Switzerland (26%)
and Ukraine (23%). In the other countries, less than 7.5% of
physicians ticked this answer.

The countries where more than half of doctors think they are
not at all informed are France (54%), Greece (70%), Hungary
(75%), Israel (50%), Italy (61%), Latvia (55%), Poland (65%),
Portugal (72.5%), Romania (90%).

Doctors from Bosnia and Herzegovina (52%), Croatia
(58%), Georgia (86%), Switzerland (53%), United Kingdom
(50%) mostly chose the intermediate level of response 2.

Half of the doctors in Ireland said they were not at all
informed and the other half that they were moderately informed.
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Responses in Ukraine show significant heterogeneity
between physicians. Indeed, it is one of the countries where
the rate of doctors who think they are well informed is the
highest (23%). However, 41% of physicians responded that
they were not at all informed compared to 35% for the
intermediate response.

Discussion

In the literature the effectiveness of strategies to reduce
family care giver burden gives controversial results. A systematic
review conducted by Schoenmakers et al. (24) demonstrated,
in accordance with other qualitative reviews, the weak evidence
that supporting family caregivers could be beneficial.

Advantages and disadvantages of
intermediate care

According to our respondents better medical care for the
patient, better quality of life for the caregiver and prevention of
caregiver burnout seems to be the main advantages.

the main disadvantages seem to be the high cost for the
family (66%), the “disorientation and exacerbation of behavioral
and psychological symptoms of dementia because the patient
was transferred to another living environment.” In case of
nursing home or day centers, and the feeling of shame of the
family caregiver.

According to the literature attending a day care center
provides the opportunity for social interaction and a sense of
structure and routine (20, 25), and day care has been shown
to provide people with dementia with a range of benefits.
These include increased wellbeing (26, 27); better sleeping
habits (27, 28); reduced neuropsychiatric symptoms and use
of psychotropic drugs (28, 29); and, reduced family carer
stress (30).

Respite services are also significantly associated with
decreased levels of carer burden (29). Regarding the
patient with dementia positive aspects described in the
literature included health assessments received during
respite, activities encouraging stimulation, socialization
and keeping active, improvement in self-esteem, physical
health, cognition and conversation, enjoyment of respite,
the provision of a safe environment and the chance to
have time out of the house and away from family care
(31, 32).

For the family, the admission to a nursing home might
also indicate an opportunity to receive end-of-life care in the
facility (33).

Because a change in the place of care and caregivers
adversely affects cognitive functioning (34, 35), intermediate
care in residential care settings might cause problems in terms

of development of Behavioral and psychological symptoms of
dementia (BPSD). Moreover some elderly persons are admitted
to geriatric intermediate care facilities because an appropriate
facility is not available (36), and nursing homes sometimes reject
admission for people with challenging behaviors (37).

Older age, higher level of care need, and several medical
conditions (including dementia and dysphagia) are usually
associated with lower likelihood of discharge to home, because
these medical conditions can make it difficult to care for older
adults at home (38).

People with dementia are often reluctant to go to a day care
center, which poses a dilemma for care givers (39, 40). Centers
that cater for people with dementia may also have restrictions
on enrolment; incontinence and disruptive behavior are cited as
the most common restrictions, and not surprisingly, therefore,
day care utilization rates among people with dementia tend to
be low (17).

Availability of the different types of
intermediate care

In our survey a part the nursing home there are big
differences among countries in the availability of the different
types of intermediate care.

Good quality community care should be accessible to
all people living with dementia (41). Hospitalization or
nursing home admission of people with dementia may reflect
inequities in availability of community care (41). The types and
availability of home care services differ by country. A review of
American studies reporting service use estimated that 46.7% of
community-dwelling people with dementia used in-home health
aide services during a 1-year period and homemaker assistance
was used by around 23–36.8% (17).

Geographic variation

Apart from Greece, the majority of responses showed a
rather homogenous availability of these services within the
single countries respondents sometimes complained of poor
availability in rural environments.

According to the literature, in Ireland day care centers, in
many parts of the country, have limited capacity to provide a
service for people with dementia who live in their catchment
area (18). As the number of people with dementia increases,
investment in day care centers should be targeted to areas where
need is greatest. Despite the attempt, there is no universal access
to care, the services available to each GP participant often vary
according to geographic sites (18, 42). Interventions are needed
to support families of people with dementia, because they incur
the most dementia care related costs (43).
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FIGURE 9

Intermediate care: existence or written standards or guidelines.

Financial support to the family

Regarding the economic support to family for intermediate
care, this issue is raised by most of our respondents. Free home
care and respite facilities were reported on average in only 9%
of cases, and the coverage of the costs of nursing homes and
assisted living facilities seems even rarer.

According to the literature in a recent qualitative study
conducted in Ireland, GPS pointed at the scarcity of funding
as a barrier to patients and their carers in accessing secondary
services; they also complain that community nurses are not
enough and sheltered accommodations need to become widely
distributed (44).

Guidelines for admission to any form
of intermediate care

In our survey many respondents denied the existence of
written guidelines (Figure 9).

Attitude of family caregivers

According to our respondents, caregivers are not completely
keen to admit their relatives to a nursing home.

Respite care is a cornerstone service for the home
management of people with dementia and it is used by carers
to mitigate the stress related to the demands of caring by
allowing time for them to rest and do things for themselves,
thus maintaining the caring relationship at home and perhaps
forestalling long-term placement in a residential aged care
facility (16). Unfortunately, its uptake by carers of people with
dementia remains relatively low (16).

In a number of interview studies, both quantitative and
qualitative, carers appeared conflicted about giving themselves
permission to initially use respite services (45). Guilt from
perceptions of abandoning the person with dementia, failure
in the fulfillment of their marital or familial duty, severance of
social bonds and apprehension in case the person with dementia
becomes angry, resentful or distressed from respite are common
themes identified (45, 46). When family members, including the
person receiving the care, disapprove of the respite (32, 47), the
caregiver will be unlikely to take a break from their care duties.
To avoid conflict, caregivers often prioritize the wishes of their
relative facing the disease (48). In some cultures, the role of
caregiver is seen as one of sacrifice and duty, which is a barrier to
the use of respite (49) and therefore sending parents to nursing
homes could be considered unfilial (50).

Primary care physicians’ power to
admit patients with dementia to
intermediate care

In our survey it seems that in many countries primary Care
physicians are not entitled to admit patients with dementia to a
form of Intermediate care on their own and that they do need an
approval from a secondary care specialist.

Quality of intermediate care

According to our survey GPs in Switzerland are those
more satisfied of the quality of intermediate care for patients
with dementia. GPs also stated that structured care approach
could positively impact carer burden (44). Lack of coordination
among community services is another important issue (44).

Education, training and updating of
general practictioners

According to our survey many general practictioners (GPs)
complain of not being informed and regularly updated and
trained to the management of the intermediate care services
available in their areas.

Poor uptake of social support services by carers of
people with dementia is often due to a lack of awareness

Frontiers in Medicine 14 frontiersin.org

142143

https://doi.org/10.3389/fmed.2022.1016462
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-1016462 October 13, 2022 Time: 16:9 # 15

Dibao-Dina et al. 10.3389/fmed.2022.1016462

of their existence (51, 52). Therefore, existing dementia
support services are often not efficiently linked with different
stakeholders in the home-care setting (53). This situation
applies to many countries worldwide (54). As a result,
patients with dementia and their family caregivers are often
not well informed about the services available in their
community and therefore do not use the support structures
efficiently (53).

GPs find providing post-diagnosis information on
services and supports particularly challenging and similarly
people with dementia and their family caregivers feel they
need more support from their GPs in this post-diagnosis
period (51). An analysis of GPs’ educational needs in a
study conducted in Ireland (55) showed that GPs wanted
access to up-to-date, clinical information that would
help them to manage a patient with dementia and offer
optimal post diagnosis care to people dementia and their
families. GPs were aware of the importance of social
supports, but they were often “unaware of how to access
them” (55).

A Flemish study showed that GPs are often
unfamiliar not only with the available detection and
diagnostic possibilities, but also in post diagnostic care
(56).

Resourcing of primary care

One of the major obstacles to comprehensive care for
patients with dementia in primary care is the resourcing of
primary care (44).

Conclusion

Intermediate care in Europe is diverse and heterogeneous.
There is no universal access to care. Primary care
physicians are not informed and are not regularly updated
and trained to manage the intermediate care services
available in their area. One of the biggest barriers to
comprehensive care for dementia patients in primary care
is primary care resourcing. In many countries, primary
care physicians are not authorized to refer dementia
patients to some form of intermediate care themselves
but require authorization from a secondary care specialist.
The main advantages are better medical care for patients,
a better quality of life for caregivers, and prevention
of burnout among caregivers. The major disadvantages
are the high cost to the family and disorientation, and
exacerbation of behavioral and psychological symptoms.
Measures are needed to support the families of people
with dementia, as they bear most of the costs associated
with dementia care.

Strengths and limitations

We carried out a small-scale mixed methods study and
there could be limitations related to the transferability of
our findings. Nonetheless, regarding the aim of addressing
healthcare professionals’ perceptions about intermediate care in
their daily clinical practice this objective was achieved. Since we
used a convenience sample of informants the representativeness
of primary care personnel for each country may be questionable
although we tried to achieve geographical variation. The
national coordinators tried to avoid bias and recruit practicing
primary care doctors with different interests, and not necessarily
in dementia or intermediate care.

Because this is a survey of key informants, we cannot
fully assess the representativeness of the sample. However, to
get the most accurate picture of selection bias, all researchers
keep a detailed log of selection and recruitment strategies
in their country. The sample is also compared as closely as
possible with the national population of GP practices. Our
questionnaire was refined after a first pilot study. Yet, it was not
validated against other measures apart from a face validation
procedure. We cannot rule out the possibility of confounding
or alternative explanations to our results, since the survey
responses show points of view and not actual data. We should
also emphasize that differences in the number of answers
to each of the questions, the online questionnaire and the
selection process may be a source of independent biases in
generalizability of the results.
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Do statins benefit low-risk
population for primary
prevention of atherosclerotic
cardiovascular disease: A
retrospective cohort study

In Sun Ryou1, Ju Young Kim2*, Hwa Yeon Park2, Sohee Oh3,

Sehun Kim4 and Hwa Jung Kim5,6

1Department of Family Medicine, Ewha Womans University Medical Center, Ewha Womans

University School of Medicine, Seoul, South Korea, 2Department of Family Medicine, Seoul National

University Bundang Hospital, Seoul National University College of Medicine, Seoul, South Korea,
3Department of Biostatistics, Seoul Metropolitan Government Seoul National University Boramae

Medical Center, Seoul, South Korea, 4Cardiovascular Center, Hallym University Medical Center,

Seoul, South Korea, 5Department of Preventive Medicine, Ulsan University College of Medicine,

Seoul, South Korea, 6Department of Clinical Epidemiology and Biostatistics, ASAN Medical Center,

Seoul, South Korea

The reported beneficial e�ects of statins on cardiovascular outcome based

on risk assessment are inconsistent. Therefore, we investigated statin therapy

e�ectiveness for the primary prevention of cardiovascular disease (CVD),

according to the Korean Risk Prediction Model (KRPM). Subjects aged 40–79

years with low density lipoprotein cholesterol (LDL-C) of <190 mg/dL and

without CVD history were categorized as statin users or non-users using

the National Health Insurance Service-National Sample Cohort (NHIS-NSC)

database, Korea, 2002–2015. The 10-year atherosclerotic CVD (ASCVD)

risk was calculated using the validated KRPM and categorized as low,

borderline, intermediate, or high-risk groups; the incidence of major adverse

cardiovascular events (MACEs) was compared over amean follow-up period of

5.7 years using Cox proportional hazard models. The MACE incidence risk was

decreased in statin users [hazard ratio (HR) 0.90, 95% confidence interval (CI)

(0.84–0.98)]. However, there was an increased risk of MACE incidence in low-

risk statin users [HR 1.80, 95% CI (1.29–2.52)], and no significant relationship

was identified between statin use and MACE in the borderline [HR 1.15, 95% CI

(0.86–1.54)] and intermediate-risk [HR 0.94, 95% CI (0.85–1.03)] groups. The

risk of MACE incidence decreased only in the high CVD risk group among statin

users. Statin use is not associatedwithMACE reduction in low- to intermediate-

risk participants. Therefore, individuals with LDL-C level of <190 mg/dL and

low ASCVD risk should consider statin therapy only when CVD risk is proved

obvious using an appropriate ASCVD risk tool.

KEYWORDS

atherosclerotic cardiovascular disease, statin, primary prevention, major adverse

cardiovascular disease, low-density lipoprotein cholesterol
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Introduction

Cardiovascular disease (CVD) is the leading cause of death

worldwide (1, 2). The National Statistical Office proclaimed

CVD as the second leading cause of death in Korea, with the

number of affected patients increasing from 44.1 to 60.2 per

100,000 people between 2007 and 2017 (3).

Recent guidelines recommend statin therapy to reduce CVD,

depending on the patient’s low-density lipoprotein cholesterol
(LDL-C) levels (lipid-based) as well as the estimated risk of

CVD (risk-based) (4–9). Most guidelines have suggested that
statin therapy is beneficial when LDL-C is ≥190 mg/dL. The
West of Scotland Coronary Prevention Study (WOSCOPS)

study has reported that statin therapy reduced atherosclerotic

CVD (ASCVD) when the LDL-C was ≥190 mg/dL, regardless

of risk (10). According to the 2019 European Society

of Cardiology/European Atherosclerosis Society (ESC/EAS)

guidelines for the management of dyslipidemia, statin therapy

is effective in cases of high single risk factors such as

an LDL-C level of >190 mg/dL (11). The 2019 American

College of Cardiology/AmericanHeart Association (ACC/AHA)

Guidelines on the Primary Prevention of Cardiovascular Disease

recommended statin therapy for patients with LDL-C of >190

mg/dL as first-line treatment for the primary prevention of

ASCVD without the need for risk assessment (4, 7). These

guidelines consider the benefits of statin therapy to outweigh

the risk of adverse effects in patients with LDL-C level of

≥190 mg/dL (4, 7, 10, 11). However, with respect to risk-

based assessment, the CVD risk estimates and eligibility for

receiving statins differ somewhat between several guidelines.

The 2019 ESC/EAS guidelines have used the European SCORE

(Systematic Coronary Risk Estimation) system to calculate the

10-year risk of fatal CVD based on the following risk factors: age,

gender, smoking, systolic blood pressure, and total cholesterol.

In addition, they have recommended statin therapy based on

cardiovascular risk. For primary prevention, individuals with

very high risk (patients with diabetes with end-organ damage,

three major risk factors, severe chronic kidney disease [CKD;

estimated glomerular filtration rate {eGFR} <30], heterozygous

familial hypercholesterolemia with another major risk factor, or

a SCORE ≥10%) or high risk (total cholesterol >310 mg/dL,

LDL-C>190 mg/dL, BP 180/110mmHg, diabetes for>10 years

or with one major risk factor, moderate CKD [eGFR 30–59],

or SCORE 5–9%) are recommended for statin therapy. The

US Preventive Services Task Force has announced that the use

of statins for the primary prevention of CVD is beneficial in

adults between the ages of 40 and 75 years, without a history of

CVD, who present one or more CVD risk factors (dyslipidemia,

diabetes mellitus (DM), hypertension, and smoking), and an

estimated 10-year CVD risk≥10% (5).

The latest ACC/AHA guidelines for blood cholesterol

management recommend statin therapy as the primary

approach to prevent CVD in individuals aged 40–75 years

with DM and LDL-C levels between 70 and 190 mg/dL; or

individuals aged 40–75 years without DM and with LDL-C levels

≥70–189 mg/dL at a 10-year ASCVD risk of ≥7.5–19.9% (4).

Furthermore, these guidelines suggested that 10-year ASCVD

risk estimates should be reclassified based on individual risk-

enhancing clinical factors, including individual socioeconomic

status or medical accessibility, and specific racial/ethnics groups.

The guidelines further recommended coronary artery calcium

measurement to refine the risk assessment for individuals

belonging to the borderline- (5% to <7.5%) and intermediate-

(≥7.5% to <20%) risk groups, for whom the uncertainty

remains regarding statin effectiveness remains (7).

To establish a more accurate eligibility criteria for statin use

based on risk, we excluded individuals with LDL-C level of≥190

mg/dL in which the effect of statin has been previously reported.

Additionally, we considered not only individual risk but also

population risk including race and baseline CVD prevalence or

incidence as the absolute risk reduction and net benefit from

statin therapy based on the background population risk. Even

for those with similar CVD risk profiles, the number needed to

be treated for preventing one ASCVD event is much higher for

people in countries with low ischemic mortality (12). A recent

systematic review suggested that the efficacy of statins in primary

prevention is limited and largely depends on the baseline risk

(13). Thus, it is imperative to identify individuals who are eligible

for statin therapy for primary prevention based on accurate

estimates of CVD risk scores for target populations.

In this study, we used a validated Korean Prediction Risk

Model specific to Koreans, that uses the 2013 ACC/AHA pooled

cohort equations (PCE) by recalibrating the coefficient derived

from the Korean Heart Study (KHS) data to determine whether

statin use has a CVD-protective effect even in a relatively low

CVD risk race group, especially where the effect of statin use

is ambiguous.

Methods

Data source

Most Koreans are enrolled with the National Health

Insurance (NHI), a non-profit organization and single insurer

that manages the National Health Insurance Service (NHIS).

The NHI manages enrolled and insured individuals and

their dependents, collects contributions, and sets medical fee

schedules. It also provides biennial health check-ups free of

charge for Koreans aged over 20 years enrolled in the NHI.

To process these tasks, the NHIS constructed a data warehouse

to collect information on insurance eligibility, insurance

contributions, medical history, and medical institutions. This

system enables the NHIS to maintain national records for

healthcare service utilization and prescriptions (14).
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Accordingly, the NHIS has formed a National Health

Information Database that provides researchers with two

types of databases. The Sample Research Database refers to

standardized data set in a sharable form by extracting Korean

samples and is encrypted so that a specific person cannot be

recognized in the data. However, the database allows for long-

term observation as a cohort on the same encrypted individual

through connections in the qualification data, including social

and economic variables (location of residence, month and date

of death, cause of death, and income rank), treatment details,

and medical check-up data. There are five data sets, namely,

the National Sample Cohort (NSC), medical check-up, elderly

cohort, working women cohort, and infant medical check-up

databases (14, 15).

The highly representative NHIS-NSC database, comprising

one million Koreans qualified to receive health insurance and

medical benefits for 1 year in 2006 who were followed up from

2002 to 2015, was considered in this study. The NHIS-NSC

data include health screening laboratory results, socioeconomic

status, claims for prescription medication, diagnosis codes, type

of hospital visit, length of stay, and date and cause of death

(14, 15).

Ethics approval

The Institutional Review Board of Seoul National University

Bundang Hospital (IRB of SNUBH) approved the current

study (approval number: X-1611-372-905). The need for patient

consent was waived by the Ethics Committee of the IRB

of SNUBH owing to the retrospective nature of the study

and the strict anonymization of data. All methods were

conducted in accordance with the ethical standards of the 1964

Declaration of Helsinki and its later amendments, or comparable

ethical standards.

Study cohort construction

Using NHIS-NSC data, participants aged between 40 and

79 years with an LDL-C level <190 mg/dL and who had their

first health check-ups between January 1, 2009 and December

31, 2012 were selected. The date collected during the first

health check-up was defined as the cohort entry date. Patient

data were excluded if the respective patients had died within

1 year from the cohort entry date. Patients were excluded

if they fulfilled the following criteria within two years prior

to the cohort entry date: (i) diagnosed with any ASCVD,

such as myocardial infarction (MI), congestive heart failure,

peripheral vascular disease, or ischemic stroke, listed in the

International Classification of Diseases 10th Revision (ICD-10);

(ii) undergone revascularization procedures for CVD; or (iii)

had been prescribed statins (Supplementary Table S1). The study

population was divided according to their medical prescription

records into two groups, namely, statin users and non-users

(Figure 1).

Definition of statin users and index date

We adopted a new user design, and participants were

classified as statin users (simvastatin, pravastatin, lovastatin,

fluvastatin, rosuvastatin, atorvastatin, or pitavastatin) if they

had more than two records of statin prescription within 2

years after the cohort entry date, and if the total duration

of the prescriptions was longer than 6 months. We excluded

the users with late statin prescription, i.e., those who were

prescribed statins after 2 years from the cohort entry date to

avoid misclassification bias.

The total duration of statin treatment was determined by

combining all prescription periods using the claims database.

Participants who did not receive statins during the study period

were identified as non-users. Among statin users, the index

date was defined as the date of the first statin prescription. For

statin non-users, a proxy index date was assigned based on the

distribution of intervals between the cohort entry date and index

date of statin users (Proxy index date = cohort entry date of

statin non-users + interval between the cohort entry date and

index date of statin users). The index dates of non-users were

randomly selected according to the distribution of the index

dates of statin users (Figure 2) (16). See Appendix B for more

information on the sample data and programs used.

Risk categories using Korean-specific
10-year ASCVD risk

To calculate the 10-year ASCVD risk for Korean adults,

the 2013 ACC/AHA PCE were adopted and recalibrated

based on the derivations from the KHS dataset (17). The

KHS included 430,920 individuals (266,782 men and 164,138

women), who had voluntarily undergone health screening and

had no previous CVD history, in 18 centers across South

Korea between 1996 and 2004. (18) Using this population,

Jee et al. developed a Korean-specific pooled equation for

ASCVD risk adopting the method proposed by D’Agostino

et al. (19, 20). In the recalibrated equation, the coefficients

were determined from the Cox model of the 2013 ACC/AHA

equation, and the mean values for risk factors and baseline

survival rates were replaced by values from the KHS cohort

data (21). As shown in Supplementary A, the equation for

the Korean Risk Prediction (KRPM) Model for ASCVD was

developed. This equation was used to calculate the Korean-

specific 10-year ASCVD risk for the population and proved
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FIGURE 1

Flow chart of study participant selection. An illustration of the final study population selection, summarizing the inclusion and exclusion criteria

in this retrospective cohort study.

FIGURE 2

Operational definition of statin users. Statin users were defined as those who received health check-up between 2009 and 2012, had a record of

being prescribed statins at least twice within 2 years after the first health check-up, and were prescribed statins for more than 6 months.

effective in distinguishing cases from non-cases (area under

the receiver operating characteristic curve: 0.741 for men [95%

confidence interval [CI], 0.732–0.750), 0.745 for women (95%

CI, 0.734–0.757)], while also demonstrating good predictive

value for CVD events [Hosmer-Lemeshow χ2: 25.90 for men

(P = 0.002), 14.69 for women (P = 0.100)] (18). The predicted

CVD risks were categorized into four groups according to

the score: low-risk (<5% 10-year ASCVD risk), borderline-

risk (5 to <7.5% 10-year ASCVD risk), intermediate-risk (≥7.5

to <20% 10-year ASCVD risk) and high-risk (≥20% 10-year

ASCVD risk).

Ascertainment of baseline covariates

At the first health check-up, demographic information

including age, sex, income, and residential area were collected.

Clinical characteristics such as systolic blood pressure (mmHg),

diastolic blood pressure (mmHg), body mass index (BMI;

kg/m2), waist circumference (cm), total cholesterol (mg/dL),

triglyceride (mg/dL), high-density lipoprotein-cholesterol

(mg/dL), LDL-C (mg/dL), fasting blood glucose (mg/dL),

glomerular filtration rate (mg/dL), aspartate aminotransferase

(IU/L), alanine aminotransferase (IU/L), and gamma-glutamyl
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transferase (IU/L) were also collected. History of comorbid

diseases such as hypertension or diabetes, drug history, and

lifestyle factors, such as smoking (never, former, current),

alcohol consumption (excessive drinking: ≥4 standard drinks

per day), and exercise (regular exercise: more than 20min at

a time at least three times a week) were determined through

a questionnaire conducted at the first health check-up. We

also considered the underlying comorbidity of subjects two

years prior to the index date using the Modified Charlson

Comorbidity Index with ICD-10 codes (22).

Propensity score matching

To reduce selection bias, as well as potential confounders,

we applied a 1:1 propensity score (PS) matching using a

logistic regression method to associate statin use with baseline

covariates. We calculated the standardized difference (defined as

the difference in means or proportions divided by the standard

error) and imbalance (defined as an absolute value > 0.20–small

effect size) between the two groups for both continuous and

categorical variables (23).

Determination of outcomes and
follow-up

The primary outcome was MACEs including MI, ischemic

stroke, and cardiovascular death. To further consolidate the

results, MACE plus, an extended range of MACE, was

confirmed. MACE plus comprised of transient ischemic attack

(TIA), unstable angina, and coronary revascularization. These

outcomes were defined as when a participant was admitted

to a hospital, visited an emergency department with the

primary ICD-10 diagnostic code for the above conditions,

or underwent revascularization procedures resulting from the

above conditions.

To evaluate the relationship between statins and MACE,

follow-up continued from the index date to the date when the

first MACE was diagnosed, or December 31, 2015, whichever

came first. We then followed up the patients until the

occurrence of MACE plus—or December 31, 2015—to explore

the relationship between statins and MACE plus. We excluded

cases in which MACE or MACE plus occurred within 1 year

of enrollment to avoid the possible effects of unmeasured, pre-

existing risks.

Statistical analysis

All data are represented as mean ± standard error for

continuous variables (non-normal distribution is represented by

median/interquartile range) and as Frequencies and percentages

for categorical variables. We estimated the hazard ratios (HRs)

of MACE and MACE plus according to statin use using a

Cox proportional hazard model. Additionally, we compared the

effect of statin use on MACE and MACE plus depending on the

revised 10-year ASCVD risk.

In the subgroup analysis, we confirmed the effect of statin

use on MACE and MACE plus depending on sex, age, history of

hypertension or DM, and LDL-C levels.

Furthermore, the incidence and HR of new-onset DM were

evaluated based on statin use in PS-matched cohort individuals

without a history of DM diagnosis or drug use. New-onset DM

was defined as the condition when the subjects had a diagnostic

code for DM (ICD-10 E10–E14), fasting blood glucose level

≥126 mg/dL, or had been prescribed hypoglycemic drug (ATC

code A10B) or insulin (ATC code A10A).

Statistical analyses were carried out using SAS Version 9.4

statistical software (Cary, NC, USA) and results were considered

significant at p < 0.05.

Results

Baseline characteristics between statin
users and non-users

Between 2009 and 2012, 309,232 subjects with LDL-C levels

<190 mg/dL, aged 40 to 75 years and who had no history of

ASCVD or revascularization procedure for CVD or a record of

statin prescription were included.

Statin users (n = 32,242) and non-users (n = 276,983)

were identified. Baseline sociodemographic, clinical, and health

behavioral factors are shown in Table 1. On average, statin users

were older (59.59 vs. 52.97), had a higher BMI (25.19 vs. 23.80),

and showed a higher prevalence of hypertension (77.52% vs.

27.61%) and diabetes (49.31% vs. 15.05%) than non-users. After

performing 1:1 PS matching, PS-matched statin users (n =

22,308) and non-users (n= 22,308) were identified.

Incidence of outcomes

A total of 2,624 participants experienced a MACE during

the follow-up period (mean, 5.66 years; standard deviation,

0.93 years). The incidence of MACE was higher in statin non-

users than that in users (10.94 vs. 9.82/1,000 person-years).

Specifically, the incidence of ischemic stroke and CVD death

was higher in statin non-users than that in users, whereas the

incidence of MI was higher in statin users than that in non-users

(Table 2).

A total of 4,490 participants experienced a MACE plus

during the follow-up period. The incidence of MACE plus

was higher in statin users than that in non-users (18.59 vs.

17.67/1,000 person-years). In particular, the incidence of TIA,
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TABLE 1 Baseline characteristics of the study population.

Original cohort PS matched cohort

Statin non-users Statin users SE/ Statin non-users Statin users SE/

(n = 276,983) (n = 32,249) P-value (n = 22,308) (n = 22,308) P value

Age (years), SD 52.97 9.90 59.59 9.03 0.0577 59.98 10.67 59.52 8.86 0.0928

Sex (N), % <0.0001 0.0025

Male 132,170 47.72% 12,863 39.89% 9,432 42.28% 9,117 40.87%

Female 144,813 52.28% 19,386 60.11% 12,816 57.72% 13,191 59.13%

Systolic blood pressure (mmHg), SD 123.10 15.42 128.80 15.75 0.0909 129.10 16.00 128.60 15.68 0.1500

Diastolic blood pressure (mmHg), SD 76.68 10.28 78.89 10.27 0.0605 79.20 10.21 78.83 10.21 0.9067

Body mass index (kg/m2), SD 23.80 6.69 25.19 3.17 0.0378 25.10 21.21 25.10 3.09 0.1435

Waist circumference (cm), SD 80.41 8.72 84.43 8.59 0.0512 83.83 8.66 84.23 8.43 0.0809

Total cholesterol (mg/dL), SD 196.60 32.78 198.70 43.14 0.2001 201.70 33.85 200.00 43.01 0.3665

*Triglyceride (mg/dL), IQR 109 76–161 135 96–195 0.5879 134.5 91–195 135 97–195 1.1155

*High-density lipoprotein cholesterol (mg/dL), IQR 53 45–63 52 45–62 0.158 52 44–62 53 45–62 0.3497

Low-density lipoprotein cholesterol (mg/dL), SD 115.20 30.24 112.20 38.83 0.1838 116.40 31.86 113.40 38.90 0.3367

*Fasting blood glucose (mg/dL), IQR 94 87–103 101 91–119 0.1483 100 90–118 101 91–117 0.3268

Glomerular filtration rate (mL/min/1.73 m2), SD 82.92 27.53 78.08 26.36 0.2250 76.08 25.43 76.70 25.40 0.3275

*Aspartate aminotransferase (IU/L), IQR 23 19–28 25 20–30 0.1571 24 20–30 25 20–30 0.1670

*Alanine aminotransferase (IU/L), IQR 20 15–28 23 17–33 0.1888 22 16–31 23 17–33 0.2071

*Gamma-glutamyl transpeptidase (IU/L), IQR 23 15–39 27 18–46 0.3226 26 17–45 27 18–45 0.5592

Smoking status (N), % <0.0001 0.0002

Never 176,778 64.07% 22,310 69.38% 15,586 69.87% 15,562 69.76%

Former 40,419 14.65% 4,914 15.28% 3,224 14.45% 3,472 15.56%

Current 58,730 21.28% 4,931 15.34% 3,498 15.68% 3,274 14.68%

Alcohol consumption (N), % <0.0001 <0.0001

Moderate 201,944 72.91% 25,646 79.52% 17,267 77.40% 17,763 79.63%

Excessive 75,039 27.09% 6,603 20.48% 5,041 22.60% 4,545 20.37%

Exercise (N), % <0.0001 0.9552

Irregular 219,421 79.89% 24,754 77.20% 17,150 76.88% 17,155 76.90%

Active 55,244 20.11% 7 22.80% 5,158 23.12% 5,153 23.10%

Income (N), % <0.0001 0.2044

Low 92,049 44.03% 10,991 45.70% 4,743 21.26% 4,671 20.94%

(Continued)
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TABLE 1 (Continued)

Original cohort PS matched cohort

Statin non-users Statin users SE/ Statin non-users Statin users SE/

(n = 276,983) (n = 32,249) P-value (n = 22,308) (n = 22,308) P value

Middle 45,456 22.22% 8,040 33.43% 7,305 32.75% 7,481 33.54%

High 70,536 33.74% 5,018 20.87% 10,260 45.99% 10,156 45.53%

Residence (N), % <0.0001 0.3581

Urban area 95,013 45.37% 11,778 48.89% 10,725 48.08% 10,822 48.51%

Rural area 114,391 54.63% 12,314 51.11% 11,583 51.92% 11,486 51.49%

History of hypertension or medication (N), % 76,466 27.61% 24,998 77.52% <0.0001 17,538 78.62% 17,011 76.26% <0.0001

History of diabetes or medication (N), % 41,682 15.05% 15,901 49.31% <0.0001 10,134 45.43% 10,217 45.80% 0.4302

Charlson comorbidity index, SD 1.54 2.02 0.86 1.89 0.0118 1.06 1.82 0.93 1.96 0.0179

10-year ASCVD risk, % <0.0001 <0.0001

Low 160,068 85.04% 5,646 17.56% 4,558 20.43% 4,025 18.04%

Borderline 36,324 13.17% 5,222 16.25% 2,897 12.99% 3,826 17.15%

Intermediate 69,584 25.23% 17,102 63.21% 11,280 50.56% 11,985 53.73%

High 9,826 3.56% 4,169 12.97% 3,573 16.02% 2,472 11.08%

* Triglyceride, High-density lipoprotein cholesterol, Fasting blood glucose, Aspartate aminotransferase, Alanine aminotransferase, and Gamma-glutamyl transpeptidase are expressed as the median value.

PS, Propensity score; SD, Standardized Difference; IQR, Interquartile range; SE, Standard error.
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TABLE 2 Incidence and hazard ratio of MACE.

Among PS matched cohort Statin non-users Statin users Hazard ratio 95% CI

(n = 44,616) n IR per 1,000 PY* n IR per 1,000 PY*

MACE 1,406 10.94 1,218 9.82 0.90 0.84 0.98

MI 233 1.77 281 2.22 1.27 1.07 1.51

Ischemic stroke 1,165 9.02 952 7.63 0.85 0.78 0.93

CVD death 82 0.62 70 0.55 0.90 0.65 1.24

* Incidence rate per 1,000 person-year.

Hazard ratio (HR) was obtained with reference to the statin non-user group. CVD, cardiovascular disease; MACE, major adverse cardiovascular events; MI, myocardial infarction; CI,

confidence interval.

unstable angina, and coronary revascularization was higher in

statin users than in that non-users (Supplementary Table S2).

Hazard ratios of MACE and MACE plus

The MACE HR was 0.90 (95% CI, 0.84–0.98) in statin users

compared with that in non-users. Among MACEs, the risk of

ischemic stroke was decreased, whereas the risk of MI was

increased in statin users compared to that in non-users. There

was no statistically significant effect of statins on cardiovascular

death (Table 2).

Moreover, MACE plus HRs showed no significant difference

between statin users and non-users. Among MACE plus, the

risk of unstable angina was increased in statin users, whereas

no significant effect of statin was observed on TIA and coronary

revascularization (Supplementary Table S2).

Hazard Ratio of MACE and MACE plus by
10-year ASCVD risk

According to the 10-year ASCVD risk categories, statin users

exhibited the highest HR for MACE, compared to non-users, in

the low-risk group. It was found that the higher the risk category,

the lower the HR.

In the low-risk group, statin use significantly increased

the risk of MACE (HR 1.80, 95% CI 1.29–2.52). Statin use

especially increased the risk of MI (HR 4.14, 95% CI 1.98–8.67);

however, the risk of ischemic stroke and cardiovascular death

were not influenced by statin use (Table 3). Additionally, statin

use increased the risk of MACE plus and its subcategories such

as TIA, unstable angina, and coronary revascularization in the

low-risk group (Supplementary Table S3).

In the borderline-risk group, the MACE HR of statin

users were 1.15 compared to that of non-users, which was

not significant; however, this was slightly less than the value

determined in the low-risk group. Similar results were shown in

MACE plus.

Most members of the study population belonged to

the intermediate-risk group, for which the risk of MACE

was decreased (HR 0.94, 95% CI 0.85–1.03); however, this

difference was not statistically significant. Additionally, the

risk of MI increased more, the risk of ischemic stroke was

significantly reduced, and the incidence of cardiovascular

death was not affected by statin use (Table 3). The risk of

MACE plus was also decreased (HR 0.98, 95% CI 0.90–

1.06); however, this change was not statistically significant. The

risk of unstable angina showed a significant increase, while

TIA and coronary revascularization did not differ significantly

(Supplementary Table S3).

In the high-risk group, the risk of MACE was significantly

reduced following statin use (HR 0.83, 95% CI 0.71–0.96).

Although statin use increased the risk of MI, this difference

was not statistically significant. Ischemic stroke incidence was

significantly reduced by statin use (HR 0.82, 95% CI 0.70–0.97).

The risk of MACE plus was decreased (HR 0.91, 95% CI 0.80–

1.04); however, this difference was not statistically significant.

In contrast, the risk of unstable angina showed a significant

increase (HR 1.36, 95% CI 1.06–1.75).

Subgroup analyses

We conducted subgroup analyses based on sex, age, and the

incidence of hypertension or DM. In women, the risk of MACE

was reduced by statin use; however, this risk was unchanged

in men. The use of statins in individuals below 65 years of

age and those with hypertension increased the risk of MACE.

Additionally, the use of statins significantly reduced the risk of

MACE in individuals with DM, while ischemic stroke risk was

reduced by statin use, and MI risk was not affected by statin

use in individuals with DM (Table 4). No differences were noted

between men and women regarding MACE plus and the use of

statins. All other results for MACE plus were similar to that of

MACE (Supplementary Table S4).

We also investigated the HR of MACE based on the LDL-

C levels and found that the higher the LDL-C levels, the lower
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TABLE 3 Hazard ratio of MACE by 10-year ASCVD risk categories.

Among PS matched cohort Low Borderline Intermediate High

(n = 44,616) HR 95% CI HR 95% CI HR 95% CI HR 95% CI

MACE 1.80 1.29 2.52 1.15 0.86 1.54 0.94 0.85 1.03 0.83 0.71 0.96

MI 4.14 1.98 8.67 1.08 0.63 1.86 1.29 1.02 1.62 1.10 0.77 1.56

Ischemic stroke 1.41 0.95 2.09 1.26 0.90 1.78 0.88 0.79 0.98 0.82 0.70 0.97

CVD death 1.59 0.36 7.10 1.17 0.20 7.03 1.09 0.71 1.68 0.82 0.47 1.40

Hazard ratio (HR) was obtained with reference to the statin non-user group. CVD, cardiovascular disease; ASCVD, atherosclerotic CVD; MACE, major adverse cardiovascular events;

MI, myocardial infarction; CI, confidence interval.

TABLE 4 Hazard ratio of MACE by subgroups.

Among PS

matched cohort

MACE MI Ischemic stroke CVD death

(n = 44,616) n HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Male

(n= 18,549)

1,241 0.95 0.85 1.06 1.53 1.23 1.90 0.84 0.73 0.95 0.90 0.59 1.36

Female

(n= 26,067)

1,383 0.87 0.79 0.97 0.96 0.72 1.28 0.86 0.77 0.97 0.93 0.56 1.54

Age <65 years

(n= 29,774)

1,040 1.13 1.00 1.28 1.50 1.16 1.93 1.08 0.94 1.24 1.16 0.65 2.07

Age ≥65 years

(n= 14,842)

1,584 0.87 0.78 0.96 1.18 0.92 1.51 0.82 0.74 0.92 0.92 0.62 1.35

No Diabetes mellitus

(n= 24,265)

1,127 1.03 0.91 1.15 1.48 1.12 1.95 0.96 0.84 1.09 1.09 0.62 1.91

Diabetes mellitus

(n= 20,351)

1,497 0.82 0.74 0.90 1.15 0.92 1.43 0.77 0.69 0.87 0.82 0.55 1.21

No Hypertension

(n= 10,067)

299 1.44 1.14 1.82 1.82 1.07 3.08 1.39 1.07 1.80 1.35 0.43 4.25

Hypertension

(n= 34,549)

2,325 0.87 0.80 0.94 1.23 1.02 1.48 0.81 0.74 0.89 0.89 0.64 1.24

Hazard ratio (HR) was obtained with reference to the statin non-user group. CVD, cardiovascular disease; MACE, major adverse cardiovascular events, MI, myocardial infarction;

CI, confidence interval.

the risk of MACE associated with statin use. Meanwhile, the

risk of MACE was significantly reduced with statins when LDL-

C >160 mg/dL. The risk of ischemic stroke was significantly

reduced with statins when LDL-C levels were >100 mg/dL.

However, the incidence of MI was not affected by statin use at

any LDL-C level (Table 5). The MACE plus results were similar

to those of MACE (Supplementary Table S5). Finally, we found

that new-onset DM incidence was higher in statin users (90.18

vs. 59.73/1,000 person-years), the HR for which was 1.59 (95%

CI, 1.53–1.66) (Table 6).

Discussion

In this retrospective cohort study, we demonstrated that

statin therapy was associated with reduced MACE among

Koreans for the primary prevention of CVD. However, this

preventive effect appeared only in the high 10-year ASCVD-risk

group, whereas statin therapy increased the risk of MACE in

Koreans in the low-risk group. Through a subgroup analysis,

we found that the benefits of statins use increased when the

individuals were at risk for CVD due to factors such as old

age (≥65 years), hypertension, DM, and higher LDL-C levels

(160–189 mg/dL). Moreover, statin use increased the incidence

of new-onset DM. These results suggest that statin therapy

should be customized to patients based on their individual and

race-specific 10-year ASCVD risk factors.

Previously, the Cholesterol Treatment Trialists’

Collaboration reported that the reduction in LDL-C levels

with statin therapy reduced the risk of major vascular events

in individuals with no previous history of vascular disease,

and even in those with a 5-year risk <10% (24). Similarly, a
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TABLE 5 Hazard ratio of MACE by LDL categories.

Among PS

matched cohort

MACE MI Ischemic stroke CVD death

(n = 44,616) n HR 95% CI HR 95% CI HR 95% CI HR 95% CI

LDL <70 mg/dL 315 1.10 0.87 1.39 1.42 0.88 2.30 1.10 0.84 1.44 0.67 0.30 1.48

(n= 4,616)

70≤LDL <100

mg/dL

656 1.07 0.92 1.25 1.83 1.28 2.63 0.97 0.82 1.15 1.09 0.58 2.05

(n= 10,861)

100≤LDL <130

mg/dL

815 0.80 0.69 0.92 1.07 0.77 1.49 0.77 0.65 0.90 0.61 0.30 1.22

(n= 13,377)

130≤LDL <160

mg/dL

564 0.84 0.71 1.00 0.98 0.65 1.48 0.82 0.68 0.99 1.36 0.66 2.78

(n= 10,401)

160≤LDL <190

mg/dL

271 0.74 0.58 0.93 0.78 0.46 1.32 0.72 0.55 0.94 0.55 0.22 1.36

(n= 5,361)

Hazard ratio (HR) was obtained with reference to the statin non-user group. CVD, cardiovascular disease; MACE, major adverse cardiovascular events, MI: myocardial infarction;

CI, confidence interval; PS, propensity score.

TABLE 6 Hazard ratio of new-onset DM by statin use.

Among no diabetes mellitus New-onset diabetes mellitus *

in the PS matched cohort

(n = 24,265)

n Person-year IR per 1,000 PY** HR 95% CI

Statin non-user

(n= 12,174)

3,738 63,330.57 59.73 1

Statin user

(n= 12,091)

5,135 56,940.75 90.18 1.59 1.53 1.66

*New-onset diabetes mellitus was defined as when the subjects had a diagnostic code for diabetes mellitus (DM) (ICD-10 E10 ∼E14), had a fasting blood glucose level of 126 mg/dL or

higher, or had been prescribed hypoglycemic drug (ATC code A10B) or insulin (ATC code A10A).
**Incidence rate per 1,000 person-year; PS, propensity score; CI, confidence interval.

meta-analysis by the US Preventive Services Task Force on

the use of statins as the primary preventive method using 13

randomized clinical trials indicated that statin use in adults

with no history of CVD significantly reduced the incidence of

composite CVD outcomes (25). Our study agrees with these

previous reports, showing that statin use for primary prevention

reduced the HRs of MACE.

However, upon applying the Korean-specific 10-year

ASCVD risk estimation, statin use did not confer protection

against CVD in the low- to intermediate-risk populations,

unlike those reported in previous randomized controlled

trials (4, 5, 7, 24). We postulated that these results may

be due to background population risk. The 2019 ACC/AHA

Guidelines on the Primary Prevention of CVD have used

the US-derived pooled cohort equation to estimate 10-year

ASCVD risk. However, the incidence and risk factor levels of

coronary artery disease in the Korean population have been

reported to be lower than those in the United States (26, 27).

Therefore, simply employing the ACC/AHA 10-year ASCVD

score would theoretically overestimate the cardiovascular risk

in Koreans (17). In addition, the recalibration coefficients of

the Framingham coronary heart disease risk score published

by the International Atherosclerosis Society, which considers

background population risk, revealed that the coefficients in

China are much lower than those in urban India. Therefore,

the number needed to treat (NNT) to prevent one ASCVD in

people with a similar risk factor profile would be much higher

in China, which is similar to the findings in Korea, than in

urban India (19, 21). Meanwhile, a nationwide population-based

study revealed that in 2015, although the ischemic mortality

rate was relatively low, the prevalence and cumulative incidence

of ischemic stroke (18.62 and 6.28 per 1,000 individuals,
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respectively) were higher than those of MI (5.61 and 2.36 per

1,000 individuals, respectively) in Korea (28). Thus, the NNT to

preventMI in individuals using statins might be higher than that

needed to prevent ischemic strokes. Accordingly, we employed

the Korean-specific 10-year ASCVD risk estimate to evaluate the

population-specific risk and found that the net beneficial effect

of statins with respect to protection from CVD in Koreans may

differ from that in Americans (29).

In our study, the risk of MACEs resulting from the use of

statins increased as the risk of ASCVD decreased. MACE risk

is higher among low-risk patients (those without hypertension

or DM and younger than 65 years) who initiated statins than

among those who did not. Similarly, a previous study reported

no association between statins and a reduction in CVD events

in individuals without type 2 DM (in contrast to those with

type 2 DM) (30). Additionally, a Korean population-based

study using their prediction model (risk score 0–13, C-index

= 0.716), which took into account age, sex, hypertension, DM,

anemia, C-reactive protein, and the extent of non-obstructive

coronary artery disease, showed that statin use was associated

with a lower risk of cardiovascular events in the high- or

very high-risk groups (risk score ≥7), but, not in the low-

and intermediate-risk groups (risk score <7) (31). Further,

our subgroup analysis revealed that the HRs of MACE were

significantly reduced only when the LDL-C levels were above 160

mg/dL. Therefore, we postulated that the anti-atherosclerotic

functions and pleiotropic effects of statins may be beneficial only

in populations with a high CVD risk or elevated LDL-C levels.

Taken together, these findings suggest that the use of statins for

primary prevention in low-to intermediate-risk individuals may

not be effective in the Korean population.

It should be noted that the detrimental effects of statins in

the low-ASCVD risk groupmay also be related to the occurrence

of DM, as it is a well-known risk factor for CVD (32). Moreover,

several studies have shown that statin therapy increases the

incidence of DM (33–35), with the underlying mechanisms

involving the following: calcium channels of pancreatic β cells

that are related to insulin secretion; reduced potential of

glucose transporter 4, which can lead to hyperglycemia and

hyperinsulinemia; or altered intracellular signaling pathways

owing to the reduction in major downstream signaling

molecules, such as coenzyme Q10 (36). In addition, genetic

variations in the statin-binding site (lipid-lowering alleles in

3-hydroxy-3-methylglutaryl coenzyme A reductase) are linked

to increased BMI and an increased risk of type 2 DM (37).

Furthermore, statin use resulted in the DNA methylation of

the cg6500161 alleles of ABCG1, a member of the ATP-binding

cassette (ABC) protein family that is responsible for removing

surplus cholesterol from the peripheral tissues and transporting

it to the liver. This DNA methylation was positively associated

with increased fasting blood glucose in non-diabetic subjects

(38). Our study showed a higher incidence of new-onset DM

in statin users compared to non-users, and a retrospective

cohort study by the Korean National Health Insurance System

(NHIS) showed that a change from normal fasting glucose to

diabetic glucose leads to increased MI, stroke, and all-cause

mortality in adults over 40 years of age without diabetes or CVD

(39). Therefore, statin use may increase fasting blood glucose

levels or induce diabetes development in the low ASCVD-risk

groups. Hence, if the ASCVD risk is not relatively high, the

beneficial effect of statins does not appear to outweigh the risk

of developing DM, which could lead to MACE.

Several limitations were noted in this study. First, we could

not assess the coronary atherosclerosis burden that may be

associated with the development of CVD. A recent study showed

that atherosclerotic burden is not correlated with the spectrum

of LDL-C levels (40). In a stratified analysis according to LDL-

C levels in 23,143 patients with no history of cardiovascular

disease but with chest-related symptoms, any coronary plaques

(calcified or non-calcified) were detected at baseline regardless

of statin use or LDL level. Coronary plaques were also found

in the LDL-C group of < 77 mg/dL, and when plaques were

identified, the incidence of cardiovascular events was higher

when the LDL-C level was < 77 mg/dL compared to the group

with high LDL-C level (40). That is, some populations may

have had coronary atherosclerotic changes, even if they were

classified as low-risk due to low LDL-C levels and no history

of ASCVD. Our study showed relatively high incidence of MI

on low-risk group, it can be expected that a higher CVD event

rate may appear if DM incidence was elevated by statin use in a

group with coronary plaques already present although classified

as a low-risk group. Second, we only used data available from

public sources, which may have affected our conclusions, i.e.,

diagnoses reported in insurance claims may differ slightly from

the actual disease or condition of the patient. However, previous

studies comparing positive predictive values between ICD-10

code-based, diagnostic claims, and medical records, reported

numerical positive and predictive values for DM (72.3 to 87.2%)

(41), acute MI (over 70%) (42), ischemic stroke (83.4%) (43),

and overall diagnoses (70%) (44) that were similar to those

observed in our study. Third, confounding by indication may

have occurred (45). More statins would have been prescribed for

patients with a family history of cardiovascular disease or chest

related symptoms at the time of prescription. Or individuals in

the group treated with statins may have been more susceptible

to symptoms and were likely tested more frequently. If a

patient was suspected of having a myocardial infarction due to

chest pain and underwent percutaneous coronary angioplasty,

it might be included as MACE or MACE plus according to

the definition of this study, even if there was no significant

atherosclerotic lesion, resulting in a high HR. However, to

conduct research only among individuals who were not at a

high-risk of CVD at the time of prescription, we excluded

those individuals who had a history of CVD 2years prior to

the index date. Furthermore, we performed a PS matching to

reduce group differences. Nevertheless, a randomized clinical
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trial with a larger sample size and longer follow-up is needed

to achieve a more reliable conclusion, particularly for low- to

moderate-risk populations (46). Finally, the follow-up period

for this study was not sufficiently long (mean duration of 5.66

years) to assess MACEs, considering that the study population

had a low CVD risk; therefore, a substantially longer follow-

up period is required. The relatively short follow-up period was

partly owing to the availability of LDL-C data, which were first

incorporated into the National Health Examinations in 2009.

To the best of our knowledge, this is the first study to

investigate the role of statins for primary prevention in low

CVD-risk Korean populations using recalibrated, pooled, cohort

equations. Considering the necessity of evaluating statin based

on diverse races, our study provides insight into the importance

of population-specific statin therapy for the primary prevention

of CVD. In addition, our study included half a million Korean

individuals who participated in a National Health Examination;

therefore, the results are likely representative of individuals in

low-risk Korean populations despite any potential inaccuracies.

Conclusions

Our novel findings indicate that statin use is not

associated with MACE reduction in low- to intermediate-

risk Koreans within groups with low ischemic mortality

rate. Although this study had several limitations, the results

suggest that individuals with LDL-C levels <190 mg/dL

and those with a low risk of ASCVD should consider

statin therapy only when the risk of CVD is obvious

as determined using an appropriate ASCVD risk tool.

More conclusive evidence is needed on the use of statin

therapy for the primary prevention of CVD, particularly in

low-risk individuals.
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Introduction: The provision of a continuum of care to women throughout

pregnancy, labor, and after delivery has become a fundamental strategy for

improving maternal and neonatal health. A better understanding of where the

gaps are in seeking care along the pathway and what factors contribute to the

gaps is required for successful program implementation. Hence, this study was

targeted to determine the status and determinant factors of the completion

rate of a continuum of care in maternal health services.

Methods: A prospective follow-up study was conducted among 2,198

sampled pregnant women and followed for 11 months in Benishangul-Gumuz

region. A multistage clustered sampling technique was employed to select

the study participants. Data were collected via face-to-face interviews using

a pretested, semi-structured questionnaire, and logbook registry. Collected

data were edited, cleaned, and analyzed using STATA software. The multilevel

regression model was used to examine the e�ects of individual- and

community-level factors and expressed as AOR with 95% CI.

Results: The completion rate of a continuum of care via visit-based, content-

based, and space dimensions was 33.1, 20, and 37.2%, respectively. The

enabling factors were having information on maternal health services (AOR =

2.25; 95% CI: 1.11–4.55), iron and folic acid supplementation (AOR= 2.58; 95%

CI: 1.37–4.86), tetanus toxoid vaccination during pregnancy (AOR = 2.21; 95%

CI: 1.39–3.52), having pregnant-related problems (AOR = 2.1; 95% CI: 1.15–

3.71), dry and stimulate newborn (AOR= 2.61; 95% CI: 1.42–4.77), appropriate

cord care (AOR = 2.01; 95% CI: 1.07–3.79), and immunizing newborn (AOR =

6.9; 95% CI: 3.79–12.59), whereas risk factors were ever having a stillbirth (AOR

= 0.52; 95% CI: 0.32–0.85) and delay of 1st ANC initiation at 4–6 months of

pregnancy (AOR = 0.45; 95% CI: 0.3–0.68).

Conclusion: The completion rates via visit-based, content-based, and

space dimensions were low. Di�erent determinant factors which have a

programmatically important implication were identified. Thus, interventions
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should focus on increasing women’s awareness and improving the availability

and accessibility of the whole packages of maternal health services to facilitate

the completion rate.

KEYWORDS

Benishangul Gumuz region, maternal health, continuum of care, completion rate,

Assosa

Introduction

Safe Motherhood Initiative (SMI) was launched in 1987

that encompasses key components of maternal health services,

which have a significant role in the reduction of maternal and

neonatal mortality and morbidity (1, 2). Maternal and newborn

mortality are important indicators of the health status of a nation

and socioeconomic situation. This is because, they are directly

associated with a variety of factors such as maternal health

services, quality and access to or availability of medical care

services, socioeconomic conditions, and public health practices

(2, 3). Hence, the continuum of care approach for maternal

health is being championed as a means to ensure women

receive essential services during pregnancy, delivery, and the

postpartum period. The evidence reveals that the completion

rate of a continuum of care in maternal health services in South

Asia 25%; Sub-Saharan Africa 14% (4); Cambodia 60% (5);

Ratanakiri Cambodia 5% (6); Northern Ghana 8% (7–9); Ghana

10.3% (10); Pakistan 27% (11); Tanzania 10% (12); Nepal 45.7%

(13); Kenya 46.8% (14); and Rural Khammouane 6.8% (15) were

low. As a result of the low completion rate of a continuum of care

in maternal health services, every year about 15,000mothers and

83,000 babies die in the countries, particularly in low-income

countries including Ethiopia.

Abbreviations: ANC, antenatal care; AOR, adjusted odd ratio; AVD, assisted

vaginal delivery; BGRS, Benishangul-Gumuz regional state; CDHS,

Cambodia Demographic Health Survey; CI, confidence interval; COC,

continuum of care; CS, cesarean section; EDHS, Ethiopia Demographic

and Health Survey; HAD, Health Development Army; HEWs, health

extensionworkers; HF, health facility; HWs, health workers; ICC, intraclass

correlation; ID, institutional delivery; IFA, iron and folic acid; IRB,

institutional review board; LR, log-likelihood ratio; MCH, maternal and

child health; MHS, maternal health service; MPDSR, Maternal and

Perinatal Death Surveillance and Responses; OR, odd ratio; PCA, principal

component analysis; PDHS, Pakistan Demographic and Health Survey;

PNC, postnatal care; REC, Research Review and Ethics Committee; SD,

skilled delivery; SMI, Safe Motherhood Initiative; SPSS, Statistical Package

Software for Social Sciences; SVD, spontaneous vaginal delivery; TBA,

traditional birth attendant; TT, tetanus toxoid; TTBA, Trained Traditional

Birth Attendant; TV, television; VIF, variance inflation factor; WHO, World

Health Organization.

Recently, the concept of a continuum of care has been

a core principle in maternal, newborn, and child health

initiatives to save lives. However, access to care during and

after delivery remains a challenging issue in the continuum of

care framework (16). Continuity of care requires access to the

service providers: at the family and community level, outpatient

and outreach services, and clinical services throughout the

lifecycle. The services provide at each time and place contribute

to its effectiveness along with all the linked packages of

maternal health services (17). Some of the evidence currently

published in Ethiopia suggests that the completion rates of a

continuum of care in maternal health services are extremely

low. However, the study design used to collect information

is a cross-sectional and secondary data, which does not give

an accurate estimate of the completion rate and determinant

factors (community and individual-level factors) of a continuum

of care. Most of the studies on the completion rate of a

continuum of care in maternal health services are Ethiopia

Demographic and Health Survey (EDHS) 9.1% (18); Arba

Minch district, Southern Ethiopia 9.7% (19); Northwest Ethiopia

21.6% (20); West Gojjam 12.1% (21), and Debre Berhan town

37.2% (22). The individual-level factors that influence the

completion of a continuum of care in maternal health services

are women’s educational status (14, 22), maternal age (5, 14),

early initiation of ANC services (19, 21, 22), birth preparedness

and complication readiness (19, 22), being an employee (19),

receiving adequate content of maternal health services (21), and

other socio-demographic factors (14).

Assuring a continuity of care in maternal health services

and offering key intervention packages are key strategies for

improving maternal and neonatal health conditions (5, 23).

Despite, in Ethiopia, the maternal mortality ratio is 412 deaths

per 100,000 live births, and the neonatal mortality rate is 29

deaths per 1,000 live births, which are the highest in the world.

Similarly, in Benishangul-Gumuz region, the neonatal mortality

rate is 35 deaths per 1,000 live births which is higher than

the national neonatal mortality rate (2). The strategies of a

continuum of care are carried out during the pregnancy period,

childbirth time, and postnatal period (17, 24). Each phase under

the completion of a continuum of care follows a pathway from

pregnancy to delivery to postpartum adding a certain value

to ensure better health outcomes for mothers and newborns.
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Even though the maternal and child health program efforts

are undergoing, it is critical to know and determine how to

make the interventions more effective using cross-sectional and

facility-based study design. Hence, effective implementation of

the program to improve a continuum of care in maternal health

services depends on having a good understanding of where the

gaps are in seeking care along with the pathway from ANC

to PNC services and what factors aggravate the occurrence of

gaps. Instead of looking at maternal health services individually,

a study from a perspective of a continuum of care using a

prospective follow-up study design should give a clear picture

of the pattern and barriers that affect women’s continuation in

receiving care from pregnancy to childbirth and after delivery.

Practically, the majority of previous studies are focused

on individual-level characteristics and single components of

maternal health services separately, rather than an integrated

approach or continuity of services utilization. This may

undervalue the relevance of taking into account community-

based issues for developing effective maternal health initiatives

in the study area and across the country. While multilevel

regression modeling is appropriate for controlling the nesting

effect of cluster variability at different levels, previous studies

have relied on an ordinary logistic regression model which

may not accommodate cluster variation within and between

the clusters. As a result, the predictors may be underestimated

or overestimated. Therefore, by overcoming the limitation of

previous studies, the current study aimed to determine the

completion rate of a continuum of care in maternal health

services and also examine the effect of individual-level (level

– 1) factors and community-level (level – 2) factors on the

completion of a continuum of care in maternal health services.

Methods and materials

Study design and setting

This community and health facility-linked prospective

follow-up study design was conducted in Benishangul-Gumuz

region (BGR) from March 2020 to January 2021. The region is

one of the 11 regional states constituting the Federal Democratic

Republic of Ethiopia. The capital city of the region is Assosa

which is located at a distance of 670 KMs Northwestern of

Addis Ababa, the capital city of Ethiopia. Administratively, the

region is structured into three zones, three city administrations,

21 districts, one special district, and 475 kebeles/clusters (439

rural and 36 urban). In 2021, the total population in the region

was 1,173,123 in which 282,722 were females in childbearing

age (15–49 years) (25). The total fertility rate in the region

is 4.4 (26). The region represents around 4.6% of the total

land area of Ethiopia and most of the people in the region

are sparsely populated (27). The region has seven hospitals (six

functional and one under construction), 67 health centers (60

functional and seven under construction), and 426 health posts

(424 functional and two under construction) (25).

Source population and study participants

The source population was pregnant women in the

community at the time of the baseline survey in the region.

Randomly selected pregnant womenwere the study participants.

Sample size and sampling technique

Even though this study aimed to look at the completion

rate and determinants of a continuum of care in maternal

health services, it was a part of larger research work that

encompasses six research objectives. Consequently, the sample

size was calculated for all objectives, and the largest sample

size was considered for all objectives. Thus, the sample size was

determined for the effects of the completion of a continuum of

care in maternal health services on the adverse birth outcomes,

which was considered for this research work (28). Then, the

sample size was calculated using STATA/MP 13.0 software based

on the assumption of two population proportion formulas. The

outcome variable was the adverse birth outcomes (stillbirth,

neonatal death, and any illness within the neonatal period), and

the predictor variable was the status of the continuum of care

in maternal health service. No literature in Ethiopia supports

determining the sample size for this objective. In rural India

like Ethiopia, most births take place at homes and also high-risk

practices are common (29). Unfortunately, neonatal mortality

in Uttar Pradesh, India, (29 deaths per 1,000 live birth) (29) is

almost similar to Ethiopia’s neonatal mortality (29 per 1,000 live

birth) (18). So, evidence stated in Uttar Pradesh, India, is used

for sample size determination.

Accordingly, the proportion of the adverse birth outcomes,

“neonatal death,” among women who complete a continuum

of care in maternal health services is 4.29% (P1 = 0.0429),

and the proportion of the adverse birth outcomes, “neonatal

death,” amongwomenwho discontinuous utilization ofmaternal

health services is 8.43% (P2 = 0.0843) (29). A 95% confidence

level and 80% power were used to detect a 4.14% difference

between exposed and non-exposed groups. Moreover, the ratio

of exposure to non-exposure pregnant women (r) was equal

to 1:1 for the population allocation ratio; pooled population

proportion (P) =
P1+P2
1+r was calculated (P = 0.0636),

considering a design effect of 2 and a non-response rate of 10%.

Based on this formula and assumption, the final sample size was

2,402. Then, 2,402 pregnant women were followed to measure

the effect of a continuum of care in maternal health services on

the adverse birth outcomes. Therefore, 2,402 pregnant women

were used as the final sample size for this study.
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The sampling technique was a multistage clustered sampling

technique to recruit pregnant women for this study. Initially,

the study area was stratified into three zones and three town

administrations with one special woreda. In the first stage, of

these stratified areas, two zones and one town administration

were selected using a simple random sampling technique. Then

after, seven districts/woredas and two town districts/woredas

were randomly selected from the two zones and one town

administration, respectively, as the second stage. Subsequently,

at the third stage, 51 Kebeles/clusters were randomly selected

from the selected districts/woredas.

A 1-month baseline census was conducted to identify

pregnant women using a pregnancy screening criterion to

prepare a sampling frame. Then, all pregnant women who

resided in the selected kebeles/clusters were included in the

study and then followed for an average of 11 months. During

the baseline house-to-house survey, the health facilities that

serve the selected study participants were enumerated and listed

within their catchment areas. As a result, 46 health facilities were

listed as candidates for the health facilities survey. Thus, three

hospitals, 12 health centers, and 31 health posts were included

in a health facility-based survey.

Data collection process

Data collection instruments were prepared in English. The

research instrument was adapted from Ethiopia Demography

and Health Survey (2), National Technical Guidance for

Maternal and Perinatal Death Surveillance and Response (30),

MCH Program Indicator Survey 2013 (31), Survey tools

conducted in Jimma Zone, Southwest Ethiopia (32), Survey tools

conducted in Rural South Ethiopia (33), and other relevant

different literature. Hence, to ensure the quality of data, training,

pretest, supervision, and use of local languages were made.

Data management and analysis

Collected data were coded and entered into Epi_Info version

7.2.2.6 to design skipping patterns and minimize logical errors.

Then, it is exported into STATA Software version 14 for cleaning,

editing, and analysis. Descriptive statistics were calculated for

all variables. Univariable analysis crude odds ratio and 95%

confidence interval were employed to select candidate variables

(at p < 0.25) for multivariable analysis. A maximum likelihood

estimate of the independent effect on the outcome variable was

determined at the level of significance (p< 0.05). The household

wealth index was calculated and categorized by using principal

component analysis (PCA).

Before running the full model, effect modification or

interaction effect at p< 0.1 and multi-collinearity effect between

independent variables using variance inflation factors (VIF >

10%) were assessed. All independent variables included had VIF

< 10, and the coefficient of the interaction terms was p > 0.1.

Hence, there was no interaction and multi-collinearity effect.

Since the sampling procedure for this study was a multistage

clustered sampling procedure, due to cluster variability, a

multilevel logistic regression model was applied to detect

determinant factors of the completion of a continuum of care

in maternal health services. So, for this study, “Kebeles/Ketenas”

were considered as clusters, and also residents (being urban

or rural) and household wealth index were considered as

a level 2 factor. Women’s individual-level variables were

socio-demographic characteristics, obstetric characteristics, and

information on maternal health services, and newborn health

services were taken as a level-−1 factor. Log-likelihood ratio

(LR) test was used to confirm the goodness of fit of the multilevel

regression model that was found to be statistically significant

such as data fit the model.

Measurement and operational definition
of variables

Continuity of care after delivery: Almost for two parameters,

ANC and skilled delivery care are offered for pregnant women

continuously according to a minimum recommendation of the

World Health Organization (WHO) and also continue to receive

a minimum package of PNC (1st PNC, 2nd PNC, 3rd PNC, and

4th PNC services).

Continuity of care during childbirth: Pregnant women receive

a minimum package of ANC services and gave her birth at the

health facility or attended by a skilled provider.

Continuity of care during pregnancy: A minimum package

of the World Health Organization (WHO) offered for pregnant

women by a skilled provider which encompasses a composite

measure of four variables (1st ANC, 2nd ANC, 3rd ANC, and

4th ANC).

Continuum of care in maternal health service: A continuous

utilization of maternal health services throughout their

pregnancy time up to postnatal period: measured by a package

of interventions consisting of a composite index of nine

variables (1st ANC, 2nd ANC, 3rd ANC, 4th ANC, Skill delivery

care, 1st PNC, 2nd PNC, 3rd PNC, and 4th PNC services).

Those women who received a full package of interventions

are considered as “completing continuum of care” otherwise

considered as “discontinuation of care.”

Continuum of care in maternal health via space dimension

refers to an integration of maternal health services at the

household, community, and facility level as well as referred to

advanced level of care when needed.

Continuum of care in maternal health via time dimension

refers to a situation where a woman and her newborn receive

Frontiers in PublicHealth 04 frontiersin.org

163164

https://doi.org/10.3389/fpubh.2022.1014304
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zelka et al. 10.3389/fpubh.2022.1014304

maternal health services along the continuum of care during

pregnancy, childbirth, and postpartum.

Discontinuation of maternal health services: Missing at least

one or more packages of intervention/s among composite

measures of nine variables (1st ANC, 2ndANC, 3rd ANC, 4th

ANC, Skill delivery care, 1st PNC, 2nd PNC, 3rd PNC, and 4th

PNC services).

Household wealth index: Calculated by using household

assets and income where the scoring factor of each asset is used

to generate a wealth index through PCA.

Results

Response rate

A total of 2,439 pregnant women were enrolled from

the selected 51 kebeles/cluster areas. Due to different reasons,

around 241 pregnant women were lost from the study.

After excluding loss-to-follow-up and incomplete data, 2,198

pregnant women were followed for 42 days after delivery and

included in the current analysis.

Health information, household wealth
index, and accessibility of health facilities

The majority (90.9%) of study participants had information

on maternal health services. The major sources of information

were health workers 1,422 (71.2%), television 571 (28.6%), and

radio 510 (25.5%). Regarding the household wealth index, 884

(24.5%) belonged to the 1st quintile (poorest) family members.

Accessibility of health facilities for the study participants 1,888

(99.5%), 1,650 (75.1%), and 647 (29.4%) was found at a distance

that took <2 h to reach the health post, health center, and

hospital, respectively (Table 1).

Past obstetric characteristics

The past obstetric history of women was assessed by the

women’s responses. Accordingly, the study revealed that 874

(35.2%) were married at an early age (below 18 years old) with

a mean (+SD) of 18.13 + 2.42, and 797 (36.3%) were first

pregnant at teenage age (below 19 years old) with a mean (+SD)

of 19.59 + 2.62. Less than half, 882 (40.1%) had greater or equal

to four gravidities; 610 (37.6%) ever had live births between

2 and 3 live births; 178 (10.78%) ever possessed a history of

stillbirth, and 212 (12.8%) ever experienced a history of abortion.

Almost two-thirds, 1,125 (68.1%) were given birth at the health

facility; of them, 1,542 (93.4%) were given birth via spontaneous

vaginal delivery. Based on the women’s responses, 321 (19.4%)

were having a history of pregnant-related problems during

TABLE 1 Health information, household wealth index, and

accessibility of health facilities in Benishangul-Gumuz region,

Northwestern Ethiopia, March 2020–January 2021.

Variables Frequency Percent (%)

Information on maternal health

services

Yes 1,997 90.9

Source of information (n = 1,997,

multiple response)

Health works

TV

Radio

Community elder, leader and religion

Others

1,422

571

510

124

4

71.2

28.6

25.5

6.2

0.2

Household wealth index

1st Quintile (Poorest)

2nd Quintile (Poorer)

3rd Quintile (Middle)

4th Quintile (Richer)

5th Quintile (Richest)

446

434

439

440

439

20.3

19.7

20.0

20.0

20.0

Time to reach health post via foot

(n = 1,898)

<1 Hours

≥1 Hours

1,888

10

99.5

0.5

Time to reach health center via foot

(n = 1,898)

<2 Hours

≥2 Hours

1,650

548

75.1

24.9

Time to reach hospital via foot

(n = 1,898)

<2 Hours

2–6 Hours

>6 Hours

647

974

577

29.4

44.3

26.3

pregnancy. Among them, vaginal bleeding 104 (32.4%), severe

headache 179 (55.8%), severe abdominal pain 139 (43.3%),

and drowsiness 186 (57.9%) were common pregnant-related

problems detected (Table 2).

Continuum of care in maternal health
services

The pattern of key maternal health care and
packages

ANC service utilization is an entry point of a continuum of

care. Hence, patterns of ANC visits were 1st ANC 1,919 (87.3%),

2nd ANC 1,815 (82.6%), 3rd ANC 1,674 (76.2%), and 4th ANC

1,453 (66.1%). The key interventions received during the ANC

contacts were informed the danger signs of pregnancy 1,740
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TABLE 2 Past obstetric history of study subjects in

Benishangul-Gumuz region, Northwestern Ethiopia, March

2020–January 2021.

Variables Frequency Percent

Age at first marriage(years)

<15

15–17

≥18

120

654

1,424

5.5

29.8

64.8

Age at first pregnancy (years)

<16

16–18

≥19

76

721

1,401

3.5

32.8

63.7

Gravidity (number of pregnancy)

1

2–3

≥4

547

769

882

24.9

35.0

40.1

Number of live birth ever had (n = 1,622)

1

2–3

≥4

463

610

549

28.5

37.6

33.8

Number of stillbirth ever had (n = 178)

1

≥2

135

43

75.8

24.2

Ever had abortion

Yes 212 12.8

Frequency of abortion ever had (n = 212)

1

≥2

184

28

86.8

13.2

Place of delivery for previous pregnancy (n =

1,651)

Home

Health post

Health center

Hospital

426

358

655

212

25.8

21.7

39.7

12.8

Mode of delivery for previous delivery (n =

1,651)

Spontaneous vaginal delivery

Instrumental assisted delivery

Operative abdominal delivery (C/S)

Destructed vaginal delivery

1,542

68

36

5

93.4

4.1

2.2

0.3

Pregnancy related problems ever had for

previous pregnancy (n = 1,651)

Yes 321 19.4

Pregnancy related complication for previous

pregnancy (n = 321, multiple responses)

Drowsiness/tiredness

Severe headache

Severe abdominal pain

Vaginal bleeding

Facial swelling

Persistent vomiting

Hand swelling

Others

186

179

139

104

59

51

48

2

57.9

55.8

43.3

32.4

18.4

15.9

15.0

0.6

TABLE 3 Pattern of key maternal health services, obstetric

characteristic and newborn care of study participants in

Benishangul-Gumuz region, Northwestern Ethiopia, March

2020–January 2021.

Variables Frequency Percent

Visit of ANC received during last

pregnancy

1st ANC contact

2nd ANC contact

3rd ANC contact

4th ANC contact

1,919

1,815

1,674

1,453

87.3

82.6

76.2

66.1

Key interventions received during ANC

contact (n = 1,919, multiple response)

Informed on danger sign of pregnant

Blood pressure measured

Iron foliate supplementation

Nutritional counseling

Urine sample taken

Blood sample taken

Protection of birth from tetanus

Other

1,740

1,701

1,677

1,623

1,607

1,578

1,562

22

79.2

77.4

76.3

73.8

73.1

71.8

71.1

1.0

Delivery services for last delivery

Skilled care

Unskilled care

1,281

917

58.3

41.7

Duration of labor

<12

B/n 12–24 h

>24 h

1,457

458

150

70.6

22.2

7.3

Pregnant related problems during labor

Yes 295 14.3

Gestational age at birth (n = 2,065)

Preterm (< 37 weeks)

Term (≥37 weeks)

240

1,825

11.6

88.4

Time of premature rupture of membrane

(n = 2,065)

≤1 h

1–12 h

>12 h

814

1,132

94

39.9

55.5

4.6

Component of PNC contact, she received

(n = 2,065)

1st contact of PNC services

2nd contact of PNC services

3rd contact of PNC services

4th contact of PNC services

1,783

1,545

1,373

1,210

86.3

74.8

66.5

58.6

The key interventions offered during

postnatal period (n = 2,065, multiple

response)

Immunization of baby

Counseling on proper nutrition

Breast feeding education

Physical examination

Family planning services

Other

1,692

1,516

1,436

1,248

1,074

30

81.9

73.4

69.5

60.4

52.0

1.5

(Continued)
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TABLE 3 (Continued)

Variables Frequency Percent

Newborn care during postnatal period

(n = 2,065, multiple response)

Appropriate cord care

Initiate breast feeding within 1 h

Dry and stimulate newborn

Inject vitamin k

1,666

1,644

1,593

1,258

80.7

79.6

77.1

60.9

(79.2%), blood pressure measured 1,701 (77.4%), and iron folic

acid supplementation 1,677 (76.3%). Similarly, the prevalence

of skilled delivery services was 58.3%. Finally, the frequency

of PNC visits was 1,783 (86.3%), 1,545 (74.8%), 1,373 (66.5%),

and 1,210 (58.6%) of women attended for 1st PNC, 2nd PNC,

3rd PNC, and 4th PNC services, respectively. The key services

received during the PNC visits were immunization of babies

1,692 (81.9%), counseling on proper nutrition 1,516 (73.4%),

and breastfeeding education 1,436 (69.5%) (Table 3).

Continuum of care via the time dimension

After taking into account the cluster variation, 86.5% (95%

CI: 86.2%, 86.8%) of women received the 1st ANC visit; however,

it was only 64.7% (95% CI: 64.3%, 65.1%) continued for the 4th

ANC visit. Of them, 42.5% (95% CI: 42.1%, 42.8%) continued

and received both 4th ANC and skilled delivery care. Finally,

only 33.1% of women continued with postnatal care services

and completed the whole visits of the continuum of care in

maternal health services via time dimension at 95% confidence

interval (32.8–33.5%). Regarding continuity of key services, the

completion of full packages of ANC services was 51.0% (95%

CI: 50.7–51.4%), and the completion of full packages of PNC

services was 35.6% (95% CI: 35.3–36.0%). Thus, the completion

rate of all key services of maternal health services was 20.0%

(95% CI: 19.7–20.4%). Therefore, the overall completion of a

continuum of care in maternal health services via both time

dimension and space dimension was 22.1 (95% CI: 21.8–22.5)

(Figure 1).

Space dimension of the continuum of care

The space dimension is another parameter of the continuum

of care in maternal health services; 1,706 (77.6%) of the

respondents stated that maternal health services are offered

at the household level. In the meantime, 1,935 (88.0%) of

women linked to the health facility during home visits and

the type of health facilities linked for maternal health services

were health post 687 (35.5%), health center 1,121 (57.9%),

and hospital 127 (6.6%). However, some of the women were

not linked to the health facility because of different reasons:

Women did not volunteer to go to the health facility 64

(24.3%), cultural forbidden 72 (27.4%), and the health workers

did not tell her 92 (35.0%). More than half, 1,248 (56.8%)

of the respondents mentioned that maternal health services

are offered by health workers, trained birth attendants (TBA),

and the health development army (HDA) at the community

level. Moreover, 1,691 (76.9%) of the respondents described

that maternal health services are integrating with other health

promotion and disease prevention programs. The mechanisms

used to increase the utilization and completion rate of a

continuum of care in maternal health services were health

workers linked pregnant women with community support 1,756

(79.9%), and declare community advocacy and sensitization

1,723 (78.4%). The overall completion rate of the continuum of

care in maternal health services via space dimension was 37.2 %

(95% CI: 35.2–39.3) (Table 4).

Association between women’s
characteristics and completion of a
continuum of care in maternal health
services

Even though a total of 2,198 pregnant women were enrolled

and interviewed within the study period, only 731 (33.3%) of

women completed a continuum of care in maternal health

services via time dimension. Of them, 518 (70.9%) resided in

rural areas, 289 (39.5%) belonged to the age group between

25 and 29 years, 550 (75.2%) were Muslim religion followers,

718 (98.2%) were married, 593 (81.1%) were housewife in their

occupation, 17 (2.3) were teenage marriage, 16 (2.2) were early

pregnancy, and 97 (96.3%) had information on maternal health

services. All basic women characteristic variables were had

highly statistical significant association with completion of a

continuum of care via time dimension at p < 0.01 (Table 5).

Determinant factors a�ecting the
completion of a continuum of care in
maternal health services

The determinant factors affecting the completion of the

continuum of care were identified by using a multilevel logistic

regression model. Before running the full model, ICC (ρ) was

calculated in the emptymodel for the outcome to decide whether

the data fit amultilevel model or not. Then after, ICC/rho (ρ) was

calculated as a full model for the outcome to detect the variability

attributed to clusters after controlling the individual level.

Rho (ρ)/ICC was calculated for the completion rate of a

continuum of care in the empty model, and it was found to be

0.32 indicating that 32% of the variation was contributed by

cluster variations. The test of preference of log-likelihood vs.
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FIGURE 1

Level of continuum of care in maternal health services among the study subject in Benishangul Gumuz region, Northwestern Ethiopia, March

2020–January 2021.

logistic regression was also statistically significant (P < 0.0001).

Then, the full model was run by including both the cluster-

level and individual-level variables and the ICC (ρ) was reduced

to 0.28. This again indicated that 28% of the variation was

attributed to cluster-level variables. The preferred log-likelihood

vs. logistic regression was statistically significant (P < 0.0001).

Hence, this is suggesting that the preferred model for this

outcome variable was multilevel logistic regression (Table 6).

After adjusting for confounders in the final two-level mixed-

effectmodel, among the cluster-level variables, place of residence

and household wealth index were not statistically significant

associations with the completion of a continuum of care.

However, among the individual-level variables, different factors

which had programmatically important showed statistically

significant association with the completion of a continuum of

care in maternal health services.

The odds of completing the continuum of care in maternal

health services among women who had any information on

maternal health services (AOR = 2.25; 95% CI: 1.11, 4.55)

were two times higher than among women who did not have

information on maternal health services. In contrarily, the odds

of completing the continuum of care among women who had a

history of stillbirth (AOR = 0.52; 95% CI: 0.32, 0.85), women

who delayed initiating the first ANC visit, 4–6 months of

gestational age (AOR = 0.45; 95% CI: 0.3, 0.68), and after 6

months of gestational age (AOR= 0.15; 95% CI: 0.05, 0.43) were

48, 55, and 85%, respectively, lower than among women within

their counterpart.

The odds of the completion rate of a continuum of care

in maternal health services among women who attended ANC

follow-up by skilled providers (AOR = 1.37; 95% CI: 1.02,

2.48) were 1.37 times higher than among women who did

not attend ANC follow-up by skilled providers. Moreover,

the odds of completing a continuum of care among women

who received iron and folic acid supplementation during

pregnancy (AOR = 2.58; 95% CI: 1.37, 4.86) were 2.58

times higher than among women who did not receive iron

and folic acid supplementation during pregnancy. Similarly,

the odds of completing a continuum of care in maternal

health services among women who were vaccinated with a
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TABLE 4 Space dimension of continuum of care in maternal health

services of the study subjects in Benishangul-Gumuz region,

Northwestern Ethiopia, March 2020–January 2021.

Variables Frequency Percent

Maternal health services offer at home level

(n = 2,198)

Yes 1,706 77.6

Women linked to the health facility during

home visiting (n = 2,198)

Yes 1,935 88.0

Type of health facility did the linkage made

(n = 1,935)

Health post/clinic

Health center

Hospital

687

1,121

127

35.5

57.9

6.6

The main reasons for HWs didn’t link to the

health facility (n = 263)

The health worker did not tell me any things

Cultural forbidden to go to the health facility

She didn’t volunteer to go to the health facility

She belief that at normal condition

Other

92

72

64

44

10

35.0

27.4

24.3

16.7

3.8

Maternal health services offered at the

community level by health workers, TBA

and TTBA (n = 2,198)

Yes 1,248 56.8

Maternal health service integrated with

other health promotion and disease

prevention services (n = 2,198)

Yes 1,691 76.9

Health work linked with community health

support for maternal health services (n =

2,198)

Yes 1,756 79.9

Community advocacy and sensitization on

maternal health services (n = 2,198)

Yes 1,723 78.4

Presence of community support to improve

maternal health services within the

community (n = 2,198)

Yes 1,515 68.9

Overall composite index category level of

space dimension

Discontinuity of services via space (≤6 scores) 1,380 62.8

Completion of services via space(=7 scores) 818 37.2

tetanus toxoid (TT) vaccine during pregnancy (AOR = 2.21;

95% CI: 1.39, 3.52) were 2.21 times higher than among

women who did not receive tetanus toxoid (TT) vaccination

during pregnancy.

TABLE 5 Association between basic women characteristics vs.

completion of continuum of care in maternal health services in

Benishangul-Gumuz region, Northwestern Ethiopia, March

2020–January 2021.

Variable Completion of COC

via time dimension

X2/Fisher test

(p–Value)

No

[n (%)]

Yes

[n (%)]

Total

[n (%)]

Place of residents

Urban

Rural 582 (39.7)

885 (60.3)

213 (29.1)

518 (79.9)

795 (36.2)

1,403 (63.8)

X2
= 23.453

p < 0.0001

Age (years)

15–19

20–24

25–29

30–34

35–39

40–45

147 (10.0)

392 (26.7)

506 (34.5)

278 (19.0)

120 (8.2)

24 (1.6)

39 (5.3)

216 (29.5)

289 (39.5)

122 (16.7)

57 (7.8)

8 (1.1)

186 (8.5)

608 (27.7)

795 (36.2)

400 (18.2)

177 (8.1)

32 (1.5)

X2
= 19.938

p= 0.001

Religion

Muslim

Orthodox

Others

922 (62.6)

456 (75.4)

89 (73.6)

550 (75.2)

149 (20.4)

32 (4.4)

1,472 (67.0)

605 (27.5)

121 (5.5)

X2
= 35.313

p < 0.0001

Marital status

Married

Single

Others

1,384 (94.3)

74 (5.0)

9 (0.6)

718 (98.2)

10 (1.4)

3 (0.4)

2,102 (95.6)

84 (3.8)

12 (0.6)

X2
= 21.155

p < 0.0001

Woman

occupational status

Housewife

Governmental

employee

Merchant

Student

Others

1,140 (77.7)

115(7.8)

75 (5.1)

112(7.6)

25 (1.7)

593 (81.1)

70 (9.6)

19 (2.6)

27 (3.7)

22 (3.0)

1,733 (78.9)

185 (8.4)

94 (4.3)

139 (6.3)

47 (2.1)

X2
= 25.556

p < 0.0001

Age (year) at first

marriage

10–14

15–17

≥18

103 (7.0)

453 (30.9)

911 (62.1)

17 (2.3)

201 (27.5)

513 (70.2)

120 (5.5)

654 (29.8)

1,424 (64.8)

X2
= 26.494

p < 0.0001

Age (year) at first

pregnancy

10–14

15–17

≥18

60 (4.1)

506 (34.5)

901 (61.4)

16 (2.2)

215 (29.4)

500 (68.4)

76 (3.5)

721 (32.8)

1,401 (63.7)

X2
= 12.670

p= 0.002

Information on

maternal health

No

Yes

174 (11.9)

1,293 (88.1)

27 (3.7)

704 (96.3)

201 (9.1)

1,997 (90.9)

X2
= 39.171

p < 0.0001

Frontiers in PublicHealth 09 frontiersin.org

168169

https://doi.org/10.3389/fpubh.2022.1014304
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zelka et al. 10.3389/fpubh.2022.1014304

In addition, the odds of completing the continuum of care in

maternal health services among women whose newborns were

immunized with the vaccine within the postnatal period (AOR

= 6.9; 95% CI: 3.79, 12.59) were 6.9 times higher than among

women whose newborns did not vaccinate with the vaccine.

Moreover, the odds of the completion rate of a continuum of

care in maternal health services among women whose newborns

were dry and stimulate immediately after delivery (AOR= 2.61;

95% CI: 1.42, 4.77) and properly caring umbilical cord (AOR

= 2.01; 95% CI: 1.07, 3.79) were two times higher than among

women within their counterpart. Finally, the odds of completing

a continuum of care in maternal health services among women

who had a pregnant-related problem during labor (AOR = 2.1;

95% CI: 1.15, 3.71) were two times higher than among women

who did not have any pregnant-related problems during labor

(Table 7).

Discussion

The completion rate of a continuity of maternal health

services indicators is the global monitoring and reporting

parameters that are used to measure the survival of women and

newborns (34). This study found that 86.5% of women received

the 1st ANC visit; however, only 64.7% of women continued for

the 4th ANC visit. Of them, 42.5% of women continued and

received both 4th ANC visits and skilled care, which is higher

than the study done in PDHS (11), South Asia and Sub-Saharan

Africa (4), Northern Ghana (8), Ratanakiri Cambodia (6), Arba

Minch (19), and Northwest Ethiopia (20), but it is found to be

lower than prior studies outside Ethiopia (5, 7, 10) and Debre

Berhan town (22).

In this study, the overall completion rate of a continuum of

care via time dimension was 33.1%. This finding is consistent

with a study in Pakistan 27% (11) but higher than the studies

from Ghana 7.9% (10), Tanzania 10% (12), Rural Khammouane

6.8% (15), EDHS (2016) 9.1% (18); Arba Minch 9.7% (19);

Northwest Ethiopia 21.6% (20), and West Gojjam 12.1% (21).

This variation may be due to the prior studies being a cross-

sectional study design which has a full of recall bias that

leads to underestimate the completion rate. In addition, in this

study, the continuum of care is described in the form of space

dimension that we have included the services offered during

home visiting and campaigns as the measurement indicators.

However, this finding is lower than evidence in Debre Berhan

town 37.2% (22), CDHS 60% (5), Kenya 46.8% (14), Voucher

and free services interventions areas in Kenya 56.1% (14) and

Ghana (7). The reasons for the discrepancy may be due to

a variation in socio-demographic and economic factors, the

availability and accessibility of health facilities, study time,

and design. Despite the Ethiopian government and the World

Health Organization (WHO) are implementing many efforts

on maternal and child health program such as distributing

ambulance services, deploying community health extension

workers and health workers, expansion of health infrastructure,

and empowering political leaders to involve in maternal health

services, still the progress of the completion rate of a continuum

of care in maternal health services in Benishangul-Gumuz

region is extremely low.

The coverage of contact-based continuity of care and

content-based continuity of care is used as proxy indicators

of the quality of maternal health services (34). According to

WHO envisions, every pregnant woman and newborn receives

core packages of services throughout the pregnancy, childbirth,

and the postnatal period. However, in this study, only about

half of the pregnant women received full packages of ANC

services and one-third of the women received full packages

of PNC services. The overall completion rate of content-

based continuity of services was 20.0% in the study area,

which was extremely low compared with the completion rate

of visit-based continuity of care. This finding is consistent

with the study done in Arba Minch (19), whereas this

finding is lower than evidence from Ghana (10) and Sub-

Saharan Africa (34) but it is higher than the study from

West Gojjam zone (21). This discrepancy is due to the

variation of measurement indicators that are used for the study.

Generally, the completion rate is extremely low across the

countries and abroad global. This is because globally agreed-

uponmeasures of antenatal care (ANC), skilled birth attendance

(SBA), and postnatal care (PNC) only capture the level of

contact/visit with the health system and pay little attention to

indicators of the actual core packages of maternal health services

received by mothers and their newborns (34). This implies that

achieving a visit-based continuum of care did not necessarily

translate into the service-based continuum of care and vice

versa (10).

Although both community- and individual-level

characteristics are significantly important for program

implications, in this study, only individual-level factors are

detected. Those factors are more easily manageable and

treatable, but, the community-level factors have no statistically

significant association with the completion rate. This finding

is consistent with the study done in West Gojjam, Ethiopia

(21), and Ghana (7). However, evidence in Kenya reveals that

the completion of the continuum of care in maternal health

services was higher among women who resided in urban areas

and belonged to the highest household wealth index (14). These

may be the presence of community health extension workers,

who are implementing maternal health services at the grass

root level and providing the health services for the community

irrespective of their wealth status and residence in Ethiopia.

This study found that women who had any information

on maternal health services were more likely to complete

a continuum of care in maternal health services via the

time dimension, which is consistent with studies in Debre

Berhan town (22), Northwest Ethiopia (20), and PDHS (11).

Frontiers in PublicHealth 10 frontiersin.org

169170

https://doi.org/10.3389/fpubh.2022.1014304
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zelka et al. 10.3389/fpubh.2022.1014304

TABLE 6 Parameter of odd ratio and test of goodness of fit for mixed-e�ect multilevel models, Benishangul-Gumuz region, Northwest Ethiopia,

2021.

Models Fixed intercept

–cons (95%CI)

Random effect

as Level-2

variance var

[-cons

(95%CI)]

Intra-class

correlation

coefficient:

ICC(ρ)

Log likelihood

(LR)-deviance

Significance of

LR test vs.

Logistic

regression

(P-value)

Continuum of care

Empty model

Full model a

0.39 (0.27, 0.56)

0.001 (0.001,0.005)

1.57 (0.95, 2.59)

1.35 (0.7, 2.6)

0.32= 32%

0.28= 28%

−1,243.9

−699.8

P < 0.0001

P < 0.00001

P < 0.05 is statistically significant, and the data fit for the multilevel model.
a Included variables in the full model are resident, household wealth index, age of women, educational status of women, occupation of partners, information onMHS, age at first pregnancy,

ever had stillbirth, availability of MHS, time of 1st ANC visit, ANC providers, IFA supplementation and TT vaccination during pregnancy, duration of labor, pregnant related problems,

immediate newborn care practices, GA at birth and time of premature rupture of membrane.

Moreover, in this study, women who attended ANC follow-

up by skilled providers were more likely to complete a

continuum of care which is consistent with the evidence

in Tanzania (12). The reason may be women, who had an

experience with ANC follow-up, have access to information

on the advantages and importance of maternal health services

during ANC visits, and skill differences among service providers

have an impact on the level of client satisfaction and the

completion rate of a continuum of care in maternal health

services. The evidence supported that getting health education

on maternal health services and being satisfied with the

service delivery were more likely to complete the pathway of

maternal health services (20). Similarly, women who received

iron and folic acid supplementation, tetanus toxoid (TT)

vaccination during pregnancy, and immunized their newborns

immediately after delivery were more likely to complete the

pathway from ANC to PNC services in this study. This

finding is also supported by studies conducted in Ethiopia (20,

21).

In this study, we found that women having pregnant-

related problems during labor were three times more likely to

complete a continuum of care. This finding is consistent with

studies done in West Gojjam (21) and Tanzania (12), but it is

contradicting with a study done in Ghana (10). This may be due

to a variation in knowledge level on pregnant-related problems

and the impact of problems on maternal and neonatal health

outcomes. Similarly, in this study, women who had a history of

stillbirth were less likely to complete the pathway of continuity

of care which is also supported by different studies (10, 21). This

is because women who encountered with psychological distress

may be discontinued maternal health services.

In this study, women who delayed initiating the 1st ANC

visit were less likely to complete the continuity from ANC

to facility delivery to PNC. This finding is consistent with

studies conducted in Ethiopia and different parts of the world

(14, 15, 19, 21). The reason may be many essential core

interventions are offered during ANC visits when the first ANC

visit should be started as early as possible in the first trimester,

which enhances the satisfaction of clients and increases the

chance of using a skilled attendant at birth and also continued

to receive the whole postnatal essential core interventions

after childbirth.

Policy and program implication of this
study

This study came up with evidence that the majority

of pregnant women initiate their first ANC visit. However,

few women are completing the continuum of care along

the pathway. These imply that the completion rate of a

continuum of care in maternal health services is low. The

main reasons for discontinuing the services are lack of

knowledge, inaccessibility of the health facilities and shortage

of supplies, lack of transportation services, and lack of skilled

health workers. This pointed out the importance of raising

the knowledge of women on the benefits of a continuum

of care in maternal health service to enable every pregnant

woman to complete the whole packages and services of a

continuum of care in maternal health service. Furthermore,

making the services available and accessible to the community

is pivotal for the improvement of maternal and child health

programs. Moreover, measurements of maternal health services

were only capturing contact rather than the content of

each measurement parameter (13). The implication of merely

focusing on increasing coverage of recommended contacts

within the health program rather than emphasizing essential

packages of maternal health services is insufficient to reduce

maternal and neonatal mortality and morbidity. Hence, the

programmer designers and policymakers should target both

contact- and content-based continuum of care in maternal

health services via time and space dimension.
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TABLE 7 Multilevel model analysis of determinants associated with

the completion of continuum of care in maternal health services via

time dimension, Benishangul-Gumuz region, Northwest Ethiopia

2021.

Factors Level of continuum of care aOR 95%CI

Discontinuous Completion

Level−2 (Community

level) variables

Place of residents

Urban

Rural

582 (73.21)

885 (63.08)

213 (26.79)

518 (36.92)

1

1.69 (0.81, 3.55)

Household wealth index

1st Quintile (poor)

2nd Quintile (middle)

3rd Quintile (rich)

486 (66.3)

465 (63.35)

516 (70.59)

247 (33.7)

269 (36.65

215 (29.41)

1

1.09 (0.74, 1.61)

1.1 (0.61, 1.98)

Leve-1 (individual level)

variables

Age (years)

<20

20–29

≥30

147 (79.03)

898 (64.01)

422 (69.92)

39 (20.97)

505 (35.99)

187 (30.71)

1

2.86 (0.87, 9.37)

1.99 (0.6, 6.65)

Woman education level

No formal education

Primary school

High school

Tertiary education

890 (66.67)

285 (67.54)

172 (69.35)

120 (62.18)

445 (33.33)

137 (32.46)

76 (30.65)

73 (37.82)

1

0.99 (0.59, 1.49)

1.07 (0.59, 1.92)

1.48 (0.79, 2.76)

Partner occupational

status

Governmental employee

Others

266 (63.48)

1,118 (66.43)

153 (36.52)

565 (33.57)

1

0.99 (0.66, 1.6)

Information on MHS

Yes 1,293 (64.75) 704 (35.25) 2.25 (1.11, 4.55)

Age at first pregnancy

<19

≥19

566 (71.02)

901 (64.31)

231 (28.98)

500 (35.69)

1

1.18 (0.86, 1.60)

Stillbirth ever had

Yes 130 (73.03) 48 (26.97) 0.52 (0.32, 0.85)

Availability of MHS

Yes 1,365 (66.04) 702 (33.96) 1.33 (0.59, 3.0)

Time of first ANC

initiation

1–3 months of GA

4–6 months of GA

After 6 months of GA

290 (50.88)

899 (67.59)

112 (84.85)

280 (49.12)

431 (32.41)

20 (15.15)

1

0.45 (0.3, 0.68)

0.15 (0.05, 0.43)

Attendant of ANC

services for current

pregnancy

Skilled provider 1,118 (62.88) 660 (37.12) 1.37 (1.02, 2.28)

(Continued)

TABLE 7 (Continued)

Factors Level of continuum of care aOR 95%CI

Discontinuous Completion

Iron-folic acid

supplementation

Yes 976 (58.20) 701 (41.80) 2.58 (1.37, 4.86)

TT vaccinate during

pregnancy

Yes 908 (58.13) 654 (41.87) 2.21 (1.39, 3.52)

Duration of labor

<12

B/n 12–24 h

>24 h

954 (65.48)

295 (64.41)

85 (56.67)

503 (34.52)

163 (35.59)

65 (43.33)

1

1.41 (0.95, 2.08)

1.27 (0.6, 2.70)

Pregnant related

problem during labor

for last delivery

Yes 181 (61.36) 114 (38.64) 2.1 (1.15, 3.71)

Dry and stimulate

newborn

Yes 907 (56.94) 686 (43.06) 2.61 (1.42, 4.77)

Appropriate cord care

practice

Yes 980 (58.82) 686 (41.18) 2.01 (1.07, 3.79)

Initiate BF within 1 h

Yes 970 (59.0) 674 (41.0) 1.29 (0.73, 2.26)

Inject vitamin k

Yes 697 (55.41) 561 (44.59) 1.37 (0.89, 2.09)

Immunizing the

newborn

Yes 1,009 (58.83) 706 (41.17) 6.9 (3.79, 12.59)

Gestational age at birth

Preterm (<37 weeks)

Term (≥37 weeks)

133 (55.42)

1,200 (65.79)

107 (44.58)

624 (34.21)

1

0.64 (0.39, 1.05)

Time of premature

rupture of membrane

before labor

≤1 h

1–12 h

>12 h

500 (61.43)

766 (67.67)

51 (54.26)

314 (38.57)

366 (32.33)

43 (45.74)

1

0.76 (0.55, 1.05)

1.25 (0.56, 2.77)

The bold value indicates a statistically significant association (p < 0.05).

This study also addresses more programmatically important

evidence at the community-level and individual-level factors

that had a big contribution to the completion of the

continuum of care in maternal health services. However,

the community-level factors such as residents, household

wealth index, and accessibility of health facilities had no

statistically significant association. However, this does not
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mean that they are programmatically non-significant. These

pointed to the importance of addressing community-level

factors to increase the completion rate of a continuum of

care. Furthermore, among the individual-level factors, different

factors have programmatically most important and show

statistically significant association with the completion of

a continuum of care. Hence, interventions need to target

community-level factors to improve the completion of a

continuum of care via time and space dimensions and also

target the individual-level factors to improve maternal and

neonatal survival.

Therefore, this study gives a better understanding for the

program designers and policymakers on where the gaps are in

seeking care along the pathway and the factors that contribute to

the continuum of care in maternal health services. This evidence

is vital for the successful implementation of maternal and child

health program and for planning the health program in future.

Strength of the study

This study employed a longitudinal study design, which

helps to measure the cause-and-effect relationship. This study

used a large sample size, which results in high power and

precision for multilevel analysis. Moreover, this study applied

advanced statistical models (multilevel regression model) to

handle cluster effects and identify factors at various levels.

Limitations of the study

Mothers who had abortions, stillbirths, and neonatal deaths

were not comfortable to respond the research questions

properly, which might compromise the finding. The health

facility data were collected and recorded by health professionals,

which might lead to social desirability bias and might

compromise the result. Moreover, some medical terms were

difficult to translate exactly to local languages, whichmight affect

the respondent understanding.

Conclusion

The completion rate of a continuum of care in maternal

health services via time (33.3%) and space dimension (37.2%)

was low. Even though once women come to their first ANC

visit, they were dropout from the pathway of continuity of

maternal health services. Also, the completion rate of the

essential packages of maternal health services (20%) was low.

This implies that those who visit a health facility do not

receive the basic package of maternal health services. This study

shows that information on maternal health services, previous

health facility delivery, ANC visit attended by skilled providers,

offering iron and folic acid supplementation during pregnancy,

vaccinating pregnant women with TT vaccine and immunizing

the newborn, and proper immediate newborn care practice have

positive factors that enhance completion rate of a continuum of

care in maternal health services. However, history of stillbirth

and delay to start ANC visit were negative factors that obscure

the completion of continuity of care in maternal health services.

Therefore, interventions should focus on increasing

women’s awareness, improving the availability of packages

of services at health facility particularly essential maternal

health intervention packages, and improving service delivery

by considering women’s preferences and needs to increase their

satisfaction. Those interventions are essential to increase the

completion of continuum of care in maternal healthcare services

via time dimension, content-based, and space dimension.
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In 2015, we conducted a randomized controlled trial (RCT) in primary care

to evaluate if posters and pamphlets dispensed in general practice waiting

rooms enhanced vaccination uptake for seasonal influenza. Unexpectedly,

vaccination uptake rose in both arms of the RCT whereas public health

data indicated a decrease. We wondered if the design of the trial had led

to a Hawthorne effect (HE). Searching the literature, we noticed that the

definition of the HE was unclear if stated. Our objectives were to refine

a definition of the HE for primary care, to evaluate its size, and to draw

consequences for primary care research. We designed a Preferred Reporting

Items for Systematic reviews and Meta-Analyses review and meta-analysis

between January 2012 and March 2022. We included original reports defining

the HE and reports measuring it without setting limitations. Definitions of the

HE were collected and summarized. Main published outcomes were extracted

and measures were analyzed to evaluate odds ratios (ORs) in primary care.

The search led to 180 records, reduced on review to 74 for definition and 15

for quantification. Our definition of HE is “an aware or unconscious complex

behavior change in a study environment, related to the complex interaction

of four biases affecting the study subjects and investigators: selection bias,

commitment and congruence bias, conformity and social desirability bias and

observation and measurement bias.” Its size varies in time and depends on

the education and professional position of the investigators and subjects,

the study environment, and the outcome. There are overlap areas between

the HE, placebo effect, and regression to the mean. In binary outcomes,

the overall OR of the HE computed in primary care was 1.41 (95% CI: [1.13;

1.75]; I2 = 97%), but the significance of the HE disappears in well-designed
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studies. We conclude that the HE results from a complex system of interacting

phenomena and appears to some degree in all experimental research, but its

size can considerably be reduced by refining study designs.

KEYWORDS

effect modifier/epidemiologic, scientific experimental error, systematic review,
primary healthcare, Hawthorne effect

Introduction

By autumn of every year, the main French mandatory
health insurance scheme conducts a promotional campaign
for seasonal influenza vaccination in mass media and in
health facilities. General practice surgeries can participate in
this campaign by hanging posters and making pamphlets
available in their waiting rooms. Advertising using posters and
pamphlets in waiting rooms shows no evidence of effectiveness
in terms of increasing knowledge or changing the health
behavior of patients (1). We conducted a cluster-randomized
controlled trial (RCT) with 10,597 patients assessing the
2014–2015 campaign in France confirming these findings
(2). No difference was demonstrated in vaccination uptake
between waiting rooms advertising for influenza vaccination
(intervention) or not (controls) (P = 0.561). However, the
immunization rate increased by about 3% in both arms of
the trial compared to the baseline (previous year). At the
same time, a decrease in coverage of 2.4% was observed
district wide by public health authorities. As our trial targeted
a change in behavior in primary healthcare, we considered
the possibility of a Hawthorne effect (HE) to explain this
difference and felt the need to have greater insight regarding this
effect (3).

The Hawthorne effect (HE) was first observed in relation
to six, partly overlapping, experiments carried out from
1924 to 1933 at the Hawthorne plant, a large factory
complex of the Western Electric Company in Cicero (Illinois,
USA), also reputed to have generated Al Capone’s original
fortune (4). The most thorough publication was issued
by Roethlisberger and Dickson which presented data from
the six experiments (5). Elton Mayo, a Harward business
professor, was not the director of the studies, but as he
became the main interpreter of the Hawthorne experiments,
his name remains associated with the research (6). The
study group examined the effects of various incentives on
the productivity of two groups of volunteer workers, and
the good story was that whatever experiment was applied,
the trend of productivity was upward in both groups (7).
However, this does not fit with the two last experiments
(6). The term “Hawthorne effect” or “observer effects”
to describe the performance or behavior improvement of

people involved in research, arising exclusively when under
observation, was first used in 1953 (8). In 1974, Parsons
described the HE as a failure of the experimenters to
realize how the consequences of subjects’ performance affect
what subjects do (9). Indeed, the internal validity of the
Hawthorn experiments was biased by the selection of a
small number of volunteer participants, attrition due to the
removal of operators because of gross insubordination, and
potential antagonism between management and employees
(Dickson was an officer of the Western Electric Company)
(6). In 2011, Levitt and List recovered the original results of
the Hawthorne illumination experiments and reanalyzed the
outcomes, finding “some weak evidence that workers respond
more to experimental manipulations than to naturally occurring
changes in light (10).”

In 2010, French and Sutton published a narrative review
calling the changes in the people being measured in an
experimental environment “measurement reactivity.” They
merged this designation with other terms including “assessment
reactivity,” “mere measurement,” “question-behavior effect,”
or “self-generated validity” (11). Further, in 2017 Paradis
and Sutkin recommended the use of the phrase “participant
reactivity” when considering the triad participant, observer,
and research question (12). One common point of all effects
appearing in an experimental environment, whatever their
designation, is the considerable heterogeneity of their size across
studies (13, 14).

In 2014, McCambridge et al. published an often-cited
systematic review to elucidate the existence of the HE, the
conditions of its appearance, and its estimated size (15). They
noted that it was relevant to clear the term HE in health sciences,
as it was evoked in relation to a range of methodological
phenomena. To define the HE, they stated that “awareness
of being observed or having behavior assessed engenders
beliefs about researcher expectations. Conformity and social
desirability considerations then lead behavior to change in line
with these expectations.” They came to the conclusion that
“Further research on this subject should be a priority for the
health sciences, in which we might expect change induced by
research participation to be in the direction of better health
and thus likely to be confounded with the outcomes being
studied (15)”.
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In 2020, Purssell et al. conducted a systematic review and
meta-analysis regarding the HE in hand hygiene (HH), based
on the many publications in the field related to the guidance
for HH promoted by the World Health Organization (WHO)
(“My Five Moments for Hand Hygiene” initiative) in 2009 (16).
It confirmed the considerable heterogeneity in outcomes, with
the HE ranging from -6.9 to 65.3%. Probably in line with
this heterogeneity, they did not complete the meta-analysis
(17). Hand-hygiene behaviors have markedly changed since
the COVID-19 outbreak (18). For this reason, the outcomes
regarding hand hygiene in hospital wards as in the community
are probably outdated.

Noting the considerable inconsistency regarding the
phenomenon, the primary objectives of this review were (1)
to refine the definition of the HE and outline the progress of
research since 2012 (last inclusions in McCambridge’s review)
on the HE in terms of its existence and characteristics and (2) to
estimate its size in primary care studies, expecting the already
described heterogeneity.

Materials and methods

Eligibility criteria, information sources,
and search strategy

Considering the definition, publications related to research
in the medical field, in particular those regarding health
professionals and patients, were included. Reports needed
to contain a clear definition or outcome measuring the
HE. Included methodologies were clinical trials and their
reanalysis, quasi-experimental or observational studies, or
historical comparisons. Reports published in French or
English, with an available abstract, were included. Only
reports published after the review by McCambridge were
considered (publication range: January 2012 to March 2022). We
ensured that no reports were overlapping with McCambridge’s
review (15).

Reports outside the field of medicine or human behavior
related to health and those citing the HE without definition or
outcome measurement were excluded. Narrative or systematic
reviews with meta-analysis were considered for discussion and
to retrieve unnoticed reports from the reference lists, but
excluded from this review. Didactic records and letters to the
author or editor were also excluded.

Considering the appraisal of the size of the HE, included
reports had to be conducted in primary care, in outpatient
clinics, or in healthy persons. Only published outcomes were
considered and only primary outcomes were computed, without
limitation. Included designs were RCTs, post-hoc analysis
of RCTs, historical comparisons (pre–post comparisons), or
observational studies. Studies conducted in hospital wards, in
particular HH studies, were excluded.

The use of the term “Hawthorne effect” in health sciences
is gradually increasing though its definition remains unclear. It
is still more often used without any connection to the original
studies in the Hawthorne plant, with a meaning of alteration
of behavior related to an experimental background. In other
disciplines, its meaning has mutated over time to become still
more controversial (15). As our purpose was to investigate the
HE in primary care research, we limited our investigations to
medical research and our information sources to Medline and
to the reference lists of the reviews. We hypothesized that the
research in the reference lists of the reviews would provide any
material that we would have missed by not exploring other
sources. Besides this, PsycINFO and the Web of Science were
searched to discuss the results.

The search used PubMed as the mean search engine.
As McCambridge (15) and Purssell (17) did, we used the
“Hawthorne effect” as the only keyword, though it is not a
MeSH term (which is “effect modifier”). Filters were set for the
availability of an abstract, for language (English, French), and for
date range (2012-01-01 to 2022-03-31), as McCambridge’s last
included report was published in January 2012. We deliberately
chose not to use the keywords “observer effect∗,” “participant
reactivity,” or merely “reactivity” with another complementary
term, in order to be consistent with McCambridge’s approach.
The main difference with our search is that beside reports
quantifying the HE, we also searched for reports giving a
definition of the term. The terms “reactivity,” “placebo effect,”
and “regression to the mean” were explored to discuss their
interaction with the HE.

Selection process

Initial selections of records were independently undertaken
by two reviewers based on the availability of the record, the type
of report, the title, and the abstract. All full-text reports meeting
the inclusion criteria at this point were read. Reports retrieved
from the reference lists of the papers and meeting the inclusion
criteria were treated similarly. A consensus meeting of the two
reviewers led to the final list of reports included in this review.
All reports included were independently fully analyzed by the
same two researchers.

Synthesis methods and bias
assessment

The same two researchers independently appraised the risk
of bias and the level of evidence during the review of the selected
full-text reports using the Cochrane tool (19).

Publication bias was assessed by a funnel plot using Review
Manager 5.3 R©.

The narrative results regarding the definition of the HE
have been summarized in Supplementary Table 1 with the
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description of the study, definition the authors used and a
quality appraisal.

All published binary outcome measures of the mean
outcome in studies conducted in primary healthcare, outpatient
clinics, or healthy persons (e.g., students) have been included in
a Microsoft Excel R© table. Studies included in the meta-analysis
are summarized in Supplementary Table 2. Unpublished
measures were not sought. Retrieved studies and measures were
imported into Cochrane Review Manager 5.3 R© to compute effect
sizes and standard error. The generic inverse variance was
used, adjusting for the direction of the HE (i.e., increase or
decrease). The odds ratio (OR) and 95% confidence interval
(95% CI) were computed using random effects in the context of
an important difference in weight of the studies. Heterogeneity
was computed using the I2 statistic. The result is presented as a
forest plot. A supplementary sensitivity analysis was computed
to differentiate odds ratios and heterogeneity by study design
(Table 1) and by the level of evidence of the studies (Table 2)
as the size of the HE appears to be associated with the quality of
the research.

Ethics statement and reporting

No ethical statement is required in France for systematic
reviews reusing already published data (research method
classification MR-004).

The redaction of this review followed the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement update 2020 (20).

Results

Study selection

Of the 180 records found on Medline, two were excluded
because of unavailable abstracts. Forty-four reviews provided

two supplementary records from citation searching. Twenty-
nine records were excluded based on title and abstract. Twenty
reports were excluded after full reading because they cited
the HE without definition or outcome measures. Twice two
records reporting on the same study were included as they were
complementary reports regarding the outcomes: Buckley (21),
Ikpeze (22), Dal-Ré (23), and Pate (24). After the final selection,
74 new English-language reports were included and analyzed for
definition and 15 for evaluation of the size of the HE in primary
healthcare or outpatient clinics or healthy persons. No report in
the French language was found (Figure 1).

Study characteristics

Of the 74 selected reports in the definition branch, 15
were randomized controlled trials (RCTs) (25–39), two were
not randomized controlled trials (40, 41), three were studies
nested in RCTs (42–44), seven were retrospective reanalysis or
discussions of RCTs (23, 24, 45–49), three were pilot studies
prior to an RCT (50–52), and one was an RCT protocol
(53). Further, there were 18 observational studies (54–71),
18 pre–post intervention studies or audits (21, 22, 72–87),
one diagnostic accuracy study (88), four qualitative or mixed-
method studies (89–92), one mixed-method study protocol (93),
and finally one methodology protocol to build up research
quality guidelines (13) (Supplementary Table 1).

Of the 15 purposely selected reports in primary care,
outpatient clinics, or healthy subjects in the meta-analysis
branch, the appraisal of the HE was based on a retrospective
cohort pre–post intervention analysis in one study (72), in
three studies on a post-hoc comparison of the RCT population
to a non-RCT population (24, 30, 94), in three studies on
the comparison of study parameters between enrollment and
randomization in an RCT (28, 43, 51), in two studies on
the comparison of persons consenting vs. not consenting to
participate in a study (45, 67), in two studies on the follow-
up of study populations exposed to repeated measurements

TABLE 1 Odds ratio and heterogeneity by study design.

Design N OR 95% CI Chi2 df P I2 (%)

RCTs and pilot RCTs 6 1.08 [0.98; 1.19] 11.58 5 0.04 57

Quasi-experimental and post-hoc 4 1.19 [0.99; 1.44] 0.04 3 1 00 0

Observational 5 1.80 [1.22; 2.66] 126.32 4 <0.0001 97

N, number; OR, odds-ratio; 95% CI, 95% confidence interval; df, degrees of freedom.

TABLE 2 Odds ratio and heterogeneity by level of evidence.

Level of evidence N OR 95% CI Chi2 df P I2 (%)

High/moderate 8 1.04 [0.99; 1.09] 8.02 7 0.33 13

Low 7 1.79 [1.27; 2.50] 128.67 6 <0.0001 95

N, number; OR, odds-ratio; 95% CI, 95% confidence interval; df, degrees of freedom.
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FIGURE 1

Flow diagram.

(77, 95), and in four studies comparing a population being aware
of exposure to observation or assessment to a population who
were not aware (33, 64, 83, 96). The main binary outcomes
that were inputted in the tables of the review manager to
compute an effect size and standard error were sleeping time
(28), anti-malarial drug prescriptions (33), time up and go
measure (51), self-reported alcohol consumption (96), pain
intensity (43), and subjective shared decision-making (95) in
the RCTs or RCT feasibility studies. It was an antibiotic
selection in a quasi-experimental RCT (30). In post-hoc analysis
of RCTs, it was the influenza vaccination rate of students

(94), acceptance of a video recording (45), and the rate of
COPD acute exacerbations (24). In observational studies, we
computed fall rates (72), protocol adherence (77), quality of care
(64), school enrollment (67), and spontaneous eye blinks (83)
(Supplementary Table 2).

Risk of bias within studies

According to the Cochrane tool (19), in the definition
branch, six studies had a low risk of bias (27–29, 31, 32, 39),
18 studies had a moderate risk of bias (24, 26, 30, 33–36,
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38, 43–46, 48, 50, 52, 58, 69, 79), 38 had an important risk
of bias (21, 22, 37, 40–42, 49, 51, 54, 56, 57, 59–68, 70–72,
74–78, 80–88), and two studies had a very important risk of
bias (23, 73). Nine studies were not assessable with the tool
(protocols or qualitative/mixed methods studies) (13, 25, 47, 53,
89–93).

In the meta-analysis branch, one study had a low risk of bias
(28), seven a moderate risk (24, 30, 33, 43, 45, 94, 96), and seven
a high risk (51, 64, 67, 72, 77, 83, 95).

Results of individual studies

The included studies covered all five continents. The
populations consisted of patients and various health
professionals (students, nurses, physicians. . .) in different
hospital wards or primary care and the community. The most
commonly studied outcome was the World Health Organization
(WHO) guidance for hand hygiene (HH) [“My Five Moments
for Hand Hygiene” initiative (16)] in 13 studies (54, 56, 58,
60, 61, 65, 66, 71, 78, 79, 82, 89). It is noticeable that no
study targeting this topic was conducted since the COVID-19
outbreak, except two qualitative ones (89, 92). Other outcomes
were very heterogenous and linked to behavioral factors in
health professionals and patients (e.g., completion of medical
records, management protocol adherence, quality audits,
antibiotic prescription, sleep duration, alcohol consumption)
or other aspects (e.g., falls, skin infection, glomerular filtration
rate, and glycemia).

Results of syntheses

Definition of the Hawthorne effect in medical
studies

Based on this review, our definition of the HE in medical
studies is “an aware or unconscious complex behavioral
change in a study environment, related to the interaction
of four biases affecting the study subjects and investigators:
selection bias, commitment and congruence bias, conformity
and social desirability bias, and observation and measurement
bias.”

A selection bias

The subject agreeing to participate in a study is interested
in its outcome, expects a benefit, and trusts the investigator
(67, 92). Characteristics of people who consent to participate in
clinical trials often differ from patients who decline participation
(24, 44). The investigator has a special interest in the field of
the study, has more knowledge, and is more skilled in this
field than the average health professional (45). As participants’
health literacy is essential to the ability to adhere to the study
intervention as well as the ability to remember the details

of the recommendations made to participants during visits,
investigators will tend to include patients with a higher level of
literacy (47).

A commitment and congruence bias

Signing the informed consent, the subject agrees to comply
with the artificial experimental life rules and is willing to respect
these rules as much as possible, far more than in real life
(26). This is especially true for ambulatory active patients (like
primary care patients) compared to passive inpatients (66).
Signing his (or her) contract with the sponsor, the investigator
agrees to follow good clinical practices, feels like part of a project,
and has often agreed to undergo complementary training (77).
In order to minimize the number of patients lost to follow-up,
s/he will be particularly careful to strengthen the follow-up rules
with the subject (47, 49, 59, 77).

A conformity and social desirability bias

As described by McCambridge, the “awareness of (. . .)
having behavior assessed engenders [in the subject] beliefs about
researcher expectations. Conformity and social desirability
considerations then lead behavior to change in line with these
expectations (15).” This is also true for the investigator: in
case of uncertainty in the answers to an assessment scale, the
investigator will tend to quote systematically in order to be in
line with the expectations of the study that s/he shares (24,
50, 64).

An observation and measurement bias

The HE is often mitigated to the observation bias, without
going more in depth into the concerns of this effect. The
awareness of being possibly observed, assessed, and singled
out engenders in the subject and in the investigator a special
emphasis regarding the three previous biases (47, 58, 87).
A direct observation (e.g., HH studies) engenders the largest
HE (56) but depends on the authority status of the observer
(65). If the observation remains distant, but the subject or
the investigator has to complete repeated measurements or
questionnaires, his/her interest in the field of the questionnaire
will tend to change his/her behavior or beliefs (13, 24, 35,
95). This measurement bias is also described as “measurement
reactivity” or “reactivity” (11, 13, 35, 97).

Heterogeneity of the Hawthorne effect
We found important differences across studies or within

individual studies regarding the HE. Four main groups of factors
seem to determine this heterogeneity: education and literacy or
professional position, mental health conditions, environmental
factors of the study setting, and the type of outcome measures.

The education or professional position of health
professionals

There were important differences between nurses (more
prone to HE) and physicians, and in physicians between medics
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(more prone to HE) and surgeons (14, 79). In subjects, the
level of literacy and deprivation had an important influence
with less marked HE in subjects with a lower level of education
(66), though the embarrassment caused by the attendance of
an observer might be higher in this population (57). Further,
as already described, investigators tend to enroll in trial
patients with a better health literacy as a means to ensure
they understand and remember the recommendations made to
participants during visits (47).

Mental health conditions modify the Hawthorne effect

The presence of symptoms such as anxiety and depression
contribute to enhanced behavioral changes when people are
aware of observation (45, 48, 70).

Environmental factors of the study setting

Regarding HH, the effect was clearly more marked in
medicine wards than in surgery or anesthesia wards in hospitals
(14, 79, 89). Primary care patients, playing an active role in the
patient–doctor relationship, were more prone to the HE than
more passive patients in a hospital setting. The HE was less
pronounced in deprived dwellings, possibly increasing health
inequalities (66).

The main outcome measure

The more the main outcome is linked to psychological
or behavioral factors [e.g., sleep agendas (28) and alcohol
consumption (38)], even when measured with blinded assessors,
the more the effect is notable. The baseline level of the variable
interferes also: the larger the deviation from the targeted value is
at baseline, the more a HE has to be expected (71). However,
as we will discuss below, this point has to be mitigated by a
regression toward the mean (26, 43, 46). The direction of the
targeted variation of the HE is also important: when the variable
is expected to diminish [e.g., antibiotic prescription (52)], the
relative reduction is more important than when it is expected to
increase [e.g., carpal tunnel release (21, 22)].

Duration of the Hawthorne effect
The onset of the Hawthorne effect in a study environment

is very fast (61). In HH studies, it was estimated to take 14 min
after the appearance of the observer before health professionals
altered their hand-washing behavior, increasing further after
50 min (71). In sleep agendas for sleeping trouble, there was
a significant improvement in sleeping duration between the
baseline measure and the measure at randomization; insulin
resistance and fasting glucose improved simultaneously (28).
In chronic kidney disease, there was an improvement in the
glomerular filtration rate during the 3-month run-in phase of
an RCT, in a disease where this usually worsens over time (50).
In neck pain, the intensity of the pain diminished between
screening and randomization (43).

The HE disappears totally or partially after the end of the
observation or when the subject is released (36, 70, 85). In the

case of long-lasting studies, the HE decreases gradually as the
study environment becomes commonplace for the participants
(33, 72, 87).

Size of the Hawthorne effect
As explained above, we only considered the appraisals of

the effect on binary outcomes made in primary care research,
outpatient clinics, and persons in good health (students) for the
calculation of the size of the HE. Hand-hygiene studies were
ruled out of our research since Purssell et al. published their
meta-analysis (17). Our findings could only confirm theirs, and
we consider these results as outdated as the COVID-19 outbreak
considerably changed HH habits (18).

To compute the size of the HE, we purposely selected
fifteen studies with different designs where the HE was
appraised by different approaches (see study characteristics and
Supplementary Table 2).

We computed in all studies an OR of 1.41, 95% confidence
interval [1.13; 1.75] (Figure 2: forest plot). In sensitivity analysis,
we analyzed separately the studies by design (Table 1) and by
the level of evidence (Table 2). It is notable that in RCTs, and
in a quasi-experimental or post-hoc analysis of RCTs, the HE
appeared to be not significant (95% CI respectively [0.98; 1.19]
and [0.99; 1.44]) with a weak heterogeneity (I2 respectively
57 and 0%). The same observation is valid for studies with
a high-to-moderate level of evidence (95% CI: [0.99; 1.09],
I2: 13%). A significant HE with a high level of heterogeneity
appears in observational studies and studies with a low level of
evidence (95% CI respectively [1.22; 2.66] and [1.27; 2.50], and
I2 respectively 97 and 95%).

Reporting biases

Regarding heterogeneity in the meta-analysis of all the
studies, it is notable that the I2 computing at 97% illustrates that
the whole of the variance can be explained by heterogeneity.
However, this heterogeneity is to be imputed to observational
studies and studies with a poor methodology. Sensitivity analysis
found that heterogeneity and the significance of the HE for
binary outcomes disappear in well-designed controlled studies.

Regarding the overall publication bias, the chimney plot
did not illustrate an exaggerated risk with a well-balanced
distribution of the results around the total OR (Figure 3:
funnel plot).

Discussion

Summary of evidence

Researchers are still not unanimous regarding the existence
of the HE and there is considerable inconsistency concerning
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FIGURE 2

Size of the Hawthorne effect: Forest-plot of the meta-analysis.

FIGURE 3

Funnel-plot of reports included in the meta-analysis.

the description and definition of the phenomenon (92). The
point is not a denial of an experimental artifact which
is unanimously agreed upon. The dissension relates to the
description of what happened at the Hawthorne plant (10, 12).
Rather than calling this artifact “participant reactivity,” we chose
to keep the folkloric name of the Hawthorne effect as it is
contemporarily used in health sciences, refining its definition. It
is an experimental artifact that reduces the external validity and
size effect of studies, with a combined OR for binary outcomes

that can be carefully (due to heterogeneity) estimated at 1.41

(95% CI: [1.13; 1.75]) when considering studies conducted

in outpatient clinics and with healthy persons. However, the

significance and the heterogeneity of the HE are to be imputed to

observational studies and studies with a poor level of evidence,

as it disappears in well-designed RCTs or quasi-experimental

studies. As a complex system of biases and psychological

interferences, all related to a change of behavior in subjects and
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investigators, it is more dynamic than the summation of each
individual bias.

The size and influence of the HE depend on the population
being studied, the educational level and the social position
of the investigators and subjects, the mental health status of
the investigators and subjects, the studied variable, its initial
value and its expected variation, and the duration of the
experiment. It is possible to reduce this complex system by
analyzing the behavioral beliefs and assessment of the issues
of the intervention, the normative beliefs and motivation
to comply, and the control beliefs and perceived power as
described in the theory of planned behavior or reasoned
action (98).

Up until recently, the HE has mainly been linked with
observation bias, though the interaction between observation
and selection bias has already been described (14, 67). To
this point, the use of the term “Hawthorne effect” was of
little interest as it was considered to be limited to the fact
of observing a subject or an investigator in an experimental
environment. The various publications of McCambridge have
created a new association with social desirability bias and
conformity bias (15, 99, 100). After having completed this
review, we acknowledge the reality of what we chose to
continue calling the Hawthorne effect, not only as an
observation bias or as a summation of biases but also as a
complex system that more or less creates an artifact in all
research. Describing the HE as selection bias, commitment
and congruence bias, conformity and social desirability bias,
and observation and measurement bias is enlightening but
somewhat simplistic as feedback loops are existing between
the research targets, methods, and population explaining
the important heterogeneity and temporal instability of the
effect (101).

The HE must not be confused with other biases that are
not related to bio-psychological, social, or behavioral factors,
for example, attrition bias (102) or contamination bias (47).
Furthermore, there are important overlap areas between the
HE, the regression toward the mean (RTM), and the placebo
effect. The RTM is a statistical phenomenon that occurs when
repeated measurements are made on the same subject or
unit of observation. It happens because values are observed
with random error, that is a non-systematic variation in the
observed values around a true mean (103). When patients
are enrolled into a trial based on a deviating value of the
main outcome and randomized a couple of weeks or months
later, it can happen at randomization that the deviation of
the main outcome is considerably reduced (26, 28, 43, 51).
It is then difficult to differentiate the part of the HE and
the one of the RTM. Regarding the placebo effect, similar
to the HE, its definition is controversial which makes the
distinction between the two effects difficult to exemplify. This
effect is assumed to be caused by the special type of patient–
provider interaction associated with giving and receiving a

treatment, or in other words the treatment ritual (104). This
patient–provider interaction can also be described without the
prescription of any treatment, for instance, a patient who
experiences pain reduction because of an interview with a
warm and empathic physician (104). However, in this case the
term of placebo effect, related exclusively to the medication,
should not be used.

As a consequence, we can assume that all medical research,
qualitative or quantitative, is inevitably prone to the HE
which limits its external validity, starting with the conscious
or unconscious selection of the study population and the
investigators, leading to blind spots in medical knowledge.

Strengths and limitations of this study

As an update of McCambridge’s review (15) and a
continuation of Purssell et al.’s review (17), we chose to use but
one keyword term: “Hawthorne effect.” Hence, we may have
missed reports using as keywords the names of biases that are
part of the HE (e.g., “observation bias” or “social desirability
bias”) or alternative terms of the HE (e.g., “measurement
reactivity” or “participant reactivity”). It is probable that our
search strategy has been too specific, thus insufficiently sensitive.
However, our choice was confirmed during the selection phase
by the finding of reports using other terms appointing the same
object or pointing to studies using these other terms.

The use of the term “Hawthorne effect” is widely used in
medical sciences as we could note through the incrementally
growing number of records citing it during the last 10 years
in our search. It appeared to be relevant to refine the
definition of the term as it is used contemporaneously in
medical research in general and in primary care in particular.
This is evident in 10 years after McCambridge’s review even
though they had already noted a dissociation appearing in the
meaning of the term in medical sciences in regard to other
disciplines (15). For this reason, we only searched reports
related to the medical field and we limited our search to
Medline and the reference lists of the review articles that we
retrieved. This choice might have been too specific and for
this reason, we deepened our search using PsycINFO and
the Web of Science in order to enlarge the consideration of
the results in the discussion. The search in reference lists
and other sources found, with two exceptions of reports that
were considered in this review, records deriving from other
disciplines, mainly from psychology and education sciences.
It was notable that psychologists tended to use the term
more in line with what happened at the Hawthorne plant
and were more critical regarding its use, while medicals were
more prone to use the term meaning an experimental artifact
connected to behavioral changes in an experimental context,
disregarding its origins. Considering the important number of
reports that we analyzed and the definitions that were verified,
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the risk of having missed a definition due to a too-specific
search seems minimal.

The limitation of our search to reports written in English
and French might also have been detrimental. We missed two
reports in Chinese about acupuncture, one in Japanese regarding
HH, one in Dutch about drug effects, one in Spanish about
the behavior of diabetic patients, and one in German about
clinical coding. None of these reports gave a clear definition
of the HE or could have been included in our meta-analysis.
Further, the Dutch report might be confused between the HE
and the placebo effect.

Some caution in the interpretation of the meta-analysis
is necessary related to the fact that binary results (before–
after or overt–covert comparisons) cannot exemplify a complex
system. We note that adding “apples and oranges” may
cause suspicion, but brought up less heterogeneity than
HH studies using the same comparator in different hospital
wards. This is related to the fact that the computed data
for comparison in the meta-analysis are effect sizes and
standard errors.

Considering the literature, this heterogeneity in the analysis
of all studies was expected and we could have decided not to
publish the computation of the meta-analysis as per Purssell
et al. (17). In line with some authors, the sensitivity analysis
confirmed the association between poor methods and the rise
of a HE (11, 12). When analyzing separately RCTs and quasi-
experimental studies, or studies with a good level of evidence,
we noted that the presence of a HE in binary outcomes was
no more significant with an acceptable heterogeneity. Rather, in
observational studies or studies with a low level of evidence, the
HE appeared to be significant, though with all of the variances
possibly explained by heterogeneity.

Implications of the results for future
research

Randomized controlled trials
Randomized controlled trials (RCTs) in parallel groups

are prone to the HE, but as groups are equally exposed
to the effect, its impact on the main outcome might be
reduced (99). This might be an explanation of the minor
impact of the HE on binary outcomes. This is particularly
true when the RCT is blinded, and if possible double blinded.
However, blinded studies are often difficult or impossible to
implement for ethical, practical, or financial reasons. Blinding
would not prevent the selection of subjects to improve the
homogeneity of the included population in order to enhance
the chance of demonstrating statistically significant differences
and reduce attrition bias or the occurrence of serious adverse
events in a linear form of reasoning. Concomitantly, it
would not prevent the selection of investigators with deeply
rooted beliefs (like the role of cholesterol in leading to

cardiovascular diseases) and a conformism that might be
strengthened by complementary education, here again to
improve homogeneity in completing the clinical record forms
(CRF) (105).

Randomized controlled trials are often cluster randomized
in primary care for feasibility reasons. The randomization
level is mainly the GP investigator, and the cluster is defined
as the group of patients of this GP. As a matter of fact,
this emphasizes the influence of the selection of investigators
on the results. The introduction of the intra-class correlation
coefficient in the calculation (ICC) of the sample size is supposed
to erase the effect of this bias on the results of the main
outcome, but in most cases this ICC is estimated without
certainty, based on the literature. Knowing the heterogeneity
of the HE, the feasibility of computing exactly this ICC
seems inaccessible.

The main risk, when the HE is not correctly mastered in an
RCT, occurs when the effect size of the main outcome is small. If
the size of the HE turns out to be important, it might overwhelm
the results of the main outcome and lead to a negative trial
(47). This is an important fact to consider when designing
future RCTs in primary care or analyzing the events that led to
a negative trial.

As noted, patients change their behavior by the start of
the trial, and baseline values are prone to the RTM (24,
28, 43, 51). For these reasons, it can be recommended to
separate enrollment in trials and randomization by about
1 month and to repeat outcome measures at the randomization
visit. The analyzed baseline measures will be those at
randomization, already modified by experimental artifacts,
before the implementation of the intervention.

Implementing an RCT in primary care also means a
profound disruption in the patient–doctor relationship. The
latter changed during the past decades from a paternalistic
model to a more balanced model of mutual participation (106).
This relation can also be described by the family physician’s
ongoing commitment to the patient and his/her family as
persons (107). The physician will carefully choose among
his/her patients, based on this mutual understanding, which
patients s/he feels comfortable proposing participation in a
trial to. This means that the physician who signed the study
contract and the patient who signed the informed consent will
both lose their freedom to share decision-making regarding a
particular condition of the patient even in trials that try to avoid
this barrier (108). In the PaCUDAHL-Gé trial (109), general
practitioners had to propose to their insufficiently or unscreened
for cervical cancer female patients home vaginal self-sampling
or usual physician-sampled cervical smears. Patients included
in the study could accept or refuse screening. The interest
to include in the study all their eligible patients, whatever
their decision, was repeated several times to the investigators
by the study team. However, of the 300 included patients,
299 were screened (96 smears and 203 self-sampling) with
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only one who refused screening. It is also of note that no
never-screened female patient was included. As cervical cancer
screening is strongly associated with the level of health literacy,
the preference of investigators to include patients with a higher
level of literacy contributed to the exclusion of never-screened
women (47).

Based on the findings of this review, we assessed whether
the RCT we implemented regarding the impact of posters and
pamphlets in GPs’ waiting rooms had been biased by a HE (2).
The design of our study was a cluster-randomized trial, where
GP investigators had no CRFs to complete as data were collected
from a health insurance claim database. The GP investigators
were not affected by the main outcome as it was the delivery
of seasonal influenza vaccines in community pharmacies to
patients targeted by this vaccination. The intervention was a
reshuffle of the wall decoration of their waiting room, pre-
existing posters and advertisements being taken away and
replaced by one single poster promoting seasonal influenza
vaccination, and the available reading material was removed and
replaced by pamphlets of the same campaign. GP investigators
gave their consent for this transformation without participating
in it. GPs from the control group had their waiting room
unchanged and had only to give their consent to access their
data in the claim database. In this design, the only involvement
of the GP investigators that might have biased the study
was to give their consent to a study, where the vaccination
coverage of their patients was assessed. This means (1) that
they believed that seasonal influenza vaccination was important
in their patients targeted for this vaccination and (2) that
they were confident in doing their best to reach this objective.
This means a selection bias of the GP investigators, but no
observation bias (the observation of their outcomes being totally
remote), no special commitment or congruence bias (their only
commitment was signing the consent and accepting the reshuffle
by others of their waiting rooms), and no special conformity
or social desirability bias unless the one intertwined with the
selection bias. It is thus that we believe that the HE in our
study was minimal.

Observational studies
The HE probably has more consequences for the outcome

of observational studies than RCTs, as it directly influences
the results, without the balance of a control group. This
statement matches the findings regarding observational studies
in our meta-analysis.

The selection of the investigators in primary care will
be influenced by the interest of the investigator in the topic
and the prevalence of the studied condition among his/her
patients. If patients are in general comparable, the way they
are managed and educated by their physician might deeply
differ due to a different level of commitment (i.e., for patients
with addiction mainly managed by a small proportion of highly
invested primary care physicians) (110). For similar reasons, the

specialty of the physician can also lead to the selection of more
complicated patients (e.g., diabetic patients or hypertensive
patients managed by diabetologists or cardiologists are probably
more difficult to balance and need heavier interventions than
those managed by GPs though there is a lack of literature
describing the difference in the burden of disease).

Observational studies will also ignore all the persons who
are affected by a condition but are not aware of it or are not
willing to address the condition. Similarly, it will ignore people
who are not participating in diverse screenings. This highlights
the problem of blind spots in primary care research.

Compared to usual care, conformity and social desirability
will probably change the managing behavior of the investigator,
the level of adherence and compliance of the patient, and the
data collected in the CRF. Retrospective data will be altered also
by conformity as well as by memory failure, with a trend to
embellish vague recollections.

Qualitative research
Qualitative research collecting data rooted in semi-

structured individual or group interviews will probably be
biased by the HE when the interviewee is a patient or
a doctor and the interviewer is a doctor him/herself. The
relationship between a patient and a doctor or between
two doctors will tend to increase social desirability bias and
conformity bias because the interviewee is willing to meet
the interviewer’s supposed expectations. This deviance might
be even more underlined by the signing of a consent form
and the recording of the interview that accentuates the need
to provide an interest (111). As a criterion of reflexivity, a
qualitative researcher is recommended to describe researcher
characteristics that may have influenced the research, so
including this HE (112).

Along the same lines, people who have a poor level of literacy
or education will be more prone to refuse the interview as
they are frightened they will not be able to reach the expected
level of interest in the interviewer’s supposed expectations.
Persons who feel guilty about breaking the rules in light of
the norms of their social group (e.g., screening secretly for
cervical cancer) will refuse the interview due to shame or
fear of being discovered, or may not be willing to go further
into transgression. In both cases, essential information will be
lost to evidence.

Conclusion

The Hawthorne effect results from a complex system of
interacting psychological and social phenomena and appears in
all experimental research thereby diminishing external validity.
It combines the mobilization of feedback loops at different
levels and time, encompassing social selection, individual
motivation, commitment and congruence, social conformity
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and desirability, and the awareness of being observed, several
times assessed, and singled out. There are overlapping areas
with the regression toward the mean and the placebo effect.
Observational studies or studies with a poor level of evidence
are more prone to a HE.
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Background: Primary care is associated with greater access to healthcare

services and improved health outcomes. However, autistic adults report

challenges accessing and utilizing primary care, in addition to unmet

healthcare needs. The need tominimize existing barriers and identify strategies

to facilitate successful healthcare encounters is increasingly important as

autistic adults represent a growing segment of society. Minimal research has

examined primary healthcare encounters for this population.

Methods: As part of a larger convergent parallel design mixed-methods study

that recruited autistic adults, caregivers of autistic adults, and primary care

providers treating autistic adults, interviews were conducted with 31 caregivers

of autistic adults. Caregivers were predominantly female (94%), and the autistic

adult they cared for were primarily male (87%), with a mean age of 24 years.

Thematic analysis was employed to elucidate the barriers to care, suggestions

to mitigate challenges, and/or successful strategies implemented during care

encounters for autistic adults, as reported by their caregivers.

Results: Reported here are the results only from the caregiver interviews,

in which seven themes emerged: (1) finding a primary care provider;

(2) patient-provider communication; (3) anxiety due to unpredictability, an

overstimulating sensory environment, and waiting time; (4) participation of

consumers in the healthcare process; (5) stigma and assumptions about

autism; (6) caregiver experiences; and (7) the impact of culture and ethnicity

on care.

Conclusion: Findings from this study have the potential to inform the

development of, or improve existing, client-centered interventions to improve

primary healthcare services for autistic adults.
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Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental

condition characterized by challenges with social

communication and interaction as well as behavioral skills

that affect daily functioning (1). The most recent report

estimates that 1 in 44 children have been diagnosed with

ASD (2).

Autistic adults1,2 experience elevated rates of medical and

psychiatric conditions compared to the general population (3),

are at increased risk for chronic disease (4), and are 3.4 times

more likely than their non-autistic counterparts to be diagnosed

with obesity and diabetes mellitus (5). As primary healthcare

is correlated with increased access to healthcare services and

improved health outcomes (6–8), it is particularly vital for this

population to receive high-quality primary healthcare.

However, primary care experiences for autistic adults are

often laden with challenges for the patient, their caregivers, and

primary care providers (PCPs). Barriers to service utilization

and high-quality, patient-centered care in the primary care

setting for this population have been reported to include: (a)

communication challenges; (b) a clinical physical environment

that can be overstimulating to those with sensory sensitivities;

(c) a lack of clarity on the part of health care practitioners about

the proper channels for decision-making, including the roles of

the patient and caregiver; (d) the influence of stigma pertaining

to autism and incorrect assumptions about the patient’s level of

functioning; (e) lack of provider education concerning autism;

and (f) administrative hurdles, such as financial disincentives

for implementing needed accommodations, inadequate time for

appointments, and limited reimbursement rates (9–17).

Considering these difficulties, it is not surprising that both

autistic adults and caregivers of autistic individuals report

heightened stress levels throughout the primary care process

and diminished satisfaction with healthcare providers (10, 11,

18–22). In addition, some PCPs report feelings of inadequacy

1 We would like to recognize that current explorations of the language

preferences of the autistic community reveal discrepancies between

use of identify-first language and person-first language. Many autistic

individuals and self-advocates prefer identify-first language (i.e., autistic

individual), whereas healthcare professionals and parents are more likely

to utilize person-first language (i.e., individual with autism) (see text

footnote 2). For dissemination of the information in this manuscript, we

chose to use identify-first language to honor the expressed preferences

ofmany in the autism community, including autistic scholars, researchers,

and advocates (see text footnote 2). The majority of caregivers in this

study referred to their children using person-first language (i.e., “my son

with autism”). We have chosen to keep the quotes of the caregivers intact

as to honor the authentic voices and respect the language choices of

our participants.

2 https://www.liebertpub.com/doi/10.1089/aut.2020.0014

when providing care to autistic adults and desire autism-specific

education in order to improve competency (9, 13, 14, 23–25).

Although a few interventions have shown preliminary

efficacy to improve primary care health experiences for the

unique needs of autistic adults [e.g., the Autism Healthcare

Accommodations Tool (AHAT) (26); a phone-based pre-visit

assessment to create individualized plans (15); the Extension for

Community Healthcare Outcomes (ECHO) Autism Transition

program (27)], there has been difficulty with widespread

dissemination and implementation, likely due to barriers at the

healthcare systems level (28). Additionally, PCPs, autistic adults,

and caregivers of autistic adults report employing strategies only

sparingly during primary care encounters, despite stating that

they are helpful when used (29).

As autistic adults represent a growing segment of society

(30), it is increasingly important to minimize existing barriers

to successful primary healthcare encounters. In order to inform

future service delivery techniques and improve healthcare

services, it is essential to identify facilitators to care and explore

the perceptions of service users (17). Therefore, the purpose

of this study was to elucidate the barriers and facilitators to

primary care health encounters, as reported by caregivers of

autistic adults, to identify successful client-centered strategies

to facilitate care as well as inform the development of new or

improve existing interventions.

Materials and methods

Study design

This convergent parallel design mixed-methods study

recruited autistic adults, caregivers of autistic adults, and

primary care providers reporting to treat autistic adults. In the

larger study, separate interviews were conducted with caregivers

(as reported here), autistic adults, and primary care providers.

Due to the richness of the data, results from the other respondent

groups will be described in other publications. Reported here is

a portion of the larger study, a qualitative inquiry which utilized

interviews of caregivers of autistic adults to describe the barriers

and facilitators they and their autistic adult child experienced

during primary care health encounters. This study was approved

by the institutional review board of the University of Southern

California Health Sciences (HS-17-00477); informed consent

was obtained from all participants.

Participants

The majority of caregivers in this study were recruited

when their autistic child could not participate in an interview

verbally, written, or utilizing augmentative and alternative

communication (AAC) strategies, in order to obtain information
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about primary care health experiences of autistic adults–albeit

from the perspective of the caregiver. Four autistic adults

who completed interviews requested their caregiver also be

interviewed, so there are a small number of dyads present

in the overall data. Note: the participant inclusion criteria

reported below applies only to the caregiver group, as the other

respondent groups are not included in this analysis.

To participate, caregivers had to support an adult 18

years or older with a diagnosis of ASD [confirmed by

documentation from a medical professional or a score >65 on

the Ritvo Autism Asperger Diagnostic Scale-Revised (31)], have

previously accompanied the autistic adult to at least one primary

care medical visit, and speak English or Spanish. Caregivers

in Southern California and Philadelphia who responded to

brochures/flyers, presentations at local sites (e.g., support

groups, therapy locations, supported employment locations),

and/or social media postings were enrolled in the study using

a consecutive sampling technique. All participants enrolled

completed the study.

Data collection

Interviews followed a semi-structured guide with open-

ended, narrative questions designed to elicit rich stories of

primary care experiences, barriers and facilitators to care, and

potential strategies for success/best practices. Questions were

crafted by the authors based on the current literature available,

gaps in the literature, and expert experience working with

autistic individuals. These questions were then reviewed and

edited by one expert in adult primary care, one expert in

qualitative methodology, and two autistic adult stakeholders.

Questions were then pilot-tested by five caregivers; revisions

were made secondary to all reviewers’ feedback. The final semi-

structured interview guide included nine questions, including

prompts about finding a PCP, frequency and reasons for

PC visits, communication strategies during visits, barriers to

primary care encounters, strategies utilized to make visits

successful, and how primary care could be improved for autistic

adults. Although the guide was used to direct the interview,

additional probes were employed based on participants’ verbal

and nonverbal responses to questions. A copy of the script can

be requested from the first author.

Interviews were conducted by three MA-level team

members, all of whom had didactic and in vivo interview

training as well as detailed protocol- and interview guide-

specific training as it pertained to the current study. One

interviewer was bilingual (English/Spanish) to enable the

inclusion of participants who preferred to be interviewed in

Spanish. Two of the interviewers were occupational therapists

with experience working with autistic individuals. Interviews

took place in the participant’s home or in a private area in a

location convenient to the participant (e.g., library) to minimize

participant burden. All interviews were one-on-one (researcher-

to-participant), with the exception of one husband and wife

dyad. Each participant was interviewed once.

Interviews were digitally recorded and field notes were

taken during the interview. Recordings were professionally

transcribed verbatim and lasted an average of 34min each

(±15min). Interviews conducted in Spanish (n = 3) were

likewise transcribed verbatim, but then translated into English

by a professional translator, with the translation double-checked

for accuracy by the bilingual study team member. Participants

were provided with a $30 debit card to compensate them for

their time.

Data analysis

Thematic analysis following a grounded theory approach

(32) and a constructivist research paradigm (33) was employed

to describe barriers and facilitators to primary care health

encounters for autistic adults and their caregivers. Twomembers

of the research team independently read and coded three

transcripts before meeting to create a provisional list of

codes and sub-codes developed inductively from the data.

After discussing potential codes, another three transcripts were

independently read to search for additional codes and sub-

codes prior to the formalization of the codebook. Using the

agreed upon list of codes a minimum of two team members

independently coded each interview using QSR International’s

NVivo qualitative data analysis software. Discrepancies in

coding were resolved through discussion in collaboration

with a third team member until a consensus was reached.

Techniques to support the credibility and trustworthiness

of the findings included: analytic triangulation (independent

co-coding), moderator supervision, negative case analysis,

consensus-driven thematic development, maintaining an audit

trail, and fidelity checks for interview techniques (34). All

21 items of the Standards for Reporting Qualitative Research

(SRQR) guidelines were addressed (35).

Results

Participants included 31 caregivers of autistic adults (one

mother and father dyad participated in a joint interview; this

dyad was counted as one caregiver). Caregivers primarily self-

identified as White (74%) and not Hispanic/Latino (61%), with

the primary language spoken at home English or multiple

languages including English (77%). Caregivers reported that the

autistic adult they supported was most often white (74%), not

Hispanic/Latino (65%), with the primary language spoken at

home English or multiple languages including English (77%);

autistic adults were most commonly reported by their caregivers

to communicate using sentences (61%) (see Table 1).
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TABLE 1 Caregiver-report descriptive characteristics of caregiver participants and the autistic adult they care for.

Caregiver Autistic adult

(n = 31) (n = 31)

Mean (SD) Mean (SD)

Age n/a 24.3 (6.6)

RAADS-R score n/a 124.4 (31.5)

N (%) N (%)

Sex*

Male 3 (9.7) 27 (87.1)

Female 29 (93.5) 4 (12.9)

Race**

White, Caucasian 23 (74.2) 23 (74.2)

Black, African American 5 (16.1) 7 (22.6)

Asian 2 (6.5) 2 (6.5)

American Indian or Alaska Native 2 (6.5) 2 (6.5)

Not reported 1 (3.2) 1 (3.2)

Not a family member of autistic adults 1 (3.2) n/a

Ethnicity

Not Hispanic, not Latino 19 (61.3) 20 (64.5)

Hispanic, Latino 11 (35.5) 11 (35.5)

Not a family member of autistic adult 1 (3.2) n/a

Primary language spoken in the home

English 22 (71.0) 22 (71.0)

Spanish 5 (16.1) 5 (16.1)

More than one language*** 4 (12.9) 4 (12.9)

Highest level of education

High school/GED or less 9 (29.0) 28 (90.3)

College 7 (22.6) 3 (9.7)

Graduate degree or above 14 (45.2) 0 (0.0)

Not reported 1 (3.2) 0 (0.0)

Communicates needs or wants by using _______

Sentences n/a 19 (61.3)

Single words/phrases n/a 10 (32.3)

Augmentative and alternative communication device n/a 2 (6.5)

Counts may not sum to 100% due to missing data. RAADS-R= Ritvo Autism Asperger diagnostic Scale-Revised.

*One father and mother both participated in interview.

**Participants instructed to mark all that apply.

***More than one language: English and Spanish (n= 2), English and Italian (n= 1), English and Korean (n= 1).

Seven themes emerged from the interviews: (1) finding a

PCP; (2) patient-provider communication; (3) anxiety due to

unpredictability, an overstimulating sensory environment, and

waiting; (4) consumer inclusion in the healthcare process; (5)

stigma and assumptions about autism; (6) caregiver experiences;

and (7) the impact of culture and ethnicity on care (see Table 2).

Finding a PCP for autistic adults

Barriers

Almost half of participating caregivers (n = 15) reported

challenges finding a PCP for their autistic adult child, with

experiences ranging from being “a bit bumpy” to “very

difficult.” These caregivers overwhelmingly stated that they

“wouldn’t even know how to shop for [a PCP],” and that

there was insufficient access to “resources. . . that [are] like,

‘Hey. . . if your adult child has ASD, you can go. These are

really wonderful doctors who are going to embrace you.”’

In addition, one caregiver reported struggling to find PCPs

willing to accept their autistic adult child into their practice,

explaining that:

“It’s calling an office cold . . . . and they don’t know you,

and all they see is a large, young adult who looks like he might

do something unexpected. . . I can’t tell you how upset it made
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TABLE 2 Endorsement of reported themes per caregiver participant.

ID Finding a PCP Communication Anxiety Consumer inclusion Stigma Caregiver experience Culture*

01 X X X

02 X X X X X

03 X X X X X X X

04 X X X X X

05 X X X X X X

06 X X X X X X

07 X X X X X

08 X X X X X X X

09 X X X X X

10 X X X X X X X

11 X X X X X X X

12 X X X X X X

13 X X X X X

14 X X X X X

15 X X X X X X

16 X X X X X X

17 X X X X X X

18 X X X X

19 X X X X X X

20 X X X X X

21 X X X X X X

22 X X X X

23 X X X X

24 X X X X X

25 X X X X X X

26 X X X X X X

27 X X X

28 X X X X X X

29 X X X X X

30 X X X X

31 X X X X X

Percentage 100% 97% 71% 90% 61% 87% 56%

Endorsed

*Shaded boxes indicate participants who self-reported to be Hispanic/Latino and/or Black/African American.

me to have medical practitioners turn him away. I didn’t even

know you could do that. I honestly didn’t think that was a

thing. But I discovered that it is.”

Multiple participants reported finding care at teaching

hospitals or clinics, only to experience fragmented and

inconsistent care due to frequent fluctuations of PCPs. Although

caregivers did report desiring a PCP who was “youngish,

so. . . they’d be around a while,” others explained that their

experience with a teaching practice was “a bust” because they

“can’t have a new doctor every two [years] or, however long

internship is. That’ll never work.” Another caregiver with a

similar experience explained it was particularly burdensome

when “you lose the thread. . . and you have to start again with

a different doctor.” As perceived by caregivers, this constant

changing of PCPs also created stress for autistic adults because

they “[don’t] like to switch up that much” because they can

“take a while to get comfortable with people.” Some caregivers

found PCPs through an insurance-provided network; however,

participants sometimes considered this a barrier because the

physicians covered by their insurance “generally speaking, don’t

have experience with this group of adults.” Additionally, one

caregiver explained that the practice covered by her insurance

was small and therefore it was “very difficult because you

are only assigned one doctor and that’s just the only doctor

that’s going to see you and nobody else. And then when we

Frontiers inMedicine 05 frontiersin.org

194195

https://doi.org/10.3389/fmed.2022.1022026
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Stein Duker et al. 10.3389/fmed.2022.1022026

disagree with that doctor, there’s not another doctor that would

see us.”

Facilitators

Several caregivers reported finding a PCP for their autistic

adult child through recommendations from their former

pediatrician, family members in the medical field, coworkers, or

other parents (n= 7). Caregivers emphasized the importance of

these connections and explained that “within the community of

ASD, you reach out to other individuals who are on the same

journey as you.” One caregiver noted that an added benefit of

speaking to a PCP that came highly recommended was that

it made her feel as if she had interviewed the doctor before

meeting them. Multiple caregivers also reported choosing their

own already-trusted PCP to provide care for their autistic adult

child (n = 5) in lieu of searching for a new provider. Caregivers

identified familiarity as a key determinant when choosing to use

their own PCP or to remain with their child’s pediatrician into

adulthood. Caregivers described that selecting their own PCP

was a byproduct of both “. . . me knowing them. . . and because

I’ve been going there for a while. . . they are nice to [my child]”,

as well as being fearful and “afraid of having [my child] go to

someone that I wasn’t really familiar with.”

A few caregivers reported that their pediatricians were

willing to continue to treat their autistic child into adulthood

(n = 2), with one mother expressing that she was “eternally

grateful” her pediatrician did this because she could not

“imagine what my search would look like to find a primary care

physician for an adult with autism,” adding that “it would take a

lot of leg work in order to find somebody that would be suitable.”

Lastly, a few caregivers explained that their insurance

companies provided a directory of PCPs, which made the

process of finding a provider less overwhelming because “there’s

just three to choose from.” One caregiver expressed her gratitude

for her private insurance because “they help you do that

transition” from pediatrician to adult PCP. However, as stated

earlier, these short lists of approved providers simultaneously

posed challenges for other families.

Caregiver suggestions

The idea of a “facilitated facility” for adults with

developmental disabilities “that you knew going in that

they understood that they would make the accommodations”

was suggested by caregivers. One caregiver described how “you

have to ask for everything, and you have to prepare everything.

But still, sometimes if you prepare ahead of time, they don’t

have the people that will help you to do certain processes.” This

type of specialty clinic would aim to ameliorate an issue that an

overwhelming number of caregivers reported as a significant

barrier to the receipt of primary care—finding PCPs and staff

with autism-specific training, experience, and understanding. In

addition, caregivers noted that a specialty clinic would provide

an increased sense of community for both autistic adults and

caregivers. In addition, caregivers suggested this kind of facility

could also employ specialists such as behavioral therapists to

provide emotional support and assist in behavior management

during health encounters if needed.

Patient-provider communication

Barriers

Challenges with expressive and/or receptive communication

were reported by caregivers as a barrier to patient-provider

interactions during primary care encounters. Many caregivers

stated that autistic adults experienced challenges with expressive

communication; therefore, PCPs often relied on a combination

of caregiver and patient descriptions in order to understand

the medical status of their autistic patient, making these health

encounters a “team effort.” As described by caregivers, some

autistic adults were “not able to tell them [the physician]

what she needs,” while others chose to not communicate with

providers due to a “. . . lack of interest and not wanting to. It’s like,

I don’t care about this, so I’m not going to answer you.” While

caregivers often reported that their autistic adult child was able

to answer concrete questions (e.g., water intake, medication list),

challenges arose when PCPs asked subjective questions about

how their patient felt. Multiple caregivers explained that their

autistic adult child “can’t express to you how he feels; just that

he feels weird” and that they struggled to formulate responses

beyond “I don’t feel good.”

Caregivers reported that their autistic adult child also

experienced challenges describing and expressing their pain.

Some described that the autistic adult might “copy somebody”

like the PCP and thereby misreport symptoms; for example, “if

[the doctor] says, is your foot hurt here? He goes, yeah, it hurts

right here. Does this foot hurt here [someplace else]? Yes, it hurts

right here,” making his answers mimic the questions asked by

the PCP. Ultimately, caregivers reported that “the hardest part

for everybody is just kind of what’s going on with him, it’s sort of

unknowable to all of us.” Other caregivers believed their autistic

adult child had a high pain tolerance because “when he gets hurt,

he doesn’t react the way I would. . . he doesn’t say anything.” Due

to this lack of reporting, caregivers commonly explained that

they only became aware of their autistic adult child’s injuries

after noticing visible symptoms such as blood, which delayed the

onset of treatment.

Interestingly, a few caregivers noted that they believed

PCPs overlooked consideration of communication-related

accommodations for autistic adults without apparent expressive

language challenges. One caregiver reported that her son’s

strengths expressing himself caused PCPs to “assume he’s

understanding at a [high] level, so people talk above his level

a lot because he’s so expressive that they make the assumption,
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incorrectly, that he receives language as well as he expresses it.”

Another caregiver explained that “the kids in the middle are

also tending to get lost, because their communication skills are

very much affected, but they pass closely enough that they’re not

getting that deep state help that they need.”

Facilitators

Caregiver strategies

Communication-related strategies were less frequently

implemented by caregivers and/or autistic adults during primary

care health encounters. A few caregivers described the use of

technology to augment patient-provider communication. For

example, one mother advised her son to take health-related

pictures on his phone to show his PCP, while another translated

the notes her son wrote in his phone in order to facilitate his

communication with the PCP.

PCP strategies

Though utilized infrequently during care, caregivers

recounted some communication-based strategies that PCPs

used to promote successful primary care encounters. These

strategies included: (1) adapting their communication style

to their patients; (2) employing time modifications; and (3)

consulting with caregivers.

Caregivers reported that it was particularly valuable when

PCPs tailored their communication style to be compatible with

the autistic patient’s abilities; for example, speaking at a speed

that allowed enough time for processing, and/or using visuals

rather than “doctor language to where [we leave] and don’t

understand anything he said.” Caregivers noted it was important

for PCPs to be intentional with their choice of language when

providing medical explanations in order not to condescend to

autistic patients. One caregiver said they appreciated when their

PCP “explains things thoroughly to [my daughter]. . . I don’t

think he talks down to her, but by the same token, he is careful to

use language that she understands.” Another parent agreed that

it was valuable when the PCP did not infantilize her son but:

“Whatever the problem is. . . he just treats him like a

person. . . he - I guess respects him. You know, he knows his

disability and everything, so he actually has a conversation

with him. Not just making decisions or talking to me and

ignoring [my son].”

PCPs allotting sufficient time during appointments

was reported by caregivers to facilitate patient-provider

communication. While it was acknowledged that physicians

are under pressure to see a considerable number of patients

throughout the day, and that “time is money for doctors,”

caregivers lauded PCPs that “give [my child] time to talk” by

not rushing the appointment and providing extra time to ask

questions. One caregiver praised a PCP that “. . . didn’t seem

to be in a hurry. And that’s kind of the last thing you need.

You really want your kid to feel comfortable and you want

your kid to have all of his or her questions answered.” Highly

touted providers also distinguished themselves by spending

time during appointments to take an interest in their patient’s

personal lives, “just asking questions. No matter how relevant

it is. . . That I appreciate, because that shows that the doctor

cares. That there’s compassion. It’s not just something he [wants

to bill], and that’s it.” Conversely, one caregiver explained

that appointments that were too lengthy could be detrimental,

explaining that “you’ve just kind of got to find that right timing.”

Consultation with caregivers was described as essential

for healthcare encounters, especially when autistic adults

experienced communication difficulties that impacted their

ability to answer PCP questions and/or articulate their current

health concerns. For example, one caregiver appreciated that her

PCP would call or email her after the exam if her son could not

provide an answer to a question at that moment. This was an

especially effective strategy because the caregiver could rephrase

the question to their autistic adult child which might elicit a

more accurate response.

Anxiety

Barriers

Challenges with anxiety during primary healthcare

appointments were described in four ways: (1) the inherent

unpredictability of the medical encounter; (2) as a result of

previous traumatic medical experiences; (3) an overstimulating

sensory environment; and (4) long wait times.

According to caregivers, the unpredictable nature of primary

healthcare encounters was anxiety-inducing for autistic adults.

Anxiety was heightened when autistic adults were unfamiliar

with the physical office space and/or the PCP treating them.

One caregiver explained that her autistic adult child did not feel

comfortable unless he “knows what to expect. To know who is

going to be there [in the office] and what it’s going to look like.”

Caregivers sought PCPs their family could develop long-lasting

relationships with, noting that their autistic adult child had a

higher chance of a successful visit if there was “the consistency

of the same office, the same people.”

Some caregivers attributed their autistic adult child’s

challenges attending primary care appointments to previous

traumatic medical experiences. For example, one caregiver

explained that drawing blood was problematic for her son

“because he had a bad experience. . . from way back when he was

young, he remembers and he really is jittery.” Another caregiver

shared that her daughter was restrained for an EEG as a young

child and as a result, “she’s still scared to go, even pass by the

hospital. So she has a lot of fear regarding that and anxiety

when we have to go [to primary care appointments]. . . she’s still

traumatized.” Consequently, caregivers believed their autistic
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adult child was hesitant to inform them that they felt sick in

order to avoid a visit to the doctor.

A sensory environment incompatible with the autistic

adults’ sensory preferences hindered successful primary care

experiences. Many caregivers reported that their autistic

adult child disliked being touched, which made the physical

examination and associated procedures difficult. Additionally,

fluorescent, bright, and/or “strob[ing]” lights, loud noises, and

the “crunch paper” on the examination table were bothersome,

making the waiting room and examination room challenging.

One caregiver described the physical environment at her child’s

PCP’s office as “. . . overwhelming... The sounds. [The] lighting.”

An overwhelming majority of caregivers reported that the

extensive amount of time spent in the waiting room or exam room

prior to being seen by their PCP was “. . . the worst part of the

whole [primary care] experience” for their autistic adult child

and themselves. Waiting was described as “excruciating”, with

one caregiver expressing that “the greatest favor any practitioner

could do for us is not keep us waiting.” Waiting was a challenge

due to its unpredictable nature, the exhibition of challenging

behaviors by the autistic adult, and caregiver irritability due to

staff not “be[ing] honest with me” in relation to wait times.

Although multiple caregivers expressed that waiting in the

examination room was preferable to the waiting room, most

caregivers agreed that 15 to 20min was the maximum total

amount of time that should be spent regardless of location.

When that time frame was exceeded, some caregivers stated

that their autistic adult child “will start getting anxious and, you

know, [act] up a little bit.”

Facilitators

Caregiver strategies

Caregivers recounted a few strategies they implemented that

they perceived to mitigate their autistic adult child’s anxiety

throughout primary healthcare experiences. These strategies

included: (1) strategic scheduling; (2) preparation before and

debriefing after the encounter; (3) cognitive-based techniques,

(4) sensory-based strategies, and (5) use of technology.

Caregivers’ use of strategically scheduling visits was reported

to increase the chances of a successful primary healthcare

encounter. When making this decision, caregivers considered

the optimal time of day they felt their autistic adult child

functioned best and when their child’s daily routine would be

least disrupted. Some caregivers who chose the first appointment

of the day explained it was because their autistic adult child

“does better in themornings. . .He’s kind of lethargic and tired by

afternoon” or that the early morning is when their medication

is most effective. Caregivers also commonly described that

healthcare visits that disrupted routines were problematic. One

mother explained that “. . . I try and pick a time when he’s not

in school. Because to pull him out of school would stress him

out beyond belief. So, if I can, I schedule it on a schedule[d]

vacation,” while others described that changing the routine for

a medical appointment made their autistic adult child “fidgety”

and contributed to challenges during the encounter. When

engaging in strategic scheduling, caregivers also considered

when they believed the wait would be shortest. Both first and

last appointments of the day were reported to facilitate a quick

encounter with minimal waiting “so [we] didn’t have to sit

around in the waiting room” because if “there’s no waiting

around he doesn’t complain. And he doesn’t stress out. So, if he

can get right in, that’s really, really helpful.”

Caregivers spoke to the importance of preparation before and

debriefing after healthcare encounters. For example, caregivers

reported using social stories to prepare their autistic adult child

for difficult and stressful procedures, describing that “little by

little, we just put [it into] a story.” Another caregiver reviewed a

schedule prior to the visit with her autistic adult child, describing

that “‘First, we’re going to the office, we’re going to see the doctor,

then we’re going to get [you] treated.’ Basically, just listing out

the steps of what’s going to happen and what the outcome

is going to be.” In addition, caregivers reported describing

the impending healthcare encounter “for days before we go

there” and “preplan[ing] her questions and discuss[ing] them

beforehand [so] she doesn’t freeze up [and can] get all of her

issues out there on the table and be heard and get answers.”

Post-visit debriefings were an opportunity to allay fears and

enhance understanding of medical encounters. For example, one

caregiver explained that when her son “said he’s a little scared,

I tell him ‘Don’t worry about it, we can talk about this one

later in the house,’ ” while another described that “when she

comes back, she processes with me and that’s a really important

thing, for her to have someone to process with.” Overall, this

strategy was believed by caregivers to “ease the stress” of the

primary care experience for autistic adults by fostering a deeper

understanding of the medical process.

Caregivers recalled using cognitive-based strategies in efforts

to reduce their autistic adult child’s anxiety during the healthcare

encounter. This looked like “talking it through, slowing it

down. Stopping, letting him be in control”; “[redirecting] his

emotions, like, wait, count to 10”; and “[talking] to him. Like,

[trying] to engage him in a conversation that he likes.” One

caregiver explained:

“I just try to keep him calm. I acknowledge his frustration.

I let him do what he needs to do. . . I never chastise him when

he is loud for being loud, because he does it for a reason. But I

do let him know and remind him that there are places where

the voice is inappropriate. So I just am always reminding him,

this is a place where you can’t use that voice.”

Targeted sensory-based strategies to minimize noxious

auditory and visual sensory stimuli were utilized during

healthcare encounters, as reported by caregivers. These included

removing noisy examination table paper, using headphones for
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noise reduction, listening to music, and/or asking staff to dim

the lights. Sensory-related tools were also reported to be used

for self-regulation. For example, one caregiver described that

“we made sure that those things [sensory tools and fidgets] came

with us that he could use to self-regulate. To be allowed to bring

in some of his, you know, key coping mechanisms” in order to

minimize anxiety was beneficial.

Technology was also strategically used by autistic adults to

cope with long wait times. Caregivers stressed the importance

of coming to appointments equipped with electronic devices;

smartphones and iPads were reported to mitigate anxiety and

make extensive waits more tolerable by giving autistic adults

something to “occupy” and “distract” themselves with. Many

caregivers also noted that without these types of devices,

meltdowns could ensue.

PCP strategies

Caregivers recalled four strategies that although rarely

implemented by PCPs, they believed helped reduce their autistic

adult child’s anxiety, including: (1) affording autonomy to

the autistic adult during the examination, (2) narrating the

examination, (3) use of nontraditional examination locations

and/or equipment, and (4) reducing wait times.

Affording autonomy was perceived by caregivers to provide

autistic adults with a sense of control, promoting comfort and

easing anxiety during the examination. One caregiver explained:

“I think the care providers that are really in tune give him

options, so it’s like, “Do you want to sit up on the table, or

would you rather stay there in the chair?”. . . or, “Would you

like to hold this before I stick it on you?”. . . So giving him a

sense of a little bit of control over a situation where he may not

like what has to happen, but at least within it, there’s a choice.”

Caregivers also noted their gratitude for these techniques,

explicating that “I really appreciate those providers that

are. . .willing to make some accommodations or adaptations and

think about, ‘Wherever I can, I’m going to give him a choice.”’

This caregiver added that when PCPs initiated strategies such

as providing choices during the exam—rather than relying

on her (the caregiver) to do so—it transformed an otherwise

“exhausting” experience into an “easy process.”

Providing narration of the exam was also helpful to reduce

anxiety. Specifically, caregivers explained that it was important

for PCPs to use clear and concise narration during the physical

examination, such as explicitly explaining the procedure they

will perform, and describing how and why they will use the

medical instruments in “language that [my child] understands.”

Use of a nontraditional location and/or equipment was also

endorsed by caregivers. One caregiver commended a PCP who

performed examinations in their office on a sofa rather than on

a traditional examination table and also did not wear “doctor

clothes.” Both strategies were reported to make the visit less

stressful for their autistic adult child who had a previous

traumatic medical experience. One caregiver described that

her daughter’s tactile sensitivity made it impossible to get an

accurate reading of her heart rate and blood pressure. Their PCP

accommodated these sensory preferences by using a FitBit to

record these values instead.

PCP accommodations that focused on prioritizing short

wait times for autistic patients were reported to be important

and successful, with multiple caregivers commending PCPs for

making it “easy for all of us” by seeing patients immediately upon

arrival to purposefully minimize wait time. However, several

caregivers expressed disappointment that other waiting-related

accommodations such as strategic scheduling for the first or last

appointment of the day were not offered.

Caregiver suggestions

Caregivers stated that their ideal primary care office would

feel “warm” and “homey” to reduce stress and anxiety about the

process. Caregivers emphasized the importance of a welcoming

and kind office staff, including the receptionists, nurses, and

PCPs that “make you feel that you are a part of their family,

the clinic’s family.” One caregiver reported that this would be

conducive to a successful visit because “if somebody makes

me happy, they’re going to make [my son] happy because

he feeds off that.” This ideal primary care office would offer

a separate “quiet room” to mitigate auditory overstimulation,

provide distractions such as a television or coloring books, and

supply calming visual and tactile sensory stimuli such as a fish

tank or fidget toys. One caregiver suggested that it would be

helpful if the waiting room provided:

“. . . a sensory box where you can explore. . . rather than

the parent having to bring the known items that are going

to help keep that child regulated. . . and you can have a range

that provide for an additional stimulation or the auditory

or the tactile, proprioceptive, you know, having chairs that

are actually balls rather than, you know, hard chairs, or, you

know, squeeze vests or, you know, those heavy–Blankets that

have, you know, the smell of lavender or just sensory-input

items or sensory-calming items.”

Inclusion of consumers in the health care
process

Barriers

Barriers for autistic adults

Caregivers often reflected on their desire for their autistic

adult child to gain independence and play a greater role in care

coordination, healthcare management, and medical decision-

making. Several caregivers admitted dwelling on how they were

“not going to be here forever” and as a result were “. . . trying to
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make [my child] be as independent as I possibly can” so their

autistic adult child could eventually advocate for themselves.

Caregivers recognized that if coordinating care, managing

healthcare, and making medical decisions were complex

processes for them to navigate, it would also pose a challenge

for their autistic adult child. Many caregivers anticipated

this to be an exceptional challenge because they typically

took responsibility for navigating this system; therefore, their

autistic adult child was never tasked with managing their own

health care and had not been taught skills such as filling

out paperwork and making appointments. Some caregivers

added that they also wished there was staff to guide their

child in filling out their own medical history so they can

eventually “take a back seat.” One caregiver explicated that

autistic adults were often not equipped to manage their care

independently because:

“If they haven’t been advocating for themselves ‘till they’re

18, now, all of a sudden, on their 18th birthday, they’re just

not going to get all this wisdom and this knowledge and be

able to advocate and ask the questions for - they’re not going

to get the knowledge that this mom has had or this dad has

had for the past 18 years to be able to go in that room and be

able to talk to them [PCPs and/or medical staff] themselves.”

When reflecting on the inclusion of autistic adults inmedical

decision-making during primary care encounters, the majority

of caregivers stated that their autistic adult child was, in some

way, involved in the process. However, the level of involvement

varied among respondents, based on the autistic adult’s skills

and the significance of the decision, with caregivers often

describing that “. . . he is part of the team, . . . [but] we do most

of it.” Other caregivers reported that their autistic adult child

was never included in decision-making because they “can’t

really make an informed-consent decision” or because of the

urgency and gravity of the medical situation. One caregiver

aptly described the process of inclusion in medical decision-

making as a “dance,” illuminating the challenges inherent

to the inclusion of her autistic adult child in the decision-

making process.

“. . . [The PCP and staff are] trying to respect me, they’re

trying to respect him, I’m trying to respect him. So it’s like a

dance. . . he [has a conservatorship], but I don’t really want

to take him out of the conversation. . . that’s difficult, to know

what’s really going on when everybody’s trying to respect the

rights. . . they want to ask him what he wants to do, which

is lovely. But he’s not capable of making that decision. . . it’s

nice that they ask, but sometimes, I wonder if they’re actually

taking that into consideration. . . I feel like it’s great that they

ask and it’s interesting to see what he’ll say, but what he’ll say

is, “I don’t want to do the test.” But he needs a test. . . it also

would be completely disrespectful if they didn’t ask him.”

Barriers for caregivers

Caregivers who accompanied their autistic adult child to

primary care appointments were often frustrated and upset with

policies that prohibited their full participation in the encounters.

Some reported being denied health-related information or entry

into the examination room because if the office does not “. . . have

that documentation [guardianship forms] on file, they won’t

give you information. They’ll look at date of birth, and they

say, ‘They’re over 18. We can’t talk to you.”’ Another caregiver

explained that since her daughter turned 19, “. . . they don’t let

me into the back [and] that’s when I get frustrated because

I don’t know what’s going on. . . she just comes out and says,

‘Oh, that’s it.’ I’m like, what just happened?” Conversely, some

caregivers lauded office policies and PCPs that included them

in the appointments. One caregiver said that “no one has ever

asked me to leave. I guess because it’s kind of obvious that [my

son] has autism. So maybe they want me there”, while another

explained that if she did not have guardianship papers with her,

she would feel comfortable telling the PCP, “Look–he is on the

autistic spectrum, and I need to be there.”

Facilitators

One of the most commonly praised PCP attributes centered

on the inclusion of autistic adults during primary healthcare

interactions. Caregivers voiced that “if it’s something [PCPs are]

doing right that I’ve seen modeled it’s. . . including him in the

conversation. . . not being scared to communicate.” One mother

said she appreciated when her PCP

“. . . tries to talk directly to [my son]. . . in all the

conversation[s]. Of course when it gets to the point where it’s

a little hard for him to answer or understand, or the doctor

doesn’t know. . . he comes to me. But, he tries to focus with [my

son] first. And, I like that because he gives him the opportunity

to express himself.”

A PCP’s ability to incorporate caregivers into their autistic

adult child’s care when appropriate was widely regarded as a

facilitator to care. Caregivers ascribed the PCP “[spending] time

with me and [letting] me be involved in all of [my son’s] care”

as a fundamental component of a successful primary healthcare

encounter. As some caregivers reported experiences where PCPs

expressed discomfort with their presence in the examination

room, one caregiver specifically commended a PCP who was

“very in tuned with me. . . I sat in on their initial doctor visits

and held nothing back and he was comfortable, whether I was in

the room or not. It didn’t matter.”

Caregivers overwhelmingly highlighted that the best

outcomes occurred when there was a mutual understanding

that the physician was the medical expert and not an expert on

the experiences or nuances of the autistic adult. This involved

the PCPs willingness to listen to parents’ advice on how best
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to work with their child and being “open to what I’m already

doing and having successful results with.” One mother stated

this entailed the PCP to “not be the expert anymore, and not

be the tyrant ‘That this is the way it is’. But if they’re willing to

[listen to] your experiences, that would help.”

Some caregivers assumed a predominantly hands-off

approach to promote their adult child’s independence,

acknowledging that they are of legal age to make their own

health-related decisions. One caregiver mentioned they no

longer accompany their son in the exam room “because he’s

23 and I felt it would be inappropriate” while another said her

daughter has the “final word” now that she is 18. Likewise,

one caregiver who discussed her son’s transition into adult life

explained that

“I will be there to support [my son] when I see he

needs my help. All while helping him learn to make his own

decisions. I don’t want to decide in his stead. . . I want him

deciding on his own like any other person.”

Caregiver suggestions

Caregivers consistently reiterated that “adults with autism

are there, and we must make them feel included in every sense

of the word.” Caregivers said inclusive PCPs would greet their

adult child by “simply saying to the patient, ‘Hello, how are

you feeling today?’ even if the individual is non-verbal” and

throughout the exam would “be patient when they ask things

and know that the autistic adult won’t answer them or doesn’t

want to answer.” Caregivers wanted PCPs “to be a little bit more

[understanding] and compassionate toward [the autistic adult]

instead of just shutting them up”, thereby creating a space where

their adult child “feels they can say or ask anything.” Caregivers

recommended accomplishing this through “[telling] him what

they’re going to do and why”, “. . . [putting] medical terms. . . in

a way that he can understand”, and “really respecting them.

Listening. . . never [making] him feel rushed.” One caregiver

described that an ideal PCP would be

“Somebody who would take the time to really get to

understand him. So, somebody who’s going to go a little bit

above and beyond and understand that this is somebody who

can’t process and kind of manage their own healthcare. They

kind of need somebody to lead them a little bit. So, you know,

having a doctor that I feel like I could send him to on his

own, who’s going to know how to handle him and give him

the information that he needs.”

Stigma and assumptions about autism

Barriers

Many caregivers discussed the challenges associated with

providers’ incorrect assumptions about patient strengths and

challenges as well as the stigmatizing reactions of staff members

and other patients about autism. Some caregivers sensed that

providers and staff were unaware of their autistic adult child’s

diagnosis because “he [physically] appears pretty typical” and

“he gives the appearance of functioning in kind of a higher

level than he does.” Caregivers also reported that their autistic

adult child’s physical appearance led people to discredit their

disability, attributing behaviors to just being shy or outbursts to

being under the influence of drugs and alcohol. One caregiver

explained that “the challenge with these adults with autism [is

that] they might look fine, they might be able to communicate,

you know, for the most part [but] there’s gaps.” This was

considered a barrier to care when accommodations or extra help

were not offered. As a result, a few caregivers said they always felt

the need to explicitly explain to staff that their adult child had an

autism diagnosis.

When challenging behaviors arose during primary

healthcare encounters, caregivers described the “dirty looks” of

healthcare staff, other patients in the office, and feelings that

“nobody wants to sit next to you. . . it just doesn’t feel great.”

They also noticed that others were less tolerant of autistic adults

regarding challenging behaviors, noting that “. . . it’s a little more

hard with an adult than with a little kid on the spectrum.” One

caregiver reported that as a result of meltdowns,

“We’ve had a terrible past with finding and keeping

practitioners, because a lot of doctors have been nervous about

my son’s behavior. . . people are apparently so uncomfortable

with his noises and his funny ways, that . . . they’re not

comfortable having him in their office. . . I can’t tell you

how upset it made me to have medical practitioners turn

him away.”

In contrast, one caregiver explained that the PCP’s awareness

of an autism diagnosis was challenging for her son, describing

that he preferred when staff and providers were not aware he

had autism. She described that

“He understands and owns who he is, but I think it

is embarrassing to him. . . he doesn’t want people to label

him disabled. You know, he has challenges, but he doesn’t

want people first off when he walks in the door [to say],

“Oh, here’s that high functioning autistic kid.” . . .And I

think because. . . so much of his life has revolved around his

disability, to him, it’s not always the greatest experience to go

to the doctor. . . [because] it’s like not only is he not feeling well,

but we’ve got to discuss his autism.”

Facilitators

Caregiver suggestions

Caregivers reported no facilitators to care to combat the

harmful effects of stigma and assumptions about autism during
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primary care encounters. However, they did offer suggestions

for PCPs they believe might facilitate care in the future.

Caregivers emphasized that PCPs should be understanding and

accommodating of differences and disability—meaning being

“aware of what our kids can and can’t do”—without treating

autistic adults like they are inferior to others. One caregiver

explained that one of the most important things the PCP can

do is make her son “feel like he’s valued and that he’s not being

talked down to.” Additionally, caregivers described that their

autistic adult child could sense when healthcare professionals

had positive attitudes toward them and explained that “if they

sense that the person is comfortable with them, it’s going tomake

it that much easier.”

Ultimately, caregivers coveted PCPs who were accepting of

“the positive and the negative” of autism. Caregivers expressed

that “the spectrum is a special place and [a] specially ignored

place” and communicated that acceptance from a PCP can

simply look like an acknowledgment that “they are there, and

they are just like the rest of us.”

Caregiver experience

Barriers

Previous experiences of caregivers also had the potential to

pose a significant barrier in the utilization of primary healthcare

services for their autistic adult child. When reflecting on

primary healthcare encounters, caregivers’ experiences ranged

from extremely stressful to, at minimum, “a chore we have

to do”, with most caregivers reporting feeling “panick[ed]”,

“alone”, and “scared” throughout the process. One caregiver

described that many parents of autistic adults “suffer from

stress, depression, anxiety.” Navigating the innately complex

healthcare system was further complicated by topics requiring

a high degree of health literacy, such as coordination of care and

health insurance. Many caregivers reported a lack of confidence

in their abilities to coordinate their autistic adult child’s care,

as evidenced by remarks such as “I’m the. . . case manager.

And not a very good one all the time,” and “I wonder. . . if I

somehow hamper the process. . . I don’t know if I do.” When

asked if having a professional case manager would ease the

burden caregivers felt, one mother said, “. . . of course that will be

a big help. We’re talking about children here with a permanent

disability. It’s not just something that goes away after age 18.”

Many caregivers echoed this sentiment and coveted assistance

in care coordination and understanding the different roles of the

healthcare team.

Several caregivers highlighted the importance of exhausting

all resources for their autistic adult child; however, they often

felt they had to laboriously advocate for PCP referrals to

specialists or necessary ancillary therapies. Many caregivers

explained that it felt like their concerns were not taken seriously,

and PCPs often dismissed their request for testing, stating

that “you don’t need to put them through that. You don’t

need to do that,” even though the results were necessary in

order to obtain referrals for needed resources. Other caregivers

shared that “. . . even if I bring them a big, old packet of

papers that she has all these symptoms and all these things

going, and letters and referrals, they don’t feel like she needs

any services of any kind” if they don’t present with the

reported symptoms at the time of the appointment. Ultimately,

caregivers explained that it seemed like their requests were

frequently disregarded as PCPs stated the referral service

was unnecessary, which prompted feelings of frustration and

mistrust because “we’re not going to take that they don’t

need to do it [new service/therapy] when we haven’t heard

from the doctor that actually specializes in this that there’s no

area of concern.” Conversely, a few caregivers reported that

their PCPs were “. . .willing to give referrals anywhere. . . But I

have to do the looking for the top doc in that area,” which

created additional stress and responsibilities for the caregiver.

Interestingly, caregivers explained that “when [your child is]

young, it’s so much easier. . . they [PCPs] understand your

advocacy as a parent. It’s pretty easy to get the team on

board - it seems like it’s just a little different [now that he’s

an adult].”

Several caregivers managing their autistic adult child’s health

reported dissatisfaction with insurance, specifically regarding the

procedures related to obtaining coverage and access to desired

physicians, as not having access to desired doctors was reported

as extremely distressing to caregivers. They explained the need

to rely on advice from other caregivers whose autistic adult child

“had the same experience or procedure” in order to navigate the

system. Researching different insurance plans and “learn[ing]

a whole new system was anxiety-producing, with caregivers

also reporting that “. . . there’s too many choices. But you don’t

know which one is really relevant to you.” Caregivers described

their personal challenges with insurance while simultaneously

considering what the experience would be like for their autistic

adult child–“I just think to myself, if [my son] had to do this

himself, good Lord.”

Caregivers also reported feelings of stress trying to manage

their autistic adult child’s challenging behaviors, which was

amplified by a lack of PCP-initiated strategies and assistance.

One caregiver explained “. . . those providers that rely too much

on me to [to provide strategies and] prepare [my son] for what

they need to do. . . just adds to my own stress” while another

said she has to “. . . help them [the PCP] to do the job, because

they freak out, like, oh my God, I don’t know how to treat this

kid.” Another mother stated that “I have not, in a non-Autism

related practice, ever seen anyone try any strategy whatsoever.

In fact, they wouldn’t even know a strategy if I told them what to

do.” Interestingly, one mother described that the PCP provided

accommodations for her son when he was younger, but that

they were no longer offered to him as an adult. Caregivers

reported feeling overwhelmed by staff not knowing how to
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interact with autistic adults. This was exemplified by a mother

who explained that

“Sometimes they’re mean and they’re not understanding

that, like I said, she is very sensitive. “Didn’t I tell you to sign

right here?” There’s just - she doesn’t understand that, okay,

you only told her once. She probably didn’t hear it because

she was spacing out. Sometimes she cries. And sometimes she

just gets really angry and she just stays quiet. It hurts. And it

makes me angry too. . . Especially when she takes it out on me.

So, it’s hard. Like, I wish I can just take it all away, but I can’t.”

Conversely, one caregiver described “I think I’d prefer to

deal with it myself because, I mean, even if somebody is familiar

with kids on the spectrum - you know, it’s not like one strategy

works for every kid. So, generally I think - I personally feel that

it’s better if the parent just . . . handles it themselves.”

Facilitators

Caregivers did not report any specific facilitators for any

of the barriers reported above. However, a few caregivers

did comment on the importance of sharing resources and

information with other caregivers in order to reduce the burden

of navigating the healthcare system, so “other parents [won’t] go

throughwhat we went through; all the roadblocks, all the hurdles

and everything.” One caregiver described her motivation for

providing support to other parents of autistic adults, stating:

“I remember how it felt when no one helped me. . . I

always get emotional when I think about that...You feel alone.

There’s nothing; there’s no answers. No one to help you.

Nobody knows what you’re talking about...When I see other

parents - I mean, now that he’s older, he’s an adult, and our

younger kids [with autism] reap all the benefits of everything

he went through - it’s easier.”

Caregiver suggestions

Caregivers described the desire for families to be trained

to face barriers in the healthcare system, with one mother

describing that “I’d like it if at school they gave lessons or if there

were meetings about education for parents, due to the fact that

parents need education to cope with a kid’s situation.” Caregivers

also reported that care coordination could be improved by

simplifying the pre-visit process and receiving extra support

from staff. Appointment-making logistics were described as

complicated and inaccessible, both for their autistic adult child

and themselves. They voiced that scheduling appointments

online or via text would make it easier for their autistic adult

child to be independent and make their own appointments;

additionally, it would also be beneficial to caregivers with social

anxiety and/or within the broad autism phenotype. For example,

one mother revealed that

“I’ve been observing this population for 20 years now,

and I would say that knowing that there is a genetic link

through parents, it’s been my observation that many of our

autistic friends’ parents have some issues themselves. And

social anxieties and such like that. I - and I know that I prefer

to do things by text or online rather than talk on the phone.”

Many caregivers desired a PCP who knew when to refer the

patient to a specialist and could recognize signs that outside

services might benefit their autistic adult child. They felt a PCP

should have the insight to accept when issues were beyond

their scope of practice and the wherewithal to guide patients

toward the best treatment and specialty care. One caregiver

explained that

“I would say they’d have to be pretty much an out-of-

the-box thinker and I don’t think that they all have to be an

expertise [sic] and everything, but they have to have a good

scope that, ’This patient needs a little more than what I’m able

to give’ and pass that patient on.”

Lastly, caregivers desired extra support, specifically in order

to safely restrain their adult child if necessary during medical

procedures. One caregiver explained that her husband “used

to be able to do a lot of things with his daughter. . . But with

time, she’s grown up now. She’s taller than me. It’s very difficult.”

Another parent had a similar experience where

“[My son] had to have - last year, and the previous year,

and the previous year before that, [he] had to have at least five

other nurses on him, including [his father] to hold his arm and

get a blood test. Not to kick, not to move, not to - you know,

he’s [more than] 200 pounds - he’s 5’8 ½.”

The impact of culture and ethnicity on
care

Barriers

Over half of the caregivers who described their ethnicity as

Hispanic/Latino reported feeling that PCPs looked at and/or

treated them differently because of their ethnicity. A few

caregivers perceived that this differential treatment was the

result of PCPs incorrectly assuming they would have difficulty

communicating in English, while several other caregivers

placed the blame on themselves, noting that it was “partly

also because we say nothing.” These caregivers explained

they were hesitant to voice their opinions during primary

healthcare encounters because they felt intimidated by English

and American culture, were self-conscious to speak “broken
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English,” and were fearful of disrespecting the doctor. One

caregiver explained that

“What we Latin Americans almost always have is that

we stay silent. We never ask because of shame, because of

language. . . Sometimes we’re more worried to think that they

will give us a hard look, because the doctor often tells you

something and you don’t understand and sometimes you don’t

ask back out of shame. How will you show him that you

didn’t understand or that you’re [not] dumb? And instead of

showing that, you’d better not ask. . . So, we’re more concerned

about not being seen as dumb than about asking. . .And

doctors always hold on to that - “this one’s not even asking”

- and they do things quickly with you. I mean, they don’t put

the same interest. And they don’t because we allow it.”

Language barriers between Spanish-speaking caregivers

and PCPs existed even when interpreters were available and

utilized. Caregivers reported challenges with the quality of the

translation, the limited amount of time interpreters spent with

them, and the lack of interpreters. Caregivers preferred to

speak directly to a doctor fluent in Spanish rather than use an

interpreter due to concerns with the quality and nuance of the

translation “because in health you may understand one thing

and it’s the other. And that’s actually a very delicate thing that

has to be said properly.” Another caregiver pointed out that

emotions get lost in translation when using an interpreter to

communicate with the doctor, explaining that

“You lost the feeling, you know, when you connect to the

doctor [through an interpreter] with who’s [sic] important.

The messages don’t go straight. When you talk, they go

straight. And he feels your worry, your passion, whatever it

is, you know? But when you translate, when he get there he’s

distracted because he had to wait while I finish to talk, and

later she can understand a little bit what I said and translate

only what she understand or what she hearing. And the whole

message is lost, you know?”

One caregiver recounted how she was initially denied an

interpreter by a doctor who said “You don’t need it, I understand

you,” necessitating an argument to convince the PCP that he

did not. As a result of language barriers, caregivers felt it was

important for them to learn or improve their English to best

support, care for, and navigate the health system on behalf of

their autistic adult child.

Facilitators

Hispanic/Latino caregivers reported that the most salient

facilitator to high-quality and culturally responsive care was

when a PCP spoke Spanish. Some caregivers even noted

that they appreciated when their non-fluent PCP attempted

to communicate with them in Spanish, perceiving it as

respectful and describing it as a facilitator to an improved

experience although not necessarily leading to improved care.

Despite highlighting numerous challenges with interpreters,

caregivers were grateful for offices that employed bilingual staff

members and PCPs who initiated recruiting interpreters into

appointments. Some caregivers believed that challenges with

language barriers could be reduced if PCPs dedicated longer

amounts of time speaking with and clarifying information

to patients and caregivers in both English and Spanish. For

example, one caregiver described that:

“. . . [The PCP is] speaking English with [my son]. . . I

speak English a little bit, but no real. But when it’s very

important, I ask the doctor in Spanish. And [he] explain to me

in Spanish when I don’t understand, you know? . . . I confirm

in Spanish. And he have the time to do that for me, too. . . I

feel so lucky, you know? To have this kind of doctors.”

Discussion

Overall, findings from this study suggest that autistic adults

face a multitude of barriers related to primary care health

encounters and that the receipt of high-quality care is hindered

by a dearth of strategies or interventions to improve that

care. Previous research has described three interwoven factors–

the patient, the PCP, and the overall healthcare system–that

have both individual and cumulative potential to affect the

experiences of autistic consumers during healthcare encounters

(11, 36). Findings from the current study support the existence

of and the complex interplay between these three factors within

our seven themes.

For example, caregivers repeatedly emphasized the

importance of minimizing waiting as they perceived this to be

anxiety-inducing and “the worst part of the whole experience”

for their autistic adult child. Although similar complaints by

autistic adults and caregivers have been previously reported

(15, 16, 36), solutions to address this barrier are limited.

They include the use of sensory-based accommodations (e.g.,

dimming the waiting room lights) and bypassing the waiting

room altogether by remaining in the car or outside the office

until the doctor was ready to see them (15, 26, 37). In addition

to these previously reported strategies, participants in this

study attempted to navigate this challenge by strategically

scheduling the first or last appointment of the day. PCPs

have also recognized that long wait times are problematic,

noting system-level challenges which prohibit accommodations,

including monitoring the amount of time spent waiting in the

waiting room and scheduling sufficient “blocks of time” for the

visit (13).

Consistent with previous research, caregiver participants in

this study emphasized that incompatible communication styles
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between patient and provider were problematic in a myriad of

ways. For example, autistic adults have reported that providers

did not use accessible language, spoke quicker than autistic

adults could process, and were unwilling to accommodate

different forms of communication (i.e., writing) (11, 12, 36). A

supporter of an autistic adult in one study explained that it was

valuable when a provider inquired with the patient about their

communication preferences via email prior to the visit (11). In

addition, participants felt the limited amount of time spent with

providers did not allow the opportunity for all questions to be

addressed, thereby contributing to communication challenges

(12). PCPs recognize the benefits of allotting extra time with

autistic patients, but cited financial disincentives as a strong

deterrent (13), a barrier also noted by providers in pediatric

settings (38, 39).

Barriers in the sensory environment of the primary care

setting were reported in this and several other studies (11,

12, 15, 16); however, minimal action has been taken to

address this widespread concern. Caregivers participating in this

study suggested that modifications to the sensory environment,

such as creating a separate “quiet room” to wait in or

providing weighted blankets, could help ease the anxiety

of their autistic adult children. Certain disciplines, such as

occupational therapy, have a long and rich history of examining

the modification of characteristics of the environment in

order to improve experiences for autistic individuals as well

as those with other sensory processing difficulties (40). For

example, adapting the sensory environment of the dental

office was found to minimize behavioral and physiological

distress during care for children and adults with autism and

intellectual and developmental disabilities (41–43). As the

built environment of healthcare settings has the potential

to influence service delivery and individual health outcomes

(44, 45), it is imperative that considerations take into

account the more varied sensory aspects of the environment,

beyond the traditional acoustics, temperature, and visual

properties (e.g., artwork) which may be particularly salient to

autistic patients.

PCPs report feeling apprehensive about which specialists

to refer to when they have questions about the developmental

needs of autistic individuals (23) as well as a lack of knowledge

about autism-specific referral pathways (25), an inevitable

barrier considering that services for autistic adults are not

adequately publicized (14). The inclusion of interdisciplinary

professionals on the primary healthcare team–as suggested by

the caregivers in this study–may pose a solution to this barrier.

Team members with knowledge about autism-specific services

may assist PCPs with care coordination and referrals to outside

services (46). Programs such as ECHO, a 12-week informational

session connecting PCPs to an interdisciplinary expert team, has

shown promise in improving PCPs’ understanding of resources

for autistic adults and increasing local access to community

resources (27).

Caregivers in this study described that autism-related stigma

from healthcare professionals and others in the office served as a

barrier to care. It is not surprising that a high proportion of PCPs

are unaware they treat autistic patients (14), as autistic adults

have reported hesitancy to disclose their diagnosis to providers

out of fear of receiving inferior care than their non-autistic

counterparts (11, 12, 47). In addition, one caregiver in this study

explained how she believed her son’s internalized stigma led him

to not report his diagnosis to his PCP. Additionally, many PCPs

report a lack of understanding and training regarding treating

autistic patients (13, 14, 25). Limited knowledge about autism

is correlated with increased stigma (48), which can threaten

health outcomes for these patients and strain patient-provider

relationships. Continuing medical education for providers can

increase knowledge about autism and act as a facilitator to

care (13, 14); in fact, a small number of medical schools have

recently incorporated training specific to treating adults with

intellectual and developmental disabilities, including autism,

into their curriculum through preclinical and clinical elective

courses (49).

Multiple surveys also suggest that PCPs commonly feel

ill-equipped to provide the necessary emotional and behavioral

supports for their patients and implement appropriate

accommodations (23, 25, 50). Caregivers in this study suggested

that incorporating interdisciplinary healthcare team members

into primary care examinations may support PCPs in providing

individualized, holistic care by addressing the social-emotional

and sensory needs of autistic adults. Due to the inadequacies

of the current system to meet the needs of autistic adults,

caregivers proposed a “facilitated facility” knowledgeable,

interdisciplinary, and experienced in the identification and

implementation of accommodations as an alternative form of

service delivery. A recent study found that a patient-centered

medical home has the potential to meet the complex physical

and mental healthcare needs of autistic adults by providing

comprehensive, coordinated, and accessible patient-centered

care (51). A promising example of the medical home model of

care is the Achievable Foundation3, a federally qualified health

center in California that offers medical services uniquely suited

to meet the needs of children and adults with intellectual and

developmental disabilities. The Achievable Foundation aims

to minimize barriers in primary care at the patient, provider,

and system level by employing PCPs with expertise caring for

this population, an accessible facility to reduce patient anxiety,

longer appointment lengths, and on-site specialty services

such as mental health and neurology. Another alternative

model of service delivery that may address these barriers is

telehealth. Interviews with autistic adults and caregivers of

autistic adults found that primary care delivered via telehealth

increased patient comfort by eliminating exposure to the

overstimulating clinical environment and afforded comparable

3 https://achievable.org/patient-care/
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or improved patient-provider communication (52). The CAST

(Center for Autism Services and Transition) clinic, which was

built into a larger primary care practice, uses patient-centered

medical home principles and offers telehealth to improve

care for autistic adults (53). Billing and reimbursement for

hallmarks of the program such as extended appointments and

“happy visits” have been a challenge, requiring the program

to rely heavily on grant and donor funding (53). When these

alternative forms of service delivery are not available, financially

feasible, or appropriate, providing PCPs with individualized

accommodation reports have been reported by patients and

providers to reduce barriers (26).

Latino patients as well as experts on health disparities

report that Latinos receive inferior care to non-Latino white

patients (54, 55). Over half of the caregivers who described

their ethnicity as Hispanic/Latino in this study reported

feeling that they received lower quality care compared to

their non-Hispanic/Latino counterparts, due to communication

barriers and PCPs failing to provide culturally responsive care.

Caregiver participants reported that quality of care might also

be diminished “partly also because we say nothing,” which is

consistent with previous literature suggesting that the experience

of common Latino cultural tenets of respeto and confianza can

influence families to be “grateful and not complain,” even if they

are seemingly subjected to inadequate care (56). According to

the 2020 census, Hispanic/Latino individuals account for 18.7%

of the United States population (57), so it is essential to reduce

the immense health disparities faced by Hispanic/Latino autistic

adults whose health inequities are shaped by the cumulative

effects of belonging to two marginalized groups.

Additionally, some studies have suggested that the interplay

between barriers can further intensify them. For example,

autistic adults reported that the distress they experienced

from sensory overstimulation in the clinical environment

made it even more difficult to communicate with providers

(12, 15), implying that environmental modifications may

indirectly facilitate communication. This is also supported

by the interwoven nature of the themes reported in this

study. For example, the lack of provider expertise to support

autistic patients’ management of anxiety during visits–a

common complaint by caregivers in this study–intensified

barriers such as patient-provider communication, sensory-

related discomfort due to the clinical environment, and also

negatively impacted caregiver experience. Conversely, this study

also found that strategies aimed to facilitate one challenge could

simultaneously also improve other barriers unintentionally. For

example, caregivers reported that when PCPs implemented

communication techniques such as narrating the physical

examination, it provided other downstream improvements

such as overall patient-provider communication as well as

patient anxiety.

Despite the fact that the average lifespan lasts longer in

adulthood than in childhood, the attention of autism-related

research dedicated to adults compared to children is strikingly

disproportionate (58). Consequently, supports and services

available for autistic adults—including primary care-related

interventions—are significantly rarer and less accessible than for

children with autism (13, 58). Research focusing on adults is

essential because autism can present differently across the life

span, necessitating distinct interventions for different stages of

life (58).

Strengths and limitations

The data presented here is part of a larger study that included

qualitative interviews with autistic adults, caregivers, and PCPs.

The majority of caregivers in this study were recruited when

their autistic adult child could not participate in an interview

verbally, written, or utilizing augmentative and alternative

communication (AAC) strategies, in order to obtain information

about primacy care health experiences of autistic adults–albeit

from the perspective of the caregiver. Four autistic adults

requested their caregiver also be interviewed and an additional

four autistic adults were unable to respond to interview

questions after consenting to participate; to honor these requests

and collect information from all families, there are a small

number of dyads present in the overall data (only caregiver

data is reported here). Therefore, this sample represents the

experiences of caregivers whose autistic adult child required

their assistance to engage in healthcare encounters, and the

conclusions formed are centered on caregiver experience,

perspectives, and opinions and may not be indicative of the

experiences of autistic adults themselves. The experiences of

autistic individuals who do not require or want the help of a

caregiver may be more accurately reflected in the analysis of the

interviews with autistic adults, and future work should combine

all participant voices–autistic adults, caregivers, and PCPs–in

order to develop a comprehensive perspective of barriers and

facilitators to care.

Conclusion

Overall, this study identifies barriers to the utilization

and receipt of primary care for autistic adults and offers

tangible solutions, from the perspective of caregivers, to

improve care. Given the heterogeneous nature of autism,

the inclusion of caregivers’ voices is imperative to fully

encompassing and understanding primary healthcare

encounters for autistic adults who are not otherwise able

to or choose not to report for themselves. The results of this

study are largely congruent with previous research reporting

on primary care health encounters from autistic adults

and PCP perspectives. Ultimately, there are many barriers

to high-quality care and few facilitators to care; however,
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caregivers in this study proposed valuable suggestions

to improve primary care experiences that should be

considered when informing future service delivery and

intervention development.
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Hospital admission and
vaccination as predictive factors
of long COVID-19 symptoms
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Luis Ángel Pérula-de Torres1,2*, Rafael Castro-Jiménez1,4,

Jesús González-Lama1,5, Celia Jiménez-García1,3,

Jerónimo J. González-Bernal6, Josefa González-Santos6*,
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Background: Since the beginning of the COVID-19 pandemic, a great

variability of symptoms that a�ect all organs and systems of the body has

been identified in patients with SARS-CoV-2 infection; this symptomatology

can sometimes persist over time, giving rise to the so-called long COVID or

post-COVID. The aim of this study is to delve into the clinical characterization

of these patients, as well as to take into account the influence of factors such as

hospitalization, admission to ICU, history of pneumonia, or vaccination status

on the persistence of symptoms.

Material and methods: An observational, descriptive, multicenter, and

retrospective study was designed with a series of cases of people who

presented long COVID, which includes univariate, bivariate, and multivariate

analyses. Data were obtained from an online ad hoc questionnaire, and

statistical analysis was performed using SPSS Software Version 25 (IBM-Inc.,

Chicago, IL, USA).

Results: Hospitalization, ICU admission, history of pneumonia, and vaccination

were predictive factors (positive or negative) for the following long-COVID

symptoms: headache, menstrual disorders, joint pain, cough, chills, nasal

congestion, back pain, abdominal pain, weight loss, eye discomfort, facial

erythema, itching, tremors, dizziness, seizures, sleeping di�culty, dry eyes,

palpitations, fatigue, paresthesia, dyspnea, aphonia, chest pain, high blood

pressure, vomiting, memory loss, brain fog, hypothermia, low blood pressure,

sputum or phlegm, lack of concentration, hair loss, and erectile dysfunction.

Conclusion: This study provides evidence on the clinical characterization

of patients su�ering from long COVID in order to o�er them the most

appropriate treatments.

KEYWORDS

long COVID, persistent COVID, COVID-19, symptoms, risk factor, admission, post-

COVID
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Introduction

The SARS-CoV-2 infection presents associated

symptomatology of great interest to public health due to

both the transmission and the appearance of new variants

rapidly on all continents. The COVID-19 disease manifests itself

in various ways; it can be asymptomatic, mild, moderate, or

severe (1). There is a great variability of symptoms presented in

patients with SARS-CoV-2 infection, as this virus can affect all

organs and body systems (2). The World Health Organization

(WHO) initially identified fever, cough, or asthenia as possible

symptoms of the SARS-CoV-2 infection; however, subsequent

studies suggested additional symptoms associated with this

infection, such as olfactory and taste dysfunction, coagulation

alterations, or gastrointestinal symptoms (nausea or abdominal

pain) (3).

A variety of Spanish studies (4, 5), as well as some

international studies (6, 7), addressed the clinical characteristics

of the COVID-19 disease. Fever, dry cough, tiredness or fatigue,

dyspnea, pharyngeal pain, chills, and diarrhea are the symptoms

that appear most frequently in the acute phase of the disease,

but the symptomatology can be prolonged over time, leading

to persistent COVID-19. The definition of this condition has

changed throughout the COVID-19 pandemic (8) and has

acquired different denominations, such as long COVID, post-

acute COVID-19, post-acute sequelae of SARS CoV-2 infection

(PASC), long-term effects of COVID-19, or chronic COVID-19.

The prevalence of persistent COVID-19 is around 10%,

although it ranges between 10 and 36% depending on the

sociodemographic and clinical characteristics of the study

population (9–11). A study conducted in Denmark (12) showed

a prevalence of 36% in the Danish population diagnosed

with COVID-19 disease. Similarly, research conducted in the

United Kingdom (13) revealed that 13% of the population

presented persistent symptoms of COVID-19 and those who

had needed hospital care during the acute phase of the

infection were more likely to present long COVID. Similarly,

a German study (14) highlighted that persistent COVID-19

can occur even after the acute phase with very mild symptoms

that have been treated on an outpatient basis. Similarly, in

Spain, the survey conducted by the Spanish Society of General

Medicine (15) estimated the prevalence of persistent COVID-

19 at around 15% and described the general characteristics of

patients with persistent COVID-19 who were diagnosed during

the first wave of the pandemic, highlighting that factors such

as age (50% between 36 and 50 years), sex (more frequent

in women), or frequent symptomatology (asthenia, malaise,

headache, or mood disturbance) were associated with persistent

COVID-19 symptoms.
Initially, the WHO identified 33 symptoms of long COVID

(16) although subsequent scientific evidence suggested more

symptoms associated with the persistent situation of COVID-19

(17). Raveendran, Jayadevan, and Sashidharan (18) detected

several symptoms of long COVID, such as fatigue, cough,

chest tightness, respiratory distress, palpitations, myalgia, and

concentration difficulty. Aiyegbusi et al. (19) analyzed both

physical and mental symptoms and found that the top ten

most prevalent symptoms were fatigue, shortness of breath,

muscle pain, joint pain, headache, cough, chest pain, altered

smell, altered taste, and diarrhea, although they also indicated

that there are other common symptoms such as cognitive

impairment, memory loss, anxiety, and sleep disorders; Beyond

the symptoms, they determined that people affected by long

COVID frequently suffer a worsening of their life quality and

even problems related to the work sphere. The presence of

more than five symptoms throughout the 1st week of the

SARS-CoV-2 infection has been described as a risk factor for

long COVID. The symptoms developed in that 1st week that

were considered more predictive for long COVID were fatigue,

headache, dyspnea, hoarseness, and myalgia, for both sexes (13).

However, another study ruled out patients with only moderate

symptoms, those with a normal chest X-ray, and those with

frailty (13).

Since the appearance of the first cases of infection

by the SARS-CoV-2 virus, new data on its clinical and

epidemiological characteristics have been incorporated;

however, there is less scientific evidence that addresses how

certain characteristics such as hospital admission, history of

pneumonia, or vaccination can influence the appearance of

different symptoms from the clinical and epidemiological point

of view of persistent COVID-19.

The available evidence on COVID-19 is mainly focused on

hospitalized cohorts (20–24) that address the factors that are

associated with the development or not of persistent COVID-19,

including advanced age (over 60 years), female sex, the presence

of comorbidities, the existence of multiple symptoms during

the acute phase, or admission to intensive care. Another study

performed with patients who had been previously hospitalized

identified three clusters: a group of patients with fewer medical

comorbidities, fewer COVID-19 symptoms in the acute phase,

fewer post-COVID symptoms and no functional symptoms,

and two groups of patients with a higher number of medical

comorbidities, more symptoms of COVID-19 in the acute

phase, increased number of post-COVID symptoms, and more

limitations in activities of daily living (25). In non-hospitalized

patients, age, female sex, belonging to a minority ethnicity,

socioeconomic deprivation, smoking, obesity, and a wide range

of comorbidities are risk factors for developing long COVID

(17). In contrast, another study indicated that long COVID

was not directly attributed to the effects of acute COVID-19

infection or its severity and posits that the biopsychosocial

effects of COVID-19 could play a more important role in its

etiology (17).

The WHO and the Long Covid Forum Group established

a research priority on long COVID to improve the clinical

characterization of these patients to offer them appropriate
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treatments (26). Crook et al. (2) exposed the mechanisms and

risk factors of long COVID, in addition to a treatment proposal

depending on the symptomatology that appears in each case, for

which it would be useful to know the predictors of the different

symptoms. However, there is less evidence on this, so studies are

needed to identify the clinical characteristics and predictors for

the symptomatology of persistent COVID-19.

Therefore, considering all of the abovementioned points,

this study aimed to analyze whether hospital admission, ICU

admission, history of pneumonia, and vaccination can be

predictor factors for the different symptoms of persistent

COVID-19 or long COVID.

Materials and methods

Study design

An observational, descriptive, multicenter, and retrospective

study was designed with a series of cases of people who presented

long COVID or post-COVID syndrome, understanding that

the “condition occurs in individuals with a history of

probable or confirmed SARS-CoV-2 infection, usually 3

months from the onset, with symptoms that last for at

least 2 months and cannot be explained by an alternative

diagnosis” (9). The study was conducted in the South

Healthcare Management Area of Córdoba and the Cordoba

and Guadalquivir Healthcare District from July 2021 to

July 2022.

Study population

The study included patients from the general adult

population who attended the Spanish National Health System

with the following selection criteria: (a) Should be a resident

of Spain and have an age ≥14 years, (b) should meet

the clinical-epidemiological criteria of the long COVID-

19 disease, and (c) should consent to participate in the

research study.

As for sample size, there is less knowledge about the actual

prevalence of long COVID-19. Assuming a long COVID-19

prevalence of 10.0% (11), a sample of 138 individuals would be

enough for a confidence level of 95% and an accuracy of ±5%

units (calculations made with the Granmo program: https://

www.imim.es/ofertadeserveis/software-public/granmo/).

The research project obtained the authorization of the

Direction/Management of the Córdoba and Guadalquivir

Primary Care Health District and the South Health

Area of Córdoba, as well as the approval of the Clinical

Research Ethics Committee of the Reina Sofía Hospital

in Córdoba (reference: 5033). Informed consent was

requested as part of the online questionnaire, which gives

voluntariness to the study patients. The processing of

the data was in accordance with the provisions of the

European Data Protection Regulation and Organic Law 3/2018

on the Protection of Personal Data and the guarantee of

digital rights.

Instruments

The information about the participating patients

was obtained from an online questionnaire (https://

docs.google.com/forms/d/e/1FAIpQLSeO2odLrsCGf_

aA6PbRbAziMA3ZP43wAmo81rRgKuLmmnaXCg/viewform),

which was forwarded to the partners of the persistent COVID

associations existing in Spain. The questionnaire was designed

and approved by members of the Multiprofessional Teaching

Unit of Family and Community Care of the Córdoba and

Guadalquivir Health District, with proven experience in the

design and validation of surveys. The questionnaire was

subjected to a process of consensus, apparent logic, and content

validation (face validity).

Variables

Information about sociodemographic variables (age,

sex, residential area, and employment status), as well as the

following personal health history, namely, the vaccination

status for COVID-19 and symptoms presented in patients

with long COVID-19, was collected. Hospital and intensive

care unit (ICU) admissions, as well as history of pneumonia,

were taken into consideration as background. Regarding the

long COVID-19 symptoms, a list of 56 possible symptoms

was taken into account for the situation of persistent

COVID-19: sore throat, headache, joint pain, muscle pain,

unusual tiredness or fatigue, breathing difficulty, lack or

loss of smell, lack or loss of taste, cough, dyspnea, fever,

sweating, chills or shivering, nasal congestion, aphonia or

hoarseness, malaise, chest pain, back pain, chest tightness,

diarrhea, stomach pain, abdominal pain, vomiting, nausea,

loss of appetite, weight loss, hypothermia, eye discomfort

(conjunctivitis, dry eye, blurred vision, foreign body,

and congestion), facial erythema, limbs pseudo freezing

(Acro syndrome, chilblain-like lesions), sputum or phlegm

(bronchial discharge), hemoptysis (bloody sputum), swelling

or inflammation of the fingers, itching (pruritus), hives or

eczema on the skin (rashes), tremors, dizziness, seizures,

memory loss, mental confusion, sleeping difficulty, lack of

concentration/attention deficit, mental fog, post-traumatic

stress, paresthesia, swallowing difficulty, ear beeps or tinnitus,

dry eyes, conjunctivitis, palpitations, high blood pressure,

low blood pressure, hair loss, erectile dysfunction (men), and

menstrual disorders (women).
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Statistical analysis

The participants were asked to fill in the online

questionnaire on Google Drive. Later, the responses were

exported to an Excel sheet from Google Drive and statistically

treated with the SPSS Software Version 25 (IBM-Inc., Chicago,

IL, USA).

First, a descriptive analysis of the studied variables was

performed using frequencies and percentages when they were

qualitative or categorical variables and measures of central

tendency, dispersion, and position when they were quantitative

variables. We estimated confidence intervals for 95% (95% CI)

for safety of the main parameters.

Next, a bivariate analysis (chi-square test) was performed,

considering the exact bilateral significance (Fisher’s exact test)

as there are 2 × 2 tables in all cases, to determine if there was

any relationship between each of the 56 persistent symptoms

of long COVID and hospital admissions or vaccinations. Once

the significant relationships were defined, an analysis of the

magnitude of the effect of the association was also performed,

calculating the odds ratio (OR, since all the variables were

dichotomous) to determine if the variables were predictors for

the symptoms with which they had previously demonstrated a

relationship. For this analysis, an OR < 1.68 is considered to

be of negligible magnitude, an OR between 1.68 and 3.47 was

considered small, an OR between 3.47 and 6.71 was considered

moderate, and an OR > 6.71 was considered large (27), so

magnitudes below 1.68 were not taken into account as they were

not considered clinically relevant.

Finally, once determined by the previous bivariate analysis,

the variables were presumably related in a bivariate way

to hospital admissions or vaccinations, and to establish a

predictive model that included the factors that had shown the

predictive capacity for the symptoms of long COVID, a binary

TABLE 1 Relationship between long COVID symptoms and hospitalization, ICU admission or pneumonia.

Hospitalization Admitted to ICU Pneumonia

Value p-value Value p-value Value p-value

Headache – – 4.382 0.043 – –

Muscle pain 4.737 0.030 – – – –

Fatigue 4.364 0.035 – – – –

Cough – – – – 4.918 0.028

Dyspnoea 10.162 0.001 – – 6.654 0.010

Aphonia 7.533 0.008 – – 7.579 0.008

Malaise 4.206 0.044 – – – –

Chest pain 10.503 0.001 – – 5.889 0.018

Back pain 4.616 0.035 – – – –

Chest tightness – – – – 4.963 0.029

Diarrhea – – 4.431 0.035 – –

Stomach pain 6.361 0.014 4.019 0.045 – –

Vomiting – – – – 6.350 0.019

Hypothermia – – – – 4.073 0.045

Sputa – – – – 12.255 0.001

Memory loss – – – – 9.622 0.001

Mental confusion 6.631 0.011 – – 9.914 0.002

Difficulty sleeping 4.886 0.030 – – 4.439 0.037

Lack of concentration 4.794 0.033 – – 8.356 0.004

Brain fog 4.152 0.049 – – 7.619 0.006

Post–traumatic stress 6.860 0.011 – – 6.695 0.012

Paraesthesia 6.275 0.015 – – 6.070 0.016

High blood pressure 13.101 <0.001 – – 6.121 0.017

Low blood pressure 4.653 0.032 – – 4.879 0.026

Hair loss – – 6.167 0.016 – –

Erectile dysfunction 15.309 <0.001 42.736 <0.001 5.573 0.030

Menstrual disorders – – 6.155 0.009 – –

ICU, intensive care unit.
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TABLE 2 Relationship between long COVID symptoms and

vaccination.

Vaccinated

Value p-value

Joint pain 4.877 0.034

Fatigue 6.030 0.010

Cough 7.398 0.009

Chills 10.558 0.002

Nasal congestion 4.812 0.033

Back pain 4.342 0.045

Abdominal pain 5.703 0.024

Weight loss 6.349 0.020

Hypothermia 12.930 0.001

Eye discomfort 15.535 <0.001

Facial erythema 9.403 0.004

Sputa 21.308 <0.001

Itching 6.215 0.010

Tremors 5.690 0.014

Dizziness 5.285 0.025

Dizziness 7.074 0.011

Seizures 5.931 0.027

Difficulty sleeping 8.301 0.004

Lack of concentration 4.208 0.042

Paraesthesia 5.516 0.022

Dry eyes 18.538 <0.001

Palpitations 9.663 0.002

Hair loss 16.627 <0.001

logistic regression analysis was performed (step-by-stepmethod,

backward, with a reason of plausibility) to be able to control the

predictor and/or confounding factors. The dependent variables

were each of the symptoms with more than one predictive factor,

and the independent variables were each of those factors to

obtain the coefficient β, the statistician χ2 Wald, p-value, and

RO = e[βi∗ (±1i)] adjusted with their 95% confidence interval

limits. For the analysis of statistical significance, a p-value< 0.05

was established. The goodness-of-fit of the model was analyzed

using the Hosmer-Lemeshow test.

Results

The total number of participants with long COVID was 681.

The mean age was 45.78±9.65 (SD), ranging from 14 to 76 years

(mean 95% CI: 46.02–46.46). Of 681 participants, women made

up 83.1%; 79.3% resided in urban areas (>20,000 inhabitants);

and 41.0% were on sick leave from work due to persistent

COVID-19. Of the total patients, 23.3% were hospitalized, with

3.5% in an ICU, 29.8% presenting pneumonia after the diagnosis

of COVID-19, and 87.4% being vaccinated against COVID-19.

TABLE 3 Admission to a hospital – symptoms of long COVID.

Symptoms OR OR limits CI 95%

Lower Upper

Fatigue 2.13 1.03 4.40

Dyspnea 1.93 1.28 2.90

Aphonia 1.70 1.16 2.49

Chest pain 1.80 1.26 2.58

Mental confusion 1.70 1.13 2.55

Difficulty concentrating 1.71 1.05 2.79

Paresthesias 1.58 1.10 2.26

Elevated blood pressure 2.09 1.39 3.14

Low blood pressure 0.51 0.27 0.94

Erectile dysfunction 3.77 1.86 7.97

OR, Odds Ratio.

TABLE 4 Admission to ICU – symptoms of long COVID.

Symptoms OR OR limits CI 95%

Lower Lower

Headache 0.42 0.18 0.96

Hair loss 0.24 0.07 0.81

Menstrual disorders 0.11 0.01 0.88

Erectile dysfunction 12.38 4.84 31.63

OR, Odds Ratio.

To find out if the variables hospitalization, ICU admission,

and history of pneumonia were related to each of the persistent

symptoms of long COVID, a chi-square test was performed.

The significant results obtained in these analyses are shown in

Tables 1, 2; the rest of the symptoms showed no relationship.

Tables 3–6 show how hospital admission, ICU admission,

history of pneumonia, and vaccination appear as predictive

factors for long-COVID symptoms. Hospital admission is a

positive predictor for several symptoms (OR 1.58–3.77) but only

a negative predictor for low blood pressure (OR 0.51). ICU

admission is a positive predictor for erectile dysfunction (OR

12.38) and a negative predictor for headache, hair loss, and

menstrual disorders (OR 0.11–0.42). The history of pneumonia

appears to be a positive predictor also for several symptoms (OR

1.69–2.28) and a negative predictor for hypothermia (OR 0.66)

and low blood pressure (OR 0.54). Vaccination is a negative

predictor for all the significant symptoms (OR 0.19–0.60).

Table 7 shows the results of the backward stepwise regression

model after the elimination of the variables that, although

they were significant in the previous analysis, finally did not

contribute anything to the model in each case.

This last step of logistic regression has excluded

hospitalization for the lack of concentration and low blood
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TABLE 5 Presence of pneumonia after COVID-19 diagnosis –

symptoms of long COVID.

Symptoms OR OR limits CI 95%

Lower Upper

Vomiting 2.24 1.18 4.27

Sputa 2.16 1.39 3.34

Memory leak 1.83 1.24 2.70

Mental confusion 1.81 1.24 2.64

Lack of concentration 1.93 1.23 3.03

Brain fog 1.69 1.16 2.46

Hypothermia 0.66 0.45 0.99

Low blood pressure 0.54 0.31 0.94

Erectile dysfunction 2.28 1.13 4.62

OR, Odds Ratio.

pressure and history of pneumonia for erectile dysfunction from

the explanatory models. In the case of mental confusion and

hair loss, the Hosmer-Lemeshow test indicates that this model

has not got an appropriate fit (χ² < 0.001).

Discussion

The present study aimed to analyze whether hospital

admission, ICU admission, history of pneumonia, and/or

vaccination can be predictors of the different symptoms of

persistent COVID-19 or long COVID.

Our results showed that hospitalization, ICU admission,

history of pneumonia, and being vaccinated against COVID-

19 were predictive factors (positive or negative) for headache,

menstrual disorders, joint pain, cough, chills, nasal congestion,

back pain, abdominal pain, weight loss, eye discomfort,

facial erythema, itching, tremors, dizziness, seizures, sleeping

difficulty, dry eyes, palpitations, fatigue, paresthesia, dyspnea,

aphonia, chest pain and high blood pressure, vomiting, memory

loss, brain fog, hypothermia, low blood pressure, sputum

or phlegm, lack of concentration, hair loss, and erectile

dysfunction. Nowadays, there is less evidence that focuses on

the predictive factors for each of the symptoms. However,

some investigations determined that patients who required

hospitalization present a significant proportion of late clinical

events and persistent symptoms in themedium-term (2months)

and the long-term (6 months) (28).

Fernandez-de-las-Peñas et al. found that a higher symptom

burden in the acute phase of COVID-19 infection and a higher

number of preexisting medical comorbidities may predict a

higher likelihood of persistent COVID symptoms, particularly

fatigue or dyspnea 3–6 months later. These factors are also

mentioned in other recent studies, suggesting that post-COVID

symptoms are more prevalent in patients with severe symptoms

TABLE 6 Vaccination – symptoms of long COVID.

Symptoms OR OR limits CI 95%

Lower Upper

Joint pain 0.51 0.28 0.93

Fatigue 0.19 0.48 0.82

Cough 0.52 0.33 0.84

Chills 0.46 0.29 0.74

Nasal congestion 0.58 0.35 0.94

Back pain 0.60 0.37 0.97

Abdominal pain 0.56 0.35 0.90

Weight loss 0.49 0.28 0.86

Hypothermia 0.42 0.26 0.68

Eye discomfort 0.38 0.23 0.62

Facial erythema 0.40 0.22 0.73

Sputa 0.30 0.18 0.51

Itching 0.54 0.34 0.88

Tremors 0.55 0.33 0.90

Dizziness 0.57 0.35 0.92

Dizziness 0.53 0.33 0.85

Seizures 0.31 0.11 0.83

Difficulty sleeping 0.46 0.26 0.78

Lack of concentration 0.49 0.24 0.98

Paresthesias 0.57 0.36 0.91

Dry eyes 0.36 0.22 0.58

Palpitations 0.47 0.29 0.76

Low blood pressure 0.54 0.30 0.98

Hair loss 0.38 0.24 0.61

OR, Odds Ratio.

at the onset of infection and in hospitalized patients (2, 28, 29),

which, in turn, is related to the need for ICU admission (30). ICU

admission is also established as a risk factor for long COVID

(31) and a longer length of hospital stay, which, in turn, has

also been indicated as a factor associated with persistence at

6-month follow-up (30). In the same vein, a shorter hospital

stay was inversely associated with prolonged COVID syndrome

(29), as well as a greater number of symptoms during the acute

stage of the process (2, 31–33). Thus, patients who required

ICU admission reported a greater decrease in the quality of life

than those who did not (34). In contrast, studies also found

that the severity of acute infection is not a risk factor for long

COVID (32).

Our results showed that hospitalization is a risk factor for

fatigue and paresthesia (symptoms for which vaccination is also

a protective factor), as well as dyspnea, aphonia, chest pain,

and high blood pressure. One study compared post-COVID-

19 fatigue with chronic fatigue syndrome as there are overlaps

between them; however, although fatigue is shown to be an

important symptom of long COVID, research showed that there
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TABLE 7 Binary logistic regression: long COVID symptoms – significant OR variables.

R2 of Nagelkerke β Standard error Wald p-value OR (CI 95%)

Fatigue (Hosmer-Lemeshow: 0.746)

Admission hospital 0.045 0.90 0.389 5.37 0.020 2.46 (1.15–5.29)

Vaccination −1.65 0.729 5.14 0.023 0.19 (0.04–0.79)

Constant −2.82 0.364 60.31 <0.001 0.05

Hypothermia (Hosmer-Lemeshow: 0.682)

Pneumonia 0.035 −0.42 0.205 4.19 0.041 0.65 (0.44–0.98)

Vaccination −0.85 0.244 12.38 <0.001 0.42 (0.26–0.68)

Constant −1.47 0.182 65.90 <0.001 4.36

Sputa (Hosmer-Lemeshow: 0.146)

Pneumonía 0.078 0.82 0.229 13.04 <0.001 2.28 (1.45–3.57)

Vaccination −1.22 0.273 20.16 <0.001 0.29 (0.17–0.50)

Constant 1.44 0.181 63.84 <0.001 4.25

Lack of concentration (Hosmer-Lemeshow: 0.656)

Pneumonia 0.33 0.68 0.234 8.64 0.003 1.99 (1.25–3.15)

Vaccination −0.72 0.353 4.14 0.042 0.48 (0.24–0.97)

Constant −1.77 0.209 72.21 <0.001 0.16

Paresthesias (Hosmer-Lemeshow: 0.642)

Admission hospital 0.024 0.48 0.186 6.75 0.009 1.62 (1.12–2.33)

Vaccination −0.57 0.237 5.90 0.015 0.56 (0.35–0.89)

Constant 0.16 0.163 0.98 0.321 1.17

Low blood pressure (Hosmer-Lemeshow: 0.912)

Pmeumonia 0.23 −0.59 0.279 4.49 0.034 0.55 (0.30–0.099)

Vaccination −0.60 0.301 3.97 0.046 0.54 (0.32–0.095)

Constant 2.39 0.254 89.43 <0.001 10.99

Erectile dysfunction (Hosmer-Lemeshow: 0.938)

Admission hospital 0.11 0.83 0.421 3.90 0.048 2.29 (1.01–5.24)

ICU 1.94 0.545 12.74 <0.001 6.99 (2.40–20.36)

Constant 0.66 0.434 2.33 0.126 1.94

ICU, Admission to Intensive Care Unit.

is no relationship between COVID-19 severity and long-term

fatigue (2). In addition, dyspnea is a common symptom of

long COVID that could be associated with people at high risk

of developing respiratory distress (older adults, people with

previous respiratory pathology or with prolonged hospital stays)

(2, 29). In our study, only hospitalization was found to be a

risk factor for the persistent symptom of dyspnea; however, our

results showed that having suffered from pneumonia is also a

risk factor for other symptoms that may be related to respiratory

distress or respiratory symptoms such as sputum or phlegm;

although it should be noted that vaccination was a protective

factor for these symptoms.

Regarding the symptoms of patients who required ICU

admission, ICU admission itself proved to be a protective

factor for headache, menstrual disorders, and hair loss (as

well as being vaccinated for the latter); however, it became

a risk factor for erectile dysfunction, along with those who

were hospitalized. Garrigues et al. analyzed 120 patients and

identified that the most common persistent symptoms in a

sample of hospitalized people, at 110 days on average after

admission, were fatigue (55%), dyspnea (42%), memory loss

(34%), concentration disorders (28%), and sleep disturbances

(30.8%). In contrast, there was no difference between “standard

patients” and those who needed ICU during their hospitalization

(35) for these symptoms. This study points to hospitalization

itself as a risk factor for dyspnea, pneumonia, memory loss, and

poor concentration, but not ICU admission.

Furthermore, studies showed that physical, cognitive, and

mental deterioration, which persists long after the acute

COVID-19 disease, is common in ICU survivors (36) and

that ICU admission is a risk factor for long COVID. In

contrast, other researchers reported that there is no difference

in the proportion of patients with persistent symptoms between

those with and without ICU admission; however, ICU patients

showed exertional dyspnea and asthenia more frequently (36).

Significant differences in symptom persistence have also been
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found in anosmia/dysgeusia, such that there is a higher

incidence of them in patients with mild disease, while there is a

higher incidence of fatigue, dyspnea, neurological disorders, and

rheumatological symptoms in patients with severe disease (31).

However, vaccination is a protective factor for other

symptoms such as joint pain, cough, chills, nasal congestion,

back pain, abdominal pain, weight loss, eye discomfort, facial

erythema, itching, tremors, dizziness, convulsions, difficulty

sleeping, dry eyes, and palpitations. Some studies pointed in the

same direction as ours, so vaccination is useful for improving

symptoms in people who already have the disease (37–39). Many

of these investigations found no difference in the type of vaccine

used (37, 38, 40), while others found greater improvement in

those who received mRNA vaccines compared to adenoviral

vector vaccines (39). For every symptom, Moderna had a more

positive impact and was more beneficial than adenoviruses for

fatigue, mental confusion, myalgia, gastrointestinal symptoms,

and autonomic dysfunction (39). In contrast, there is no

evidence associating long COVID with an increased incidence

of adverse effects after vaccination (41). Insomnia is also

commonly reported after recovery from COVID-19, but stress,

anxiety, and other negative emotions stemming from the

pandemic are also associated with sleep problems, so it is unclear

whether the sleep disturbances are due to the infection itself,

to the negative effects of the pandemic, or to a combination of

both (2).

In addition, vaccines are an important preventive strategy

for long COVID (40, 42), as they can very effectively prevent

severe infections and hospital admissions, which are risk factors

for long COVID (43). The likelihood of experiencing symptoms

beyond 28 days post-infection is reduced by 50% with the full

vaccination schedule. This regimen also reduces the likelihood

of having more than five symptoms in the 1st week of

infection by 31% and reduces the likelihood of hospitalization

by 71%, so the likelihood of developing long COVID would

be similarly decreased by reducing both risk factors (32). The

improvement in symptoms of long COVID after vaccination

has not been explained yet, although it is theorized that

vaccination counteracts immune dysregulation associated with

symptomatic persistence (40). Finally, pneumonia is a risk

factor for symptoms such as vomiting, memory loss, and brain

fog, although both history of pneumonia and vaccination are

protective factors for hypothermia and low blood pressure. Brain

fog is a common and debilitating symptom in long COVID

and, in this study, having developed pneumonia after a SARS-

CoV-2 infection is a risk factor for brain fog as a persistent

symptom. One study also reports a high prevalence of both

physical and mental health symptoms in patients who have been

treated in hospitals after pneumonia, although it is notable from

its results that the severity of pneumonia is not a good predictor

of long-COVID symptoms (44).

The explanation of symptoms with more than one predictor

is based on logistic regression analysis, except for mental

confusion and hair loss, where it is based on OR, as the logistic

regression model does not fit adequately.

As for limitations, it is important to note that the type of

survey used may introduce a kind of selection bias. In addition,

there is also a possible information bias as the information came

from the patient himself and was not contrasted or confirmed

by a physician, so the results should be taken into account

with caution. Furthermore, although there is evidence on the

predictors of long COVID as a whole, the evidence on the

predictors of each of the symptoms is very scarce, so in this part,

there has been a limitation in contrasting the results obtained

with other similar studies; however, the scarcity of similar studies

is a strong point to be taken into account in this research and

it is advisable to continue to deepen this line of research. This

research is presented as a case series study without a control

group, which implies a methodological limitation that could

compromise its validity. Therefore, the results obtained must

be taken into account together with the limitations of the type

of study design, and further research is needed to contrast the

results offered. Another limitation of this study is the lack of

temporality of the COVID-19 infection and the administration

of the COVID-19 vaccine. Future studies should evaluate the

chronological association between both variables.

In conclusion, hospital admission, ICU admission, history

of pneumonia, and vaccination are predictors of some of

the symptoms of persistent COVID-19 or long COVID. This

provides evidence for the priority set by the WHO and the Long

Covid Forum Group to improve the clinical characterization of

patients suffering from long COVID in order to offer them the

most appropriate treatments. Therefore, this study contributes

to identifying predictors of the different symptoms that may

appear in the course of long COVID, which is important to be

able to develop preventive and symptomatic treatments early

and to plan recovery interventions.
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Follow-up conditions of care
and associated factors among
adult hypertensive patients
during COVID-19 at West Arsi
public health facilities,
Southeastern Ethiopia: A
multi-center cross-sectional
study

Ahmed Hiko1*, Nega Assefa1, Zerihun Ataro2, Addisu Sertsu1,

Elias Yadeta1, Teganu Balcha1, Abdulkerim Amano1,

Henock Asfaw1, Deribe Bekele Dechasa1, Kabtamu Nigussie1

and Lemesa Abdisa1

1School of Nursing and Midwifery, College of Health and Medical Sciences, Haramaya University,

Harar, Ethiopia, 2Department of Medical Laboratory Sciences, College of Health and Medical

Sciences, Haramaya University, Harar, Ethiopia

Background:Coronavirus disease (COVID-19) is a viral-borne infection caused

by the SARS-CoV-2 virus. Aside from the morbidity and mortality e�ects,

it leaves the majority of hypertensive patients untreated and vulnerable to

uncontrolled hypertension.

Objective: The purpose of this study was to assess follow-up conditions

of care and its associated factors among adult hypertensive patients during

COVID-19 in public health facilities of West Arsi, Southeastern Ethiopia.

Methods: A health facility-based retrospective cross-sectional study was

conducted among 423 adult hypertensive patients in the West Arsi public

health facilities from July 5 to August 6, 2021. A systematic random

sampling technique was used to recruit the study participants. A pretested

structured face-to-face interviewer and medical records were used to collect

sociodemographic variables, basic clinical features, and follow-up data. The

follow-up conditions of care were assessed using 12 items with “yes or

no” questions. Then, based on the mean value of the items, the follow-up

conditions of care were dichotomized into good and poor. As a result, the

follow-up condition was good if the score was greater or equal to the mean,

and poor unless otherwise. To investigate parameters related with follow-up

conditions of care, bivariable and multivariable logistic regression analyses

were used. A 95% confidence interval and a p-value of 0.05 were used to

indicate a significant association.

Results: The rate of poor follow-up conditions of care during COVID-19 was

29% (95% confidence interval: 24.9–33.4%), according to this study. Age ≥ 60

years (AOR = 3.55; 95% CI: 2.09–6.03), transportation problem (AOR = 2.43;

95% CI: 1.28–4.61), fear of COVID-19 (AOR = 3.34; 95% CI: 1.59–7.01),
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co-morbidity (AOR = 1.93; 95% CI: 1.14–3.26) and physical distancing

(AOR = 2.43; 95% CI: 1.44–4.12) were significantly associated with poor

follow-up conditions of care.

Conclusions: In our study, 29% of the participants had poor follow-up

care conditions. When compared to WHO recommendations, the findings of

this study may explain poor follow-up care conditions. To enhance patients’

follow-up treatment, evidence-based target interventions should be designed

and executed, taking into account individuals at high risks, such as those

over the age of 60 and those with comorbidities, and identifying additional

risk factors.

KEYWORDS

attendance and follow-up, hypertension, COVID-19, associated factors, Ethiopia

Introduction

COVID-19 is one of the most common causes of death

associated with severe acute respiratory syndrome 2 (SARS-

COVID-2) (1). Since its inception, the global shutdown has

caused global population challenges in isolation and quarantine

measures, affecting nearly 620 million confirmed cases and

nearly 6.54 million deaths as of 25 September 2022 (2).

The non-communicable diseases worsen the severity of

COVID-19 and raise the risk of death (3). Hypertension is

the leading cause of global public health problems (4). It is

the leading risk factor for global disease burden, accounting

for 7% of global disability-adjusted life years (DALY) (5).

Hypertension affects 31.1% of the worldwide population, with

Ethiopia accounting for 30.2% (6). Hypertension is a risk factor

for cardiovascular disease and the leading cause of mortality

(7). According to the World Health Organization (WHO), its

complications account for 94 million deaths worldwide, with

∼17 million deaths from cardiovascular disease occurring each

year (7). According to one study, hypertension complications

cause 45% of heart disease deaths and 51% of stroke deaths (8).

Poor follow-up care is a situation in which patients are

unable to receive the WHO-recommended usual follow-up

care service within the planned appointment time frame for

a variety of reasons. Typical follow-up treatment includes

Bp measurement, medication refilling, lifestyle change

recommendations, monitoring medication adherence,

reviewing laboratory work, screening cardiovascular risks,

and so on. When the target blood pressure was reached,

WHO recommended varied checks at 3 to 6 month intervals,

Abbreviations: AOR, Adjusted Odds Ratio; BP, Blood Pressure; CI,

Confidence Interval; CVD, Cardiovascular Disease; DALY, Global

Disability-adjusted Life Years; HCW, Health Care Worker; LMCIs, Low

and Middle-income Countries; NCD, Non-communicable Disease; SSA,

Sab-Sahara Africa; WHO, World Health Organizations.

depending on the patients’ health status. Individuals with higher

BPs require shorter intervals (every 1 or 2 months), and an

emergency visit is required if BP is 180/110 mmHg (9, 10).

Bp measurements are necessary for hypertension screening,

diagnosis, and therapy. With restricted physical access to

patients during COVID-19, healthcare providers are unsure

how to measure blood pressure and analyze cardiovascular risk

factors (11). Some patients avoid or postpone seeking care

due to their fear of contracting COVID-19, and the ability to

treat hypertensive patients has been jeopardized (12). Because

of COVID-19, every system was altered, resulting in increased

morbidity and mortality (13, 14).

According to the WHO disease burden and mortality

estimates, non-communicable disease deaths in Africa increased

from 22.8% in 2000 to 34.2% in 2016 (15). COVID-19, on

the other hand, increases the burden of mortality by 13.7% in

hypertensive patients (16). Border restrictions and lockdowns

disrupted 64% of health services, lost patients from follow-up,

and decreased medicine supplies, especially in low and middle-

income countries (LMICs) (17, 18). Even for measured blood

pressure status, there were 87.6% physical examinations, 47.6%

laboratory tests, and 50% assessments of end-organ damage and

cardiovascular risks (12). In addition, the epidemic increases

the severity of hypertension problems such as ischemic heart

disease, stroke, cardiovascular disease, and mortality (18, 19).

Around the world, uncontrolled hypertension causes

500,000 fatalities each year (4). According to research

done in SSA, 77.4% of people had uncontrolled blood

pressure. The incidence of uncontrolled hypertension varied

significantly between studies, ranging from 11 to 70% (20, 21).

When compared to before the COVID-19 epidemic, the

prevalence of uncontrolled hypertension has skyrocketed (22).

Despite COVID-19 challenges, numerous efforts have been

implemented to enhance follow-up conditions of treatment and

address other consequences of hypertension. A few of these

included the use of telemedicine, connecting patients with
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neighboring medical centers, and extending the time between

drug refills to reduce potential harm from subpar follow-up

conditions of treatment (23–25). Despite various research on

hypertension in Ethiopia, no investigations on follow-up care

conditions and associated factors have been conducted. Again,

the rate of follow-up care was unknown since the hypertensive

patient treatment had been discontinued, drug supply had been

disrupted, and all systems had changed as a result of COVI-19.

Therefore, this study aims to evaluate the follow-up conditions

of care and its associated factors among adult hypertensive

patients during COVID-19 in public health facilities of the West

Arsi zone, Southeastern Ethiopia.

Materials and methods

Study design and setting

A health facility-based retrospective cross-sectional study

was conducted from July 5 to August 6, 2021. From all public

health facilities, Kuyera specialized referral hospital, Melka Oda

general hospital, Dodola general hospital, Abbosto health center,

and Awasho health center were selected by simple random

sampling method. The data retrieval period was fromMarch 13,

2020, to March 14, 2021, for secondary data. Shashemene is the

capital city of the West Arsi zone, which is located 250km from

Addis Ababa. The overall population of this zone was estimated

to be 2,520,875 according to the 2017 Central Statistical Agency

population census, of whom 50.8% were women and 13.02% of

those living there were urban residents (26).

Populations and sampling procedure

The study included all adult hypertensive patients who

had been taking anti-hypertensive medications for at least 6

months and were eligible for the study to assess follow-up

conditions of care. But Patients with cognitive impairment,

newly diagnosed, and incomplete medical records were excluded

from the study. The sample size calculation was done using a

single population formula. Since there was no previous research

on the subject, the following assumptions were taken into

account while determining the sample size: 95% confidence

interval, 5% margin of error, and 50% prevalence of poor

follow-up conditions of care since there was lack of published

similar study on a similar topic. The total sample size increased

to 423 after adding a 10% non-response rate. The following

public health institutions had a total of 1,605 patients under

follow-up care: Kuyera specialized referral hospital (520), Melka

oda general hospital (352), Dodola general hospital (544),

Abbosto health center (103), and Awasho health center (86).

The average number of patients visiting a health institution each

month was calculated by looking through the registration books

of each facility’s medical records, and then, 423 participants

were proportionally allocated to each facility. Finally, from

Kuyera referral hospital, Melka Oda general hospital, Dodola

general hospital, Abbosto health center, and Awasho health

center, respectively, 137, 93, 143, 27, and 23 people were hired.

Following the determination of the K value, a systematic random

sampling technique was used to choose research participants.

The first case was chosen by lottery, and the remaining

individuals were recruited and added one at a time.

Data collection tools and methods

Due to the lack of standard tools (24, 27), the questionnaires

were created by evaluating prior research in a way that

incorporated all the factors thatmay achieve the study objectives.

They were then adapted for the local context. To gather

information from research participants, it was written in English

and then translated into Afan Oromo, the local language.

The tool includes socio-demographic data (age, sex, religion,

educational level, marital status, place of residence, and monthly

income), fundamental clinical data (family history, comorbidity,

and time since diagnosis), and follow-up conditions of care-

related questions (patients attendance, medication refilled,

inpatient visit, prior consultation, the form of consultation,

access to medication, etc.). To evaluate patients’ attendance

at the medical institution, blood pressure measurements, and

medication refills, a checklist was also employed to analyze

their medical records. By using Cronbach’s alpha (α), the

internal consistency of the questionnaire was further examined,

and 12 follow-up items received a score of 0.85. The data

was gathered using a structured face-to-face interviewer-

administered questionnaire. Two health officers served as

facilitators and three BSc nurses served as data collectors.

Throughout the data-collecting period, all COVID-19 safety

procedures were followed.

Outcome measurement and operational
definitions

There were two categories for the follow-up conditions of

care: good and poor. Twelve “yes-no” questions were used to

assess the follow-up conditions of care. From twelve items, two

of them (unable to obtain prescription drugs and unable to

obtain an in-person appointment) were negatively written, but

before the analysis, they were recorded in the opposite direction

to facilitate computation with other positive items. Following

computation using SPSS, the mean cutoff follow-up conditions

of care was eight with SD ± 0.1. Following that, the overall

score for the follow-up conditions of care was divided into two

categories: good for people who scored higher than or equal to

the mean, and poor unless otherwise stated.
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Good follow-up conditions: Participants in the study

who achieve results above or equal to the mean on the

follow-up conditions of care questions are in good follow-up

circumstances (28, 29).

Poor follow-up conditions: Participants in the study who

achieve results below the mean on the follow-up conditions of

care questions are in poor follow-up circumstances (28, 29).

Medical disruptions: If an individual had to miss or cancel

previously scheduled appointments or is unable to get an in-

person appointment to see their provider (30).

Prescription drug disruption: If an individual is unable to

obtain the prescription drugs they need or have to stop taking

drugs exactly as prescribed to extend the supply (30).

Uncontrolled hypertension: If BP >150/90 mmHg in

hypertensive patients aged 60 years or >140/90 mmHg for

patients aged <60 years and all hypertensive patients with

diabetes mellitus (DM) or chronic kidney disease (CKD) based

on the average of three measurements (31).

Older: Those individuals with an age great or equal to

60 years.

Younger: Those individuals below the age of 60.

Physical distancing: Keeping a distance of 2m from one

another and limiting activities outside the home.

Fear of COVID-19: Anxiety and stress related to COVID-

19 disease.

Isolation: Staying at home and avoiding contact with others.

Data quality controls

To reduce prejudice, data collectors were hired from outside

the data collection area. To ensure a common understanding, the

principal investigator trained data collectors and supervisors for

2 days on the research’s objectives, components, how to choose

study participants, ethical issues, and a basic description of data

gathering. Before the actual data collection, a pretest on 5%

of the total sample was performed in the Negelle Arsi health

center to improve data quality. Last but not least, significant

input was included in the survey. The data collectors were

under the supervision of supervisors. Every day, the supervisors

rechecked the questionnaire’s accuracy to address one issue

at a time.

Statistical analysis

Epi data version 3.1 software was used to enter the

data, which was then exported and analyzed using SPSS

version 26. Variables were compiled using descriptive statistics

(frequency distributions, mean, median, standard deviation, and

calculation of variables). A descriptive frequency analysis was

performed to look for any missing values and outliers. To

determine the linear correlations among independent variables,

multicollinearity was examined using variance inflation factors

and a tolerance test. As a result, no variables in this study

had a VIF > 10 or a tolerance test of 0.1. Hosmer-

Lemeshow and Omnibus tests were used to assess the

model’s goodness of fit. Hosmer-Lemeshow (p = 0.473)

and Omnibus tests (p = 0.000) showed a good model

fit. To account for all potential confounders, in binary

logistic regression, variables with p-values ≤ 0.25 at 95%

confidence intervals (CI) were taken into consideration

and integrated into the multivariable regression model. An

adjusted odds ratio with a 95% confidence interval was

deemed statistically significant in the multivariable model at a

p-value of ≤0.05.

Results

Socio-demographic characteristics of
participants

The research included a total of 409 participants, yielding a

96.69% response rate. More than half of the study participants

228 (55.7%) were male. The median age (±SD) was 52 ±

14.38 years and 142 (34.7%) fall within the age above 60 years.

Around 26.9% attended Elementary school, 35.9% were farmers

in occupation, and 53.1% were urban dwellers.

In terms of essential clinical characteristics, 91 (22.2%)

people had a family history of hypertension. One hundred

eighty-one responders (44.3%) reported co-morbidities with

various conditions. Themedian illness duration for hypertensive

patients was 4.98 years, with an interquartile range of 4.5 years

(Q1 = 2.5 and Q3 = 7). The disease duration varied from 1 to

20 years. Of all responders, 343 (83.9%) were using one or more

anti-hypertensive medications (Table 1).

Follow-up conditions of care

Poor follow-up conditions of care had an overall rate of 29%

(95% confidence interval: 24.9–33.4%). In terms of the follow-

up conditions of care, 347 (84.8%) people visited a medical

institution, 84.3% had their blood pressure taken, 84.1% had

their prescriptions renewed, and 83.1% received counseling.

Participants in the research who had a prior consultation <3

months ago totaled 359 (75.6%). Ninety-two (22.5%) people

experienced medical issues, whereas 338 (82.6%) people were

able to get prescription drugs. Seventy-four (18.1%) had to

cease taking prescription medications exactly as directed. Three

hundred forty (83.1%) had access to medicines from medical

facilities, 375 (91.7%) had access to in-person consultations with

medical experts, 384 (93.9%) had appointments for in-person

consultations, and 171 (41%) had appointments for telephone

consultations with medical professionals (Table 2).
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TABLE 1 Socio-demographic characteristics and basic clinical characteristics of hypertensive patients at West Arsi public health facilities, 2021

(N = 409).

Variables Category Frequency Percentage %

Age in years 20–29 19 4.6

30–39 61 14.9

40–49 82 20

50–59 105 25.7

≥60 142 34.7

Educational status Unable to read and write 105 25.7

Able to read and write 90 22

Primary education (1–8) 110 26.9

Secondary education (9–12) 66 16.1

Higher education 38 9.3

Occupation Farmer 147 35.9

Merchant 113 27.6

Government employee 45 11

Housewife 103 25.2

Others 1 0.2

Residence Urban 217 53.1

Rural 192 46.9

Comorbidity No 228 55.7

Diabetes 136 33.3

Cardiovascular disease 24 5.9

Hyperlipidemia 4 1

Others** 17 4.2

Number of anti-hypertensive drugs 1–2 343 83.9

2–4 66 16.1

Duration of the disease since diagnosed <3 years 101 24.7

3–5 years 161 39.4

>5 years 139 34

*, others for others religion believers, Wakefata, Adventist, Catholic and Traditional believers; **, others for others disease, Stroke, Urinary tract infection, Asthma, and eye disease.

Reasons why prescription drugs are
di�cult to get

Of those who had to cease taking prescription medications

exactly as directed or were unable to acquire them, 24

(32%), 72 (96%), 35 (46.7%), 51 (68%), and 42 (56%)

were due to closed hospital/clinics, fear of COVID-19,

closed pharmacy, fear of using public transit, and the

rising cost of medications, respectively, as indicated in

Table 3.

Reasons why some people are unable to
obtain medicine

Of all respondents, 340 (83.1%) needed to access

medication from health facilities, while the remaining

respondents were unable to do so for a variety of reasons,

including difficulty accessing providers (38.2%), difficulty

traveling (82.3%), inability to pay for medication costs

(76.4%), and pharmacy closure (67.6%), as indicated in

Figure 1.

Time to refill medications

Of all respondents, 204(49.9%) said their prescriptions

were renewed every 3 months, while only 1.7% said

they weren’t (Figure 2).

The potential reasons for reduced access
to healthcare

According to the findings of this survey, 217 (53.1%)

insufficient transportation, 169 (41.3%) pharmaceutical costs,

263 (63.3%) fear of COVID-19, and 138 (33.7%) shortage of

necessary medicine and closure of some health facilities are
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TABLE 2 Follow-up condition of care among adult hypertensive patients at West Arsi public health facilities during COVID-19, Ethiopia, 2021

(N = 409).

Variables Category Frequency Percentage %

Patients attend health facilities Yes 347 84.8

No 62 15.2

BP measured Yes 345 84.4

No 64 15.6

Medication refilled Yes 347 84.8

No 62 15.2

Advice given Yes 346 84.6

No 63 15.4

Prior consultations <3 months 309 75.6

>3 months 100 24.4

Unable to obtain an in-person appointment Yes 92 22.5

No 317 77.5

Unable to obtain prescription drugs Yes 75 18.3

No 334 81.7

Able to get prescription medication Yes 338 82.6

No 71 17.4

Able to get access to medication Yes 340 83.1

No 69 16.9

Get access to an in-person visit Yes 375 91.7

No 34 8.3

Did you have an appointment with a healthcare provider in person for your high blood pressure? Yes 384 93.9

No 25 6.1

Did you have an appointment either by phone or computer for high blood pressure? Yes 171 41.8

No 238 58.2

The overall follow-up condition of care Good 290 70.9

Poor 119 29.1

TABLE 3 Reasons why prescription drugs are di�cult to get among

adult hypertensive patients at West Arsi Public health facilities during

COVID-19, Ethiopia, 2021 (N = 75).

Variables Frequency Percentage %

Reasons why prescription drugs are difficult to get (N = 75)

Because of closed hospitals/clinics 24 32

Due to fear of COVID-19 72 96

Pharmacy closed 35 46.7

Due to fear of using public transport 51 68

The Increased cost of medicine 42 56

possible reasons that reduce access to health care (Figure 3).

One hundred twenty-nine (31.5%) reported that their health

condition declined due to a lack of access to health care.

COVID-19 preventive measures related

According to this study, 244 (59.7%) of study participants

reported lockdown measures, followed by physical distancing

188 (46%), and isolation 76 (18.6%) were factors that affected

seeking health care services.

Factors associated with poor follow-up
conditions of care

In a binary logistic regression analysis, poor follow-

up conditions of care were substantially correlated with

age, educational status, monthly income, site of residence,

comorbidities, transportation issues, fear of COVID-19, physical

distance, and isolation. However, gender, religion, occupation,

and marital status were not associated with the outcome

variable. To control confounders, all variables with a p-value of

<0.25 in the bivariable analysis were further considered in the

multivariable logistic regression analysis.

Age, fear of COVID-19, transportation issues,

comorbidities, and physical distance were all substantially

linked with poor follow-up conditions of care on multivariable

logistic regression analysis with a p-value < 0.05. Patients over

the age of 60 were 3.55 times more likely than younger people

to have poor follow-up conditions of care (AOR = 3.55, 95%
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FIGURE 1

Reasons why some people cannot get medicine during COVID-19, among hypertensive patients at West Arsi public health facilities, Ethiopia,

2021.

FIGURE 2

Medication refilled during COVID-19, among hypertensive

patients at West Arsi public health facilities, Ethiopia, 2021.

CI: 2.09–6.03). Those who dread COVID-19 are 3.34 times

more likely than their counterparts to have poor follow-up

conditions of care (AOR = 3.34, 95% CI: 1.59–7.01). When

compared to patients without transportation issues, patients

with transportation issues had a 2.43 times higher likelihood of

having poor follow-up conditions of care (AOR = 2.43, 95%

CI: 1.28–4.61). Comorbidities increased the likelihood of having

poor follow-up conditions of care by 1.93 times compared

to counterparts (AOR = 1.93, 95% CI: 1.14–3.26). When the

physical distance was present, the odds of poor follow-up

conditions of care were 2.43 times greater than when it wasn’t

(AOR= 2.43, 95% CI: 1.44–4.12) at p-value 0.05 (Table 4).

Discussion

According to this study, 29% of patients had poor follow-

up conditions. This discovery was consistent with observations

from Northwest Ethiopia (32). However, the results of this study

were lower (70%) than those of the Addis Ababa study (23).

These may be explained by variations in temporary lockdown

measures, attitudes about COVID-19, and methodological

variations, particularly in terms of data collection techniques

and research timeframe. In the current study, patients over

the age of 60 years were more likely to have poor follow-up

conditions of care. This matched the findings of the Addis Ababa

investigation (23). The elderly are at a higher risk of COVID-

19 case fatality, no caregivers are available for senior patients,

and there are comorbid conditions present, which discourage

the patients from attending treatment follow-up care (11, 32).

Another reason for this might be the physiological outcome

of weakened immunity in older persons, which increases the

severity of COVID-19 risk factors and age-related reasonable

comorbidity, both of which have a substantial influence (33–37).

As a result, patients become concerned about the outbreak, and

medical facilities are compelled to close. However, the findings

of a research conducted in Islamabad, Pakistan, contradict our

findings (38). This chasm may be produced by the patient’s

understanding of their ailment as well as the length of their

therapy. For example, elderly patients getting long-term care

adhere to their treatment plan and timeline. As a result, they

have favorable follow-up medical conditions.

In this study, patients who dread COVID-19 were more

likely than their counterparts to have poor follow-up conditions

of treatment. This was in line with a prior investigation carried

out in Addis Ababa (23). The outbreak provided ample evidence

that anxiety, the high-risk perception among hypertension

patients, and widespread media misinformation all played

significant roles (39).

Patients with transportation problems had a greater risk of

receiving subpar follow-up treatment than patients without such

issues. This was consistent with the Addis Ababa study (23). The
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FIGURE 3

The potential cause of reduced access to healthcare among adult hypertensive patients on follow-up at West Arsi public health facilities,

Ethiopia, 2021.

TABLE 4 Bivariable and multivariable logistic regression analysis depicting factors associated with poor follow-up conditions of care among adult

hypertensive patients at West Arsi public health facilities, Ethiopia, 2021 (N = 409).

Variables Follow-up conditions COR (95% CI) AOR (95% CI

Poor (%) Good (%)

Age Older 70 (49.3) 72 (50.7) 4.3 (2.75, 6.8)*** 3.55 (2.09, 6.03)***

Young 49 (18.4) 218 (81.6) 1 1

Place of residence Rural 73 (38) 119 (62) 2.28 (1.47, 3.53)*** 0.91 (0.48,1.73)

Urban 46 (21.2) 171 (78.8) 1 1

Fear of COVID-19 Yes 105 (40.5) 154 (59.5) 6.62 (3.62, 12.11)*** 3.34 (1.59, 7.01)**

No 14 (9.3) 136 (90.7) 1 1

Transportation problem Yes 94 (42.4) 125 (57.6) 4.6 (2.76, 7.33)*** 2.43 (1.28, 4.61)**

No 27 (14.1) 165 (85.9) 1 1

Comorbidity Yes 71 (39.2) 110 (60.8) 2.42 (1.56, 3.75)*** 1.93 (1.14, 3.26)*

No 48 (21.1) 180 (78.9) 1 1

Physical distancing Yes 75 (39.9) 113 (60.1) 2.67 (1.72, 4.15)*** 2.43 (1.44, 4.12)**

No 44 (19.9) 177 (80.1) 1 1

Educational status No formal education 41 (39) 64 (61) 1.86 (1.16, 2.97) * 1.34 (0.72, 2.50)

Formal education 78 (25.7) 226 (74.3) 1 1

Isolation Yes 40 (44.4) 50 (55.6) 2.43 (1.49, 3.96)*** 1.70 (0.94, 3.09)

No 79 (24.8) 240 (75.2) 1 1

Monthly income <1,500 ETB 89 (33.7) 175 (66.3) 1.93 (1.2, 3.11)** 1.57 (0.78, 3.15)

>1,500 ETB 30 (20.8) 114 (79.2) 1 1

COR, crude odds ratio; CI, confidence interval; AOR, adjusted odds ratio; significant at *p < 0.05; **p < 0.01; ***p < 0.001.

conceivable defense may be that there is a government lockdown

and that there is a COVID-19 contracting scare. For instance, the

government announced the COVID-19 preventive procedure

after the pandemic emerged to stop the virus from spreading

throughout the nation. The restriction of transportation services

was one of the procedures. As a result of the risk posed by

COVID-19, transportation services are drastically reduced. It

was said that restrictions on transportation for health reasons

had existed in the past (40). On the other hand, transportation

and mobility have emerged as possible hotspots for the virus’

transmission, particularly in areas with dense populations and

few resources (41). The need for patient follow-up care may

decline as a result. Another reason could be that most people

travel from far-flung rural areas to get health care.

In this research, comorbidity increased the likelihood of

having subpar follow-up conditions of care. This contradicted

the findings of a study conducted in Islamabad, Pakistan (38).

This disparity might be attributed to the research participants’

differing degrees of knowledge about the risk of getting

COVID-19 and its severity. Furthermore, COVID-19 is likely to
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impact those with underlying medical illnesses more frequently,

hasten the course of the disease, and considerably increase

mortality across all age groups, particularly those over the age

of 60 (42). As a result, patients may become less reluctant to seek

medical treatment.

Physical distance increased the likelihood of poor follow-up

conditions of care compared to no physical distance. However,

there were no research that supported this discovery. This might

be due to physical separation, which encourages patients to stay

at home, and medical personnel limiting the number of patients

admitted to the hospital in order to prevent the coronavirus

from spreading.

Another reasonmight be related to the reduction of essential

clinical services, loss of patient follow-up, fragmentation of

care, the decline in direct healthcare worker participation, and

restrictions on patient access to health facilities because of

enforced physical distance (43).

Implications for clinical practice

The results of our study have significant implications for

practice and policy. Treatments that improve patients’ follow-

up care circumstances at health institutions must be designed

and implemented. We discovered numerous characteristics

linked with poor follow-up conditions of care in this study,

including age, fear of COVID-19, transportation issues, the

existence of comorbidities, and physical distance. As a result,

any intervention aimed at enhancing follow-up care conditions

might be beneficial. Interventions to improve follow-up

conditions of care may include providing free medical care,

educational interventions to educate patients about the benefits

of regular treatment follow-up, providing awareness on COVID-

19, family support, providing better services in healthcare

settings, sending reminders to patients via phone calls, SMS,

emails, and other means, linking patients to the nearby health

facility, and so on (44–48).

To avoid the future advancement of their disease and its

consequences, patients must be educated on how to carefully

follow the directions offered by healthcare professionals.

Because appropriate follow-up conditions of care result in

optimal blood pressure control, healthcare practitioners should

emphasize the necessity and purpose of attending follow-up

appointments during first consultations. This would enable

them to undertake required monitoring and medication

optimization to provide the best potential treatment outcomes

for patients (38). Because inpatient therapy was not possible due

to the hazards of COVID-19 transmission, sending reminders

through phone call, SMS, and email was an optional treatment

approach to ensure continuity of care. Better health care was

highly indicated by identifying persons at high risk, such as

older patients and those with comorbidity, because this group of

patients was extensively attacked by COVID-19 and the severity

of the disease itself was worse in this group of patients. This

results in better follow-up care. In general, during COVID-19,

there is an urgent need for a systematic strategy to improve

patient follow-up care, with a mix of a patient-centric approach

and any digital and mobile technologies strongly suggested

(49). The distribution and cause-effect relationship should be

researched further in future studies.

Strength and limitations

The study’s strength is that it involved many centers

and included various hypertension individuals with various

features. This broadens the applicability of the findings and

the representativeness of sample groups. A whole dataset

of medical records and in-person interviews were employed

as data acquisition strategies to improve data accuracy and

completeness. Physical distance was one of the variables that was

included to determine how it affected the conditions of care for

subsequent visits. However, there are certain limitations to this

study. The study’s design was its main shortcoming. Due to the

retrospective nature of the study, memory bias may result from

study participants’ inability to recollect their former experiences.

We employ a self-reported instrument that might introduce

social desirability bias. Additionally, the study excluded adult

hypertension patients who were receiving follow-up care at

private medical institutions.

Conclusions

This study found that 29% of patients had poor follow-

up conditions of treatment. When compared to WHO

recommendations, the findings of this study may explain poor

follow-up care conditions. To increase patients’ follow-up care,

evidence-based target interventions should be designed and

implemented, taking into account individuals at high risks,

such as those over the age of 60, those with comorbidity,

and identifying other risk factors. And to stop the situation

from getting worse, healthcare providers and other stakeholders

should work in collaboration.
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Background: Diabetes mellitus (DM) is one of the leading chronic diseases

globally and one of the most common causes of death, morbidity, and poor

quality of life. According to the WHO, DM is also one of the main risk factors

for developing active tuberculosis (TB). Subjects with DM are at a higher risk

of infections, in addition to frequent micro and macrovascular complications,

and therefore sought to determine whether poor glycemic control is linked to

a higher risk of developing TB.

Methods: We used a retrospective cohort of diabetic subjects to predict the

incidence of TB. All DM patients were recruited from Ciutat Vella (the inner-

city of Barcelona) from January 2007 until December 2016, with a follow-up

period until December 2018 (≥2 years). Data were extracted from Barcelona’s

Primary Care medical record database - SIDIAP, and linked to the Barcelona TB

Control Program. The incidence of TB and the impact of glycemic control were

estimated using time-to-event curves analyzed by Cox proportional hazard

regression. Hazard ratios (HRs) and 95% confidence intervals (CIs), unadjusted

and adjusted by potential confounding variables, were also assessed, which

included age, sex, diabetes duration, macrovascular and microvascular

signs, BMI, smoking habit, alcohol consumption and geographical origin.
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Results: Of 8,004 DM patients considered for the study (equating to 68,605

person-years of follow-up), 84 developed TB [incidence rate = 70 (95% CI:

52–93) per 100,000 person-years]. DM subjects with TB were younger (mean:

52.2 vs. 57.7 years old), had higher values of glycosylated hemoglobin (HbA1c)

(7.66 vs. 7.41%) and total triglycerides (122 vs. 105 mg/dl), and had twice the

frequency of diabetic nephropathy (2.08 vs. 1.18%). The calculated incidence

rate increased with increasing HbA1c: 120.5 (95% CI 77.2–179.3) for HbA1c ≥

7.5%, 143 (95% CI 88.3–218.1) for HbA1c ≥ 8% and 183.8 (95% CI 105–298) for

HbA1c ≥ 9%. An increase in the risk of TB was also observed according to a

poorer optimization of glycemic control: adjusted HR 1.80 (95% CI 0.60–5.42),

2.06 (95% CI 0.67–6.32), and 2.82 (95% CI 0.88–9.06), respectively.

Conclusion: Diabetic subjects with worse glycemic control show a trend

toward a higher risk of developing TB.

KEYWORDS

comorbidities, diabetes mellitus, diabetes complications, glycemic control, Primary

Health Care, social determinants of health, tuberculosis

Introduction

Diabetes mellitus (DM) is one of the leading chronic diseases

in the world (1) and one of the most common causes of death

(2). Diabetes-associated mortality particularly impacts patients

in low and middle-income countries due to poor control of the

disease. Type 2 DM (T2DM) is the most frequent type of DM,

accounting for∼90% of DM worldwide (3).

In patients with DM, chronic hyperglycemia underlies

the development of macrovascular and microvascular

complications, these complications are associated with the

greatest burden on patients, caregivers and the health system (4–

6). The aim of DM management is to prevent the development

of these complications by achieving and maintaining glycemic

control. A legacy effect is already known, i.e., early intensive

optimization of glycemic control is frequently associated with a

favorable reduction in the risk of myocardial infarction, death

from any cause and microvascular disease, with the benefits

of improved glycemic control in newly diagnosed patients

maintained over time (7).

Besides vascular complications, DM has also been linked

to an increased incidence of infections (8, 9), especially

those related to lower respiratory, gastrointestinal, and urinary

tract infections, and bacterial and mycotic skin and mucous

membrane infections (8, 10). Current evidence suggests that DM

patients with a poorer glycemic control are at an increased risk

of these infections and consequent hospitalization and mortality

(11, 12). In addition to the infections mentioned above, DM is

considered an important risk factor for developing tuberculosis

(TB) (2, 13), and poor glycemic control has been associated with

a higher risk of developing this infection and worse outcomes

(14–16). Moreover, patients with DM have an increased risk of

cavitary pulmonary TB and hospitalization (17) and more risk

of treatment failure, death, relapse and multidrug resistant TB

(MDR-TB) (18).

Both DM and TB can be considered syndemic conditions

(19). Countries with an increasing prevalence of DM also have

a higher incidence of TB, especially seen in South-East Asia (2).

Therefore, this clinical issue has become a priority for theWorld

Health Organization (WHO) in recent years (20). Focusing on

Europe, althoughmost countries have a low TB incidence, inner-

city districts of big cities, usually disadvantaged urban areas,

show a higher notification rate (21).

In the current study, we used data from the diabetic

population of Ciutat Vella, an inner-city district of Barcelona

that has a three times higher incidence of TB than other city

districts (22).

We aimed to estimate the incidence and characteristics of TB

in patients with DM according to different HbA1c thresholds to

analyze if higher values of HbA1c are linked to a higher risk of

developing TB.

Materials and methods

Study design

We performed a subanalysis from a retrospective

observational cohort. The methodology related to the primary

data has been previously published (23). In the present study,

we selected a cohort of diabetes patients registered between

January 1st, 2007 and December 31st, 2016, with a follow-up

period until December 2018. The inclusion date was January
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FIGURE 1

Flow chart of the DM cohort within the study population.

1st, 2007, but for those participants who became diabetic during

the study period the date of diagnosis was used.

Study population and sample

The primary study was carried out in the district of Ciutat

Vella, the inner city of Barcelona, with a population of 108,000,

that is characterized by a lower socioeconomic level and a higher

percentage of immigrants (50.1%), compared to the rest of the

city (24), and also has the highest incidence of infectious diseases

(25). A cohort of 8,004 subjects with diabetes was analyzed in this

study (Figure 1).

Inclusion and exclusion criteria

Patients over 18 years who fulfilled the criteria for a DM

diagnosis were included. People younger than 18 years or

without appointments registered in their Primary Health Care

Centre during the study period were excluded.

Data sources

All data were treated as confidential according to the ethical

principles of the Helsinki Declaration of 1964, revised by the

World Medical Organization in Fortaleza, Brazil, in 2013, and

the Spanish Organic Law 3/2018 of Data Protection. Clinical

characteristics and specific data on DM were extracted from the

Primary Care medical record database from Barcelona. Specific

data on TB were obtained from the Barcelona TB Prevention

and Control Program. Both sources were linked through

an anonymized unique identifier. Patients’ informed consent

was unnecessary because the databases consisted of pseudo-

anonymized data. This study obtained an Ethics Committee

approval in 2016 (code P16/023).

Variables

The primary outcome was defined as the occurrence and

date of a TB diagnosis during the follow-up period.

We obtained the following information on the subjects

at baseline: (1) demographic characteristics, smoking

habits, and excessive alcohol consumption [defined by the

recorded International Classification of Disease 10 (ICE.10)

F10.1], (2) clinical variables, (3) laboratory data, (4) history

of comorbidities.

When analyzing the country of origin, those patients from

South-East Asia (Pakistan, Bangladesh, and India) (24) were

grouped in one category: Hindustani origin.

We considered subjects to have DM if they had an ICD-10

(International Classification of Diseases) diagnostic code for

DM in their medical record (E10–E14) or if they were taking

any class of antidiabetic drug other than metformin (sometimes

used to treat other conditions). Diabetes-related information
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TABLE 1 Baseline characteristics of the study variables in diabetic patients without and with the occurrence of tuberculosis during the follow-up

period.

Variable Type 2 DM without TB

(n = 7,956)

Type 2 DM with TB

(n = 48)

p-values

Age (years) mean (SD) 57.7 (14.2) 52.2 (13.4) 0.007a

Gender: n (%) 0.353b

Men 4,865 (61.1%) 33 (68.8%)

Women 3,091 (38.9%) 15 (31.2%)

Origin 0.008b

Spain/high-income countries 3,172 (39.8%) 17 (35.4%)

Hindustan 1,069 (13.4%) 14 (29.2%)

Other 965 (12.1%) 7 (14.6%)

Unknown 2,750 (34.6%) 10 (20.8%)

Alcohol abuse 398 (5.0%) 3 (6.25%) 0.733b

Smoking habit 587 (7.38%) 1 (2.08%) 0.260b

Homeless 6 (5.94%) 3 (6.25) 0.837b

Unemployment 9 (14.5%) 15 (32.6%) <0.001b

High social risk (Medea > 2.3) 50 (42.0%) 12 (34.3%) 0.541b

Duration of DM (years) mean (SD) 3.22 (5.77) 2.59 (4.04) 0.280a

Total medical appointments 86.2 (80.7) 115 (84.1) 0.021a

HbA1c (%) mean (SD) 7.41 (1.85) 7.66 (2.24) 0.613a

HbA1c ≥ 7.5% 1,200 (36.3%) 11 (55%) 0.135b

HbA1c ≥ 8% 906 (27.4%) 6 (30%) 0.996b

HbA1c ≥ 9% 565 (17.1%) 5 (25%) 0.271b

BMI (kg/m2) mean (SD) 30.1 (5.30) 29.8 (4.54) 0.798a

BMI < 25 427 (15.9%) 0 0.077b

BMI 25–30 1,010 (37.6%) 9 (64.3%)

BMI > 30 1,249 (46.5%) 5 (35.7%)

SBP (mmHg) mean (SD) 137 (17.8) 135 (19.9) 0.570a

DBP (mmHg) mean (SD) 79.3 (11.2) 78.5 (12.5) 0.791a

Total cholesterol (mg/dl) mean (SD) 207 (48.0) 205 (45.7) 0.850a

HDL cholesterol (mg/dl) mean (SD) 48.1 (13.5) 45.5 (7.62) 0.165a

LDL cholesterol (mg/dl) mean (SD) 124 (36.2) 131 (42.4) 0.504a

Triglycerides (mg/dl) mean (SD) 105 (27.2) 122 (21.2) 0.025a

Hemoglobin 13.5 (1.24) 12.7 (1.57) 0.101a

Platelets 259 (71.4) 326 (80.4) 0.138a

ESR 22.9 (19.1) 40.6 (43.1) 0.411a

DM complications

Macrovascular disease 640 (8.04%) 4 (8.33%) 0.793b

Diabetic retinopathy 296 (3.72%) 2 (4.17%) 0.699b

Diabetic nephropathy 94 (1.18%) 1 (2.08%) 0437b

Diabetic neuropathy 95 (1.19%) 1 (2.08%) 0.115b

Heart failure 221 (2.78%) 1 (2.08%) 1.000b

DM treatment

Non-pharmacological 5,197 (65.3) 31 (64.6) 0.909b

Metformin 2,293 (28.8%) 15 (31.2%) 0,833b

Secretagogues 826 (10.4%) 6 (12.5%) 0.632b

DPP4-i 7 (0.1) 0 0.837b

iSGLT2 1 (0) 0 0.938b

Insulin 550 (6.91%) 3 (6.25%) 0.854b

BMI, body mass index; DBP, diastolic blood pressure; DPP4-i, inhibitors of dipeptidyl peptidase 4; ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; iSGLT2,

Sodium-glucose cotransporter type 2 inhibitors; LDL, low-density lipoprotein; SBP, systolic blood pressure; SD, standard deviation.
at-test.
bFisher’s exact test.
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TABLE 2 Characteristics of tuberculosis patients according to basal glycemic control.

Variable HbA1c < 7.5%

(n = 22)

HbA1c ≥ 7.5%

(n = 24)

p-valuesa

Localization 1.000

Pulmonary 16 (72.7%) 17 (70.8%)

Extrapulmonary 6 (27.3%) 7 (29.2%)

Radiography 0.575

Normal 6 (27.3%) 7 (29.2%)

Cavitary 2 (9.09%) 5 (20.8%)

Anormal non-cavitary 13 (59.1%) 12 (50%)

TST 0.683

Positive 7 (31.8%) 9 (37.5%)

Negative 2 (9.09%) 3 (12.5%)

Unknown 13 (59.1%) 12 (50%)

Bacteriology 0.683

Positive culture 11 (50%) 8 (33.3%)

Negative culture 3 (13.6%) 7 (29.2%)

ADA 1 (4.55%) 1 (4.17%)

PCR (+) 0 (0%) 1 (4.17%)

DM treatment 1.000

Non-pharmacological treatment 13 (59.1%) 14 (58.3%)

NIAD 8 (36.4%) 9 (37.5%)

Insulin 1 (4.55%) 1 (4.17%)

a Fisher’s exact test.

TST, tuberculine skin test; NIAD, Non-insulin antidiabetic treatment; ADA, adenosine deaminase; PCR, protein chain reaction.

was collected including glycated hemoglobin (HbA1c) during

the follow-up, DM duration and treatment (i.e., lifestyle

management, oral medication: metformin, secretagogues,

DPP4-I, ISGLT2, arGLP1, and/or insulin), microvascular

(neuropathy, nephropathy, retinopathy) and macrovascular

complications (stroke, peripheral arteriopathy, and ischemic

heart disease), and heart failure. As per the Barcelona TB

Program, an active case of TB was considered when the study

subject had a maintained prescription of an anti-TB drug.

The diagnosis of TB was based on the recommendations

of the Spanish Consensus (26). The priority method was

the bacteriological study (baciloscopy and/or culture), but

when this was not possible, PCR techniques, histology,

biochemical methods (ADA) were used, or radiological and/or

clinical impression.

This program has an active epidemiological surveillance

system that makes under-detection very unlikely, with a good

follow-up of patients that includes the recording of TB cases and

their characteristics, diagnostic procedure (smear observation,

culture, tuberculin skin test), and location (pulmonary or

extrapulmonary) and treatment. The socioeconomic deprivation

index (MEDEA) was collected in patients with TB. This index

classifies each study subject by living area, whereby values with

an average of 0 and a standard deviation of 1 and higher values

indicate a more unfavorable socioeconomic situation (27).

Statistical methods

Baseline comorbidities and demographic and clinical

characteristics were described by frequencies (n) and

percentages (%). Continuous variables were described using

mean and standard deviation (SD). Comparison tests were

computed as appropriate (t-test, and Fisher’s exact test) using

compareGroups R package (version 4.5.1) (28). In Kaplan-Meier

analysis time-varying HbA1c was considered.

We conducted a time-to-event analysis to estimate the

incidence of TB globally and by HbA1c group. Time-dependent

variables with Cox models were performed to examine the

association between glycemic control levels and the risk of

TB (unadjusted and adjusted for confounding variables, as

appropriate). A different grouping strategy was assessed, and

risk profiles were constructed based on HbA1c continuous

and risk cut-off points: ≥7.5%, ≥8%and ≥9%, respectively,

according to local guidelines (29).

A database was constructed for the time-dependent models,

and HbA1c values were updated every time patients had a new

value available. Thus, the last HbA1c was carried over to the next

value (or change) or the end of the follow-up (TB event, death,

or end of study).

Cox proportional risk regression models for clustered

data with constant and varying (HbA1c) variables over
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TABLE 3 Incidence and risk of TB (unadjusted and adjusted hazard ratio) in DM patients depending on HbA1c level (%).

Total person

time (years)

Number

of TB

cases

Incidence

rate per

100,000 p –y

95% CI HR unadjusted HR adjusted

model 1

HR adjusted

model 2

HR

(95% CI)

p-value HR

(95% CI)

p-value HR

(95% CI)

p-value

All DM patients (n

= 8,004)

68,605 48 69.97 51.6–92.8 – – –

DM patients with

HbA1c available (n

= 6,733)

51,188 46 89.9 65.8–120.0 – – –

HbA1c < 7,5% 31,276 22 70.3 44.1–106.5 Ref Ref Ref

HbA1c ≥ 7,5% 19,912 24 120.5 77.2–179.3 2.22

(1.16–4.28)

0.016 1.87

(0.98–3.64)

0.064 1.89

(0.60–5.42)

0.293

HbA1c < 8% 36,468 25 68.6 44.4–101.2 Ref Ref Ref

HbA1c ≥ 8% 14,721 21 143.0 88.3–218.1 2.50

(1.31–4.78)

0.005 2.07

(1.07–4.01)

0.031 2.06

(0.67–6.32)

0.207

HbA1c < 9% 42,481 30 70.6 47.6–100.8 Ref Ref Ref

HbA1c ≥ 9% 8,707 16 183.8 105–298.4 4.36

(2.28–8.33)

<0.001 3.62

(1.86–7.04)

<0.001 2.82

(0.88–9.06)

0.082

Model 1: adjusted by age and sex.

Model 2: adjusted by age, sex, years of evolution of DM, microvascular and macrovascular complications, alcohol, smoking habit and geographical origin. The bold values are the hazard

ratios for each HbA1c thresholds in each model.

FIGURE 2

Cumulative incidence per 100,000 person-year of TB according to HbA1c level.
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FIGURE 3

Forest plot of the factors associated with DM that can influence the appearance of TB.

time were fitted using the survival R package (30). Hazard

ratios (HR), unadjusted and adjusted, with their 95%

confidence intervals (CIs), were estimated. CIs and p-values

were computed with robust standard errors to account for

cluster (subjects).

A sensitivity analysis of different fitted models, including

different adjusted variables, was performed. A complete-

cases analysis was performed with values available. Statistical

significance was established as a p-value < 0.05. Data

management and analysis were performed with the R version

3.6.3 package (31).

Results

General characteristics

A total of 8,004 diabetes subjects were analyzed, equating to

68,605 person-years of follow-up (PYFU), with 48 developing

TB during the follow-up period. Compared to DM subjects

without TB, DM subjects with TB were younger (52.2 vs.

57.7 years old), had higher levels of triglycerides (122 vs. 105

mg/dl), had a higher prevalence of diabetic nephropathy and

neuropathy, and were more frequently from Hindustan (29.2 vs.

13.4%) (Table 1).

Di�erences on TB characteristics

Overall, baseline HbA1c values were available for 46 DM

subjects with TB. No statistically significant differences were

observed in subjects with an HbA1c ≥ 7.5% vs. those with

HbA1c values< 7.5% for localization of TB disease, radiography

and tuberculin skin test (Table 2).

At the time of TB, 88.8% were symptomatic, and 44%

were smear-positive (21.3% were smear-negative, but the culture

was positive).

Regarding treatment, the most commonly used regimen

was the standard treatment with 4 drugs (47.2%), followed by

6 months with 3 drugs (11.2%). In 13.5% of the cases had

resistant TB.
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Risk of developing TB according to
glycemic control

The TB incidence rate was 70 per 100,000 PYFU in the

overall DM group, and was 90 per 100,000 in the DM group

with any HbA1c available. The incidence of TB increased with

increasing HbA1c cut-off values (i.e., highest in the group with

HbA1c ≥9% followed by ≥8% and then ≥7.5%) (Table 3). The

incidence curves for TB over time according to the HbA1c group

also showed that the group with HbA1c ≥ 9% was more prone

to TB than the other HbA1c groups (Figure 2).

The association between HbA1c and risk of TB according

to the different HbA1c cut-off points (HbA1c ≥ 7.5, 8, and

9%) was further analyzed by estimating the unadjusted and

adjusted HR: with higher levels of glycated hemoglobin, a higher

incidence of TB was observed, reaching the highest values in

those subjects with values over 9%. When we adjusted by age

and sex (model 1), we found statistically significant differences

if HbA1c ≥ 8 and ≥9%, but not when adjusting by age, sex,

years of evolution of DM, macrovascular complications, alcohol

or smocking habit, BMI and geographical origin (model 2).

Overall the risk increased with higher values of HbA1c (Table 3;

Figure 3).

Discussion

DM is one of the main risk factors for developing TB (2),

and both diseases frequently coexist, even in countries with

a low incidence of TB (32). In our work, we observed an

increased incidence of TB specially in patients with DM with

higher values of HbA1c; the increased HRs also suggested an

increased risk. This study took place in an inner city district of

Barcelona, where we found in previous work that DM patients

had 1.90 (CI: 1.18-3.07) higher risk of developing TB (23).

Without considering the metabolic control, a prospective cohort

study showed that DM patients had more than 2-fold risk of

developing TB, and this risk increased with increasing number

of DM complications (33).

The higher risk of TB in patients with DM and poor

metabolic control has been studied before (34–36). In a cohort

study conducted in Taiwan with 120,000 patients, with a

multivariate analysis, it was observed that diabetic patients with

poor glycemic control [described as a basal fasting plasma

glucose (FPG) > 130 mg/dl] had twice the risk of developing

TB than non-diabetic patients. While there was no difference

in the risk of TB between non-diabetic subjects and diabetic

patients with good glycemic control, the risk of TB increased

with increasing FPG in diabetic patients (14). The results also

align with another study conducted in China at the hospital

level, where patients with poormetabolic control (also defined as

basal FPG > 130 mg/dl) were 2.66 times more likely to develop

pulmonary TB (37), and with another work also performed in

China, where patients with DM showed higher risks of active

(3.11), culture-confirmed (3.08), and pulmonary (3.63) but not

extrapulmonary tuberculosis with baseline hemoglobin A1c >

7% (38).

In addition, as well as influencing the onset of active

TB, a poor glycemic control may also increase the risk of

latent TB infection. According to this previous study, glycemic

control assessed by glycosylated hemoglobin values influences

the capacity of the host to control the infection by altering

immune response, and had increased susceptibility to pathogens

(39). Supporting this, in a recent meta-analysis, it was concluded

that poor glycemic control (defined by an HbA1c > 7%) would

double the prevalence of TB (40).

Other studies were conducted without finding any relation

between the risk of TB and the metabolic control. In a

population-based study placed in Denmark, the risk of TB in

patients with DM was lower than previously expected (HR 1.18)

and no significant association with glycemic control was found.

Probably the main limitation of this work was the low number

of DM patients analyzed (7 subjects with HbA1c between 7

and 7.9%, 16 for HbA1c ≥ 8% and 20 subjects with unknown

values of HbA1c) and the low probability of TB in low-incidence

countries (41). With similar conclusions, a study performed in

UK showed that the increased risk of TB amongDMpatients was

1.3, it was considered moderate, and no evidence for a higher

risk linked to a worse glycemic control was observed, but DM

patients with the lowest and highest rates of chronic disease

management had a higher risk of TB (42).

The results of our work are in line with the publications

mentioned above: although the results were not statistically

significant, probably due to the small number of patients, the

study was done in a high incidence of TB zone, and a relation

can be observed: with worse glycemic control, the risk of TB is

greater. In the inner cities of developed countries, always with a

high incidence of TB, a good control of DM patients is necessary

to avoid complications as TB.

When adjusting by age, sex, years of evolution of

DM, microvascular and macrovascular complications, alcohol,

smoking habit and geographical origin, the HR in the 9% cut-

off point changes from 3.62 to 2.82. This fact can be explained

because the addition of the variable “geographical origin”.

People from Hindustan are the group with the highest incidence

of TB in our city. They have much more latent TB [as they come

from high incidence countries (2)] and, therefore, a greater risk

of developing active TB.

Disruptions of immunological mechanisms because of

hyperglycemia may explain the increased TB risk. In this

respect, excess glucose may affect cell activation, phagocytic

capacity, microbicide mechanisms of alveolar macrophages

and neutrophils, leukocyte transmigration, and chemotaxis,

potentially delaying antigen presentation and, consequently,

activation of the necessary immunological mechanisms to fight

against Mycobacterium tuberculosis (43). Of note, DM patients
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show the most severe clinical presentation of TB (17), and a

higher risk of mortality and multi-drug resistant TB (18, 44).

Although we did not find significant differences between

groups when when comparing pulmonary or extrapumonary TB

and, on the other hand, the localization of the lesions detected

via chest radiography, other studies have described differences

in those with poorer glycemic control. In a study of more than

600 diabetic patients diagnosed with TB, patients with poor

metabolic control, defined by HbA1c> 7%, hadmore severe TB,

more extensive lung disease, and more cavitations (15). Another

work also described more involvement of lower lung fields and

increased likelihood of cavitation with poor glycemic control

(45). In the work of Huang et al., diabetic patients with a Hb1Ac

> 8% had more extensive lung lesions, atypical findings, more

lymphadenopathy, more cavitation, and a greater likelihood

of involvement of all lung lobes (16). Regarding symptoms,

one study concluded that diabetic patients, especially those

with HbA1c > 9%, had more clinical signs of TB: hemoptysis,

asthenia, and weight loss (46). In our work, although differences

were insignificant, patients with poor glycemic control hadmore

cavitary lesions on chest-x-ray.

The main limitation of this work is the low number of

TB cases found during the follow-up period but our inner-

city has a high incidence of TB compared with the rest of the

city (22) what facilitated this study. Fortunately, TB is not a

frequent disease nowadays in Western European countries but

its incidence in the inner cities of developed countries is still

too high (47). Moreover, we limited the selection of subjects

to those with both diseases: DM and TB. It is a very concrete

group of subjects, but, in our opinion, this analysis has a clinical

and epidemiological value. According to the literature, other

studies which reported a relationship between glycemic control

and TB had a moderate number of subjects with both TB+DM

diseases: 63 and 214 in two studies in Taiwan (14, 16), and 105

in a study in China (37). Within the limitations of working

with real world data, we could not have a systematic follow-

up of glycated hemoglobin as this was a retrospective study.

The small number of cases with TB has made a clear statistical

significance difficult. Working in a real-world-data environment

may have some inherent limitations, but it has the great strength

of reflecting the conditions of standard clinical practice in almost

all patients.

Studies with large databases may involve different types of

bias. Our study has tried to minimize the diagnostic errors of

DM and TB by basing their diagnosis both on the ICD-10 clinical

coding and on the incorporation of complementary variables

such as the use of specific treatment for these pathologies. This

method has been previously validated and published with our

database (48), but we assume that, in some cases, it may be a

limitation. On the other hand, the fact that some data on the

bacteriology of TB diagnosis is not available is a limitation, so

the diagnosis has been complemented with other variables, as

detailed in the Section Methods.

Conclusion

In summary, poor glycemic control is related to an increased

risk of TB development. Given the results of this research,

improved glycemic control can be pursued in DM not only to

reduce the risk of vascular events but also to decrease the risk

of TB and its complications, especially in areas with a high

prevalence of TB. The increasing worldwide prevalence of DM

and failures to eradicate TB, coupled with the synergy between

DM and TB, make it necessary to consider managing these two

diseases together.
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Background: Health self-perception (HSP) is the individual and subjective

concept that a person has of their state of health. Despite its simplicity,

HSP is considered a valid and relevant indicator employed in epidemiological

research and in professional practice as an overall measure of health.

Objectives: (1) To describe and analyze the associations between HSP and

demographic variables, lifestyle and diseases prevalent in a population and (2)

to investigate the relationship between HSP and mortality.

Materials and methods: In a primary care setting, we conducted a longitudinal

study of a random populational sample of a Galician municipality, stratified

by decade of life. A total of 1,516 adults older than 18 years, recruited by

the 2013–2015 AEGIS study, were followed-up for more than 5 years. During

the clinical interview, data were collected on lifestyle and prevalent diseases.

The HSP was grouped into 2 categories (good/poor). The statistical analysis

consisted of a logistic regression, Kaplan–Meier curves and Cox regression.

Results: A total of 540 (35.6%) participants reported poor HSP. At the end of

the follow-up, 78 participants had died (5.1%). The participants with increased

age and body mass index and chronic diseases (anxiety, depression, ischemic

heart disease, diabetes, and cancer) presented a poorer subjective health.

A high level of physical activity and moderate alcohol consumption were

associated with better HSP. A poorer HSP was associated with increased

mortality, an association that disappeared after adjusting for the rest of the

covariates (HR, 0.82; 95% CI 0.50–1.33).
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Conclusion: (1) Health self-perception is associated with age, lifestyle, and

certain prevalent diseases. (2) A poorer HSP is associated with increased

mortality, but this predictive capacity disappeared after adjusting for potential

confounders such as age, lifestyle, and prevalent diseases.

KEYWORDS

health self-perception (HSP), chronic diseases, mortality, lifestyles, primary care

Introduction

Health self-perception (HSP) is based on an individual and
subjective concept that allows a person to assess their overall
state of health. This measure enables a simple evaluation of
the patient’s physical and emotional state. Despite its simplicity,
HSP can show certain hitherto unknown conditions that could
lead to increased morbidity and mortality.

Various studies have shown how individuals tend to assess
their health differently depending on certain characteristics
such as age, sex, education, culture, personality and even
the generation to which they belong (1). HSP has significant
importance to older adults, given that this group presents more
morbidity and mortality, which is frequently associated with
deteriorating functional capacity, resulting in an increased use
of health services. These limitations can cause a depressive state
in patients, which usually results in a poor perception of health
(2). Socioeconomic factors, employment status and educational
level have also been associated with self-rated health. Similarly, a
poor health self-perception has been specifically related to a poor
lifestyle, such as a lack of physical activity and obesity (3, 4).

Cohort studies have found that HSP is a significant predictor
of mortality (5, 6). The relationship between HSP and all-
cause mortality has been described as strong, offering better
predictions than other scores designed for this purpose (7).
Numerous research studies have also related poorer HSP with
the presence of chronic diseases and comorbidities, as well
as increased demand for healthcare services (8). Most of
these cohort studies have been conducted with patients older
than 60–65 years (9–11). Few studies have been conducted
with representative samples of the general population. Those
that have, however, found no association between HSP and
mortality (12). For a better understanding of the mechanisms
by which HSP is related to short and long-term mortality, we
have to consider the potential confounding effects of age and
comorbidities. Tamayo-Fonseca et al. (13) discussed in their
study the worrying increase in negative self-perception, which
along with the aging of the population can predict a change in
certain objectives indicators of health (mortality, use of services,
and disability). Based on a follow-up of a 4-year cohort study,
the authors estimated a statistically significant effect of HSP on
mortality in a Spanish population.

In this study, we studied HSP in a representative sample
of the general adult population of a rural municipality with
a follow-up longer than 5 years. The study objectives were
(1) to determine the effect of the most common demographic
variables, lifestyle, and comorbidities on HSP; (2) to estimate
the effect of HSP on patient mortality; and (3) to determine
its predictive value, taking into account the most common
sociodemographic factors, lifestyle, and certain morbidities.

Materials and methods

Study design

The data source for the present study was the AEGIS study
(“A Estrada Glycation and Inflammation Study”), performed in
the municipality of A Estrada (Spain). AEGIS was a prospective
observational study with a sample of 1516 [678 men (45%)
and 838 women (55%)] individuals selected using randomized
sampling stratified by age of the population of origin. The data
began to be recorded in December 2012 and ended in March
2015. The participants were then followed-up until November
2020, recording the development of diseases or exitus.

Participants were selected using randomized sampling
stratified by decade of life, based on health card registration,
which has a coverage of greater than 95% of the population.
The inclusion criteria were adults (>18 years of age), Spanish
fluency or the ability to communicate and grant their informed
consent. The exclusion criteria were a change in residence,
having a terminal illness, not having the ability to grant informed
consent, and difficulties traveling while participating in the
study. All patients were scheduled for a clinical interview in
A Estrada Primary Care Health Center during which blood
tests, urine tests, electrocardiogram, questionnaires, and a
characterization of the diagnosed diseases recorded in their
medical history were performed.

Health self-perception was measured using the first question
of the Short Form (SF-36) questionnaire (14) “In general, would
you say your health is,” which has the following possible answers:
excellent, very good, good, fair, and poor. To compare with other
studies, we recoded this variable as good (excellent, very good,
and good) or poor (fair and poor) HSP.
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The physical activity level was assessed using the
International Physical Activity Questionnaire–Short Form
(15), which measures the activity performed by the patient in
the past 7 days. We also recorded the tobacco (cigarettes per
day) and alcohol consumption [standard drink units (SDU) per
week]. In the study, we converted the collected data in grams
of alcohol/week. Depending on the consumption, we classified
the participants into 4 categories: 0–9 g/week, 10–139 g/week,
140–279 g/week, and ≥280 g/week.

Information about most prevalent chronic diseases (i.e.,
diabetes mellitus, ischemic heart disease, and cancer) was
extracted from electronic health records of patients according
to International Classification of Primary Care codes (ICPC-2).
Additionally, this data was confirmed by a personal interview.
To assess the patients’ emotional state, we used the Goldberg
anxiety and depression scale in its Spanish-validated version
by Montón-Franco et al. (16). We considered scores ≥2
as probable cases of depression and scores ≥4 as probable
cases of anxiety.

Statistical analysis

The qualitative variables are expressed as absolute
frequencies (and percentages), while the continuous variables
are expressed as means [standard deviation (SD)]. To check
whether there were differences between good and poor HSP, we
used the chi-squared test for qualitative variables and Student’s
t-test or the Mann-Whitney U test for continuous variables.

To assess the association between HSP and the demographic
variables, morbidities and lifestyle, we used multivariate logistic
regression models. The models were first adjusted by age,
and then all the potential predictors were introduced into the
model. In order to account for the age stratified sampling, a
design-based analysis was performed. The sampling procedures
used in the study departed from unequal probability selection.
Compensatory weights were developed to obtain estimates
[prevalences and odds ratios (OR), with their corresponding
95% confidence intervals (CI)] from the original target
population in the study area.

To study the association between HSP and mortality, we
conducted a univariate survival analysis using the Kaplan–Meier
estimator, comparing the differences between groups with the
log-rank test. The study also employed a Cox proportional
hazards model, adjusting the effect of each variable by age
and then taking into account all demographic variables along
with HSP. Based on the coefficients of the Cox regression
models, we calculated the hazard ratios (HR) and their 95% CI.
Compensatory weights were also considered.

The statistical analysis employed the rms (17) and survival
package (18), graphic representations with ggplot2 (19) that
work within R software (20), which is freely available at https:
//cran.r-project.org/.

TABLE 1 Sociodemographic, lifestyle, and comorbidities for the
overall sample and for good and poor self-rated health.

AEGIS sample
n = 1516

Good HSP
n = 976

Poor HSP
n = 540

P

Age, mean (SD) 52.6 (17.6) 48.3 (17.2) 60.4 (15.3) <0.001

Sex

Male, n (%) 678 (44.7) 462 (47.3) 216 (40.0) 0.006

Female, n (%) 838 (55.3) 514 (52.7) 324 (60.0)

BMI, kg/m2 28.2 (5.1) 27.4 (4.8) 29.8 (5.2) <0.001

Physical activity <0.001

Low, n (%) 596 (39.3) 339 (34.7) 257 (47.6)

Mid, n (%) 552 (36.4) 357 (36.6) 195 (36.1)

High, n (%) 368 (24.3) 280 (28.7) 88 (16.3)

Smoking status 0.001

No, n (%) 825 (54.4) 504 (51.7) 321 (59.4)

Ex, n (%) 395 (26.1) 256 (26.2) 139 (25.8)

Current, n (%) 296 (19.5) 216 (22.1) 80 (14.8)

Alcohol <0.001

0–9 g/week, n (%) 546 (36) 322 (33.0) 224 (41.5)

10–139 g/week, n (%) 598 (39.4) 423 (43.3) 175 (32.4)

140–279 g/week, n (%) 241 (15.9) 149 (15.2) 92 (17.0)

>280 g/week, n (%) 131 (8.6) 82 (8.4) 49 (9.1)

DM, n (%) 187 (12.3) 68 (6.9) 119 (22.0) <0.001

IHD, n (%) 65 (4.3) 21 (2.1) 44 (8.1) <0.001

Cancer, n (%) 71 (4.7) 26 (2.6) 45 (8.3) <0.001

Depression, n (%) 372 (24.5) 160 (9.2) 212 (25.5) <0.001

Anxiety, n (%) 334 (22.0) 168 (17.3) 166 (30.9) <0.001

Exitus, n (%) 78 (5.1) 39 (3.9) 39 (7.2) 0.009

BMI, body mass index; DM, diabetes mellitus; IHD, ischemic heart disease; HSP, self-
rated health.

Ethical considerations

The present study was reviewed and approved by the
Clinical Research Ethics Committee from Galicia, Spain
(CEIC2012-025). Written informed consent was obtained from
each participant in the study, which conformed to the current
Helsinki Declaration.

Results

As shown in Table 1, the patients had a mean age of 52.6
(SD, 17.6) years, ranging in age from 18 to 88 years. The
sample consisted of 55.3% women and 44.7% men. Of the 1,516
participants, 296 (19.5%) reported smoking at least 1 cigarette a
day, 24.5% indicated high alcohol consumption (≥140 g/week),
39.4% reported moderate consumption (10–139 g/week) and
only 36% were abstainers or mild consumers (0–9 g/week).
Some 37.9% of the patients had excess weight, and 34.2% had
obesity, with a mean body mass index (BMI) of 28.2 (SD, 5.1)
kg/m2. The most prevalent diseases included in the analysis were

Frontiers in Medicine 03 frontiersin.org

243244

https://doi.org/10.3389/fmed.2022.1015195
https://cran.r-project.org/
https://cran.r-project.org/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-1015195 November 17, 2022 Time: 16:31 # 4

Rañó-Santamaría et al. 10.3389/fmed.2022.1015195

those related to mental health: 24.5% for depression and 22% for
anxiety. Diabetes mellitus was third place with 12.3%.

Factors involved in poor health
self-perception

Table 1 shows the characteristics of the patients with poor
and good HSP. There was a predominance of patients with
good HSP (976, 64.4%), while 540 (35.6%) indicated poor
health perception. The women reported a poor HSP compared
with 31.9% of the men (OR, 0.74; 95% CI 0.59–0.91). As age
increased, the proportion of participants with a poor HSP
tended to increase. The mean age was 48.3 years (17.2) for the
patients with good HSP and 60.4 (15.3) years for those with
poor HSP.

Table 2 shows the univariate and adjusted odds ratios
for predicting poor HSP. With each year, the probability
of presenting poor HSP increased by 4.4% (OR, 1.04; 95%
CI 1.03–1.05). BMI was also associated with HSP. Some
47.5% of the participants with obesity reported a poor health
condition, compared with 22.2% of those with a normal weight
(OR, 1.09; 95 CI% 1.07–1.12). A moderate level of physical
activity behaved as a protective factor for HSP (OR, 0.72;

95% CI 0.56–0.91). However, a high physical activity level was
associated in the univariate analysis with a poor HSP (OR,
1.03; 95% CI 1.03–1.04). The patients who smoked stated a
better HSP (OR, 0.58; 95% CI 0.43–0.77). After comparing
the participants who abstained or were sporadic drinkers
against the consumers, an association between abusive alcohol
consumption (≥280 g/week) and HSP (OR, 0.85; 95% CI 0.58–
1.27) could not be established. The weekly consumption of
10–139 g, however, appeared to be a statistically significant
protective factor against poor HSP (OR, 0.59; 95% CI 0.46–0.76),
with a risk reduction of 41.5%.

The five chronic-prevalent diseases studied were associated
with a poorer HSP. Ischemic heart disease appeared to be the
most influential of all of them, with participants being 4 times
more likely to present poor HSP if they experienced ischemic
heart disease (OR, 4.03; 95% CI 2.37–6.86). The other diseases
also showed a statistically significant relationship with poor
HSP: diabetes mellitus (OR, 3.77; 95% CI 2.74–5.19), cancer
(OR, 3.32; 95% CI 2.02–5.44), depression (OR, 3.31; 95% CI
2.59–4.21), and anxiety (OR 2.14; 95% CI 1.67–2.74).

In the multivariate analysis, age (OR, 1.03; 95% CI 1.02–
1.04), higher BMI (OR, 1.05; 95% CI 1.02–1.08) and presenting
a prevalent disease [depression (OR, 2.29; 95% CI 1.70–3.09),
cancer (OR, 2.08; 95% CI 1.20–3.62), diabetes mellitus (OR,

TABLE 2 Univariate and adjusted odds ratios for poor self-rated health and their 95% confidence interval.

Univariate analysis Adjusted for age Multivariate model

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI

Age 1.04* 1.04–1.05 – – 1.03* 1.02–1.04

Male sex 0.74* 0.59–0.91 0.77* 0.61–0.96 1.01 0.75–1.36

BMI 1.10* 1.07–1.12 1.06* 1.04–1.09 1.06* 1.03–1.08

Physical activity

Low Ref. Ref.

Intermediate 0.72* 0.57–0.91 0.73* 0.56–0.94 0.83 0.64–1.10

High 0.39* 0.29–0.53 0.53* 0.39–0.72 0.67* 0.48–0.94

Smoking

No Ref. Ref. Ref.

Ex 0.85 0.66–1.09 0.85 0.65–1.11 0.90 0.66–1.23

Current 0.56* 0.41–0.75 1.07 0.77–1.48 1.17 0.82–1.68

Alcohol

0–9 g/week Ref. Ref. Ref.

10–139 g/week 0.58* 0.45–0.74 0.63* 0.48–0.81 0.65* 0.49–0.87

140–279 0.89 0.65–1.22 0.68* 0.49–0.96 0.77 0.53–1.12

g/week 0.89 0.59–1.33 0.73 0.47–1.11 0.84 0.51–1.36

>280 g/week

DM 3.35* 2.53–4.45 1.99* 1.47–2.68 1.77* 1.29–2.45

IHD 3.86* 2.33–6.56 1.78* 1.05–3.09 1.80* 1.01–3.25

Cancer 3.08* 1.92–5.03 1.61 0.97–2.68 1.72* 1.01–2.96

Depression 3.43* 2.56–4.62 2.96* 2.18–4.04 2.38* 1.71–3.32

Anxiety 2.27* 1.78–2.91 2.70* 1.04–2.07 2.46* 1.85–3.28

*Indicates statistically significant odds ratios for p < 0.05. BMI, body mass index; DM, diabetes mellitus; IHD, ischemic heart disease; HSP, self-rated health.
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TABLE 3 Demographics, lifestyle, and comorbidities for patients at
5–8 years of follow-up.

Alive
n = 1438

Exitus
n = 78

P

Age, mean (SD) 51.5 (17.1) 73.2 (10.9) <0.001

Sex 0.024

Male, n (%) 633 (44.0) 45 (57.7)

Female, n (%) 805 (56.0) 33 (42.3)

HSP 0.009

Good, n (%) 937 (65.1) 39 (50.0%)

Poor, n (%) 501 (34.9) 39 (50.0%)

BMI, kg/m2 28.1 (5.0) 29.9 (5.5) 0.007

Physical activity 0.009

Low, n (%) 557 (38.7) 39 (50.0)

Mid, n (%) 521 (36.2) 31 (39.7)

High, n (%) 360 (25.1) 8 (10.3)

Smoking status 0.008

No, n (%) 784 (54.5) 41 (52.6)

Ex, n (%) 365 (25.4) 30 (38.5)

Current, n (%) 289 (20.1) 7 (8.9)

Alcohol 0.588

0–9 g/week, n (%) 515 (35.8) 31 (39.7)

10–139 g/week, n (%) 573 (39.9) 25 (32.0)

140–279 g/week, n (%) 227 (15.8) 14 (18.0)

>280 g/week, n (%) 123 (8.6) 8 (10.3)

DM, n (%) 56 (11.5) 22 (28.2) <0.001

IHD, n (%) 50 (3.5) 15 (19.3) <0.001

Cancer, n (%) 57 (3.9) 14 (17.9) <0.001

Depression, n (%) 218 (15.16) 10 (12.8) 0.688

Anxiety, n (%) 319 (22.3) 15 (19.5) 0.663

BMI, body mass index; DM, diabetes mellitus; IHD, ischemic heart disease; HSP, self-
rated health.

2.02; 95% CI 1.41–2.90), ischemic heart disease (OR, 1.99;
95% CI 1.09–3.61), and anxiety (OR, 1.68; 95% CI 1.23–
2.31)] were associated with a poor HSP. Sex, moderate physical
activity, and tobacco consumption showed no significant effect
on HSP.

Relationship between health
self-perception and mortality

Over the course of the follow-up, 78 participants died (5.1%)
(Table 3). In the patient group who rated their health as poor,
7.2% died, while in the group who reported a good HSP, only
4% died. Figure 1 shows the survival curves for the five groups
of responses to the SF-36 questionnaire and for the grouping by
good and poor HSP. As can be observed, all of the participants
who described their health as excellent were still alive by the end
of the follow-up, while the survival of those who stated having
poor health was 88%. For the groups with good and poor HSP,

there were also statistically significant differences between their
estimated survival curves (P log-rank test < 0.01).

Figure 2 shows the effects of the demographic variables and
lifestyle on mortality. In addition to HSP, we can observe a
higher percentage of deceased among the male sex (6.6%) than
among the female sex (3.9%). The older population had more
deaths, with reduced survival in the older ages. The men had a
mortality risk 73% greater than that of the women (HR, 1.73;
95% CI 1.10–2.71), and for each year of life, the risk increased
by 10% (HR, 1.10; 95% CI 1.08–1.12). For each unit increase
in BMI, the mortality risk increased by 6% (HR, 1.06; 95% CI
1.02–1.10). Performing physical activity was a protective factor
for mortality, reducing the risk 67% (HR, 0.33; 95% CI 0.15–
0.71) for high activity and 24% for moderate activity (HR, 0.86;
95% CI 0.53–1.38). Lifestyle habits such as the consumption of
tobacco or alcohol showed no greater risk of mortality in this
follow-up period.

With regard to comorbidities (Figure 3 and Table 4),
ischemic heart disease (HR, 5.82; 95% CI 3.31–10.20) was the
most influential disease, increasing the mortality risk by more
than 5 times compared with those who did not experience it. In
second place was cancer (HR, 4.6; 95% CI 2.61–8.29), followed
by diabetes mellitus (HR, 2.90; 95% CI 1.83–4.59). In terms of
mental diseases, depression (HR, 1.34; 95% CI 0.86–2.23) and
anxiety (HR, 0.82; 95% CI 0.47–1.45) showed no significant
association.

Once the age-adjusted analysis was performed (Table 4),
several of the variables lost their significant association with
mortality: HSP (HR, 0.95; 95% CI 0.61–1.49), BMI (HR, 1.02;
95% CI 0.97–1.07), a high level of physical activity (HR, 0.59;
95% CI 0.28–1.27) and developing diabetes mellitus (HR, 1.40;
95% CI 0.88–2.23). The individuals who smoked (HR, 2.61;
95% CI 1.10–6.18) and the ex-smokers (HR, 2.01; 95% CI
1.25–3.22) were associated with greater mortality. The male sex
(HR, 1.99; 95% CI 1.27–3.12), ischemic heart disease (HR, 2.29;
95% CI 1.29–4.07), and cancer (HR, 1.94; 95% CI 1.08–3.48)
maintained statistical significance and were associated with a
greater mortality risk.

Lastly, after adjusting for all the potential confounders, the
only variable that maintained its significance level in this study
was age (HR, 1.10; 95% CI 1.07–1.12). The rest of the variables,
which included HSP (HR, 0.82; 95% CI 0.50–1.33), were not
associated with survival.

Discussion

This follow-up study of more than 5 years conducted on
a representative sample of the adult population found that a
poorer HSP is more likely in older individuals, those with a
higher BMI and in carriers of a chronic or mental disease. All
of these have been recognized as determinants of HSP through
a multivariate analysis. Moreover, both moderate alcohol
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FIGURE 1

Survival curves for patients according to their self-rated health. In (A), we consider the five groups defined in the SF-36 questionnaire. (B) Shows
the survival curves for good and poor health self-perception.

FIGURE 2

Survival curves according to demographic factors and lifestyles. (A) Age, (B) sex differences, (C) body mass index classification, (D) smoking
status, (E) physical activity, and (F) alcohol consumption.

consumption (10–139 g/week) and the weekly performance of

a high level of physical activity have been related to a better HSP

among the participants. We also found a statistically significant

association between HSP and the patients’ emotional state

(anxiety and depression) after adjusting for other potentially

confounding clinical variables. Finally, we report an association
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FIGURE 3

Survival curves for main comorbidities. (A) Diabetes mellitus, (B) ischemic heart disease, (C) cancer, (D) depression, and (E) anxiety.

between HSP and mortality, with higher mortality rates in those
individuals who indicated poorer HSP. However, after adjusting
for the potential confounders, such as chronic morbidity,
lifestyles, and especially age, there was no statistically significant
association between HSP and mortality.

With regard to the relationship between HSP and mortality,
other studies had seen association also after adjusting for
potential confounders (e.g., 13, 10, 21, and 22). In fact, a
number of studies have shown that self-rated health is an
independent predictor and, in terms of early mortality, is in
second place as a predictor, behind age (21). The results of
studies are variable, but there is also differences on sampling
strategies, study population, HSP assessment, follow-up period,
and statistical analysis. In our case, the results suggest that a poor
HSP is indicative of mortality in the general population, but
this effect is mediated mainly by age. These discrepancies in the
results are likely due mainly to that fact that, unlike our study,
most of the studies had participants older than 60–65 years. In
a study with a broad representative sample of the population
between the ages of 25 and 74 years, Idler et al. (12) also found
no association between HSP and mortality. The effect of HSP on
survival appears to occur only in the older adult group. Thus, in
the meta-analysis performed by DeSalvo et al. (5), the studies

that showed an increase in mortality risk in the individuals
with poor HSP were those in which their participating were
older than 60 years.

The effect that HSP exerts on mortality appears to decrease
over the course of time. A recent study by Lorem et al. (23)
reported a reduction in the HR of HSP, adjusted for confounders,
for follow-up times longer than 5 years.

Other studies on the determinants of a poor HSP have found
similar results. Tamayo-Fonseca et al. (13) analyzed both sexes
separately, observing an association between age, restricted
mobility, educational level, the previous use of hospitals, and
the presence of chronic diseases. As with our study, the authors
found that the variable that most affected HSP is having a
chronic disease. Ge et al. (24) specifically analyzed the individual
influence of certain chronic diseases on HSP. The negative
impact of comorbidities could be related to the fact that these
diseases usually restrict mobility and the performance of daily
activities and increase the prevalence of chronic pain. However,
neither diabetes mellitus nor ischemic heart disease showed
a statistically significant effect in their study. With regard to
mental illness, our results agree with those in the literature
(25–27) in that a current or past history of depressive symptoms
negatively affects HSP.
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TABLE 4 Univariate and adjusted hazard ratios for exitus and their 95% confidence interval.

Univariate analysis Adjusted for age Multivariate model

HR 95% CI HR 95% CI HR 95% CI

Age 1.10* 1.08–1.12 – – 1.10* 1.08–1.13

Poor HSP 2.08* 1.30–3.32 1.03 0.64–1.65 0.95 0.55–1.61

Male sex 1.57 0.98–2.52 1.98* 1.08–1.23 1.91 1.04–3.51

BMI 1.05* 1.01–1.09 1.01 0.95–1.06 1.00 0.94–1.06

Physical activity

Low Ref. Ref. Ref.

Intermediate 0.78 0.47–1.28 0.94 0.56–1.56 0.82 0.48–1.38

High 0.31* 0.14–0.70 0.63 0.29–1.37 0.46 0.21–1.03

Smoking

No Ref. Ref. Ref.

Ex 1.52 0.93–2.49 1.99* 1.20–3.31 1.26 0.65–2.44

Current 0.34* 0.15–0.78 2.63* 1.14–6.07 1.80 0.73–4.48

Alcohol

0–9 g/week Ref. Ref. Ref.

10–139 g/week 0.92 0.53–1.60 1.11 0.64–1.91 1.03 0.59–1.81

140–279 1.07 0.55–2.09 0.74 0.37–1.48 0.53 0.25–1.11

g/week 0.98 0.44–2.18 0.97 0.41–2.26 0.70 0.27–1.81

> 280 g/week

DM 2.85* 1.76–4.63 1.26 0.76–2.09 1.13 0.66–1.96

IHD 6.83* 3.81–12.26 2.41* 1.31–4.43 1.73 0.80–3.73

Cancer 5.18* 2.85–9.41 1.97* 1.05–3.72 1.56 0.78–3.11

Depression 0.87 0.43–1.76 0.62 0.30–1.28 0.74 0.34–1.57

Anxiety 1.02 0.56–1.84 1.12 0.63–2.00 1.30 0.71–2.39

*Indicates statistically significant odds ratios for p < 0.05. BMI, body mass index; DM, diabetes mellitus; HR, hazard ratio; IHD, ischemic heart disease; HSP, self-rated health.

One of the triggers of these diseases in our society is low
financial income (28); however, our study was unable to take this
factor into account when analyzing the results. The literature
shows how a higher income rate could reduce stress levels and
in turn improve the individual’s overall satisfaction. Within
the cardiovascular diseases, a higher income could also have
greater influence, because individuals with greater purchasing
power could invest more in healthy eating, sports activities and
leisure time (3).

In terms of study limitations, we should first note that,
in the initial part of the study (the association between HSP
and demographic variables), we could not establish a clear
line of causality given that we used a cross-sectional approach.
Another possible limitation of the study was not incorporating
other variables that might have affected the research, such as
social (financial level, unemployment, educational level, support
level, and psychosocial problems) and physical factors (limited
mobility and other diseases). The follow-up was limited to
5–8 years, with a mortality rate of 5.1%. Given the small
sample size, the association between mortality and HSP could
have been compromised. Lastly, we should note that the
voluntary participation in the study could have caused a bias.
Although this a population-based study and individuals were

sampled from the community, they could consent or refuse to
participate in research and their willingness to participate is
unlikely to be random. Individuals with more severe conditions
or a poorer HSP might have declined to participate in the
study. Both the mortality data and the poor HSP might have
been underestimated because the individuals who had more
advanced stages of disease were not included in the study.
Finally, this study was performed in a single municipality,
so the generalization of the results could be compromised.
However, in a Estrada municipality we can see a heterogeneous
population part rural part urban, with social indicators similar
to the whole community. Thus, we consider this municipality as
representative of Galician people.

Conclusion

1) Health self-perception is associated with age, lifestyle, and
certain prevalent diseases.

2) A poorer HSP is associated with increased mortality,
but this predictive capacity disappeared after adjusting
for potential confounders such as age, lifestyle, and
prevalent diseases.
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3) Health self-perception is a global measure of health status
that must be taken into account when evaluating patients.
It is associated with prevalent diseases as diabetes mellitus,
ischemic heart disease, and anxiety after adjusting for
possible cofounders.
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Multimorbidity is increasingly present in our environment. Besides, this is

accompanied by a deterioration of social and environmental conditions

and a�ects the self-care ability and access to health resources, worsening

health outcomes and determining a greater complexity of care. Di�erent

multidisciplinary and multicomponent programs have been proposed for the

care of complex patients around hospital discharge, and patient-centered

coordination models may lead to better results than the traditional ones

for this type of patient. However, programs with these characteristics

have not been systematically implemented in our country, despite the

positive results obtained. Hospital Universitario de Canarias cares for patients

from the northern area of Tenerife and La Palma, Spain. In this hospital,

a multicomponent and high-intensity care program is carried out by a

multidisciplinary team (made up of family doctors and nurses together with

social workers) with complex patients in the transition of care (SPICA program).

The aim of this program is to guarantee social and family reintegration and

improve the continuity of primary healthcare for discharged patients, following

the patient-centered clinical method. Implementing multidisciplinary and

high-intensity programs would improve clinical outcomes and would be

cost-e�ective. This kind of program is directly related to the current clinical

governance directions. In addition, as the SPICA program is integrated

into a Family and Community Care Teaching Unit for the training of both

specialist doctors and specialist nurses, it becomes a place where the specific

methodology of those specialties can be carried out in transitional care.

During these 22 years of implementation, its continuous quality management

system has allowed it to generate an important learning curve and incorporate

constant improvements in its work processes and procedures. Currently,

research projects are planned to reevaluate the e�ectiveness of individualized

care plans and the cost-e�ectiveness of the program.
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family practice, multimorbidity, internship and residency, patient care management,

patient-centered care, patient discharge, primary health care, transitional care
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Introduction

Chronic conditions and multimorbidity

Chronic diseases are becoming more frequent. They are

considered to be responsible for 74% of the deaths in the world

(1) and, according to the Global Burden of Disease and Injury

in 2019, account for more than 80% of disability-adjusted life

years in Europe (2). Moreover, analyses carried out in Spain have

postulated that the use of primary care increases in people with

chronic diseases (3–5).

Although there are many definitions, multimorbidity is

mainly considered to be the presence of more than one chronic

condition, which are clinical and non-clinical (6). The presence

of multimorbidity is increasingly present worldwide (7). It has

been observed in studies with Spanish patients that those who

use primary care the most are multimorbid people (3, 4). This

supposes significant challenges for health systems (8, 9). It

has been considered to increase mortality, decrease quality of

life (10, 11), and increase costs and negative consequences for

patients (12, 13).

Associated with the concept of multimorbidity, we found

the concept of complexity. The presence of several chronic

diseases is added to the fact that there are social and

environmental conditions that have an impact on self-care

and access to resources (14). In other words, not only the

number of simultaneous chronic diseases influences health

but also the severity of them added to several psychosocial

factors (15). Complexity could be understood as a dynamic state

in which socioeconomic, cultural, environmental, behavioral,

and biological aspects operate as factors that hinder the

understanding andmanagement of health in certain people (16).

Consequently, the interrelation between different factors may

lead to interactions of diagnostic procedures or interventions,

different treatment strategies, and multiple healthcare (16).

That is why we distinguished between the complexity of the

case, which refers to overlapping diseases and symptoms,

and the complexity of care, which refers to the provision of

healthcare and the joint involvement of systems and specialties.

A complex case does not necessarily need complex care and

vice versa despite, in most cases, both appear. In addition,

complexity in terms of healthcare utilization can be identified

and may manifest as care-regimen complexity, healthcare

system navigation challenges, or complex networks of healthcare

providers (17). For that reason, we must take into account all

types of complexity when approaching a patient. If we did not,

medical care would not be efficient (18).

Complexity

Thus, complexity, the quality of self-care, and consequently

health outcomes depend on the balance between the

patient/relatives’ capacity (skills, resources, or willingness

to address the demands, including physical and psychological

functioning, socioeconomic resources, social support, literacy,

attitudes, and beliefs) and the workload of the demands (all the

tasks and responsibilities that people face on a day-to-day basis)

(19). Given this perspective, it is clear that the disease-centered

care model cannot be applied to complex patients (20). The

need to care for this kind of patient has led experts to seek a

change in health systems with perspectives of systemic thinking

and the search for common goals (21).

Care transition and transitional patient
care

Among the different elements that increase patients’

complexity, the care transition processes between levels of

healthcare should be highlighted. Patients face several difficulties

with healthcare system navigation, so the transition of care from

home to the hospital and back to home after discharge has

a great impact on patients. In the case of complex patients,

there is a high susceptibility to suffering an interruption in

the continuity of care (22, 23). This lack of continuity has

not only been perceived by professionals but also by patients.

Several experiences of patients in different countries point to the

presence of coordination gaps between levels. Patients perceive

that information is often not passed on during transitions from

hospitals to community settings after discharge (24). In fact,

deficits in communication and information transfer at hospital

discharge are common and may adversely affect patient care, in

terms of clinical outcomes, risk of readmission, and quality of

care and costs (23, 25).

Likewise, some reasons could explain this discontinuation.

First, the physical remoteness of family doctors hinders

follow-up on patients admitted to the hospital. Although the

new technological and information tools have improved the

transmission of information between levels, they fail to replace

the benefit of direct contact between professionals and patients.

Regarding the organization, the care objectives of family doctors

and hospital specialists may not be shared, which can cause

coordination problems. Likewise, the patient-centered clinical

methods of family doctors, a core value in family medicine (26,

27), contrast from those of hospital doctors, which are centered

on the disease. That determines the difference between actions

and decisions. Finally, complex patients, due to their inherent

characteristics, have a lower capacity to face by their own means

the necessary care that originates after hospital admission (28).

There are several strategies that have been carried out with

the intention of overcoming this complexity and improving

health outcomes, especially in transitional care. Some of these

strategies demonstrate a reduction in hospital readmissions and

the average stay (29–31). Among them, it has been observed
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that uniprofessional interventions do not show significant

results on aspects such as hospital readmissions (32) and

that it could be more appropriate to design multiprofessional

and comprehensive care programs in which the patient is

assessed and treated as a whole, and not just as the sum

of its diagnostics (33, 34). Additionally, in the context of

transitional care, high-intensity interventions have been defined

as those long-term interventions committed to continuity

of care, those which involve patient and caregivers, and

those performed before, during, and after hospital discharge

(35); and multicomponent interventions are those consisting

of at least two simple components. It has been observed

that high-intensity, multicomponent, and multidisciplinary

interventions are likely to be effective in reducing readmission

rates (33, 35, 36). Besides, mortality and quality of life

improved with high-intensity and complexity (i.e., frequent

contacts andmore intervention components) of transitional care

interventions (37).

In contrast, we cannot ignore the need for the patient to

take an active part in this process. In this regard, we have the

so-called patient-centered care (PCC) (38–40). Person-centered

interventions during the care transition of complex patients have

been identified by patients and relatives as facilitating factors

of healthcare (41). So, patient involvement in care planning

increases adherence to the care plan and improves the quality

of life (42). This leads us to shared decision-making, which is

a part of PCC. However, associated with the presence of great

complexity of management, these patients find themselves in a

stressful life situation, which makes the shared decision-making

process especially complicated.

A multicomponent and high-intensity care program, using

the PCC method, is carried out by a multidisciplinary team with

complex patients in the transition of care, which is named as

SPICA program. The main aim is to guarantee the continuity

of care for hospitalized patients and improve their socio-family

reintegration of them after hospital discharge.

Context (setting and population) in
which the innovation occurs

SPICA is a technical name formed by the acronym for

“Subprograma de Integración y Coordinación Asistencial” (care

integration and coordination subprogram -or subprocess, too-),

but “Spica” also is a Latin word which means both spike and

tenon. As is well known, a spike is an inflorescence formed by

a set of wheat grains that are arranged along an axis, which

holds them together. Furthermore, a tenon is a piece widely

used in carpentry to join two elements and makes an invisible

junction. Therefore, the SPICA program can be considered

metaphorically as that tenon that brings together all the elements

to maintain the continuity of transitional care. Furthermore, it

does it discreetly, without making these unifying elements too

visible. SPICA program serves as a link between the patient,

primary care, and the hospital providers to maintain continuity

of care (43).

SPICA is identified as an integrated health service delivery

in which the patient is the subject of the integration of different

elements, which are needed to facilitate their care. From the

point of view of integration typologies, SPICA incorporates

the elements that have been described (system, organizational,

functional, professional, service, and personal), with different

degrees of intensity (44). In turn, it is a model that encompasses

the individual integrated care that includes case management,

individual care planning, and patient-centered medical home

coordination. Being developed in the care transition, the

program focuses on those hospitalized patients who present

greater complexity, and therefore, greater difficulty and support

needs to return home.

Its activity takes place at the Teaching Unit of Family and

Community Care “La Laguna-Tenerife Norte” (45), which is

located in Hospital Universitario de Canarias and attends to

patients admitted to it, with a reference population of ∼384,000

people, of which 338,000 are adults.

This program is currently made up of 5 teams, and each one

is made up of a family doctor and a primary care nurse. It also

has administrative support. It is coordinated by one of the team’s

family doctors. In turn, this coordinator reports to the director

of this Teaching Unit.

The team has management by objectives and values, linked

to incentives, with quantitative and qualitative components.

The base of patients of which SPICA works is around

22.000 hospital admissions (2021) in Hospital Universitario de

Canarias (La Laguna), of which 16.300 constitute the actual

target population for Spica (patients discharged from medical

services or surgeries and more than 1 day of hospital stay).

Thus, from a quantitative point of view, the overall objective

of this program is to include 900 patients per year with

established quality standards (representing at least 5.5% of target

patients). An efficiency of 85% is required from the teams, that is,

out of these 900 patients, at least 792 (12%) must be discharged

home (which represents at least 4.9% of hospital discharges). The

qualitative objectives are related to the content and timing of

the global care plan. This plan must be available before the first

appointment with primary care professionals after discharge.

The program works with highly complex patients without

specific age criteria or reason for admission if they meet the

inclusion criteria established by the program itself (refer to

Table 1). The inclusion criteria have been selected in relation

to the characteristics of the patients that determine a complex

hospitalization or a greater possibility of difficulties or barriers

at discharge.

Patients access the program through the following two

different ways:

(A) Hospital inpatient screening: The program considers

the group of hospitalized patients as a population with risk
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TABLE 1 Inclusion criteria for the SPICA program.

Inclusion criteria (at least, 1 major or 3 minor criteria)

Major criteria Minor criteria

• Patient receiving home care (confined/immobilized). • Age over 74.

• Terminal disease (end of life care). • >2 Chronic diseases (i.e., diabetes mellitus, heart failure, renal chronic disease, Parkinson’s disease,

• Cognitive impairment (Pfeiffer test >4). COPD or cirrhosis).

• Dependency in activities of daily living (Katz index > A). • Poor self-perceived health.

• Disabling bone fracture. • Major depression.

• Living alone. • Severe visual or hearing impairment.

• Previously attended by SPICA program. • Malnutrition.

• Hospitalization in the last 6 months.

• Dependency in instrumental activities of daily living.

• Falls in the last 3 months.

components, especially in terms of continuity of care after

discharge. For this reason, the screening process is carried out

by the team’s own professionals, who include the patients they

consider to benefit most from their care (according to the

criteria. Refer to Table 1).

(B) Opportunistic recruitment: It is carried out at the request

of the service responsible for the hospital admission, primary

care doctor, family, social workers, or the own patient.

As the SPICA program is part of the Canary Health Service,

it will not be able to coordinate those patients who are referred

from or to private health services. Likewise, when patients

are discharged prematurely or the hospitalization time is too

short (72 h), they cannot be coordinated. Finally, those patients

who reject it or who are transferred to other hospitals are

also excluded.

As mentioned earlier, although SPICA attends without

age restriction, hospital inpatient screening among pediatric,

obstetric, and psychiatric patients is not performed, and only

opportunistic recruitment is conducted.

Detail to understand key
programmatic elements

Since its design, the SPICA program incorporated and

developed the core elements of the Chronic Care Model (46–

49). SPICA professionals work in functional alliance with

other medical specialists (both medical and surgical specialties),

social workers and nurses specialized in other areas (depending

on the case they attend), and family doctors and primary

healthcare nurses. So, SPICA is a patient-centered program

that incorporates comprehensive and contextual assessment,

evidence-based clinical practice, and intra- and inter-level

and inter-sectorial (with social services) coordination. In

addition, the program purposes problem-solving through a

multiprofessional and cooperative style.

As it has been said, this is a high-intensity and

multicomponent program. So, it was ahead of its time,

since it was not until a few years after its design that the

efficacy of high-intensity and multicomponent interventions

was confirmed (33, 35, 37).

Patient-centered comprehensive
assessment

SPICA program intends to move away from transversality

in care, and its main aim is to maintain continuity of

care. When a patient is included in the program, and

before the first assessment, SPICA professionals inquire on

patients’ history, their pathobiography, and context in which

they live before admission. In this way, professionals seek a

unique integrated understanding of each patient and acquire

longitudinal knowledge of them. Deep knowledge of the

previous state of the patient allows us to take the helm from

primary care, continue it during hospitalization, and return it

back to primary care after discharge.

After acquiring this prior information, the team performs

its face-to-face evaluation of the patient. The patient assessment

includes a comprehensive biopsychosocial evaluation (including

patients, their family environment, and the available

resources) (refer to Table 2 and more detailed information

in Supplementary Appendix I) and is complementary and

synergistic to the clinical evaluation carried out in the hospital.

In this part, the objective is to know not only the patient’s

disease (medical history, physical examinations, and diagnostic

tests) and experience of the disease but also their aspirations

and their meaning. Specifically, illness experience exploration

and the four key dimensions of it (feelings, ideas, functions,
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TABLE 2 SPICA program comprehensive assessment template.

1. Pre-assessment data

1 Identification data

2 Cause of hospital admission and responsible clinical service

3 Personal medical history

4 Active medical problems before to admission

5 Pharmacological and non-pharmacological treatment before to admission

2. Comprehensive assessment

1 Cognitive assessment

2 Functional assessment

3 Psychoaffective assessment

4 Self-perceived health, Illness experience, and treatment experience.

5 Hearing assessment

6 Visual assessment

7 Nutritional assessment

8 Urinary and fecal elimination assessment

9 Condition of the skin

10 Fall risk assessment

11 Family assessment: Functional and structural genogram, family apgar,

caregiver, etc

12 Patient economic resources

13 Patient material resources

14 Home assessment through an interview (if it is necessary, a home visit from

the social worker is requested)

and expectations) (39, 40) are the essential activities of the

SPICA program that is always performed. Besides, the program

pursues understanding the social context in which the patients

live their lives. Families and their life cycles and concerns are

taken into account and displayed by structural and functional

genogram, which is routinely performed on every patient.

Thus, close contact is maintained with the patient’s relatives,

and family interventions are habitually conducted. This allows

the professional to reach a proper meaning of the problems

and attend to patients’ perceptions of health and experience

of the disease. In stressful circumstances such as hospital

admission, changes occur in the elements; therefore, the

understanding of the problems can change, and this leads to

a permanent construction and reconstruction of the meaning.

Bearing in mind this dynamic condition of construction and

reconstruction of meanings is what allows us to formulate all the

patient’s problems before discharge. Therefore, the evaluation

pursues an intentionality that is not merely contemplative but

operational, with an aim at seeking keys to act and establish an

adequate helping relationship (50).

Helping relationship: Patients, families,
and professionals

During hospital admission, an increase in the complexity

of future care is often derived, since the burdens of illness

and care tend to raise and the ability to cope with it

decreases (19). One of the challenges is to intervene to

reduce these burdens of disease and/or care and increase the

capacities and/or possibilities of patients to assume them. For

that reason, the SPICA team has the role of carrying out

horizontal coordination with all the professionals who care

for the patient during hospitalization. Moreover, it also has

the function of performing vertical coordination with primary

care professionals, other professionals outside the hospital

environment, the family/caregiver, the social network, and

the patient.

As the SPICA program works with those patients who

present not only the complexity of the case but also the

complexity of care, in many cases, a large number of

recommendations from different professionals are presented,

which can be overlapping and contradictory. The program is

responsible for coordinating these recommendations. At this

time, the aim is to design an individualized care plan by

establishing the goals and priorities of treatment and identifying

the roles to be assumed by patients, caregivers, and professionals.

To achieve this, the SPICA program searches for a common

ground of understanding among professionals and the patient

that allows the development of a care plan that matches the

patient’s preferences and is congruent with medical expertise

and the best available evidence, but also feasible to apply in

their environment.

In these special circumstances of the case and care

complexity and taking into account that the patient is

experiencing a stressful life event, shared decision-making is

desirable but difficult. To reach a mutual decision, the SPICA

team must gain the trust of the patient/caregiver. This trust is

acquired when the patient, relative, and caregiver (depending

on the case) have the perception that the professional has a

deep understanding of the patient and by maintaining frequent

contact during hospitalization. After exploring whether the

patient and/or caregiver wants or can make decisions, the

professional exposes the options. Once exposed, it is ensured

that the patient and/or caregiver are able to understand them,

and later, a decision will be made together. On occasions, it is

advisable to have some time before making a decision. It should

be noted that this plan is dynamic and interactive, and this is

important for the patient to understand.

Transferring the care plan

During admission, continuous contact is maintained not

only with the patient and their family/caregivers but also with

their primary care providers, relaying a comprehensive report.

At discharge, honoring that intention of maintaining continuity

of care, the SPICA team is in charge of transmitting this

information in the most detailed way possible, both to the

professionals and to the patient/caregiver (refer to Figure 1

and Supplementary Appendix II). Moreover, the intervention
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FIGURE 1

Flowchart (summarized) of the SPICA intervention process. Inclusion criteria of the SPICA program are described in Table 1. *The sections

that make up the SPICA comprehensive assessment are described in Supplementary Annex I. †Circumstances that do not allow the care

coordination for patients included in SPICA program are: transfer of patients to other hospital or an intermediate care facility; death; or

patient/family rejection.
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FIGURE 2

Main components of the Spica intervention.

FIGURE 3

Major components of the Spica design (PC, primary care).
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seeks to improve the quality of life by enhancing the recovery

of the patient’s previous state of health and, if this is not

possible, helping to accept and cope with the new health

situation, promoting self-care training, empowering the patient,

providing emotional support, and enhancing the patient-

clinician relationship (refer to Figure 2).

Discussion section that shares
practical implications and lessons
learned for future applications

The fact that the SPICA program was proposed in 2000 in

“La Laguna-Tenerife Norte” Multiprofessional Teaching Unit

of Family and Community Care represents a singularity in the

Spanish National Health Service. The team that makes up this

Teaching Unit identifies itself with common professional values

that try to make resident doctors and nurses visible during their

training. That is what we call “values function deployment”

(51). These values are Science, Humanity, Commitment, and

Excellence. In this value-oriented training plan, it is created

the conditions in which residents are exposed to the “daily

experience of value,” as a necessary starting point for learning.

The specialized training is based on supervised clinical practice

and personal study, with the progressive assumption of

responsibility, and is complemented by other types of regulated

training activities. Regarding this commitment to training, the

SPICA program is an ideal setting for learning fundamental

values, knowledge, and abilities of the specialty of family and

community care itself (refer to Figure 3). Every year, fifteen

resident medical doctors in their third year of training and

six resident nurses in their second year of training from this

Teaching Unit are trained by working in this program. Each

of them does it for 2 and 1.5 months, respectively (refer

to Supplementary Appendices III, IV). In turn, this program

receives resident nurses and doctors from other Teaching Units

in Spain.

This program is committed to offering quality healthcare,

which is why it pursues continuous quality management. Its

first evaluation, at the end of 2000, showed positive effects

in reducing hospital stays and readmissions. In later years,

evaluations showed similar results and were presented at

different national and regional congresses. Positive results have

been observed in patient satisfaction. In addition, focus groups

have been carried out to explore the perception of patients

and caregivers, as well as primary care professionals, which has

allowed us to know the utilities perceived by them and some

improvement areas. The feedback from the different hospital

services is collected through daily interaction and through the

presentation of the annual results in joint sessions.

In 2006, a complete review of the program was carried

out to adapt it to Process Management System and integrate

it into the hospital and primary care management systems.

Subsequently, in 2009, the program was reviewed again, to

adapt to the ISO 9001 standard. The program was audited the

same year, obtaining the certificate. Besides, in 2010, within the

framework of management by processes, Hospital Universitario

de Canarias defined the hospitalization and discharge process,

and the SPICA program is embedded within it. In 2012 and

2013, improvements in interprofessional communication were

incorporated. So, the SPICA program has been included in the

hip fracture clinical pathway (since 2013) and the amyotrophic

lateral sclerosis committee of Hospital Universitario de Canarias

(since 2022). Although these improvements, the program’s key

components have remained stable since its formation in 2000.

Nowadays, the program is developing new research projects

with the aim of reevaluating the effectiveness and cost-

effectiveness of the program and its individualized care plans,

focusing on the help relationship established with the patients.

Thus, current interests also improve research on the creation and

establishment of a common ground for understating meanings,

problems, and/or conditions where shared decision-making

occurs in vulnerable environments.

Acknowledgment of any conceptual
or methodological constraints

Some of the limitations that SPICA faces derive from the

characteristics of the context that make it necessary.

Organizational culture understood as the set of predominant

values, attitudes, and behaviors that characterize the functioning

of an organization (52), is crucial in a health system. The

Spanish Health Care System is focusedmainly on single diseases,

and clinical guidelines usually take a single-morbidity approach

(53). This ignores the complexity in caring for the increasing

number of patients with multimorbidity. The fact that our

health organization has been eminently sectorized by diseases or

medical specialties makes it difficult to change the perspective of

health professionals toward a more holistic, comprehensive, and

cooperative approach (54). In 2012, a chronicity management

strategy was attempted in our country. However, this strategy

has not been properly implemented and has not received the

necessary resources. So, it has not had the desired success (55).

These reflect the need for a change in the organizational culture

that enhances primary care and its role in coordinating the

global care of patients, regardless of where they are.

Family medicine in Spain is going through an identity

crisis (56, 57), and primary care has organizational problems

that prevent it from exercising its leadership as the axis

of the system. In our environment, there is no notification

system for hospital admissions and hospital discharges, which

notifies the primary care professional of what is happening.

The clinical history recording system is organized by episodes,

which facilitates the care of acute patients but makes it difficult

to carry out the longitudinal follow-up of chronic patients.
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Furthermore, its design does not prioritize continuity, affecting

all its components: informative, longitudinal, and interpersonal

(58, 59). This will have implications from an organizational and

clinical perspective (50).

The integration of services is consistent from the point

of view of financing, organization, provision of services, and

clinical practices, to improve care for complex people. The

health sectorization, which we have already mentioned, prevents

this integration. The SPICA program depends on primary

care management but assumes responsibility for planning the

hospital discharge of the most complex patients. Besides, this is

made without an integration structure or hierarchy. The stability

of this functionality over time is based on an agreement between

managers (hospital and primary care ones) that assumes a win-

win negotiation and on the team’s ability to adequately manage

the soft power that has been granted to it.

Difficulties in integration occur not only among clinical

areas but also between health and social ones. Although the

experiences in countries such as the USA (60) and England

(61) have been promising, the truth is that in our country,

there is still a sectorization between social and clinical services

that greatly limit efficient system development. In the SPICA

program, professionals work as a team with social workers,

despite these barriers, offering the patient the possibility of

integrating both spheres.

Since its creation, the SPICA program has covered the

entire reference population of a tertiary care hospital on the

island of Tenerife. His career and permanence in time speak in

favor of its usefulness, in addition to all the aspects reported

in this article. Thereby, the program can be considered a

singularity among the Family and Community Care Teaching

Units in Spain. “La Laguna–Tenerife Norte” Teaching Unit has

direct clinical responsibilities, and in this sense, it has a great

similarity with any other hospital services. That is not the usual

framework in which the Family and Community Care Teaching

Units are structured in our environment (Spanish Health

System). In fact, SPICA depends financially and organically on

Primary Care but attends to the patients within the hospital,

is integrated into the hospital’s process map, is also part of

their discharge planning program, and supports various clinical

pathways of the hospital itself. These disruptive elements with

respect to the care and teaching model established in Spain,

which are considered key elements of its success, can also

become barriers to entry or elements of difficulty to encourage

other managers and Teaching Units to follow the same path.

During all these years, the team has invested all their energy

in fully developing the program by implementing systems

of management, evaluation, and quality improvement. So, a

process of external communication, sharing experience with

the scientific, professional, and management community, is

currently started through this study and successes that are in

the pipeline.
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Introduction: The Initial Medication Adherence (IMA) intervention is a

multidisciplinary and shared decision-making intervention to improve initial

medication adherence addressed to patients in need of new treatments for

cardiovascular diseases and diabetes in primary care (PC). This pilot study aims

to evaluate the feasibility and acceptability of the IMA intervention and the

feasibility of a cluster-RCT to assess the e�ectiveness and cost-e�ectiveness

of the intervention.

Methods: A 3-month pilot trial with an embedded process evaluation was

conducted in five PC centers in Catalonia (Spain). Electronic health data were

descriptively analyzed to test the availability and quality of records of the trial

outcomes (initiation, implementation, clinical parameters and use of services).

Recruitment and retention rates of professionals were analyzed. Twenty-nine

semi-structured interviews with professionals (general practitioners, nurses,

and community pharmacists) and patients were conducted to assess the

feasibility and acceptability of the intervention. Three discussion groups with a

total of fifteen patients were performed to review and redesign the intervention

decision aids. Qualitative data were thematically analyzed.

Results: A total of 901 new treatments were prescribed to 604 patients.

The proportion of missing data in the electronic health records was up
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to 30% for use of services and around 70% for clinical parameters 5 months

before and after a new prescription. Primary and secondary outcomes were

within plausible ranges and outliers were barely detected. The IMA intervention

and its implementation strategy were considered feasible and acceptable by

pilot-study participants. Low recruitment and retention rates, understanding of

shared decision-making by professionals, and format and content of decision

aids were the main barriers to the feasibility of the IMA intervention.

Discussion: Involving patients in the decision-making process is crucial

to achieving better clinical outcomes. The IMA intervention is feasible and

showed good acceptability among professionals and patients. However,

we identified barriers and facilitators to implementing the intervention and

adapting it to a context a�ected by the COVID-19 pandemic that should

be considered before launching a cluster-RCT. This pilot study identified

opportunities for refining the intervention and improving the design of the

definitive cluster-RCT to evaluate its e�ectiveness and cost-e�ectiveness.

Clinical trial registration: ClinicalTrials.gov, identifier NCT05094986.

KEYWORDS

primary care, complex intervention, shared decision-making (SDM), medication

adherence, pilot, feasibility study

Introduction

The prevalence of non-initiated pharmacological treatments

ranges from 2 to 40%, varying betweenmedications and contexts

and depending on patient characteristics and motivations

(1–3). Non-initiation of chronic treatments, such as those for

cardiovascular disease (CVD) and diabetes, generates a high

burden on the healthcare system, which is aggravated by poor

adherence (2, 4–8). Reducing non-initiation and improving

long-term adherence is, therefore, a priority (9). Previous studies

have evaluated interventions to reduce non-initiation but none

of these interventions were theory-based and most of the studies

showed a high risk of bias (10–15). To date, few interventions

have focused on shared decision-making (SDM) strategies to

improve adherence, which present promising results regarding

improved health outcomes (16–19).

Carefully designing and piloting an intervention

improves the likelihood of its effectiveness, transferability

and sustainability (20, 21), especially in the case of complex

interventions such as those aiming to change patients’ and

healthcare professionals’ behavior. The Non-Initiation project

Abbreviations: CONSORT, Consolidated Standards of Reporting Trials;

COVID-19, Coronavirus Disease; cRCT, cluster-Randomized Controlled

Trial; CVD, Cardiovascular Disease; GP, General Practitioner; MRC,

Medical Research Council; IMA, Initial Medication Adherence; PC, Primary

Care; RWD, Real-World Data; SDM, Shared Decision Making; SIDIAP,

System for the development of Research in Primary Care.

followed the Medical Research Council (MRC) framework

for complex interventions to gain an in-depth understanding

of this behavior and contribute to the appropriate use

of medications in primary care (PC) (20). Between 2014

and 2019, phase I, or the development phase, was carried

out and epidemiological studies and qualitative research

with patients and healthcare professionals were conducted

to understand initiation behavior and design the Initial

Medication Adherence (IMA) intervention (22–27). It is a

complex, multidisciplinary, SDM intervention to improve

initiation, secondary adherence, and clinical parameters in

patients who receive a new prescription for CVDs or diabetes in

PC. As per the non-initiation model (25, 26), the intervention

works on two levels: the patient’s intrapersonal level, based

on the empowerment of the patient by increasing health

literacy and SDM (28–30); and the patient’s interpersonal level,

based on the interaction between the patient and healthcare

professionals, and their support (31–33). The intervention

includes decision aids that target patients >18 years old with

a risk of CVD and diabetes and were designed in collaboration

with healthcare professionals.

This paper describes the results of phase II, or feasibility

phase, which aimed to evaluate the feasibility and acceptability

of the IMA intervention, the feasibility of the evaluation study,

a pragmatic cluster-Randomized Controlled Trial (34, 35), and

to ultimately optimize the IMA intervention and its evaluation

design. The specific aims were to (1) test the availability

and quality of data used to assess the effectiveness and cost-

effectiveness of the IMA intervention, (2) evaluate the feasibility
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and acceptability of the IMA intervention in PC, and (3) revise

and redesign the intervention decision aids.

Materials and methods

Study design

This pilot study was a cluster non-randomized controlled

trial with an embedded process evaluation. The availability

and quality (completion rate and reliability) of Real-World

Data (RWD) records of the pilot trial were explored (aim 1),

recruitment and retention rates were estimated and intervention

group participants were interviewed (aim 2) and discussion

groups with PC patients were conducted to review and redesign

the decision aids (aim 3).

The results of this study are reported according to

the Consolidated Standards of Reporting Trials (CONSORT)

extension to pilot and feasibility trials (36).

Figure 1 shows the timeline of the pilot study, which was

affected by the Coronavirus Disease (COVID-19) pandemic and

the need to adapt it to this context. The intentionwas to carry out

the intervention fromMarch 2020 to May 2020, but adaptations

were applied and it was finally launched in November 2020 and

continued until January 2021.

Setting

Healthcare in Spain is based on universal coverage for

all citizens with free access at the point of use (with some

exceptions) and is mostly funded by taxes (37). PC is the

gatekeeper of the healthcare system, providing healthcare, health

education, prevention activities, and community services. It

consists essentially of a team of general practitioners (GP),

nurses, and social workers, who are based in PC centers. Patients

have an assigned GP and nurse. Prescription medicines are

dispensed in community pharmacies by pharmacists who have

access to the electronic prescription system (37). Patients can fill

a prescription at any community pharmacy. The e-prescription

system includes a warning that alerts the pharmacist to

first prescriptions of inhalers, platelet aggregation inhibitors,

anticoagulation, and insulin treatments.

Pilot study

Participants and group assignment

A convenience sample of five PC centers in Catalonia

(Spain) participated in the study. GPs and nurses at the

selected PC centers, together with pharmacists from community

pharmacies in the reference area of the PC centers, were

invited to participate. Professionals that agreed to participate

provided signed informed consent. No other inclusion criteria

were applied.

The study targeted patients (>18 years old) who

received a new prescription of antihypertensive, lipid-

lowering, antiplatelet, and/or antidiabetic (oral and/or

insulin) medications. A prescription was considered new

in the absence of prescriptions for medications of the same

pharmacotherapeutic group during the previous 6 months.

Patients’ informed consent was obtained by simplified means

(see “Ethics statement”) (38). No other inclusion criteria

were applied.

Using convenience criteria, two PC centers were assigned

to the control group and three to the intervention group.

Healthcare professionals and patients were classified

into intervention and control groups according to the

reference PC centers and due to the nature of the

intervention; professionals and patients were not blind

to it.

Sample size calculation was not estimated prior

to the pilot trial, although the sample was designed

to be representative of the target cRCT population

and was based on the same inclusion/exclusion

criteria (39).

Description of intervention

The IMA intervention standardizes care and provides

knowledge, skills, and tools to GPs to promote SDM when

prescribing a new treatment for CVDs or diabetes, and

to nurses and pharmacists to explore patients’ doubts and

offer supplementary information, promoting consistency and

coordination of care. By applying the principles of SDM

the patient is encouraged to express their concerns and

preferences and actively participate in the decision process

at their preferred level (29, 30). The implementation strategy

has two main inputs: training for professionals on the motives

underlying non-initiation, communication skills, health literacy,

SDM, and the use of the decision aids; and decision aids

(leaflets and a website) with information on the disease and

treatment options to increase patients’ health literacy and

support SDM. The GP delivers the intervention at least

once during the prescription process. Nurses and pharmacists

deliver intervention on patients’ demand during follow-up

consultations and medication dispensing.

No training or decision aids were provided to professionals

in the control group, who were asked to provide care as usual.

The IMA intervention was designed to be applied during

face-to-face consultations, yet it was adapted to the COVID-

19 context during the pilot study. When the new treatment

was prescribed by phone, the GP emailed the leaflet contents to

patients, and/or they were invited to collect it at the pharmacy.

Additionally, the GP or nurse phoned the patient a week after

the prescription to check whether questions had arisen.
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FIGURE 1

Timeline of the pilot study and COVID-19 periods in Spain. PCC, primary care center; PE, process evaluation. Aim 1: To test the availability and

quality of data used to assess the e�ectiveness and cost-e�ectiveness of the IMA intervention. Aim 2: To evaluate the feasibility and acceptability

of the IMA intervention in PC. Aim 3: To review the intervention decision aids to ultimately redesign them.

Availability and quality of RWD for the trial (aim
1)

Trial outcomes and data collection

The primary trial outcome was initiation, defined as

having a dispensing record following a new prescription

(the index prescription) (40). A single prescription filled was

considered an alternative outcome for initiation in sensitivity

analysis. Secondary outcomes included implementation,

clinical parameters [systolic and diastolic blood pressure, total

cholesterol, low-density lipoprotein, high-density lipoprotein,

blood glucose, glycated hemoglobin, estimated glomerular

filtration rate, and cardiovascular risk (41)] and costs (use of

healthcare services and days of sick leave).

Other variables included patient characteristics (sex, age,

and diagnosis) and PC center characteristics according to non-

initiation predictors (22): reference population, type of center

(resident-training center or not), and socioeconomic status of

the area divided into four urban categories based on quartiles,

from low (urban 4) to high (urban 1), and a rural category.

All data were obtained from electronic health records

registered at the public primary healthcare system database

in Catalonia (Institut Català de Salut; ICS): System for the

development of Research in Primary Care (SIDIAP) (42). Data

were extracted for the follow-up period from June 2020 to

June 2021.

Analysis

Descriptive analysis (counts, proportions, and means) was

conducted using Stata 17 to explore all available variables and

identify missing data and outliers.

First, the sociodemographic profile of the PC centers and

participants at a prescription level (a patient can have more than

one new prescription) was described.

Secondly, initiation was assessed by considering the time of

prescription at the PC center and the dispensing month at the

community pharmacy. Non-initiation was defined as not having

collected the treatment prescribed (i.e., absence of dispensing

records) within 3 months after the index prescription. A single

prescription filled was defined as one dispensation only during

the follow-up period. Costs were measured by taking into

account the use of healthcare services, which included visits

to PC professionals (GP or nurse), secondary care referrals,

diagnostic tests, and days of sick leave. We assessed the

reliability of recorded visits to PC professionals by calculating

the proportion of new prescriptions and clinical parameters with

a visit record on the same day.

Thirdly, the quality of clinical parameter records in the

electronic health records was assessed. We calculated clinical

parameter values and the proportion of prescribed treatments

that had a clinical parameter registered during the follow-up

period following care quality standards based on clinical practice

guidelines (43–46).

Feasibility and acceptability of the IMA
intervention (aim 2)

A process evaluation was integrated into the pilot study,

collecting quantitative and qualitative data to measure

professional recruitment and retention rates, assess the context

and implementation of the IMA intervention in terms of fidelity

to study protocol and the COVID-19 pandemic, and describe

professionals’ and patients’ experiences and perceptions of the

intervention in terms of feasibility and acceptability.

Quantitative data collection and analysis

Professional recruitment rates were registered in study forms

before the pilot trial (March 2020) and after the trial was stopped
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and restarted (November 2020). Those professionals recruited in

November were interviewed to estimate retention rates.

We used descriptive statistics (frequency and proportion) to

estimate professionals’ recruitment and retention rates.

Qualitative data collection and analysis

Following purposive sampling criteria, all the professionals

and a selection of patients from the intervention group

were invited to participate in the process evaluation. The

research team contacted nineteen GPs, three nurses, and sixteen

pharmacists by phone and email. GPs from the intervention

group contacted five patients and invited them to participate

in the study and to be interviewed by a researcher. All the

participants signed informed consent prior to the interview.

Semi-structured telephone interviews with professionals

were performed during and after the study was completed using

a topic guide based on the intervention and the health theories

and models it is based on (range 15–25min). Field notes were

made during and after the call. To increase the validity of the

results, answers were summarized at the end of the interview and

participants were asked to validate them.

Semi-structured face-to-face and telephone interviews with

patients followed a topic guide based on the intervention

and their intention to initiate the new medication after

the intervention (range 20–40min). These were recorded,

anonymized, and transcribed by the research team.

Field notes and transcripts from semi-structured interviews

were included as narrative data and analyzed following the

principles of thematic content analysis (47) by two qualitative

researchers. Data were organized and grouped by professionals

and patients. Firstly, the researchers familiarized themselves

with the data by re-reading notes and listening to recordings.

Each researcher created a coding framework following a

deductive and inductive approach. Open coding was applied

to the data and codes were then organized into themes as

per the research questions, based on pre-existing categories

of the intervention, and new categories extracted about the

mechanisms of action and context of the intervention and the

attitude of patients regarding their pathology and treatment.

Coding frameworks were triangulated, and themes were

reviewed and refined by the two researchers before applying

them to all the data.

Redesign of the IMA intervention tools (aim 3)

Patients from the PC system in Catalonia were recruited

following a maximum variation sampling strategy based on

some of the predictors of non-initiation: nationality, age,

educational level, and presence of CVD and diabetes risk (22).

Twenty-four patients were contacted. Patients that agreed to

participate provided signed informed consent.

Data collection and analysis

Three discussion groups (duration 90–120min) were

conducted with four to six participants using a topic guide

based on the protocol and IMA intervention decision aids,

focusing particularly on health literacy and SDM. Discussion

groups were recorded, anonymized, and transcribed by the

research team.

Discussion groups were analyzed following a thematic

analysis approach (47) by four researchers. Firstly, the

researchers familiarized themselves with the data by listening

to the recordings. Comments of the discussion groups

were transcribed and rearranged to follow the intervention

protocol, pre-existing categories of the decision aids, and new

categories involving these tools that arose in the discussion

groups. For each category, the main ideas were coded

and reviewed to determine themes and identify patterns

and, finally, the findings were triangulated between the

researchers. No new themes emerged after coding the second

discussion group.

Results

Participants

During the pilot trial, 901 new treatments of

antihypertensive, lipid-lowering, antiplatelet, and/or

antidiabetic (oral and/or insulin) medications were prescribed

to 604 patients, 314 in the intervention group (see Figure 2 for

details on recruitment and follow-up).

Tables 1, 2 show the characteristics of the participant PC

centers and patients. PC centers were located in urban areas

with different socioeconomic status, size and proportion of

immigrant population and most were training centers (Table 1).

Half of the medications were prescribed to women (50.83%),

with the mean age of patients being 62.6 years old. Most of

the prescriptions had a diagnosis record (89.7%); with the

highest frequency being hypertensive disease (59.6%). There

were almost no differences between women and men in terms

of age and diagnoses, except for diabetes (Table 2).

The process evaluation involved 12 GPs, three nurses, 10

pharmacists, and four patients. Two GPs declined the invitation

to participate due to time restrictions, and the rest failed to

reply. One patient declined to participate in the study. Over

half of the professionals were women, ranging between 41 and

52 years old and with more than 10 years of experience in PC.

Half of the patients were women, ranging between 50 and 68

years old, and they were prescribed different medications and

had different work and educational levels. Finally, 15 patients

from the PC system in Catalonia agreed to participate in the

discussion groups, varying by sex, age, cardiovascular risk, and

educational level. Characteristics of the participants are shown

in Supplementary Tables 1–3.
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FIGURE 2

CONSORT Flow diagram (36). GP, general practitioner; PC, primary care. Aim 1: To test the availability and quality of data used to assess the

e�ectiveness and cost-e�ectiveness of the IMA intervention. Aim 2: To evaluate the feasibility and acceptability of the IMA intervention in PC.

Availability and quality of RWD for the
trial (aim 1)

Initiation and implementation

These variables have no missing data. In total, 10.7% of

prescriptions were not initiated 3 months after the index

prescription, and 18.4% were single prescriptions filled.

Table 3 summarizes indicators of data availability and

quality for clinical parameters. Missing records in patient

electronic health records were >50% in all cases before the

index prescription, and between 39.7% (systolic and diastolic

blood pressure) and 85.2% (cardiovascular risk) after the index

prescription, with the lowest being cardiovascular risk in both

cases. All parameter values were within plausible ranges except

one estimated glomerular filtration rate CKD-EPI value which

was recorded manually.

Tables 4, 5 summarize indicators of data availability and

quality for use of services and productivity losses. A 33.3% of

prescriptions didn’t have a visit registered on the day of a new

prescription, while there were 13.8–27% of clinical parameter

measures without any visit records on the same day (Table 4).

After the index prescription all values for healthcare services and

productivity losses were within plausible ranges, and no outliers

were detected (Table 5).
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TABLE 1 Characteristics of the PC centers.

Training center Area socioeconomic statusa Reference populationb (N) Immigrant population (%)

Intervention group

PCC1 No Urban 4 10,174 7.15%

PCC2 Yes Urban 4 20,299 37.33%

PCC3 Yes Urban 4 26,782 33.41%

Control group

PCC4 Yes Urban 3 26,094 11.07%

PCC5 Yes Urban 2 14,092 13.41%

PCC, primary care center.
aSocioeconomic status: four urban categories based on quartiles from low (urban 4) to high (urban 1) socioeconomic level and a rural category.
bNumber of people assigned to the Primary Care Center (48).

TABLE 2 Characteristics of the patients*.

Prescriptions Women (N = 458) Men (N = 443) Total (N = 901)

Age (mean, SD) 64.15 (16.22) 61.01 (15.21) 62.60 (15.80)

Diagnosis records (ICD-10) 404 (88.21%) 406 (91.24%) 808 (89.68%)

Diabetes mellitus type 2 (E10–E14) 151 (32.97%) 212 (47.86%) 363 (40.29%)

Dyslipidemia (E70–E90) 220 (48.03%) 197 (44.47%) 417 (46.28%)

Hypertensive diseases (I10–I15) 275 (60.04%) 262 (59.14%) 537 (59.60%)

Ischemic heart diseases (I20–I25) 30 (6.55%) 58 (13.09%) 88 (9.77%)

Other heart diseases (I30–I52) 29 (6.33%) 33 (7.45%) 62 (6.88%)

Cerebrovascular diseases (I60–I69) 68 (14.85%) 46 (10.38%) 114 (12.65%)

Arterial diseases (I79–I79) 15 (3.28%) 29 (6.55%) 44 (4.88%)

Glomerular diseases (N00–N08) 4 (0.87%) 3 (0.68%) 7 (0.78%)

Acute and chronic kidney failure (N17–N19) 52 (11.35%) 58 (13.09%) 110 (12.21%)

No diagnosis recordsa 54 (11.79%) 39 (8.80%) 93 (10.32%)

SD, standard deviation; ICD, International classification of diseases (49).

*Patients characteristics are described using prescription level as a unit of analysis.
aAbsence of intervention-related diagnosis records in the electronic health records.

Feasibility and acceptability of the IMA
intervention (aim 2)

Professional recruitment and retention rates

Table 6 shows the professional recruitment and retention

rates. Overall, recruitment was lower for nurses than for GPs

and pharmacists. Retention was the highest for GPs and nurses.

Only two GPs were lost due to sick leave. Low retention rates of

pharmacists were attributed to the study being postponed and

the COVID-19 distance measures in place.

Context and implementation of the IMA
intervention

The COVID-19 pandemic influenced the implementation of

the IMA intervention and fidelity to the study protocol. Training

was completed long before the pilot was finally carried out,

and professionals described more consultations for acute health

problems, fewer follow-up and preventive consultations and

therefore fewer chronic medication prescriptions. All along with

an increased workload at both PC centers and pharmacies. All

professionals described an increase in telephone consultations

and, as a result, an increase in the duration of face-to-face

consultations (reporting ∼15min per patient). Nevertheless,

different practices within different organizations were reported.

One of the PC centers in the intervention group had returned

to face-to-face consultations by November 2020, whereas the

other two were doing mainly telephone consultations. In the

case of community pharmacies, most had increased the physical

distance from patients due to the pandemic.

The implementation strategy and processes of the IMA

intervention, contextual factors, and the grade of fidelity to the

study protocol and grade of adaptability to the intervention are

described below and summarized in Figure 3.

Training for professionals

The training was generally valued positively in terms of

content and hours dedicated. Professionals understood non-

initiation as a public health problem, GPs recognized situations

in which the patient accepted a new prescription during
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TABLE 3 Data availability and quality for clinical parameters for baseline (pre-prescription) and follow-up (post-prescription) assessment.

Medication prescribed

and clinical parameter

Prescriptions Missing

records pre-

prescription

Missing

records post-

prescription

Records Clinical

parameter

values

Clinical

parameter

values

N N (%) N (%) N Mean (SD) Range

Antihypertensivea 406 277 (68.23%) 161 (39.66%)

Systolic blood pressure (mmHg) 277 (68.23%) 161 (39.66%) 797 138.17 (20.25) 85; 230

Diastolic blood pressure (mmHg) 277 (68.23%) 161 (39.66%) 798 81.55 (12.65) 45;129

Lipid-loweringb 199 118 (59.30%) 147 (73.87%)

High-density lipoprotein (mg/dl) 118 (59.30%) 147 (73.87%) 433 55.89 (15.17) 21; 106

Low-density lipoprotein (mg/dl) 118 (59.30%) 147 (73.87%) 432 114.61 (40.86) 31; 244

Total cholesterol (mg/dl) 59 (29.65%) 123 (61.81%) 681 200.21 (52.30) 70; 489

Antidiabeticc 191 95 (49.74%) 108 (56.54%)

Blood glucose (mg/dl) 71 (36.79%) 78 (40.41%) 847 119.84 (48.21) 62; 486

Glycated hemoglobin (%) 84 (43.52%) 89 (46.11%) 368 7.10 (1.61) 4.3; 15.3

Estimated glomerular filtration rate 84 (43.52%) 100 (51.81%) 1,629

MDRD (mL/min/1.73 m2) 161* 46.79 (11.78) 12.9; 59.9

CKD-EPI (mL/min/1.73 m2) 512* 68.38 (18.06) 0.4; 89.9

All prescriptionsd 901 842 (93.45%) 768 (85.24%)

Cardiovascular Risk (REGICOR %)

aPharmacotherapeutic groups: C02 Antihypertensives, C03 Diuretics, C07 Beta blocking agents, C08 Calcium channel blockers, and C09 Agents acting on the renin-angiotensin system.
bPharmacotherapeutic groups: C10 Lipid modifying agents.
cPharmacotherapeutic groups: A10 Drugs used in diabetes.
dPharmacotherapeutic groups: A10 Drugs used in diabetes, B01 Antithrombotic agents, C02 Antihypertensives, C03 Diuretics, C07 Beta blocking agents, C08 Calcium channel blockers,

C09 Agents acting on the renin-angiotensin system, and C10 Lipid modifying agents.

*Estimated Glomerular Filtration Rate MDRD and CKD-EPI appear as >60.1 and >90.1, respectively, in the electronic health records for normal values. We have considered only those

values below 60.1 and 90.1 to assess the quality of the records. For more details, please refer to Supplementary material.

a consultation but never initiated it, and appreciated the

tools provided during training to approach new prescriptions.

Nevertheless, due to the delay of the pilot study, some GPs and

nurses andmost pharmacists, mentioned that they had forgotten

about it.

Decision aids

PC professionals agreed that the leaflet was helpful in

organizing the information given to patients. However, some

found it challenging and questioned its utility when used

with older patients and people who did not speak Spanish or

Catalan. Most of the pharmacists reported not using the leaflets,

and none of the professionals reported using the website or

recommending it to patients.

GPs considered it was easier to implement the intervention

face-to-face using the leaflets than by telephone consultations.

Those that implemented it by telephone used the leaflet to

guide themselves through the explanation and sent it online

only to those patients that had email. Three out of four patients

stated that GPs used a leaflet during the explanation of the

new prescription, one of them through telephone consultation.

In the last case, the leaflet was sent by email and the GP

phoned the patient some days later to ensure the information

was understood.

Shared decision-making

At the time of a new prescription, GPs considered that the

intervention was easy to apply and adapted their clinical practice

accordingly. They mainly reported applying the intervention

during face-to-face consultations and having enough time to

do so. Providing information to the patient about the disease

and treatment options was considered part of the standard

practice of the GP, and all of them reported doing so.

Nonetheless, only two GPs reported following the principles

of SDM when recommending a new medication. The majority

stated that the patient agreed with the prescription, and only

two mentioned that the patient decided with them to issue

the prescription.

Of the patients that stated that the GP provided

information using the leaflet, only one reported SDM

during the prescribing process. In the other cases, the GP

did not ask their opinion or preferences and prescribed

the medication only after they explained the disease

and the treatment. When patients were asked about

participating in the decision process, some of them

considered it was not a decision for them to make. Some

considered they need not be involved because of a lack of

knowledge in the field but also because they trusted the

GP’s decision.
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TABLE 4 Data availability of visits the day prescriptionswere issued

and clinical parameters were measured.

Medication prescribed Prescriptions Missing visits on

the day of

prescription

N N (%)

Antihypertensivea 406 125 (30.79%)

Lipid-loweringb 199 65 (32.66%)

Antidiabeticsc 191 60 (31.41%)

All prescriptionsd 901 300 (33.30%)

Clinical parameter Records Missing visits on

the day of measure

N N (%)

Systolic blood pressure 797 113 (14.18%)

Diastolic blood pressure 798 114 (14.29%)

High-density lipoprotein 433 67 (15.47%)

Low-density lipoprotein 432 66 (15.28%)

Total cholesterol 681 119 (17.47%)

Blood glucose 847 229 (27.04%)

Glycated hemoglobin 368 54 (14.67%)

Estimated glomerular filtration rate 1,629 439 (26.95%)

Cardiovascular risk (REGICOR %) 159 22 (13.84%)

aPharmacotherapeutic groups: C02 Antihypertensives, C03 Diuretics, C07 Beta blocking

agents, C08 Calcium channel blockers, and C09 Agents acting on the renin-

angiotensin system.
bPharmacotherapeutic groups: C10 Lipid modifying agents.
cPharmacotherapeutic groups: A10 Drugs used in diabetes.
dPharmacotherapeutic groups: A10 Drugs used in diabetes, B01 Antithrombotic

agents, C02 Antihypertensives, C03 Diuretics, C07 Beta blocking agents, C08 Calcium

channel blockers, C09 Agents acting on the renin-angiotensin system, and C10 Lipid

modifying agents.

TABLE 5 Data quality for use of services (number of services used) and

productivity losses (number of days of sick leave) (N prescriptions =

901).

Mean (SD) Range

Use of services

GP visits 6.45 (4.77) 0; 34

Nurse visits 4.54 (5.97) 0; 59

Secondary care referrals 0.14 (0.41) 0; 3

Diagnostic tests 0.21 (0.52) 0; 4

Productivity losses

Days of sick leave 5.61 (24.83) 0; 152

GP, general practitioner; SD, standard deviation.

Other professional information support

Both GPs and nurses considered the fact that few

nurses participated in the study to be a barrier to the

intervention. Nurses were believed to have an important role

in the follow-up and identification of patients with CVDs

or diabetes. Additionally, professionals at the PC centers

and pharmacists cited a lack of communication between one

another. Pharmacists were often not considered as part of the

multidisciplinary PC team, which was seen as a barrier to

implementing the intervention at all levels; GPs as prescribers,

and nurses and pharmacists as central supporters.

Most nurses and pharmacists participating reported

implementing the intervention on very few occasions, and none

of the patients interviewed confirmed that the nurse or the

pharmacist implemented the intervention with them. Some

visited the nurse after the prescription for a follow-up on the

chronic disease and all mentioned that the pharmacist dispensed

the medication without any explanation.

Broadly, the main barrier to implementing the intervention

was forgetfulness. Professionals tended to overlook it before

they had internalized it as their standard practice. In addition,

pharmacists found it difficult to recognize a new prescription

at the time of dispensation, especially if the alert on the e-

prescription system was not available.

Professionals’ and patients’ experiences and
perceptions in terms of feasibility and
acceptability: Key themes

Summarized below are the key themes regarding feasibility

and acceptability, such as the experiences and perceptions of the

GPs as prescribers, nurses, and pharmacists as key supporters,

and patients as recipients of the IMA intervention.

Perceived e�ect of the IMA intervention

by professionals

Professionals believed that, even though the information

was very similar to that of usual care, patients understood it

better when the leaflet was used to structure the information

and considered this could have a direct impact on adherence.

A negative effect in terms of initiation was related to giving

more information about medication adverse effects to patients

with chronic conditions with no symptoms. Some professionals

believed patients may be more afraid of adverse effects than

future complications associated with the disease.

Relationship and trust between the professional

and patient

Trust in professional recommendations was perceived to

be affected by the relationship between the professional and

the patient, which was considered to be mainly influenced

by the length of time the patient had visited the same

professional. Trust was described as the main facilitator. From

the professional’s point of view, it makes it easier to maintain

a conversation with the patient and explore their perceptions,

while from the patient’s perspective, it makes it easier to ask

questions and express their opinion.
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TABLE 6 Professional recruitment and retention rates.

Professionals Recruitment Retentiona

N N (%) N (%)

February 2020 November 2020

Intervention group

PCC1 GPs (8) 5 (62.50%) 5 (62.50%) 5 (100%)

Nurses (7) 7 (100%) 3 (42.86%) 3 (100%)

Community pharmacies (8) 8 (100%) 8 (100%) 3 (37.50%)

PCC2 GPs (15) 10 (66.67%) 10 (66.67%) 9 (90%)

Nurses (12) 3 (25%) 0 (0%) N/A

Community pharmacies (5) 4 (80%) 4 (80%) 1 (25%)

PCC3 GPs (15) 4 (26.67%) 4 (26.67%) 3 (75%)

Nurses (12) 0 (0%) 0 (0%) N/A

Community pharmacies (6) 4 (66.67%) 4 (66.67%) 0 (0%)

Control group

PCC4 GPs (14) 7 (50%) 7 (50%) 7 (100%)

Nurses (13) 8 (61.54%) 7 (53.85%) 7 (100%)

PCC5 GPs (10) 8 (80%) 8 (80%) 8 (100%)

Nurses (9) 7 (77.78%) 7 (77.78%) 7 (100%)

GP, general practitioner; N/A, not applicable; PCC, primary care center.
aRetention rate based on the professionals recruited in November 2020.

Motivation for professionals to adapt their

clinical practice

Even though most professionals described the COVID-19

pandemic as a difficult situation, some GPs emphasized they

were more willing to make changes as they considered the

IMA intervention as reinforcement of the importance of SDM

in their routine practice. Similarly, pharmacists saw it as an

opportunity to provide health education in the community

pharmacy, especially to those patients that were not able to visit

the PC center during the pandemic.

Redesign of the IMA intervention tools
(aim 3)

PC patients highlighted the advantages and disadvantages of

the pilot leaflets according to their needs. As for disadvantages,

they emphasized a lack of topic titles to introduce the content,

the medical jargon, and the large amount of information

provided. As advantages, they highlighted the structure of the

leaflet and specific contents such as the epidemiological data on

the disease, data on the consequences of the decision not to treat,

and the encouragement to express their doubts and opinions and

participate in the decision process.

Moreover, patients recommended that the new leaflets

should clarify whether the non-pharmacological measures are

an alternative to the medication or an addition to it, so the

patient is encouraged to adopt non-pharmacological measures

in the case of a pharmacological prescription. Additionally,

patients suggested that only the most common adverse effects

of the medication should be mentioned so that the risk-benefit

assessment of the medication is balanced.

Patients acknowledged they looked on the internet when

they had questions about their disease or treatment after

consultation with clinicians. However, they found it very

difficult to find a website that was reliable and supported

by official organizations, and with easy-to-understand content.

With respect to the website that was being designed for the

definitive trial, they considered it should have links to other

patients’ associations, as well as to the Catalan Electronic Health

System, so they had the option to contact a PC professional

directly if they had any queries.

Discussion

The results of this pilot study suggest that implementing

an intervention based on SDM to improve adherence to

medications for CVDs and diabetes in PC is feasible and that the

intervention is well-accepted. Carrying out a pragmatic cRCT

to evaluate the effectiveness and cost-effectiveness of such an

intervention is also feasible but weaknesses in the study design

and the implementation of the intervention were identified and

the knowledge gained should be used to refine the intervention

and the study (50).

A non-initiation rate of 11% is in line with previous studies

that were used to calculate the sample size of the cRCT (22,
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FIGURE 3

Grade of fidelity and adaptability to the implementation strategy and processes of the IMA intervention. CVD, cardiovascular disease; GP, general

practitioner; PC, primary care. Text in italics describes the intervention adaptations made due to the COVID-19 pandemic.
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27). The study identified weaknesses in the electronic health

records by recognizing a high prevalence of missing registered

visits. This could be explained, in the context of the COVID-19

pandemic, and by an increased number of telephone and

emergency consultations (51). At the time of the pilot study the

workload in PC centers was high, which could partly explain

flaws in data records. This is not expected to happen during the

cRCT, but if missing visit records are identified, and taking into

account that all prescriptions would be issued in PC centers in

the public health system, every prescription would be imputed as

one visit to the GP so costs are not underestimated. Additionally,

there was a high proportion of missing clinical parameter

records that could be explained by the COVID-19 situation,

when face-to-face visits were kept to the minimum, and by the

short follow-up period (5 months). Care quality standards based

on clinical practice guidelines from the Catalan Health System

recommend taking measurements at least every 12 months for

all parameters except cholesterol, which is recommended every

18 months (43–46). During the training stage for professionals,

the importance of registering clinical parameters according to

clinical practice guidelines will be reinforced to reduce the

percentage of missing data obtained through RWD during the

trial. However, values of the parameters were mainly within the

expected range. Special attention will be paid to records entered

manually that are expected to increase during the cRCT. The

sample size of the trial exceeded the estimates determined in

previous feasibility study research (39, 52, 53).

The COVID-19 pandemic impacted the recruitment of

nurses and the retention of pharmacists, as professionals

reported, although recruitment rates of PC professionals were

already low in some centers in February 2020, especially in the

case of nurses. Other studies have also identified difficulties

in recruitment and retention rates of healthcare professionals

in PC, particularly due to lack of time, high workload, and

low engagement with the research topic (54, 55). To improve

professional recruitment rates and promote participation, before

contacting PC professionals, we will inform stakeholders of PC

and pharmacy organizations in Catalonia, as well as managers

and directors of PC centers. Furthermore, the IMA-cRCT will

be presented in a short session to professionals at each selected

PC center and pharmacy, and they will be given time to ask

the research team questions and deliberate participation in the

study. Additionally, the research team will contact professionals

participating in the trial regularly to troubleshoot, provide

support, and therefore improve retention.

In general, professionals failed to apply the principles of

SDM and both professionals and patients perceived some

of the barriers and facilitators that have previously been

cited in the literature (56, 57). For instance, professionals

reported overlooking the intervention and both professionals

and patients questioned patients’ willingness to get involved

in the decision process. However, patient preferences for SDM

are influenced by the perception of professionals regarding

SDM and its approach when inviting the patient to take part

in the process (29, 56). Professionals recognized that SDM

could increase patients’ knowledge and improve adherence to

medications, and even though time has been reported as a

barrier before (56), none considered time to be a restriction to

applying the intervention in this study. SDM is the foundation

of the IMA intervention, involving patients in the decision

process empowers them and increases self-efficacy by increasing

health literacy and awareness of their pathologies and treatment

options, and therefore the potential to increase adherence to

treatment plans (17, 30). Patients are invited to express their

opinions and if they decide not to start the medication the

prescription is not issued. Likewise, they are actively involved

in the treatment follow-up, information on medication effects

and adverse events is given so patients can take them into

account in the decision-making process as well as identify them

and act accordingly if the treatment is initiated. To increase

professionals’ understanding and engagement with SDM, the

training will be extended to 6 h, with 3 h dedicated to SDM.

To balance professionals’ schedules, it will be divided into two

sessions. Session one would cover non-initiation as a public

health problem and the development of the IMA intervention,

as well as its practical aspects, such as records and ethical

requirements. Session two will focus on communication skills

and SDM and this preparation has been designed by an

expert in the field. All professionals will be trained together to

increase cohesion between GPs, nurses, and pharmacists, and

reinforce the role of the latter two in providing information

and supporting the patient in the decision process when a new

chronic pharmacological treatment is prescribed.

The main advantages and disadvantages of the decision

aids were identified and will be used to redesign and respect

the preferred information format for patients as recommended

by SDM models (29). The leaflets will contain essential

information written in plain language, with a clear distinction

between non-pharmacological measures and pharmacological

treatments, and a section encouraging patients to express their

opinion and professionals to write recommendations to patients.

Additionally, they will be translated into the most widely-

spoken languages in Catalonia. The content of the website will

be appraised by healthcare organizations in Catalonia and the

layout will be designed to make it more user-friendly. It will

be divided into pathologies and pharmacological treatments and

the leaflets will be easier to acquire as patients and professionals

will be able to download them from the website.

The COVID-19 pandemic has inevitably impacted the

implementation of the intervention during the pilot study.

However, not all the consequences were negative. As described

by professionals, the pandemic encouraged them to adapt their

clinical practice to new situations and reinforced the role of

pharmacists in providing health education. Additionally, the

duration of face-to-face consultations was increased, which

might have favored the implementation of the IMA intervention.

Frontiers in PublicHealth 12 frontiersin.org

273274

https://doi.org/10.3389/fpubh.2022.1038138
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Corral-Partearroyo et al. 10.3389/fpubh.2022.1038138

Organizational changes during the COVID-19 pandemic and

the reintroduction of usual practices in PC centers and

pharmacies would need to be considered carefully during the

implementation of the IMA intervention in a pragmatic PC

setting during the upcoming cRCT.

Some limitations need to be acknowledged. First, the

duration proposed for this pilot study was 3 months of

fieldwork and 6 months of follow-up before and after the

index prescription. However, due to the COVID-19 pandemic,

the duration of the follow-up period dropped to 5 months,

which might have impacted the access to parameter data in the

electronic health records. Second, the study was only carried

out in one region of Catalonia in the context of a pilot study,

and even though PC centers had dissimilar socioeconomic

characteristics, the results obtained might have been different

if various regions of Catalonia had been included. Third, the

low recruitment rate of nurses, especially after the COVID-

19 pandemic, might have limited the assessment of the role of

nurses in the IMA intervention. Lastly, not all the professionals

who participated in the trial were interviewed and wemight have

missed some important insights. Nevertheless, the percentage of

participation among professionals was high, all were invited to

participate and had the opportunity to be interviewed at their

preferred date and time.

Involving patients in the decision-making process is

fundamental in achieving better clinical outcomes, although

patient-centered care requires modifications to clinical

practice in PC. We identified barriers and facilitators to

implementing the intervention as well as adapting it to a

context affected by the COVID-19 pandemic. This pilot

study contributes information regarding the feasibility and

acceptability of the IMA intervention and its evaluation design

in a pragmatic setting. It has helped to identify strengths

and weaknesses and refine the IMA intervention and its

evaluation design accordingly before the definitive cRCT

to evaluate the effectiveness and cost-effectiveness of the

IMA intervention.
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Introduction: Maternal and child malnutrition is a worldwide public health

problem with short, medium, and long-term adverse consequences for both

mother and child. In Mexico, maternal and child malnutrition represents

a serious public health problem that must be urgently addressed. In this

context, Primary Health Care (PHC) plays an important role in the prevention,

detection, monitoring, and treatment of the different forms of maternal and

child malnutrition. Assessing the quality of nutritional care offered at this level

of care is necessary in order to improve it; however, there are no indicators

for the evaluation of this quality. Therefore, this study aimed at developing a

set of indicators to assess the quality of maternal and child nutritional care at

PHC.

Methods: We developed indicators for different stages of life: preconception,

pregnancy, infancy, and preschool age. A systematic review of the literature on

clinical guidelines for the prevention, diagnosis, and treatment of the different

Frontiers in Medicine 01 frontiersin.org

278279

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.1011940
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.1011940&domain=pdf&date_stamp=2022-12-07
https://doi.org/10.3389/fmed.2022.1011940
https://www.frontiersin.org/articles/10.3389/fmed.2022.1011940/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-1011940 December 7, 2022 Time: 6:38 # 2

Ancira-Moreno et al. 10.3389/fmed.2022.1011940

forms of malnutrition was carried out; the recommendations of the guidelines

evaluated with good quality were extracted.

Results: Based on these recommendations, 22 indicators were constructed.

A pilot study was carried out to validate the indicators and 16 indicators were

selected to assess the maternal and child nutritional care at PHC.

KEYWORDS

quality of health care, quality indicators, health care, maternal malnutrition, child
malnutrition, primary health care, nutritional care, quality of nutritional care

Introduction

Maternal and child malnutrition remains a global health
problem. The coexistence of undernutrition and obesity
increases not only the risk of maternal morbidity and mortality
but also impacts the fetal growth and development with
short and long-term consequences (1). As reported by the
Global Burden of Disease Study 2019, maternal and child
malnutrition (including low birth weight, short gestation, child
growth failure, suboptimal breastfeeding, and low intake of
micronutrients), represents one of the two leading level 2 risk
factors for the lose of disability-adjusted life years (2).

In Mexico, based on the 2020 National Survey of Health and
Nutrition about COVID-19 (3), 76% of women of reproductive
age (20–49 years) had excess weight (overweight/obesity). Both
conditions increase the risk of pregnancy-related complications
and adverse long-term consequences for both the offspring and
the mother (4). Regarding malnutrition in children under 5
years of age, 13.9% had stunting while the national prevalence of
overweight and obesity was 8.4%; both prevalences were higher
in rural areas (18.5 and 8.5%, respectively). In addition, only
28% of infants received exclusive breastfeeding for 6 months
(3). Improving women’s health and nutritional status through
prenatal care during preconception, pregnancy and postpartum
is critical for ensuring positive short and long-term outcomes
for both, the mother and child (5).

Primary health care (PHC) aims to ensure the highest
possible level of health and wellbeing of an individual and
populations; it ranges from health promotion, prevention,
treatment, rehabilitation, and palliative care (6). It has been
shown that PHC is the most efficient and effective strategy
to improve the health of populations, and nutrition care is a
critical component of PHC (6, 7). To address malnutrition in
all its forms, a life-course approach is necessary and should be
a central part of PHC (7). Therefore, PHC is essential to reduce
and prevent all forms of maternal and child malnutrition and the
nutritional care offered at this level must be of high quality (8).

Currently, there are essential nutritional actions addressed
to eradicate maternal and child malnutrition in all its forms.
Despite the proven knowledge, most countries have failed to

reach their targets, sometimes due to the lack of coverage but
also for neglecting specific goals. The nutritional interventions
that are cost-effective and group-focused must be prioritized,
considering the social context and the economic resources of
each entity. In addition, for the improvement of the quality of
care, it is necessary to reduce the gap between the scientific
evidence, the politics and governance, and the resources
destined to the centers of primary care (9–11).

According to the World Health Organization (WHO),
the quality of care is defined as the degree to which health
services for individuals and populations increase the likelihood
of desired health outcomes, and this must be according to the
best evidence-based professional knowledge (12). In the field
of nutrition, there is no consensus on defining the standards
and indicators to evaluate the quality and performance of
nutritional care (13, 14). Some researchers have evaluated the
quality of nutritional care at PHC using a conceptual framework
developed to assess the quality of care in general (15).

Currently, there is limited information about the description
and development of indicators for quality of nutritional care
during preconception, pregnancy, postpartum, and infancy. In
Mexico, all the efforts are focused on quality of care to identify
obstetric risk factors without regard to nutritional care (16). It
is important to provide support to governments and decision
makers to integrate high-quality nutrition care into PHC and
improve care for achieving interventions addressing maternal
and child malnutrition.

Therefore, we aimed to develop and validate quality of
care indicators for maternal and child nutritional care on PHC
in the environment of the Mexican Health System. Having
indicators that allow us to evaluate the quality of nutritional
care in the aforementioned stages of life will allow us to
identify improvement areas in the quality of care offered
in PHC in Mexico.

Materials and methods

The development of the indicators to evaluate the quality
of maternal and child nutritional care at PHC was carried
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out by following six steps. In Supplementary Figure 1 is
shown the flowchart of the whole process of the development
of the indicators.

Step 1. Systematic literature search

A systematic literature search was carried out in PubMed
and websites for clinical practice guidelines, guidelines and
position statements related to the prevention, diagnosis, and
management of all forms of malnutrition during preconception,
pregnancy, postpartum, and infancy and preschool children.
To assess the quality of these documents, the methodology of
the Appraisal Of Guidelines For Research and Evaluation II
(AGREE II) (17) instrument was used. The search algorithms
and limits for each life stage are presented in Supplementary
Table 1. Subsequently, the recommendations for a specific stage
of life related to the prevention, diagnosis, and management
of malnutrition from the guidelines and documents with
“acceptable quality” according to AGREE II instrument
(17) were extracted.

Step 2. Construction of indicators to
measure the quality of maternal and
child nutritional care

The recommendations, based on the results of the systematic
literature search, were reviewed by two researchers with
experience in medical care at PHC. Recommendations whose
measurement required information sources other than those
existing in health units and those that involved care at a higher
level than PHC were eliminated.

In order to reduce the number of recommendations
while maintaining those with the highest degree of
recommendation and measurement feasibility, a prioritization
matrix was constructed. For this, we used the scoring system
according to compliance with criteria based on the degree of
recommendation, the feasibility of application, and ease of
obtaining the sample necessary for measurement and relevance
(Table 1).

The review was conducted in pairs by experts in quality of
care and the disagreements were resolved through discussion
and consensus. The values of each criterion were added to
obtain a total score ranging from 0 to 12 points, considering
the recommendation to be more useful when the score was
higher. The highest scores were selected for each step of the
care process (prevention, diagnosis, treatment, and follow-up)
at each stage (preconception, pregnancy, postpartum, infancy,
and preschool age).

The selected recommendations were reviewed by a group of
experts in nutrition and quality of care to reduce the set to a

TABLE 1 Scoring system used to build the recommendation
prioritization matrix.

A. Grade of recommendation Points

- Grade of recommendation A, B, strong recommendation
- Grade of recommendation C, D, regular recommendation
- Grade of recommendation E, good practice point, weak
recommendation
- The degree of recommendation is not specified

3
2
1
0

B. Feasibility of application (the score was assigned based on the
sum of the following criteria)

Points

- Non-specialized knowledge
- Specific moment of evolution
- Specific recommendation

1
1
1

C. Sample necessary for the measurement, the score was assigned as
follows:

Points

- There is a census
- A subsample can be easily identified based on existing records, that
is, the target groups have been identified in a card holder or similar
record
- A complex subsample can be identified based on existing records,
but a subgroup is required to be identified from a card rack or similar
source
- There is no specific record in the unit

3
2
1
0

D. Relevance, the score was assigned based on the sum of the
following criteria:

Points

- Frequency of the event
- Involves complications or death if the activity is not performed
- High degree of recommendation

1
1
1

manageable number for collecting information in the field and
to be valid for the context of care in health services in Mexico.

Step 3. Technical sheet of quality
indicators

For the development of the indicators, the methodology
suggested by Saturno-Hernández (18) was followed, and the
components of the indicators were reflected in standardized
technical sheets (19) developed by the same author.

Step 4. Data collection instruments

Based on the structure of the indicators and their
formulas, a data collection instrument was designed using Excel
spreadsheets to facilitate its use in any electronic device.

Step 5. Pilot study

A pilot study was carried out to evaluate the reliability of the
22 indicators and the feasibility of their application. This study
was performed in five PHC rural and urban units belonging to
the Mexican Ministry of Health in the State of Mexico.
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TABLE 2 Twenty two guideline-based indicators to assess the quality of maternal and child nutritional care at primary health care.

Life stage Name of
indicator

Type of
indicator

Description Formula

Weight control
strategies

Process Percentage of patients who
have been prescribed
dietary, exercise, medical or
surgical strategies for weight
management 3 months
before their pregnancy

Number of patients during the preconception period who have

been prescribed dietary, exercise, medical, or surgical strategies for

weight management three months before their pregnancy

Total number of patients during the preconception period
x 100

Preconception Anthropometric
assessment

Process Percentage of patients with
complete anthropometric
assessment (Height, weight
and Body Mass Index)

Number of patients in the preconception stage who underwent a

complete anthropometric evaluation

Total number of patients during the preconception period
x 100

Folic acid
supplementation

Process Percentage of patients who
are prescribed folic acid
three months before their
pregnancy

Number of patients in the preconception stage who were prescribed

folic acid supplementation in the three months prior to their pregnancy

Total number of patients during the preconception period
x100

Glycemic control
during pregnancy

Process Percentage of patients with
normal values in the oral
glucose tolerance curve
during pregnancy

Number of pregnant patients with normal values in the oral glucose

tolerance curve

Total number of pregnant patients
x100

Supplementation
in pregnancy

Process Percentage of patients with
folic acid supplementation
during the first trimester of
pregnancy

Number of pregnant patients who were prescribed folic

acid supplementation during the first trimester of pregnancy

Total number of pregnant patients
x100

Anemia screening Process Percentage of pregnant
patients who have been
screened for anemia

Number of pregnant patients to whom screening for anemia was

provided during the first pregnancy consultation and around 28

gestational weeks

Total number of pregnant patients
x100

Pregnancy Preeclampsia
screening

Process Percentage of pregnant
patients with blood pressure
measurement and urinalysis

Number of pregnant patients who underwent blood pressure

measurement and urinalysis at each medical consultation

Total number of pregnant patients
x100

Screening for risk
factors for

preeclampsia

Process Percentage of patients with
identified risk factors for
preeclampsia

Number of pregnant patients who were screened for risk factors

for preeclampsia at the first consultation

Total number of pregnant patients
x100

Adequate
follow-up

Process Percentage of patients with
adequate prenatal follow-up

Number of patients with adequate prenatal follow − up
Total number of pregnant patients

x100

Nutritional
evaluation and

vitamin
supplementation

in adolescent
pregnancy

Process Percentage of adolescent
pregnant patients with
nutritional evaluation and
adequate vitamin
supplementation

Number of adolescent pregnant patients with nutritional evaluation and

adequate vitamin supplementation

Total number of adolescent pregnant patients.
x100

Postpartum

Guidance on
techniques for

effective latching,
breast massage and

milk expression

Process Percentage of patients
during the breastfeeding
period who had guidance on
techniques for effective
latching, breast massage,
and milk expression

Number of patients during the breastfeeding period with

guidance on techniques for effective latching, breast massage,

and milk expression

Total number of patients during the breastfeeding period.
x100

Guidance on
postpartum weight

control

Process Percentage of patients
during the postpartum
period with counseling
about weight control

Number of patients during the postpartum period who received

counseling about weight control

Total number of patients during the postpartum period.
x100

(Continued)
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TABLE 2 (Continued)

Life stage Name of
indicator

Type of
indicator

Description Formula

Nutritional and
physical activity

recommendations.

Process Percentage of patients
with obesity and
nutritional and physical
activity recommendations
in the postpartum period

Number of postpartum patients with obesity who were provided

with nutritional and physical activity recommendations

Number of postpartum patients with obesity
x100

Promotion of
exclusive

breastfeeding,
continued

breastfeeding and
complementary

feeding

Process Percentage of patients
whose mothers had
promotion of exclusive
breastfeeding, continued
breastfeeding, and
complementary feeding

Number of patients under two years old whose mothers

had promotion of exclusive breastfeeding, continued breastfeeding,

and complementary feeding

Total number of patients under two years old
x100

Assessment of
nutritional status

Process Percentage of infants who
had an assessment of
nutritional status

Number of infants with an assessment of nutritional status
Total number of infants

x100

Infancy Recommendation
to reduce energy

intake and fast food
in infants with

obesity

Process Percentage of patients
under 2 years old with
obesity who have received
recommendations to
reduce energy and
fast-food intake

Number of infants with obesity who recieved recommendations

to reduce energy and fast − food intake

Total number of patients under two years with obesity
x100

Follow-up of
patients with
malnutrition

Process Percentage of patients
with malnutrition who
had adequate follow-up

Number of patients under two years old with malnutrition who

received adequate follow − up

Total number of patients under two years with malnutrition
x100

Timely detection
and identification of
risk factors for the

development of iron
deficiency anemia
in patients under 2
years of age with

malnutrition

Process Percentage of patients
under 2 years old with
malnutrition who had
timely detection and
identification of risk
factors for the
development of iron
deficiency anemia

Number of patients under two years old with malnutrition who had timely

detection and identification of risk factors for the development

of iron deficiency anemia

Total number of patients under two years with malnutrition
x100

Physical activity and
nutritional

recommendations

Process Percentage of patients in
the range from 2 to 5 years
old who received physical
activity and nutritional
recommendations

Number of patients in the range from 2 to 5 years old who received physical

activity and nutritional recommendations

Total number of patients in the range from 2 to 5 years old
x100

Preschool children
with

anthropometric
assessment

Process Percentage of patients in
the range from 2 to 5 years
old who had an
anthropometric
assessment on each
consultation

Number of patients in the range from 2 to 5 years old who had an

anthropometric assessment on each consultation.

Total number of patients in the range from 2 to 5 years old
x100

Preschool age Identification of risk
factors for

malnutrition in
preschool children

Process Percentage of patients in
the range from 2 to 5 years
old in whom risk factors
for malnutrition are
identified

Number of patients in the range from 2 to 5 years old

in whom risk factors for malnutrition are identified

Total number of patients in the range from 2 to 5 years old
x100

Recommendation
to reduce energy

intake and fast food
in preschool
children with

obesity

Process Percentage of patients in
the range from 2 to 5 years
old with obesity who
received
recommendations to
reduce total energy intake
and fast food consumption

Number of patients in the range from 2 to 5 years old with obesity who received

recommendations to reduce total energy intake and fast food consumption

Total number of patients in the range from 2 to 5 years old with obesity
x100
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TABLE 3 Reliability of the quality indicators of maternal and child nutritional care at primary care.

Name of the indicator and
sub-indicator

PABAK (CI 95%) Number of clinical records Percentage compliance** (CI 95%)

Evaluator 1 Evaluator 2

Weight control strategies – 0 – –

Dietary recommendations – 0 – –

Physical activity/exercise
recommendations

– 0 – –

Pharmacological treatment
recommendations

– 0 – –

Surgical recommendations – 0 – –

Anthropometric evaluation – 0 – –

Folic acid supplementation – 0 – –

Glycemic control in pregnancy 1* (1.00–1.00) 33 0.0 (0.0–10.6) 0.0 (0.0–10.6)

Supplementation in pregnancy 0.87* (0.72–1.00) 46 8.7 (3.2–21.7) 6.5 (2.0–19.1)

Folic acid 0.90 (0.79–1.00) 46 65.2 (50.0–77.9) 69.6 (54.3–81.4)

Vitamin D 0.87 (0.76–0.99) 46 8.7 (3.2–21.7) 6.5 (2.0–19.1)

Anemia screening 0.60* (0.46–0.80) 44 29.5 (17.6–45.1) 22.7 (12.4–38.0)

Blood biometry request in the first
consultation

0.64 (0.49–0.78) 44 75.0 (59.6–85.9) 65.9 (50.3–78.7)

Blood count request around 28 week of
pregnancy

0.80 (0.64–0.99) 44 36.4 (23.2–52.0) 31.8 (19.4–47.5)

Preeclampsia screening 0.60* (0.41–0.75) 36 30.6 (17.3–48.1) 33.3 (19.4–50.9)

Blood pressure measurement 0.83 (0.64–1.00) 36 91.7 (76.1–97.4) 100.0 (90.3–100.0)

Application of urolabstix or general urine
test

0.72 (0.48–0.95) 36 36.1 (21.7–53.6) 33.3 (19.4–50.9)

Screening for risk factors for
preeclampsia

1* (1.00–1.00) 26 3.8 (0.5–25.4) 3.8 (0.5–25.4)

Adequate follow-up 0.65* (0.43–0.86) 51 33.3 (21.5–47.7) 23.5 (13.6–37.5)

Adequate number of medical
consultations

0.65 (0.43–0.86) 51 33.3 (21.5–47.7) 23.5 (13.6–37.5)

Recorded the patient’s weight at each visit 0.92 (0.81–1.00) 51 98.0 (86.6–99.7) 98.0 (86.6–99.7)

Nutritional evaluation and vitamin
supplementation in adolescent
pregnancy

0.54* (0.18–1.00) 13 15.4 (3.1–51.0) 7.7 (0.8–46.9)

Nutritional diagnosis 0.54 (0.18–1.00) 13 38.5 (14.6–69.5) 30.8 (10.2–63.5)

Folic acid and iron prescription 0.84 (0.51–1.00) 13 30.8 (10.2–63.5) 38.5 (14.6–69.5)

Guidance on techniques for effective
latching, breast massage and milk
expression

1* (1.00–1.00) 9 0.0 (0.0–33.6) 0.0 (0.0–33.6)

Guidance on postpartum weight control 0.56* (0.12–1.00) 9 33.3 (8.1–73.8) 11.1 (0.9–62.9)

Nutritional and physical activity
recommendations

1* (1.00–1.00) 8 0.0 (0.0–36.9) 0.0 (0.0–36.9)

Nutritional recommendations 0.75 (0.16–1.00) 8 25.0 (4.1–72.4) 12.5 (0.9–68.1)

Physical activity recommendations 1 (1.00–1.00) 8 0.0 (0.0–36.9) 0.0 (0.0–36.9)

Promotion of exclusive breastfeeding,
continued breastfeeding and
complementary feeding

0.83* (0.65–1.00) 24 8.3 (1.9–30.2) 16.67 (5.9–38.9)

Promotion of exclusive breastfeeding in
children under 6 months

0.67 (0.44–0.99) 24 41.67 (22.9–63.1) 50.0 (29.7–70.3)

Promotion of continued breastfeeding
after 6 months and up to 2 years

0.92 (0.74–1.00) 24 29.2 (13.7–51.5) 33.3 (16.7–55.5)

Complementary feeding recommendation
from 6 months of age

0.75 (0.56–1.00) 24 58.3 (36.9–77.1) 45.8 (26.3–66.8)

Assessment of nutritional status 0.86* (0.65–1.00) 28 7.1 (1.6–26.3) 7.1 (1.6–26.3)

Dietary history 0.64 (0.41–0.94) 28 28.6 (14.3–48.9) 25.0 (11.8–45.3)

(Continued)
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TABLE 3 (Continued)

Name of the indicator and
sub-indicator

PABAK (CI 95%) Number of clinical records Percentage compliance** (CI 95%)

Evaluator 1 Evaluator 2

Social and economic history 0.79 (0.54–1.00) 28 42.9 (25.2–62.5) 39.3 (22.4–59.2)

Anthropometric measurements 0.78 (0.54–1.00) 28 67.9 (47.5–83.1) 64.3 (44.1–80.4)

Nutritional diagnosis 0.57 (0.25–0.89) 28 67.9 (47.5–83.1) 67.9 (47.5–83.1)

Recommendation to reduce energy
intake and fast food in infants with
obesity.

– 0 – –

Follow-up of patients with malnutrition – 0 – –

Timely detection and identification of
risk factors for the development of iron
deficiency anemia in patients under 2
years of age with malnutrition

– 0 – –

Physical activity and nutritional
recommendations

1* (1.00–1.00) 6 0.0 (0.0–45.9) 0.0 (0.0–45.9)

Physical Activity/Exercise
recommendations

1 (1.00–1.00) 6 0.0 (0.0–45.9) 0.0 (0.0–45.9)

Nutritional recommendations 0.67 (0.19–1.00) 6 16.7 (0.9–81.4) 0.0 (0.0–45.9)

Preschool children with anthropometric
assessment

0.67* (0.19–1.00) 6 16.7 (0.9–81.4) 0.0 (0.0–45.9)

Identification of risk factors for
malnutrition in preschool children

– 0 – –

Recommendation to reduce energy
intake and fast food in preschool
children with obesity

– 0 – –

PABAK, kappa adjusted for prevalence and inter-rater bias. The indicators are in bold letters and the sub-indicators that compose them are in normal letters. *Indicator is reliable.
**Percentage of compliance with the indicators found by each evaluator in the review of clinical records.

The clinical records and nutritional control cards were the
inputs to obtain the necessary information to evaluate the
indicators. Each indicator was evaluated by two independent
researchers by reviewing a systematic random sample of 30
clinical records and nutritional control cards for each life
stage (18).

The sampling was carried out through patient records on
the Child Nutrition Status Control cards (SINBA-SIS-18-P) and
Comprehensive Care for Pregnancy, Puerperium, and Lactation
Period (SINBA-SIS-38-P) (19) from 2020 and 2021.

Step 6. Analysis and selection of
indicators

The reliability of the indicators was evaluated by inter-
rater agreement based on the results of the kappa adjusted
for prevalence and inter-rater bias (PABAK). Indicators with
a result equal to or greater than 0.4 were considered reliable,
taking into account the Benchmark scale (20).

Feasibility was established based on the possibility of being
measured through the available data sources in the medical
units, recording the difficulties that arose during measurement.

Based on the reliability and feasibility results, the group
of experts carried out a second prioritization exercise to keep
a feasible number of indicators that would be manageable by
health personnel.

Results

Selected recommendations

Of the 922 recommendations identified in this work, 124
were excluded (7 in preconception, 20 in pregnancy, 32 in
postpartum, 42 in infancy, and 23 in preschool) since they
were related to the second level of care or required information
other than the available in health units. With the selected
recommendations, 22 composite indicators were constructed
and tested in the pilot study. Table 2 shows the 22 guideline-
based quality indicators of maternal and child nutritional
care at primary care with their main characteristics (name,
type of indicator, description, and formula). The selected
indicators were all process indicators since, as Donabedian
(21) points out, this approach denotes what is really done in
health care.
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TABLE 4 Final selected indicators to assess the quality of maternal
and child nutritional care.

Life stage Indicator name

Preconception Weight control strategies

Folic acid supplementation

Pregnancy Supplementation in pregnancy

Anemia screening

Adequate follow-up

Nutritional evaluation and vitamin supplementation in
adolescent pregnancy

Postpartum Guidance on techniques for effective latching, breast
massage and milk expression

Guidance on postpartum weight control

Infancy Promotion of exclusive breastfeeding, continued
breastfeeding and complementary feeding

Assessment of nutritional status

Recommendation to reduce energy intake and fast food
in infants with obesity

Follow-up of patients with malnutrition

Timely detection and identification of risk factors for
iron deficiency anemia in patients under 2 years of age
with malnutrition

Preschool age Physical activity and nutritional recommendations

Preschool children with anthropometric assessment

Recommendation to reduce energy intake and fast food
in preschool children with obesity

Selected indicators

The reliability of the indicators obtained in the pilot
study is shown in Table 3. For the preconception, no
information was found in any of the five health centers
evaluated in the pilot study; therefore, reliability could not
be assessed. Similarly, no information was found on the
following indicators: “Recommendation to reduce energy
intake and fast food in infants with obesity,” “Follow-up
of patients with malnutrition,” “Timely detection of risk
factors for the development of iron deficiency anemia in
patients under 2 years of age with malnutrition,” “Identification
of risk factors for malnutrition in preschool children,”
“Recommendation to reduce energy intake and fast food in
preschool children with obesity,” and reliability could not be
assessed.

Considering the aspects mentioned in “Materials and
methods” section, we selected 16 indicators to assess the
quality of nutritional maternal and child care at health units
at PHC (Table 4). We decided to include indicators from the
preconception stage (although no information was obtained)
since it is a critical period that represents an opportunity
to implement interventions aimed at improving the course
of pregnancy and its results for the mother-child binomial
(20).

Discussion

We carried out, for the first time in Mexico, a systematic and
validated process for the development of indicators to assess the
quality of maternal and child nutritional care at PHC that can be
implemented within the Mexican health system.

The activities evaluated by the 16 selected indicators
coincide with the recommended evidence-based nutrition
actions over the life course by WHO (9) for improving
maternal and child nutrition. The proposed indicators have the
potential to identify areas of improvement in the process of
nutritional care at PHC since they include the evaluation of
actions related to the prevention and promotion, diagnosis, and
treatment of the different forms of malnutrition in the period of
preconception, pregnancy, postpartum, infancy, and preschool
stage. Furthermore, the developed indicators incorporate key
processes recommended in the construction of quality of
care indicators (22, 23). In addition, it should be noted
that their development is based on a rigorous methodology
that includes the selection of recommendations with a high
degree of evidence.

It is important to consider that the validation of indicators
took place in a period in which Mexico and the entire world
were in a pandemic due to SARS-CoV-2. The pandemic
conditioned, on the one hand, the low demand for services
due to confinement measures, the difficulties in transportation,
or the fear of getting infected; and on the other hand, the
decrease in the supply of health services. The health services that
were the most affected by this situation were family planning,
prenatal, obstetric, and postnatal care, newborn care, child care,
adolescents, sexual, and reproductive health, chronic diseases,
and nutrition programs. The latter were completely interrupted
in some cases (24). As a result of this situation, an increase of
up to 10% in acute malnutrition in the Latin American and
Caribbean region has been estimated as a direct consequence of
the decrease in maternal and child health care services (24, 25).

The principal limitation identified during the validation
process was the inability to measure the feasibility of all
indicators due to the lack of clinical records. Clinical records
are the source documents for most studies on the health care
process; however, it is important to be aware of the deficiencies
that prevail in these records in clinical practice in general. Some
authors point out that the lack of adequate clinical records is
not incompatible with good clinical practice (21). Nevertheless,
if the quality criteria evaluated in these records were sufficiently
relevant for the adequate care of a certain health problem, this
situation could be considered a factor of poor quality of care.

In the pilot study, neglect or even lack of clinical records was
observed; this did not allow the evaluation of relevant aspects of
the care process for the different forms of malnutrition. This lack
of clinical records may be due to an omission of care activities
carried out by health personnel, which could cause problems
in monitoring the health status of health service users. The
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absence of clinical records is also evidence of the quality of
the care process.

In addition, for some indicators, the number of medical
records necessary to be able to estimate the reliability statistics
was not completed. However, it was considered necessary
to maintain some indicators that presented difficulties for
their measurement, due to the relevance indicated by the
scientific literature and the experts. For example, regarding
the indicators of the preconception stage such as “Folic
acid supplementation,” no records were found about patients
who were planning a pregnancy; therefore, to assess the
care provided to this group, alternative sources must be
used, such as the registry of pregnant patients. Even though
feasibility and reliability could not be evaluated in the
indicators belonging to preconception, we decided to keep
them in the group of the 16 final indicators due to the
importance of the nutritional status at this stage in the
course and outcome of pregnancy in both the mother
and the offspring.

Despite the limitations, to our knowledge, this is the first
effort to design and validate a systematic set of indicators to
evaluate the quality of maternal and child nutritional care. We
consider it relevant to have indicators that allow evaluating
the quality of maternal and child nutritional care that make it
possible to highlight areas of opportunity, variability of care,
and progress in the improvement of care. This study provides
a path to focus on quality-improvement initiatives within PHC.
The 16 indicators developed were used to assess the quality
of maternal and child nutritional care in health units of PHC
in six states in Mexico. The results of this evaluation will be
published shortly.

Conclusion

The systematic use of the 16 indicators at the PHC
to monitor and evaluate the quality of maternal and child
nutritional care could contribute substantially to improving
the nutritional status during preconception, pregnancy,
postpartum, infancy, and preschool stage at the individual and
population level.
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Aim: This study aimed to analyze glycemic control and multifactorial

cardiovascular control targets in people with type 2 diabetes (T2DM) in

primary care according to sex and socioeconomic status (SES).

Materials and methods: This is an observational, cross-sectional, and

multicenter study. We analyzed all the patients with T2DMM aged between 40

and 75 years in Madrid city (113,265) through electronic health records from 01

August 2017 to 31 July 2018. SES was defined by an area-level socioeconomic

index stratified by quintiles (1st quintile: more affluent).

Outcomes: Outcomes included glycemic control (HbA1c ≤ 7%), 3-factor

cardiovascular control [HbA1c ≤ 7%, blood pressure (BP), < 140/90 mmHg,

LDL < 100 mg/ml] and 4-factor control [HbA1c ≤ 7%, blood pressure

(BP) < 140/90 mmHg, LDL < 100 mg/ml, and BMI < 30 kg/m2]. Multilevel

logistic regression models analyzed factors associated with suboptimal

glycemic control.

Results: In total 43.2% were women. Glycemic control was achieved by

63% of patients (women: 64.2% vs. men: 62.4%). Being more deprived was

associated with suboptimal glycemic control (OR: 1.20, 95% CI: 1.10–1.32);

however, sex was not related (OR: 0.97, 95% CI: 0.94–1.01). The optimal 3-

factor control target was reached by 10.3% of patients (women: 9.3% vs. men:

11.2%), especially those in the 5th quintile of SES. The 4-factor control was

achieved by 6.6% of the sample. In the 3-factor control target, being women

was related to the suboptimal 3-factor control target (OR: 1.26, 95% CI: 1.19–
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1.34) but only belonging to SES 4th quintile was related to the unachieved

target (OR: 1.47, 95% CI: 1.04–2.07).

Conclusion: Suboptimal glycemic control was associated with being

less affluent and suboptimal 3-factor control target was associated

with being women.

KEYWORDS

type 2 diabetes, sex, primary health care, social determinants of health, decision
making

Introduction

It is estimated that type 2 diabetes (T2DM) affects
463 million people worldwide (1). T2DM increases with age
and also depends on social factors, such as education, income,
neighborhood, or socioeconomic status (SES) (2). Patients
with T2DM have an increased risk of mortality for all other
conditions in comparison to patients without diabetes (3),
especially in women (4).

To achieve optimal control of this condition, clinical
guidelines recommend maintaining HbA1c of < 7%, blood
pressure of ≤ 140/90 mmHg (BP), and a body mass index
of < 30 kg/m2 (BMI). The weight goal differs among the
guidelines, but it is recommended to avoid obesity and lose
weight if overweight (5, 6). The LDL cholesterol target has
changed over the years based on studies that addressed it in the
cardiovascular risk factor context. Although the objectives are
clear, only two-thirds of patients can reach the HbA1c goal (7,
8). Some studies found that patients whose HbA1c is outside
the range of 6–8% have more cardiovascular complications (9),
more visits to the family doctor (likely a proxy for more complex
disease) (10), more admissions to the hospital resulting from
complications (11), and higher mortality than those with HbA1c
levels inside this range (12).

In the past, glycemic control was focused on achieving
a single target defined by HbA1c <7%. Recently, some
studies have described not only glycemic control but
also the cardiovascular multifactorial control targets of
HbA1c <7%, BP ≤140/90 mmHg, and LDL <100 mg/dl
(multifactorial control targets) (13–16). Less information
is known to determine which single target could help
T2DM management. Wan et al. have suggested that LDL
targets alone could decrease cardiovascular disease risk
among patients with T2DM (16). In the past years, patient
demographics such as sex and SES have been added to
this approach because both determinants influence both
healthy behaviors and access to the health system (17–19).
Health inequalities have been observed in those living in
more socioeconomically deprived areas as they were less
likely to attain glycemic control and had more T2DM
complications (18).

The Spanish National Health System (NHS) provides first-
contact, comprehensive, continuous, and coordinated care,
which is free at the point of care for a defined population
served by primary care centers. Every citizen in Spain is assigned
a family physician. The T2DM is managed by the family
physicians who are responsible for delivering and coordinating
patient care. Electronic health record has been used in the
country for over 20 years in the public sector and the private
sector. The Spanish NHS provides care through 17 counties;
each county has its own electronic health record. All the counties
share data with the NHS to elaborate on national data.

This study aimed to analyze glycemic control and
multifactorial cardiovascular control targets regarding sex and
socioeconomic status (SES) in type 2 diabetes in primary care.

Materials and methods

Study design

This is an observational, population-based, cross-sectional
study. The Heart Healthy Hoods (HHH) project studies the
association between the urban environment, cardiovascular
health, and inequities in the whole of Madrid city (Spain)
(20). HHH project gathered data through the electronic health
records of 128 primary care practices in Madrid city (Spain).

Participants

We analyzed all the patients with type 2 diabetes aged
between 40 and 75 years and having at least one measure of
HbA1c during 1 year from 01 August 2017 to 31 July 2018
registered in the primary care electronic health record of Madrid
Public Health System. A flowchart describing the inclusion and
exclusion of participants is shown in Supplementary Figure 1.

Variables

Sociodemographic variables were recorded (sex and age).
The area-level socioeconomic status index (MEDEA index) was
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assessed on a combination of four census indicators, namely,
unemployment, low education level, the percentage of people
who are manual workers, and those who are working in
temporary jobs in relation to the employed population (21).
Patients were grouped by quintiles of the socioeconomic index
according to their neighborhood: the 1st quintile (less deprived)
and the 5th quintile (more deprived).

According to the guidelines, we defined model 1 (glycemic
control) as HbA1c ≤ 7% (53 mmol/mol). Model 2 (3-factor
control) was defined by HbA1c ≤ 7%, BP < 140/90 mmHg, and
LDL < 100 mg/ml, and model 3 (4-factor control) was defined
as HbA1c ≤ 7%, BP < 140/90 mmHg, LDL < 100 mg/ml, and
body mass index (BMI) < 30 kg/m2.

The clinical data included the duration of T2DM
(years), cardiovascular risk factors (smoking, hypertension,
dyslipidemia, and obesity defined as BMI ≥ 30 kg/m2), and
cardiovascular complications (ischemic heart disease, stroke,
peripheral vascular disease, chronic renal failure, diabetic
nephropathy, and diabetic retinopathy). In addition, estimated
glomerular filtration rate (calculated with CKD-EPI values
and MDRD4) and albuminuria were collected. Chronic renal
disease was defined as kidney damage or glomerular filtration
rate (GFR) < 60 ml/min/1.73 m2 for 3 months or more
(22). Albuminuria was defined as an albumin-to-creatinine
ratio >30 mg/g in two of three spot urine specimens (22).
Laboratory results were estimated as the arithmetic mean of the
individual determinations during the 1 year for those who had
more than one measurement.

Characteristics of the 128 primary care practices in Madrid
city included the number of family doctors and nurses, the daily
consultation rates of family doctors and nurses (patients/day),
and the population size assigned to the primary health center
for family doctors and nurses (Supplementary Table 1).

Statistical analyses

All patient and practice characteristics were summarized
using descriptive statistics (proportions and means, standard
deviations or medians, and interquartile ranges, when
appropriate based on the distribution).

Categorical variables (good glycemic or 3-factor and 4-
factor control targets) were presented as percentages and
compared using the χ2 test and the Student’s t-test or
corresponding non-parametric tests for continuous variables.

Several variables potentially associated with factor controls
were assessed using multilevel logistic regression analysis, taking
into account the aggregation of data by cluster (patient: first
level, primary care practice: second level), adjusted by age, sex,
and SES index. Results were expressed as odds ratios (OR)
and 95% CI. All the tests were conducted at a significance
level of 0.05. The analysis was performed using STATA 15.1
and RStudio 16.0.

Results

Study population characteristics

Of the 3.22 million inhabitants in Madrid city, the Heart
Healthy Hoods study analyzed individuals aged between 40 and
75 years (1.42 million). Among those, 113,265 had T2DM, of
whom 68,535 (60.5%) had at least one check-up performed
within the previous 12 months. Comparisons between those
with and without an HbA1c measured in the last year are
available in Supplementary Table 2.

The mean age was 62.7 ± 8.8 years, women comprised
43.2% of the total, and 41% of the population were classified
in the lowest groups (4th quintile and 5th quintile of SES). The
demographic and clinical characteristics of the study population
are shown in Table 1 according to their achievement of the
glycemic target. Patients who achieved glycemic control were
slightly older and suffered more hypertension and obesity than
those who did not achieve it; however, they had fewer T2DM
complications than those with HbA1c >7%. The characteristics
of cardiovascular factors stratified by sex can be found in
Supplementary Table 3.

Glycemic control, 3-factor control,
4-factor control by sex and
socioeconomic status index

Glycemic control was achieved in 63.2% of the population,
with 64.2% of the female patients achieving it compared to
62.4% of male patients (p< 0.001) (Tables 2, 3). The proportion
of patients who achieved glycemic control decreased from the
1st quintile to the 5th quintile of SES in both sexes. Men
had lower rates of control in all the quintiles; however, the
differences were small (Figure 1).

When we addressed T2DM as a 3-factor control target
(HbA1c ≤ 7%, LDL < 100 mg/dl, and BP < 140/90 mmHg),
we found that 9.2% of women and 11.1% of men achieved the
3-factor control target (p < 0.001). Those in the 5th quintile
of SES obtained a better 3-factor control target than those in
the 1st quintile of SES (women: 10.6% vs. 9.2%, men: 13.4% vs.
11.1%). Women were less likely to achieve the 3-factor control
target regardless of the SES index. When adding BMI <30 kg/m2

to the 3-factor control target, the patients who achieved it
fell to 6.6%, and there were differences between the sexes
(Tables 2, 3).

Odds ratios of factors associated with suboptimal control
targets in the multilevel analysis are shown in Table 4.
The intraclass correlation indicated that the clustering of
practices in relation to glycemic control was marginal (intraclass
correlation = 0.010).

Faults in achieving glycemic control were associated with
being in the 4th and 5th quintiles of SES, and having coronary
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TABLE 1 General characteristics of the population according to their achievement of the glycemic target.

Patient characteristics All Patients with HbA1c ≤ 7% Patients with HbA1c > 7% P-value

N 68,535 43,296 25,239

Age (years)* 62.7 (8.8) 63.2 (8.6) 61.8 (9.1) <0.001

Duration of T2DM (years)* 9.40 (6.0) 8.6 (5.6) 10.9 (6.3) <0.001

Foreigners ** 4,111 (6.0) 2,219 (5.1) 1,892 (7.5) <0.001

Men** 38,955 (56.8) 24,307 (56.1) 14,648 (58.04) <0.001

Women** 29,580 (43.2) 18,989 (43.9) 10,591 (41.9)

Socioeconomic status index**: <0.001

1st quintile, least deprived 14,764 (21.6) 9,731 (22.6) 5,033 (20.0)

2nd quintile 12,405 (18.2) 8,042 (18.7) 4,363 (17.3)

3rd quintile 13,110 (19.2) 8,388 (19.5) 4,722 (18.8)

4th quintile 15,393 (22.6) 9,427 (21.9) 5,966 (23.7)

5th quintile, more deprived 12,568 (18.4) 7,503 (17.4) 5,065 (20.1)

Cardiovascular Risk Factors**:

Tobacco 4,799 (18.0) 2,910 (17.4) 1,889 (18.9) 0.002

Obesity 18,407 (46.0) 11,052 (60.0) 7,355 (39.9) <0.001

Dyslipidemia 43,135 (62.9) 27,420 (63.3) 15,715 (62.3) 0.005

Hypertension 43,384 (63.3) 27,628 (63.8) 15,756 (36.3) <0.001

T2DMComplications**:

Coronary heart disease 7,057 (10.3) 4,227 (9.8) 2,830 (11.2) <0.001

Stroke 3,908 (5.7) 2,426 (5.6) 1,482 (5.9) 0.14

Peripheral arteriopathy 3,212 (4.7) 1,818 (4.2) 1,394 (5.5) <0.001

Chronic renal disease 2,123 (3.1) 1,311 (3.0) 812 (3.2) 0.17

Diabetic nephropathy 2,232 (14.4) 1,159 (11.7) 1,073 (19.4) <0.001

Retinopathy 2,127 (3.1) 898 (2.1) 1,229 (4.9) <0.001

*Mean (standard deviation).
**n (%).
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; SES, socioeconomic status index.

heart disease, peripheral arteriopathy, and retinopathy was
related to not achieving glycemic control. Once we studied the
3-factor and 4-factor control targets (models 2 and 3), we found
that women were less likely to reach the 3-factor and 4-factor
control targets along with having diabetic retinopathy.

Discussion

The glycemic control was achieved by 63% of primary care
diabetic patients aged 40–75 years in the HHH study. However,
only 10.3% achieved the 3-factor control target (HbA1c, BP,
and LDL), and 6.6% achieved the BMI <30 kg/m2 (4-factor
control). Women had better glycemic control (HbA1c) but
worst 3-factor and 4-factor control targets regardless of the
SES.

In our population, we found that 60.5% of our patients
had had their HbA1c checked in the last year. Our results
are lower than in Canada, where 68.9% of patients had a
baseline HbA1c assessment at a 1-year follow-up (23), or in
the United Kingdom, where 69% had all the annual measures
during the 5 years (19). In our study, high-SES participants
were less likely to have an HbA1c measure, which could be

explained by patients in that quintile of SES receiving care
outside of the public health system. This contrasts with the
UK study where patients belonging to the SES 5th quintile
group were more likely not to have annual HbA1c monitoring.
Perhaps, due to challenges concerning access to healthcare, this
needs additional investigation. In this study, we compared those
patients who had at least one measure of HbA1c in the 1-year
follow-up and those who did not. Although we have a large
sample size, many patients were excluded as they did not meet
the inclusion criteria. This study collected information from
the clinical practice as information was recorded during the
clinical encounter. This approach to using real-world data has
limitations as not all the variables were recorded, in contrast
to a randomized clinical trial where missing data can be
assessed more tightly (24). Other studies with the same aim
and size population decided not to impute data (13, 14, 17),
although they considered the missing data as a limitation.
We focused on analyzing data from the clinical practice to
capture how care was delivered, but the quality of the real-
world data still has to improve to generate real-world evidence
(25).

The glycemic target was achieved in 63.2% of our patients,
which is consistent with other studies where only one-half or
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TABLE 2 Optimal control targets and complications in men based on a socioeconomic status index.

All 1st quintile
n: 8,861

2nd quintile
n: 7,174

3rd quintile
n: 7,174

4th quintile
n: 8,625

5th quintile
n: 6,800

P-value

Optimal control*

HbA1c 24,307 (62.4) 5,758 (65.0) 4,589 (64.0) 4,603 (62.8) 5,230 (60.6) 4,010 (59.0) <0.001

HbA1c, BP, LDL 3,099 (11.1) 681 (11.1) 617 (11.4) 641 (12.3) 442 (7.9) 703 (13.4) <0.001

HbA1c, BP, LDL, BMI 1,470 (7.5) 326 (6.6) 301 (6.5) 286 (6.3) 225 (4.2) 327 (7.3) <0.001

Complications*

Ischemic heart disease 5,474 (14.1) 1,348 (15.2) 964 (13.4) 1,030 (14.0) 1,210 (14.0) 904 (13.3) 0.004

Stroke 2,479 (6.4) 613 (6.9) 422 (5.9) 436 (5.9) 561 (6.5) 439 (6.5) 0.042

Peripheral arteriopathy 2,538 (6.5) 548 (6.2) 453 (6.3) 493 (6.7) 559 (6.5) 473 (7.0) 0.31

Diabetic nephropathy 1,564 (16.9) 335 (17.2) 264 (15.9) 291 (16.1) 378 (16.2) 292 (20.6) 0.002

Chronic renal disease 1,290 (3.3) 293 (3.3) 208 (2.9) 255 (3.5) 295 (3.4) 232 (3.4) 0.29

Retinopathy 1,298 (3.3) 280 (3.2) 237 (3.3) 241 (3.3) 242 (2.8) 292 (4.3) <0.001

*Total and %.

TABLE 3 Optimal control targets and complications in women based on a socioeconomic status index.

All 1st quintile
n:5,903

2nd quintile
n:5,231

3rd quintile
n:5,777

4th quintile
n:6,768

5th quintile
n:5,768

P-value

Optimal control*

HbA1c 18,989 (64.2) 3,973 (67.3) 3,453 (66.0) 3,785 (65.5) 4,197 (62.0) 3,493 (60.6) <0.001

HbA1c, BP, LDL 2,028 (9.2) 404 (9.5) 426 (10.4) 412 (9.7) 287 (6.3) 487 (10.6) <0.001

HbA1c, BP, LDL, BMI 896 (5.5) 151 (5.2) 187 (6.6) 209 (6.6) 129 (3.4) 213 (6.1) <0.001

Complications*

Ischemic heart disease 1,583 (5.4) 293 (5.0) 273 (5.2) 295 (5.1) 383 (5.7) 333 (5.8) 0.21

Stroke 1,429 (4.8) 272 (4.6) 257 (4.9) 273 (4.7) 322 (4.8) 299 (5.2) 0.65

Peripheral arteriopathy 674 (2.3) 135 (2.3) 137 (2.6) 130 (2.3) 151 (2.2) 115 (2.0) 0.30

Diabetic nephropathy 668 (10.7) 114 (10.6) 116 (11.5) 150 (10.7) 159 (9.3) 127 (13.0) 0.054

Chronic renal disease 833 (2.8) 158 (2.7) 122 (2.3) 177 (3.1) 198 (2.9) 172 (3.0) 0.13

Retinopathy 829 (2.8) 138 (2.3) 136 (2.6) 153 (2.6) 190 (2.8) 206 (3.6) <0.001

*Total and %.

one-third of cohorts achieved HbA1c <7% (15, 17). Optimal
glycemic target has been described in 62.8% of patients in
Norway (26), 52.9% in Canada (13), and 46.7% of patients in
the United Kingdom (19). Healthcare access and the healthcare
provision could explain these differences. By taking into account
a global perspective of the disease, health outcomes such as
good control of disease may differ by socioeconomic differences.
We found that sex and SES were related to the achievement
of T2DM targets. The effect of sex on glycemic control has
been discussed before without clear findings. Some studies
suggested that women were more likely to have suboptimal
control (17, 18), but other studies found the opposite (14, 15).
Even so, these differences were less than 2% between men
and women. In this study, more women reached glycemic
targets compared to men (64.2 vs. 62.4%), but sex was not
related to optimal glycemic control while the SES index
was. The optimal control decreased in both sexes from the
1st quintile to the 5th quintile of SES. Our results are in
accordance with Collier et al. (18) and Whyte et al. (19),

who showed that greater social deprivation was less likely
to reach the glycemic target. These findings caption the
importance of addressing social inequalities in people with
T2DM to try to improve the glycemic target in those patients
most disadvantaged.

Our study found that 10.3% of the patients attained the
3-factor control target with results similar to Wan et al. who
registered 9.45%. However, Braga et al. registered that 19%
of their patients met the three goals (13), which may be
related to differences in participant enrollment. In Spain, Ibáñez
et al. published a study in which patients with a lower SES
index less frequently reached HbA1c and BP targets, which
corresponds with our results (17). In our case, patients who
achieved the 3-factor control target more frequently were
those in the lowest quintile of SES. This unexpected finding
could be explained by patients in the lowest quintile of
SES requiring more frequent contact with their primary care
centers compared to those in the 1st and 2nd quintiles of
SES. Obesity is linked to T2DM (27) and the most deprived
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FIGURE 1

Suboptimal glycemic control based on the socioeconomic status index and sex.

TABLE 4 Factors associated with suboptimal glycemic and multifactorial control targets (aORs and 95% CI).

Model 1: Suboptimal
Glycemic control target

OR (95% CI)

Model 2: Suboptimal 3-factor
control targets (HbA1c, BP,

LDL) OR (95% CI)

Model 3: Suboptimal 4-factor
control targets (HbA1c, BP,
LDL, & BMI) OR (95% CI)

Sex (male: reference) 0.97 (0.94–1.01) 1.26 (1.19–1.34) 1.46 (1.33–1.59)

SES index (1st quintile: least deprived, reference)

2nd quintile 0.98 (0.90–1.07) 0.79 (0.58–1.08) 0.75 (0.51–1.10)

3rd quintile 1.01 (0.92–1.11) 0.83 (0.59–1.16) 0.83 (0.54–1.27)

4th quintile 1.16 (1.06–1.26) 1.47 (1.04–2.07) 1.41 (0.92–2.15)

5th quintile 1.20 (1.10–1.32) 1.09 (0.77–1.54) 1.11 (0.72–1.70)

Age 0.96 (0.96–0.97) 0.96 (0.96–0.97) 0.96 (0.96–0.97)

Duration of T2DM 1.08 (1.08–1.09) 1.01 (1.00–1.02) 1.00 (0.99–1.00)

Coronary heart disease 1.10 (1.04–1.16) 0.56 (0.52–0.62) 0.66 (0.59–0.75)

Peripheral arteriopathy 1.22 (1.13–1.32) 1.01 (0.88–1.16) 1.11 (0.92–1.35)

Diabetic retinopathy 1.68 (1.53–1.84) 1.44 (1.18–1.75) 1.18 (0.91–1.52)

CI, confidence interval; SES, socioeconomic status.

quintiles (18). When this risk factor was added, the result was
quite poor, only 6.6% of the population achieved the 4-factor
control targets.

These findings highlight the need to address whether
healthcare outcomes should continue focusing on T2DM

management on the HbA1c target as the primary goal or
approach it as a 3-factor control target, not only because a
few more than half of the patients live with hypertension
and obesity but also because guidelines are recommending a
4-factor control target. Improving glycemic control remains
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a key target to reducing diabetes complications; however,
glycemic and especially 3-factor control can be challenging.
Moreover, achieving the four targets for a majority of the
population is an unrealistic aim. We need more research
highlighting the approach to reducing T2DM complications
and overall cardiovascular risk factors to understand which
targets or combinations of targets are more beneficial for the
patients. In contrast, social determinant perspectives, such as
the SES index, must be taken into account in developing
effective strategies for the management of T2DM. If we
address T2DM as an illness where cumulative disadvantage
is present (28, 29), we will focus on those groups of
patients who are more vulnerable and ensure they receive
proper care. Doctors should be trained to address social
determinants as they are trained to treat T2DM, but also
public policies should take them into account to reduce
social inequalities.

Strengths and limitations

There are several strengths of this study: first, the data
source, the electronic health record, is “real-world data” of
glucose and other factors management. Second, we addressed
diabetes control by focusing on the multifactorial control
targets, including BMI. We also highlighted that sex and SES
may have a role in the optimal control of glycemic and
multifactorial targets in T2DM.

The study was limited by the lack of clinical data from
secondary care or private services used by some patients.
Lifestyle, treatment, or a number of primary care visits were not
collected; these variables could have helped us to interpret our
results more clearly. Finally, we have some missing data from
some of the variables that were excluded from the analysis. We
cannot exclude the possibility of bias because of the missing data
that was collected from a retrospective database.

Conclusion

This study showed that differences in socioeconomic
status are related to poorer glycemic control in patients
with T2DM. Optimal 3-factor control targets (HbA1c ≤ 7%,
LDL < 100 mg/dl, and BP < 140/90 mmHg) were seldom
achieved by the diabetic population, and being women was
associated with suboptimal 3-factor control of cardiovascular
disease risk factors.
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University of Zagreb, Croatia

*CORRESPONDENCE

Jau-Yuan Chen

welins@cgmh.org.tw

SPECIALTY SECTION

This article was submitted to

Family Medicine and Primary Care,

a section of the journal

Frontiers in Public Health

RECEIVED 07 September 2022

ACCEPTED 14 November 2022

PUBLISHED 09 December 2022

CITATION

Wang P-C, Yeh W-C, Tsai Y-W and

Chen J-Y (2022) Calf circumference

has a positive correlation with physical

performance among

community-dwelling middle-aged,

older women.

Front. Public Health 10:1038491.

doi: 10.3389/fpubh.2022.1038491

COPYRIGHT

© 2022 Wang, Yeh, Tsai and Chen. This

is an open-access article distributed

under the terms of the Creative

Commons Attribution License (CC BY).

The use, distribution or reproduction

in other forums is permitted, provided

the original author(s) and the copyright

owner(s) are credited and that the

original publication in this journal is

cited, in accordance with accepted

academic practice. No use, distribution

or reproduction is permitted which

does not comply with these terms.

Calf circumference has a
positive correlation with
physical performance among
community-dwelling
middle-aged, older women

Po-Chun Wang1, Wei-Chung Yeh1,2, Yi-Wen Tsai1,3,4 and

Jau-Yuan Chen1,4*

1Department of Family Medicine, Linkou Chang Gung Memorial Hospital, Taoyuan, Taiwan,
2Department of Family Medicine, Chang Gung Memorial Hospital, Keelung, Taiwan, 3Department of

Family Medicine, New Taipei Municipal Tu-Cheng Hospital (Built and Operated by Chang Gung

Medical Foundation), New Taipei City, Taiwan, 4College of Medicine, Chang-Gung University,

Taoyuan, Taiwan

Introduction: Sarcopenia and frailty are well-known public health problems

in middle-aged and older people. Calf circumference (CC) is a representative

anthropometric index that may be useful for screening sarcopenia. Physical

performance, assessed by hand grip strength and gait speed, measures

sarcopenia and frailty. This community-based, cross-sectional study was

conducted in Guishan District, Taoyuan City, between April and October

2017 to investigate the relationship between CC and physical performance

among community-dwelling middle-aged, older people in Taiwan and to

evaluate potential sex di�erences. CC tends to be an e�cient predictor of

physical performance in community health screenings and outpatient clinics

for community health examinations, where there is limited time for surveys.

Methods: A total of 1,308 volunteers aged 50–85 were recruited. Volunteers

who declined to participate, those with recent cardiovascular disease, and

those with an inability to complete an interview, physical performance

examinations, and body composition measurements were excluded from

the study. A total of 828 participants were enrolled in this study (237 men

and 591 women). The statistical methods applied in this study were the

Mann–Whitney U-test, independent two-sample t-test, Chi-square test, and

multivariate logistic regression models.

Result and discussion: Significant di�erences were observed in age,

waist circumference, appendicular skeletal mass index, calf circumference,

hand grip strength, and income between men and women. No significant

di�erences were observed between the men and women regarding body

mass index, gait speed, exercise habits, or underlying disorders of diabetes

mellitus, hypertension, or hyperlipidemia. Comparing across three di�erent

CC tertiles, we discovered significant di�erences in age, body mass index,

waist circumference, appendicular skeletal muscle index, gait speed, and hand

grip strength in both men and women. On multivariate logistic regression,

after adjusting for age, appendicular skeletal mass index, body mass index,

exercise habits, income levels, and CC were positively correlated with physical
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performance asmeasured by both gait speed (β = 0.15, p= 0.01) and hand grip

strength (β = 0.25, p < 0.001) in women, compared to only hand grip strength

(β = 0.41, p < 0.001) in men. Lower calf circumference is an independent risk

factor for poor physical performance, especially among women.

KEYWORDS

calf circumference, community-based, sex-based di�erences, sarcopenia and frailty,

physical performance, middle-aged and elderly

Introduction

Loss of muscle mass is associated with physical inactivity,

decreased mobility, and slow gait speed. Muscle loss may

result in decreased physical performance, an increased risk of

accidental falls, and a sedentary lifestyle. Sarcopenia is a major

public health concern for middle-aged and older people. It

has been correlated with adverse outcomes, including disability,

poor quality of life, and increased mortality risk (1, 2). Even in

healthy older people, there is a significant rate of sarcopenia (3).

According to a recent systematic review and meta-analysis, the

overall estimates of sarcopenia prevalence in different regions

globally are 10% (95% CI: 8–12%) in men and 10% (95% CI: 8–

13%) in women (4). Xin et al. (5) performed a meta-analysis and

found that the pooled prevalence of sarcopenia in older Chinese

adults was 14% (95% CI: 11–18%). Its prevalence was higher in

Chinese women than in men (15 vs. 14%). Early screening and

diagnosis may reduce adverse outcomes.

Anthropometric measurements can be useful tools for the

clinical assessment of sarcopenia in older people. Currently,

bioelectrical impedance analysis (BIA) and dual-energy X-

ray absorptiometry (DXA) are tools for measuring body

composition and sarcopenia assessment (6, 7). BIA estimates

muscle mass based on whole-body electrical conductivity

(7–11), while DXA includes a pencil-beam or fan-beam

densitometer to determine muscle quantity non-invasively (7,

12–14). However, their utilization among older subjects has

limitations: BIA is more invasive, especially for those with an

implantable pacemaker (15), whereas DXA may be costly and

unavailable in the community (8).

The association between anthropometric indices and

physical fitness performance has also been studied by several

other people. Mamphwe et al. (16) reported that calf

circumference (CC) might be a useful predictor of both muscle

strength and physical performance (hand grip strength and

walking speed) in middle-aged and older black men and,

to a limited extent, in middle-aged and older black women.

Silva et al. (17) showed that a lower CC was associated with

worse hand grip strength and balance in older Brazilians

aged >60 years. Soh and Won (18) found that poor physical

performance was correlated with body fat composition in

women, while fat-free mass was positively associated with

better physical performance in men. As sarcopenia is associated

with a significantly higher risk of mortality, independent of

population and sarcopenia definition, there is a need for

effective screening tools and early diagnosis for all people

(19). Therefore, the relationship between physical fitness

performance and anthropometric indices (particularly CC)

warrants further research.

Calf circumference is a representative anthropometric index

for sarcopenia screening, and hand grip strength and gait speed

play essential roles in the diagnosis of sarcopenia and frailty

(6, 7). Several definitions of sarcopenia have been proposed,

such as those of the European Working Group on Sarcopenia

in Older People (EWGSOP and EWGSOP2) (7) and the Asian

Working Group for Sarcopenia (AWGS) (6). The cutoff values of

CC, hand grip strength, and gait speed were defined differently

due to different references to people of different ethnicities. In

addition, to achieve a frailty diagnosis, three of the following five

components must be satisfied: low energy, low physical activity

level, unintentional weight loss, low grip strength, and slow

walking speed (20).

There are limited facilities for surveys in community

health screenings and outpatient clinics for community health

examinations (21, 22); thus, efficient tools are necessary for

assessment. Whether CC is a representative anthropometric

index correlated with physical performance (hand grip strength

and gait speed) is unknown and should be studied further.

In addition, a few studies evaluated sex-based differences in

the correlations between CC and physical performance (18).

A few studies were conducted on the Taiwanese population

(23). However, this study aimed to explore and discuss the

correlations between CC and physical performance, including

sex-based differences, among the community-dwelling middle-

aged and older population in Taiwan.

Methods

Study design

This is a community-based and cross-sectional study. The

participants in this study were recruited from a community

health promotion project registered at Chang Gung Memorial

Hospital-Linkou Branch, one of the medical centers in northern
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Taiwan, between April and October 2017. The participants were

a subgroup within a previously published study (24).

Participants and settings

Initially, we started the study by continuously recruiting

1,308 volunteers through poster promotion or notification from

the community office from 27 randomized clusters of 32 villages

in Guishan District, Taoyuan City. Each participant completed

a structured questionnaire during a face-to-face interview with

trained research assistants. The questionnaire included personal

information, past medical history, self-reported medical or

surgical conditions, and current medication use.

Inclusion and exclusion criteria

The inclusion criteria were (1) subjects aged between 50

and 85 years and (2) those having lived in the same district

of residence for more than 6 months. The exclusion criteria

were (1) failure to complete body composition analysis (n =

14), (2) an inability to communicate adequately to complete an

interview (n= 10), (3) functional dependency such as inability to

walk 6m (n = 8), (4) recent diagnosis of cardiovascular disease

(CVD) (n = 8), and (5) refusal to participate (n = 440). Thus,

828 participants (237 men and 591 women) were enrolled in

the analysis.

Ethical report

This study followed the guidelines for research with human

beings in the Helsinki Declaration, as amended in 2013. The

data were approved by the Chang Gung Medical Foundation

Institutional Review Board, and consent was obtained from

all participants before enrollment. We explained the study

process well before anthropometric measurements and physical

performance exams. No fall accidents or acute cardiovascular

complications were observed during the study.

Data collection

Data collection included body mass index (BMI), waist

circumference, body composition, gait speed, hand grip

strength, exercise habits, income, and past medical history.

BMI was calculated as weight (kg) divided by height squared

(m2). Waist circumference was measured midway between the

lowest ribs and iliac crest, as recommended by the World

Health Organization and the International Diabetes Federation

(25). Body composition was assessed using the TANITA body

composition analyzer BC-418 to establish appendicular skeletal

muscle mass (ASM) and appendicular skeletal mass index

(ASMI). ASM was defined as the sum of the muscle mass

of the four limbs, and ASMI was calculated as ASM/height2

(m2), according to AWGS (6) and EWGSOP (7). In addition

to past medical history, questionnaires on personal information

were also used to evaluate baseline exercise habits and income.

Participants’ exercise habits were defined as infrequent unless

they engaged in it three times per week and for more than 30

mins each time. The participants were divided into three groups

according to monthly income level: group 1 (<20,000 NTD),

group 2 (20,000–40,000 NTD), and Group 3 (>40,000 NTD).

Underlying diseases considered included diabetes mellitus

(DM), hypertension (HTN), and hyperlipidemia.

Assessment of calf circumference

Anthropometric measurements were performed using non-

elastic, flexible plastic tape. Calf circumference (CC) was

measured on the left leg (or the right leg for left-handed persons)

in a sitting position with the knee and the ankle at a right angle

and the feet resting on the floor. CC was measured at the point

of the greatest circumference. The subcutaneous tissues were

not compressed. The CC cutoff values in Table 2 were calculated

using tertiles.

Assessment of muscle strength and
physical performance

We measured the time taken to walk 6m three times

and calculated the average gait speed. Hand grip strength

in both hands was measured two times with standard

positioning’s recommended by AWGS 2019, standing with

full elbow extension for the Takei T.K.K.5401 GRIP-D

handgrip dynamometer (Takei Scientific Instruments Co.,

Ltd., Tokyo, Japan), and the highest measurement was

recorded (6).

Statistical analysis

The quantitative variables used were mean standard

deviation (SD) for continuous variables and number (%) for

categorical variables. Continuous variables with non-normal

distributions are shown as medians (interquartile ranges),

and p-values were calculated using the Mann–Whitney U-

test. Continuous variables were calculated as p-values using

an independent two-sample t-test. The chi-square test was

used to calculate p-values for categorical variables. Multivariate

logistic regression models were used to examine the relationship

between physical performance and CC. All statistical analyses

were conducted using IBM Statistical Product and Service
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TABLE 1 Baseline characteristics of participants by sex.

Variables Total (n = 828) Men (n = 237) Women (n = 591) P-value

Age (years)† 64.88± 7.99 66.80± 8.83 64.11± 7.50 <0.001‡

BMI (kg/m2)† 24.50± 3.51 24.54± 3.07 24.48± 3.68 0.84

Waist circumference (cm) 85.08± 10.07 88.85± 8.81 83.57± 10.15 <0.001‡

ASMI (kg/m2)† 7.43± 1.18 8.86± 1.03 6.85± 0.62 <0.001‡

Calf circumference (cm) 34.77± 2.81 35.59± 2.62 34.44± 2.82 <0.001‡

Hand grip strength (kg)† 27.41± 8.23 36.50± 8.21 23.77± 4.63 <0.001‡

Gait speed (m/s)† 1.43± 0.25 1.44± 0.27 1.43± 0.24 0.45

Exercise habit n(%) 602(72.71) 173(73) 429(72.59) 0.91

Income (NTD) n(%) <0.001‡

<20,000 626(75.60) 143(60.34) 483(81.73)

20,001–40,000 133(16.06) 52(21.94) 81(13.71)

>40,000 69(8.33) 42(17.72) 27(4.57)

HTN n(%) 265(32.00) 79(33.33) 186(31.47) 0.60

DM n(%) 119(13.37) 42(17.72) 77(13.03) 0.08

Hyperlipidemia n(%) 111(13.41) 28(11.81) 83(14.04) 0.39

Clinical characteristics are expressed as mean± SD values for continuous variables and n (%) for categorical variables.
†Continuous variables with non-normal distributions are shown as median (interquartile range). P-values were derived from the independent two-sample t-test andMann–Whitney U-test

for continuous variables and the chi-square test for categorical variables.
‡P < (0.05/16).

BMI, body mass index; ASMI, appendicular skeletal muscle index; DM, diabetes mellitus; HTN, hypertension.

Solutions Statistics for Windows (version 19.0; IBM Corp.,

Armonk, NY, USA). Statistical significance was considered

at a p < 0.05, which was corrected by the false discovery

rate (FDR).

Results

A total of 828 participants, both men and women, aged

50–85 years (28.62% men, with a response rate of 66.36%),

were enrolled in this study. The study population was divided

into two groups by sex, as shown in Table 1. Of the 828

participants, the average hand grip strength in men and

women was 36.50 ± 8.21 and 23.77 ± 8.21 kg, respectively

(p < 0.001). The average gait speed in men and women was

1.44 ± 0.27 and 1.43 ± 0.24 m/s (p = 0.45), respectively.

Age, waist circumference, ASMI, income, CC, and handgrip

strength were significantly higher in men than in women. No

significant difference was observed between men and women

regarding BMI, gait speed, exercise habits, underlying DM, or

cardiovascular disease.

According to their general characteristics, the study

population was categorized into three different CC

tertiles in Tables 2A,B. In both sexes, CC tertiles were

negatively correlated with age and positively correlated

with BMI, waist circumference, and ASMI. Regarding

physical performance, handgrip strength and gait

speed were positively correlated with CC tertiles in

both sexes.

Exercise habits and income were positively correlated with

CC tertiles in men, while HTNwas positively correlated with CC

tertiles in women. No significant association with CC was found

for the underlying medical conditions of DM or hyperlipidemia

in either sex.

Table 3 presents the results of the multivariate linear

regression analysis. After adjusting for suspected confounding

factors according to previous studies in Model 3 (age, ASMI,

BMI, exercise habits, and income), CC was positively correlated

with both gait speed (β = 0.15, p < 0.01) and hand grip strength

(β = 0.25, p < 0.001) in women, while it was only positively

correlated with hand grip strength (β = 0.41, p < 0.001) in men.

Discussion

This study investigated the association between the sex-

based difference between CC and physical performance (hand

grip strength and gait speed). Real-world information from an

assessment of a community in northern Taiwan was collected.

Low CC was found to be independently associated with poor

physical performance, even after adjusting for age, BMI, and

ASMI, especially in middle-aged and older people in Northern

Taiwan. This is the first report in Taiwan to use a cross-

sectional study to evaluate the sex-based differences between CC

and physical performance, specifically among middle-aged and

older people.
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TABLE 2A Baseline characteristics of male participants according to tertile increment of calf circumference.

Variables Men P-value

Calf circumference

Tertile 1 Tertile 2 Tertile 3

(n = 79) (n = 79) (n = 79)

(<34.50) (34.50–36.75) (>36.75)

Age (years) 68.99± 8.41 67.20± 9.24 64.22± 8.25 0.003‡

BMI (kg/m2) 22.30± 2.10 24.45± 2.53 26.87± 2.67 <0.001‡

Waist circumference (cm) 83.74± 6.83 88.23± 7.32 94.57± 8.65 <0.001‡

ASMI (kg/m2) 8.02± 0.73 8.86± 0.81 9.70± 0.76 <0.001‡

Exercise habit n(%) 58(73.42) 50(63.29) 65(82.28) 0.03*

Income (NTD) n(%) 0.03*

<20,000 51(64.56) 51(64.56) 41(51.90)

20,001–40,000 21(26.58) 15(18.99) 16(20.25)

>40,000 7(8.86) 13(16.46) 22(27.85)

HTN n(%) 25(31.65) 21(26.58) 33(41.77) 0.12

DM n(%) 16(20.25) 15(18.99) 11(13.92) 0.54

Hyperlipidemia n(%) 6(7.59) 7(8.86) 15(18.99) 0.05

Hand grip strength (kg) 32.89± 7.78 37.12± 8.06 39.50± 7.48 <0.001‡

Gait speed (m/s) 1.41± 0.28 1.41± 0.28 1.51± 0.25 0.04*

Clinical characteristics are expressed as mean± SD values for continuous variables and as n (%) for categorical variables.

P-values were derived from the independent two-sample t-test for continuous variables and from the chi-square test for categorical variables.

*P < 0.05; ‡P < (0.05/16).

BMI, body mass index; ASMI, appendicular skeletal muscle index; DM, diabetes mellitus; HTN, hypertension.

Potential confounding factors for calf
circumference

In this study, male participants were divided into three

tertiles (<34.50, 34.50–36.75, and >36.75 cm), and female

participants were distributed into three tertiles (<33.20, 33.20–

35.50, and >35.50 cm). In contrast, the AWGS 2019 Consensus

reported that using CC with threshold values of <34 cm in men

and <33 cm in women could facilitate the earlier identification

of people at risk of sarcopenia. The lower tertile of the present

study approximates the threshold value of the AWGS 2019

consensus (6). According to Tables 2A,B, the CC tertile system

was chosen due to the significant gait speed difference found

under the tertile system in both sexes (p = 0.04), while the

statistical difference in gait speed was observed only in women

(p = 0.03 in women vs. p = 0.30 in men) using the binary splits

system in the AWGS 2019 consensus. For both sexes, the average

muscle strength and physical performance of the participants’

CC in the lower tertile were mostly above the sarcopenia cutoff

value of the AWGS 2019 consensus. Thus, CC may be a good

screening tool for those with high sensitivity for sarcopenia

screening in this study population, including those with poor

physical performance. In both sexes, higher age, lower ASMI,

lower hand grip strength, and lower gait speed were significantly

associated with lower CC. Based on previous studies, aging may

serve as an important part of the consequences of sarcopenia

(26). Lower ASMI, hand grip strength, and gait speed are related

to loss of muscle mass and physical performance in sarcopenia.

According to Tables 2A,B, the CC tertile system

demonstrated potential confounding factors with sex-

based differences in some of the general characteristics.

Male participants with lower income and exercise habits

had a higher proportion of CC < 34.5 cm. One systematic

review and meta-analysis showed that exercise has protective

effects in older adults with sarcopenia (26). However, for

women in our study, exercise appeared to be trending toward

significance with CC tertiles (p = 0.06), and there may be a

mild statistical aberration. Studies on the potential relationship

between sarcopenia-related social factors (e.g., income and

marital status) and sarcopenia remain limited. A systematic

review and meta-analysis with a minimum recruitment age

of 60, 65, and 70 years reported that the prevalence of frailty

and pre-frailty appears higher in community-dwelling older

adults in upper-middle-income economies [Gross National

Income (GNI) per capita US$3,956–US$12,235 in 2017]

than in high-income countries (GNI per capita > US$12,235

in 2017) (27). It has been postulated that a lower income

affects nutritional and exercise resources, which may result

in a greater risk of sarcopenia and frailty. Chinese male

sex role attitudes may explain the sex income gap. Men are
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TABLE 2B Baseline characteristics of female participants according to tertile increment of calf circumference.

Variables Women P-value

Calf circumference

Tertile 1 Tertile 2 Tertile 3

(n = 197) (n = 209) (n = 185)

(<33.20) (33.20-35.50) (>35.50)

Age (years) 65.17± 7.61 64.45± 7.43 62.60± 7.25 0.003‡

BMI (kg/m2) 21.90± 2.65 24.32± 2.67 27.43± 3.45 <0.001‡

Waist circumference (cm) 77.66± 9.05 83.48± 8.50 89.98± 9.09 <0.001‡

ASMI (kg/m2) 6.45± 0.48 6.84± 0.49 7.30± 0.60 <0.001‡

Exercise habit n(%) 152(77.16) 154(73.68) 123(66.49) 0.06

Income (NTD) n(%) 0.26

<20,000 170(86.29) 168(80.38) 145(78.38)

20,001–40,000 21(10.66) 32(15.31) 28(15.14)

>40,000 6(3.05) 9(4.31) 12(6.49)

HTN n(%) 48(24.37) 66(31.58) 72(38.92) 0.01*

DM n(%) 25(12.69) 30(14.35) 22(11.89) 0.76

Hyperlipidemia n(%) 22(11.17) 37(17.70) 24(12.97) 0.15

Hand grip strength (kg) 22.26± 4.39 24.03± 4.00 25.09± 5.09 <0.001‡

Gait speed (m/s) 1.39± 0.26 1.44± 0.23 1.45± 0.23 0.04*

Clinical characteristics are expressed as mean± SD values for continuous variables and as n (%) for categorical variables.

P-values were derived from the independent two-sample t-test for continuous variables and from the chi-square test for categorical variables.

*P < 0.05.
‡P < (0.05/16).

BMI, body mass index; ASMI, appendicular skeletal muscle index; DM, diabetes mellitus; HTN, hypertension.

more likely to be the main source of household income (28).

This may explain the sex-based difference in the significant

correlation between CC increment and income, which showed

no significance in females. In this study, female participants

with underlying HTN were associated with CC tertiles. It is

postulated that sarcopenia in female participants with HTN

may be well-controlled by hypertensive medication, which

potentially concealed their blood pressure measurement and

questionnaire survey (participants may deny HTN due to being

under control).

Calf circumference as an independent
predictor for physical performance

CC has been implemented as a screening tool in several

definitions of sarcopenia (AWGS, EWGSOP, FNIH, IWGS,

etc.). Sarcopenia and frailty diagnostic criteria typically include

poor muscle strength and physical performance indices. A

cross-sectional study showed that CC alone had the highest

accuracy in a prediction model for sarcopenia compared to

SARC-F, the 5-item Mini Sarcopenia Risk Assessment (MSRA-

5), and SARC-CalF among residents over 65 years of age

residing in two assisted living facilities in northern Taiwan

(23). CC was associated with fat-free mass (β = 0.46, p =

0.01), skeletal muscle mass (β = 0.47, p = 0.01), and skeletal

muscle mass index (β = 0.50, p = 0.01) in Netherlands’s

geriatric outpatients (average age: 80 years) (29). In another

study, lower CC was an independent factor for fall incidence

after adjusting for confounders, including demographics with

age, sex, education, comorbidities, and functional/balance

assessment among Peruvian older male adults aged 77.71± 8.55

from the Geriatrics Service at Peruvian Naval Medical Center

(30). A lower CC was proposed to be an independent factor

for physical performance [Short Physical Performance Battery

(SPPB) score: 7.27 vs. 6.18, p= 0.02] and muscle strength (hand

grip: 32 vs. 28 kg, p = 0.03) measures even after adjustment for

potential confounders, including age, sex, education, body mass

index, sensory impairments, cerebrovascular diseases, albumin,

C-reactive protein, interleukin-6, and cholesterol, based on a

study in a population of persons aged ≥80 years enrolled

in Sirente, Italy (31). CC has also been reported to be an

independent factor of frailty after adjusting for confounders such

as age, sex, anthropometric indicators (BMI, WC, and HGS),

and biological markers (hemoglobin, albumin, creatinine, and

HbA1c) among Chinese patients aged ≥80 years with diabetes

(32). Thus, lower CCmay be an independent risk factor for poor

physical performance in several ethnicities.
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TABLE 3 Multivariate linear regression analyses of physical performance by calf circumference, presented with gender di�erence.

Gait speed (m/s) Hand grip strength (kg)

β P-value β P-value

Men

Calf circumference

Model 1 0.19 0.003‡ 0.42 <0.001‡

Model 2 0.47 0.64 0.39 <0.001‡

Model 3 0.04 0.67 0.41 <0.001‡

Women

Calf circumference

Model 1 0.09 0.02‡ 0.29 <0.001‡

Model 2 0.15 0.01‡ 0.25 <0.001‡

Model 3 0.15 0.01‡ 0.25 <0.001‡

Model 1: Unadjusted. Model 2: Linear regression adjusted for Age, ASMI, and BMI. Model 3: Linear regression adjusted for age, ASMI, BMI, exercise habits, and income.

*P < 0.05; ‡P < (0.05/16).

BMI, body mass index; ASMI, appendicular skeletal muscle index.

Sex di�erences could be related to
muscular integrity

Several other studies examining correlations between

anthropometric indices and poor physical performance have

studied sex differences. For instance, a cross-sectional cohort

study analyzed data from 2,385 older participants (aged 70–

84, 1,131 men and 1,254 women) in Korea. Poor physical

performance in women (defined by SPPB) is correlated with fat-

related body composition (body fat percentage, fat-mass index,

and trunk fat-mass index), while better physical performance

in men is associated with fat-free mass (18). In the present

study, a lower CC was associated with worse hand grip strength

and gait speed in both sexes. However, after adjusting for

confounders with ASMI and BMI, CC was not associated

with physical performance in men. Muscle mass in men may

be another critical factor for physical performance compared

to women.

Additionally, sex differences in skeletal muscle integrity

may be a potential confounding factor. In previous studies,

Haizlip et al. showed the prevalence of slower type-I and

type-IIA fibers in women compared with men, which parallels

the lower contractile velocity in women than in men (33).

Fournier et al. found sex differences in semitendinosus muscle

composition as a faster phenotype (65.8 ± 10.1 vs. 54.8

± 8.3%, p < 0.05) and larger muscle size (myosin heavy

chain (MyHC)-I, MyHC-IIA, and MyHC-IIX muscle fibers

were 31, 43, and 50% larger) in men than in women by

examining biopsy samples obtained from the semitendinosus

muscle of 12 men and 12 women during anterior cruciate

ligament reconstruction (34). However, the correlations between

functional consequences and differences in muscular integrity

should be further studied.

Concerns about calf circumference
screening

Some studies raised doubts about the correlation between

CC and physical performance. A study cohort including 572

consecutive patients who were referred to geriatric outpatient

clinics in Amsterdam showed that the association between CC

and physical function measures [handgrip strength, SPPB, and

the Timed Up and Go test (TUG)] was weak (29). CC may not

be widely applicable for the estimation of physical performance

in certain geriatric outpatient people. In addition, age cutoff

values may vary with different ethnicities; therefore, further

studies should be considered. Some researchers pointed out

that CC may be overestimated owing to increased subcutaneous

fat mass, which could hinder screening accuracy. However,

a study in Japan recruited non-obese, healthy young adults

and evaluated the thickness of the calf subcutaneous fat tissue

and calf muscles using ultrasonic diagnostic equipment. When

CC increases, calf subcutaneous fat tissue thickness should

be reduced to maintain an equal percentage of body fat in

young, healthy, and non-obese participants (35). This implies

that subcutaneous fat thickness may not interfere with CC

measurement, especially in non-obese participants. However,

further studies on non-obese, middle-aged, and older people

are required.

Study limitations

This is the first cross-sectional study to investigate the

association between sex-based differences in CC and physical

performance in middle-aged, older Taiwanese individuals.

However, this study had some limitations. First, the study
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was observational, and therefore, we were unable to describe

the mechanism and causal relationship between physical

performance and poor CC. Second, the generalizability of

the findings to other people is not clear since the data

collection was based on community-based participants only

from northern Taiwan and included the possibility of healthy

volunteer bias. Therefore, our study’s results may not apply

to other regions of Taiwan. A potential healthy volunteer

bias might have lowered the prevalence of poor physical

performance status and decreased our ability to control for

confounding factors. Third, ∼70% of the participants were

women, which would have affected the male counterpart’s

CC tertile significance after adjusting for confounding factors.

Fourth, the number of geriatric participants aged >80 is

relatively limited. Finally, poor CC might be increased

not only by the chronic medical conditions mentioned

previously (DM, HTN, and hyperlipidemia) but also by

diseases such as neurologic, rheumatologic, or other metabolic

disorders, which could confound our results. More participants

with multiple chronic conditions should be enrolled in

future studies.

Practical applications

The findings of this study suggest that CC tends to be

an efficient predictor not only for sarcopenia risk but also for

women’s physical performance (hand grip strength and gait

speed) in community health screenings and outpatient clinics

for community health examinations, where survey facilities

are limited.

Conclusion

In conclusion, CC has the potential to be a useful measure

of physical performance, especially in community-dwelling

middle-aged, older women in Taiwan.
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Background: A method of determining the initial symptoms and main

prognostic identifiers for COVID-19 can be a key tool for physicians, especially

primary care physicians. Therefore, the objective of this study was to examine

the prognosis of patients with COVID-19 from two di�erent demographic

regions according to baseline and main symptoms, age, and sex.

Methods: All individuals selected from both urban and rural health centers

were over 18 years of age, had COVID-19 before 2 March 2021, and were

followed up with a primary care physician. All patients included in this study

were recruited in terms of sex, age at the time of infection, type of contact,

baseline symptoms, primary and secondary symptomatology, emergency

assistance, hospitalization, intensive care unit (ICU) admission, and death.

Results: A total of 219 and 214 subjects were recruited from rural and urban

health centers, respectively. Subjects with COVID-19 from rural areas were

significantly older in age, with a higher proportion of men, and had significantly

lower baseline and main symptoms than those from urban areas. In addition,

the presence of both fever and dyspnea as the initial or main symptom

is significantly associated with emergency assistance, hospitalization, and

death, regardless of sex, age, and demographic area. This type of illness was

reported to be significantly less frequent in the rural population than in the

urban population.

Conclusion: The presence of both fever and dyspnea as both initial and main

symptoms is a poor prognostic factor for COVID-19, regardless of age, sex,

and demographic areas. In addition, women reported lower levels of fever and

dyspnea, requiring minimal emergency assistance and fewer hospitalization,
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and a lower rate of mortality than men. During a COVID-19 infection follow-

up, subjects in rural areas seem to have less access to medical care than those

in urban areas.

KEYWORDS

signs and symptoms, sex, demographic area, COVID-19, prognosis, primary

healthcare

Introduction

The COVID-19 pandemic caused by the novel severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

was first identified in Wuhan, China, in December 2019

and spread rapidly around the world (1, 2). Currently,

the pandemic has spread to more than 200 countries,

areas, or territories, with ∼464 million cases and ∼6

million deaths worldwide (3). Spain is one of the most

affected countries in Europe. Spain had a prevalence of

3.2 million cases since the pandemic was declared until

March 2021, with 69,609 deaths. Especially, in Aragon, there

were 106,860 confirmed cases and 3,265 deaths at the same

time (4).

Since the start of the pandemic, the symptoms described

have varied greatly, from asymptomatic to severe pneumonia

and death. Symptoms are highly non-specific, with initial

symptoms including fever, dry cough, asthenia, expectoration,

dyspnea, sore throat, headache, myalgia or arthralgia, chills,

nausea or vomiting, nasal congestion, diarrhea, hemoptysis,

and conjunctival congestion (5–8). Subsequent studies

added new symptoms such as neurological disorders

and cardiological, otorhinolaryngological, dermatological,

and hematological symptoms (9–11). In the clinical

course of the first outbreak in China, of the laboratory-

confirmed cases, 80% had mild or moderate symptoms,

13.8% had severe symptoms with dyspnea, tachypnea, and

low oxygen saturation, and 6.1% had severe symptoms

with respiratory failure, septic shock, and/or multiorgan

failure (12).

On the other hand, different studies reported that both sex

and age were risk factors for a poor prognosis of COVID-

19 infection (13). Indeed, the mortality rate was 18.8% for

patients aged over 80 years, whereas the overall mortality rate

is estimated to be as high as 5% (14, 15). Another study reported

that male sex, crackles, a higher fraction of inspired oxygen,

and functionality were independent risk factors for mortality in

elderly patients hospitalized for COVID-19 (16). In addition to

sex and age, our research group identified demographic areas as

another risk factor for the worst progression after COVID-19

infection in a retrospective study of 6,286 positive cases from

Aragon (Spain), corresponding to the first wave of COVID-

19 (17).

The response of the National Health Service (NHS),

especially to primary healthcare (PHC), has been crucial in

containing COVID-19. The first medical contact for COVID-19

cases is normally a PHC team, which determines the severity of

symptoms, manages the follow-up of mild cases, and organizes

hospital referrals for moderate-to-severe cases (17). Therefore,

one of the key factors that can especially help the primary

care physician during this pandemic is the prediction of the

progression of a new coronavirus infection. Despite this, few

studies analyzed the predictive nature of progression based

on initial and predominant symptoms, and most of them are

studies conducted in China (18). Several studies reported the

impact that the COVID-19 pandemic has had on the PHC

(19, 20). SESPAS 2022 (21) reports on the major and important

changes that the PHC in Spain has undergone. A battery of

measures, such as the lack of accessibility, the implementation

of telephone consultation, telematic remote care, access to

medical records, the promotion of electronic prescriptions,

and the electronic issuance of sick leave and high work,

were introduced. A study conducted in 16 European countries

from primary care, reporting the effect of the pandemic on

changes in patient consultations in European rural primary

care, is worth mentioning. They found significant differences

between countries in adopting measures for PHC. Remote

teleconsultation is highly appreciated by health professionals

and patients alike, but the most common form of remote

consultation is still telephone consultation (22). Additionally,

even fewer studies are based on strictly out-of-hospital symptom

data. Therefore, the objective of this study was to analyze the

prognosis [emergency assistance, hospitalization, intensive care

unit (ICU) admission, and death] Fof patients with COVID-

19 according to baseline and main symptoms, age, and sex in

two different demographic regions according to the clinical data

reported by a PHC.

Materials and methods

Study design

We conducted a retrospective study analyzing

anthropometric, clinical, symptomatology, and demographic

variables of all patients who tested positive for COVID-19,

followed by general practitioners (GPs) from two health centers,
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TABLE 1 Clinical characteristics according to the demographic area.

Total (N = 433) Rural areas (N = 219) Urban areas (N = 214) p-value

Age, years 57.5± 22.6 61.3± 23.8 53.8± 21.4 <0.001

Men, n (%) 185 (42.73) 103 (47.0) 82 (38.3) 0.083

Baseline symptomatology Asymptomatic, n (%) 92 (21.25) 54 (24.7) 38 (17.8) 0.069

Fatigue, n (%) 68 (15.70) 20 (9.13) 48 (22.4) <0.001

Fever, n (%) 137 (31.64) 66 (30.1) 71 (33.2) 0.425

Myalgia, n (%) 41 (9.47) 8 (3.65) 33 (15.4) <0.001

Cough, n (%) 69 (15.94) 24 (11.0) 45 (21.0) 0.003

Sore throat, n (%) 69 (15.94) 14 (6.39) 55 (25.7) <0.001

Headache, n (%) 55 (12.70) 14 (6.39) 41 (19.2) <0.001

Anosmia, n (%) 36 (8.31) 9 (4.11) 27 (12.6) 0.009

Diarrhea, n (%) 26 (6.0) 2 (0.91) 24 (11.2) <0.001

Dyspnea, n (%) 27 (6.24) 8 (3.65) 19 (8.88) 0.002

Anorexia, n (%) 4 (0.92) 0 (0) 4 (1.87) 0.995

Irregular lung auscultation, n (%) 2 (0.46) 1 (0.45) 1 (0.47) 0.552

Drowsiness, n (%) 7 (1,62) 3 (1.37) 4 (1.87) 0.276

Bacteremia, n (%) 0 (0) 0 (0) 0 (0) NA

Hypotension, n (%) 1 (0.23) 1 (0.45) 0 (0) 0.998

Skin changes, n (%) 1 (0.23) 0 (0) 1 (0.47) 0.998

Main symptomatology Asymptomatic, n (%) 109 (25.17) 54 (24.7) 55 (23.4) 0.649

Fatigue, n (%) 71 (16.40) 16 (7.31) 55 (25.7) <0.001

Fever, n (%) 127 (29.33) 68 (31.1) 59 (27.6) 0.373

Myalgia, n (%) 46 (10.62) 7 (3.19) 39 (18.2) <0.001

Cough, n (%) 81 (18.71) 22 (10.0) 59 (27.6) <0.001

Sore throat, n (%) 61 (14.09) 12 (5.47) 49 (22.9) <0.001

Headache, n (%) 47 (10.85) 11 (5.02) 36 (16.8) 0.001

Anosmia, n (%) 35 (8.08) 10 (4.56) 25 (11.7) 0.042

Diarrhea, n (%) 32 (7.39) 1 (0.45) 31 (14.5) <0.001

Dyspnea, n (%) 31 (7.16) 14 (6.39) 17 (7.94) 0.068

Anorexia, n (%) 6 (1.39) 0 (0) 6 (2.80) 0.992

Irregular lung auscultation, n (%) 0 (0) 0 (0) 0 (0) NA

Drowsiness, n (%) 4 (0.92) 2 (0.90) 3 (1.40) 0.450

Bacteremia, n (%) 1 (0.23) 0 (0) 1 (0.47) 0.991

Hypotension, n (%) 0 (0) 0 (0) 0 (0) NA

Skin changes, n (%) 2 (0.46) 0 (0) 2 (0.93) 0.995

Emergency assistance, n (%) 87 (20.09) 49 (22.4) 38 (17.8) 0.841

Hospitalization, n (%) 62 (14.32) 33 (15.1) 29 (13.6) 0.213

ICU admission, n (%) 3 (0.69) 3 (1.37) 0 (0) 0.997

Death, n (%) 38 (8.78) 18 (8.22) 20 (9.35) 0.002

Mode of transmission Family, n (%) 144 (33.26) 47 (21.5) 97 (45.3)

Laboral, n (%) 33 (7.62) 17 (7.76) 16 (7.48)

Social, n (%) 31 (7.16) 12 (5.47) 19 (8.87) <0.001

Social health field, n (%) 101 (23.33) 69 (31.5) 32 (15.0)

Not included or provided. n (%) 94 (21.71) 73 (33.3) 21 (9.81)

Unknown, n (%) 30 (6.93) 1 (0.4) 29 (13.6)

Quantitative variables are expressed as means ± standard deviations (SD), except for variables not following normal distribution that are expressed as medians (interquartile ranges).

Qualitative variables are expressed as percentages. The p-value was calculated by Student’s t-test, Chi-square, or a binary regression model adjusted by age and sex, as appropriate.

NA, Not applied; ICU, Intensity care unit. Bold values indicate that the results are statistically significant.
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one urban and the other in Aragon (Spain). The data were

collected from 11 February 2021 to 2 March 2021 using the

Electronic Clinical Record of Aragon’s Health System and

integrated into a fully anonymized database. The study protocol

was approved by the Clinical Research Ethics Committee of

Aragón (PI20/262).

Subjects

In the present study, all subjects who over 18 years were

registered in urban or rural areas of Aragon (Spain), diagnosed

with COVID-19, and who were monitored by a primary

care doctor in one of the health centers. Being diagnosed

with COVID-19 was determined by a positive result in a

polymerase chain reaction (PCR) test. Each patient included

in the study was recruited in terms of sex, age at the time

of infection, type of contact, baseline symptoms, primary and

secondary symptoms, emergency assistance, hospitalization,

ICU admission, and death. Type of contact refers to whether it

is known through which contact the COVID-19 infection was

contracted, categorizing it into the following options: family

contact, social contact, work contact, social health field (which

includes infection contracted at a health center or in a social and

institutional center as a residence for the elderly), unknown, and

not included or provided. Symptomatology was categorized into

the following primary symptoms: (a) asymptomatic; (b) fatigue,

which includes asthenia, weakness, apathy, loss of mobility, and

malaise; (b) fever, which includes fever higher than 37.8◦C,

feverishness, diathermic sensation, and chills; (c) myalgia, which

includes myalgia, arthralgia, low back pain, neck pain, and

back pain; (d) cough, which includes cough, productive cough,

dry cough, chest pain, pleuritic pain, and flank pain; (e)

sore throat, which includes odynophagia, aphonia, dysphonia,

plaques, congestion, mucus, rhinorrhea, sneezing, catarrh,

pharyngeal process, and rhinitis; (f) headache; (g) anosmia,

which includes anosmia, hyposmia, ageusia, and dysgeusia;

(h) diarrhea; (i) dyspnea which includes dyspnea, respiratory

discomfort, respiratory distress, and respiratory failure; (j)

anorexia, which includes anorexia and hyperoxia; (k) irregular

lung auscultation (ILA), which includes crackles, rhonchi,

and wheezing; (l) somnolence, which includes drowsiness,

lethargy, disorientation, confusion, and tremor at rest; (m)

bacteremia, which includes bacteremia, sepsis, prerenal renal

failure, andmulti-organ failure; (n) hypotension, which includes

hypotension and dizziness; and (o) skin disorders, which

includes skin lesions, acrocyanosis, and aphthae.

Statistical analysis

Continuous variables are expressed as mean ± standard

deviation (SD) or median (25–75th percentile) as applicable,

and categorical (nominal) variables are reported as percentages

of the total sample. Differences between independent variables

were calculated by the Student’s t-test or the Mann–Whitney U

test, as appropriate, while categorical variables were compared

using the chi-squared test. Differences between independent

variables were calculated by adjusting for sex and age using

a linear regression model. Multivariable regression based on

death, hospitalization, or emergency assistance was analyzed

using binary logistic regression. All statistical analyses were

performed with R version 3.5.0 (23), and their significance was

set at a p-value < 0.05.

Results

Of the 21,337 inhabitants aged over 18 years in both rural

and urban health centers, 433 subjects (2.02%) were diagnosed

with COVID-19 and followed up by a GP. Regarding clinical

characteristics, we found fever, cough, and sore throat as the

most prevalent baseline symptomatology. In addition, subjects

reported 20.09% of emergency assistance, 14.332% of hospital

admissions, 0.6% of ICU admissions, and 8.78% of deaths

(Table 1).

Of the 4,880 inhabitants belonging to rural health centers,

219 (4.48%) were diagnosed with COVID-19 and followed up

by a primary care doctor. Of the 16,457 inhabitants belonging to

urban health centers, 214 (1.30%) were diagnosed with COVID-

19 and followed up by a primary care doctor. Compared to

subjects in urban areas, those diagnosed with COVID-19 in rural

areas were significantly older in age and were predominantly

men (Table 1). Additionally, we found that subjects in rural areas

reported fewer baseline and main symptoms. Table 1 shows

clinical characteristics and baseline symptomatology according

to the demographic area. We found that patients in rural

areas reported significantly lower levels of fatigue, myalgia,

cough, sore throat, headache, anosmia, diarrhea, and dyspnea

than those in urban areas (p < 0.001 in all cases, except the

cases of cough, anosmia, and dyspnea symptoms, respectively).

Concerning the primary symptoms, subjects in rural areas

reported significantly lower levels of fatigue, myalgia, cough,

sore throat, headache, anosmia, and diarrhea than those in

urban areas (p < 0.001, except in headache and anosmia). Of

the total number of patients in both rural and urban health

centers, we found that 87 (19.6%) patients required emergency

assistance, 62 (13.9%) were hospitalized, three required ICU

admission, and 38 (8.57%) died. Despite the different reported

symptoms, we did not find significant differences between the

two groups in terms of emergency assistance, hospitalization, or

ICU admission. Only the percentage of deaths was significantly

higher in patients diagnosed in the urban population than in

those diagnosed in the rural population (p= 0.002, Table 1).

Additionally, Table 1 shows the modes of transmission

according to the demographic area. We found that patients
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TABLE 2 Clinical characteristics according to sex.

Men (N = 185) Women (N = 248) p-value

Age, years 57.8± 22.5 57.4± 23.2 0.863

Baseline symptomatology Asymptomatic, n (%) 37 (20.0) 55 (22.2) 0.479

Fatigue, n (%) 36 (19.5) 32 (12.9) 0.025

Fever, n (%) 68 (36.7) 69 (27.8) 0.041

Myalgia, n (%) 15 (8.11) 26 (10.5) 0.652

Cough, n (%) 29 (15.7) 40 (16.1) 0.897

Sore throat, n (%) 23 (12.4) 46 (18.5) 0.208

Headache, n (%) 21 (11.4) 34 (13.7) 0.721

Anosmia, n (%) 10 (5.41) 26 (10.5) 0.108

Diarrhea, n (%) 12 (6.48) 14 (5.64) 0.426

Dyspnea, n (%) 15 (8.11) 11 (4.44) 0.036

Anorexia, n (%) 2 (1.08) 2 (0.80) 0.601

Irregular lung auscultation, n (%) 0 (0.0) 2 (0.80) 0.995

Drowsiness, n (%) 2 (0.54) 5 (2.02) 0.714

Bacteremia, n (%) 0 (0.0) 0 (0.0) NA

Hypotension, n (%) 1 (0.54) 0 (0.0) 0.998

Skin changes, n (%) 0 (0.0) 0 (0.0) NA

Main symptomatology Asymptomatic, n (%) 41 (22.2) 63 (25.4) 0.416

Fatigue, n (%) 33 (17.8) 38 (15.3) 0.229

Fever, n (%) 56 (30.3) 68 (27.4) 0.346

Myalgia, n (%) 18 (9.73) 28 (11.3) 0.955

Cough, n (%) 29 (15.7) 50 (20.2) 0.612

Sore throat, n (%) 20 (10.8) 41 (16.5) 0.217

Headache, n (%) 18 (9.73) 29 (11.7) 0.806

Anosmia, n (%) 8 (4.32) 27 (10.9) 0.027

Diarrhea, n (%) 13 (7.03) 19 (7.66) 0.806

Dyspnea, n (%) 15 (8.11) 15 (6.05) 0.195

Anorexia, n (%) 3 (1.62) 3 (1.21) 0.517

Irregular lung auscultation, n (%) 0 (0.0) 0 (0.0) NA

Drowsiness, n (%) 1 (0.54) 4 (1.61) 0.360

Bacteremia, n (%) 0 (0.0) 1 (0.40) 0.997

Hypotension, n (%) 0 (0.0) 0 (0.0) NA

Skin changes, n (%) 0 (0.0) 1 (0.40) 0.997

Emergency assistance, n (%) 49 (26.5) 38 (15.3) 0.002

Hospitalization, n (%) 37 (0.20) 25 (10.1) 0.001

ICU admission, n (%) 3 (1.62) 0 (0.0) 0.997

Death, n (%) 21 (11.4) 17 (6.85) 0.009

Quantitative variables are expressed as means ± SD, except for variables not following normal distribution that are expressed as medians (interquartile ranges). Qualitative variables are

expressed as percentages. The p-value was calculated by Student’s t-test, Chi-square, or a binary regression model adjusted by age and demographic area, as appropriate.

NA, Not applied; ICU, Intensity care unit. Bold values indicate that the results are statistically significant.

in rural areas reported the social health field as the most

frequent mode of transmission, while patients in urban

areas reported family contact as the most common mode

of transmission (p < 0.001). In addition, we observed

that the modes of transmission were better recollected

by those in urban areas, where they were not provided

in only under 10% of the cases, compared to those in

rural areas, where more than 30% of the cases were

unaccounted for.

Of the 433 patients with COVID-19 in both rural and

urban health centers, 185 (42.7%) were men, 248 (57.3%) were

women, and subjects from both sexes had similar ages (p =
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TABLE 3 Multivariate regression based on hospitalization, deaths, or

emergency assistance as a function of baseline symptomatology.

OR 95% CI p-value R2 Nagelkerke

Hospital

admission

No fever 0.402 0.215–0.750 0.004 0.283

No dyspnea 0.276 0.111–0.687 0.006

Age, years 1.051 1.032–1.069 <0.001

Rural

demographic

area

0.822 0.437–1.548 0.545

Sex, women 0.438 0.237–0.811 0.008

Death

No fever 0.436 0.184–1.031 0.058 0.482

No dyspnea 0.595 0.180–1.965 0.395

Age, years 1.136 1.091–1.187 <0.001

Rural

demographic

area

0.280 0.114–0.684 0.009

Sex, women 0.367 0.156–0.685 0.016

Emergency

assistance

No fever 0.490 0.290–0.829 0.008 0.194

Age, years 1.039 1.026–1.052 <0.001

Rural

demographic

area

0.989 0.589–1.661 0.922

Sex, women 0.497 0.298–0.829 0.008

Multivariable binary logistic regression with the hospitalization, deaths, or emergency

assistance as dependent variables.

OR, Odd ratio; CI, Confidence interval of OR.

0.863, Table 2). Regarding baseline and main symptoms, women

reported lower levels of fever and dyspnea as baseline symptoms

and a higher percentage of anosmia as the main symptom than

men (p= 0.025, p= 0.036, and p= 0.041, respectively, Table 2).

Concerning the main symptoms, we only found differences

in the prevalence of anosmia. This symptom was significantly

higher in women than in men (p = 0.027, Table 2). However,

despite a few differences with regard to symptomatology, men

needed more emergency assistance, higher hospitalization rates,

and higher mortality rates than women (p = 0.002, p = 0.001,

and p= 0.009, respectively, Table 2).

Table 3 shows multivariate regression based on

hospitalization, death, or emergency assistance as a function of

baseline symptomatology. In all cases, the absence of baseline

fever, being young, living in rural areas, or being a woman

are protective factors with respect to the probability of being

admitted to the hospital, dying, or requiring emergency care. In

addition, in the case of hospitalization, the absence of dyspnea

is a protective factor against being admitted to the hospital.

TABLE 4 Multivariate regression based on hospitalization or

emergency assistance as a function of main symptomatology.

OR 95% CI p-value R2 Nagelkerke

Hospital admission

No fever 0.474 0.257–0.874 0.017 0.252

Age, years 1.054 1.037–1.071 <0.001

Rural

demographic area

0.681 0.370–1.252 0.217

Sex, female 0.391 0.214–0.714 0.002

Emergency

assistance

No fever 0.354 0.207–0.608 <0.001 0.243

No dyspnea 0.274 0.120–0.626 0.002

Age, years 1.035 1.022–1.049 <0.001

Rural

demographic area

0.996 0.583–1.1699 0.379

Sex, women 0.486 0.268–0.820 0.007

Multivariable binary logistic regression with hospitalization, deaths, or emergency

assistance as dependent variables.

OR, Odd ratio; CI, Confidence interval of OR.

The case of mortality is especially striking, where we noticed

that the absence of fever and dyspnea, a younger age, living in

rural areas, and being a woman explained more than 48% of the

chances of death due to COVID-19 (Table 3).

In the same regard, the main symptoms revealed an

increased likelihood of ending up hospitalized or requiring

urgent care (Table 4). Patients who do not have fever, are

younger, live in rural areas, and are women have a lower

probability of requiring hospitalization, with these factors

accounting for up to 25% of the probability. Similarly, the need

for emergency assistance depends on the presence of fever,

dyspnea, age, demographic area, and sex. We found that the

absence of fever and dyspnea, younger age, living in rural

areas, and female sex are protective factors requiring emergency

assistance, with these factors accounting for a probability of up

to 24% (Table 4).

Discussion

Our study analyzed exclusively external hospital data,

collected from two health centers, one in a rural area and another

in an urban area, showing that the presence of fever and dyspnea,

as both initial and main symptoms, in addition to age and

male sex, are risk factors for a worse prognosis after COVID-

19 infection. In addition, it is interesting to highlight that the

Spanish public system is practically universal; therefore, the

results can be extrapolated to the general population. We found

huge differences between the symptoms reported according to
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the demographic area and sex, with greater symptoms reported

by the male and urban populations.

According to clinical symptoms, laboratory indicators, and

imaging findings, COVID-19 is classified as mild, normal,

severe, and critical. A subject is determined to have severe

COVID-19 if any of the following diagnosis criteria are satisfied:

shortness of breath with a respiratory rate >30 times/min,

oxygen/saturation >93% at rest, or arterial blood oxygen partial

pressure <300 mmHg (24). Pulmonary imaging showed that

the lesions significantly progressed within 24–48 h, and >50%

were managed according to severity (25). According to the

analysis of existing clinical characteristics, patients with severe

COVID-19 tend to have dyspnea after 1 week, and in some

cases, moderate to low fever. Severe cases were more likely

to rapidly deteriorate, affected by septic shocks, metabolic

acidosis, and coagulopathy, generating a multiorgan failure (26).

Therefore, it is necessary to predict the prognosis of COVID-

19 as early as possible. For this reason, numerous articles

attempted to ascertain the initial clinical symptoms that allowed

the identification of high-risk patients. For example, the meta-

analysis by He et al. shows that fever and dyspnea, among other

symptoms, frequently occurred in patients with severe COVID-

19 pneumonia, concluding that these patients should be closely

monitored to prevent disease deterioration (18). Similarly, the

study conducted by Richardson et al. on 5,700 hospitalized

patients between March and April 2020 in 12 hospitals in the

New York City Area reported that more than 30% of patients

had fever and more than 15% presented dyspnea at triage

(26). In our case, we found that the presence of fever and

dyspnea, in both initial and main symptoms, are significantly

associated with hospitalization, emergency assistance, and death,

regardless of age, sex, and demographic area. In other words,

fever and dyspnea are independent risk factors to worsen

the prognosis for COVID-19. Therefore, patients who exhibit

these symptoms should be closely monitored to prevent disease

deterioration, particularly in the elderly and in male patients.

With the pandemic now achieving the status of a flu, these

symptoms could be incorporated into the detection protocols for

severe COVID-19 so that they would be screening questions to

categorize and to be able to identify the patient who are at the

greatest risk.

In addition, we separately analyzed initial and main

symptomatology with the initial hypothesis that the evolution of

symptoms could vary substantially in the same person. However,

we found that those patients who have fever and dyspnea as

baseline symptoms also have them as their main symptoms

and are those that require more medical attention and have a

worse prognosis of COVID-19. Although, fever and dyspnea

have already been reported by other studies as alarm symptoms,

which indicated a worse evolution after COVID-19 infection

(18, 26, 27). Our study shows for the first time that the presence

of these symptoms among the initial symptoms is also an

indicator of a worse prognosis and evolution due to COVID-19.

Both age and sex have been considered as independent

risk factors for a poor prognosis of COVID-19 in several

studies, such as the study conducted by Grasselli et al. (28) on

3,988 patients with COVID-19 hospitalized in ICUs in Italy.

In this study, the authors reported that both age and male

sex are independent risk factors associated with mortality. In

this regard, the OpenSAFELY cohort study, with 17 million

adult patients in England, demonstrated that COVID-19-related

deaths were associated with male sex, regardless of age, low

income, smoking, pre-existing diseases, and ethnicities (29).

Sex susceptibility has been analyzed in different pathologies,

showing that women seem to be the strongest sex, facing

diseases such as hypertriglyceridemia (HTG), type 2 diabetes,

cardiovascular disease (CVD), or chronic obstructive pulmonary

disease, among others, which has usually been attributed to a

better immune system and hormonal system.However, although

women indeed present a lower prevalence of CVD, a later age

for the diagnosis of diseases such as diabetes or HTG, and lower

mortality, they also suffer from a situation of underdiagnosis in

most diseases (30–33). Some articles hypothesized that it would

be role of androgens to detect the progression and prognosis

after COVID-19 infection, since the spike proteins of the SARS-

COV2 virus would use the transmembrane protease serine 2

for entry into the host (34). Nonetheless, most studies found

differences in the immune system of each sex (35, 36). In fact,

one study carried out by Takahashi et al. published in the journal

Nature demonstrated that male patients had higher plasma levels

of innate immune cytokines, such as IL-8 and IL-18, along with

more robust induction of non-classical monocytes. In contrast,

female patients had more robust T-cell activation than male

patients during the SARS-CoV-2 infection. Furthermore, they

found that a poor T-cell response was negatively correlated

with the patients’ age and was associated with a worse disease

outcome in male patients but not in female patients (37). With

respect to age, several studies reported that age is probably the

most important prognostic risk factor for COVID-19, and this

effect could be explained by a greater number of comorbidities

associated with elderly people, in addition to a more weakened

immune system (35, 38–43). In our study, we found similar

results to those previously published, reporting that age and

male sex are independent risk factors for a worse prognosis after

COVID-19 infection to show that the elderly and male sex have

significantly higher probabilities of requiring hospitalization,

emergency assistance, or even death.

An interesting point is the high percentage of registered

deaths, which exceeds 8% in both rural and urban health centers.

This percentage is much higher than the current mortality

rate, which slightly exceeds 1% in Aragon and is below 1%

across Spain nationally (44, 45). These differences can be

explained because the data correspond to the period prior to

the full vaccination of the Spanish population, which has largely

decreased mortality after infection with COVID-19 (46, 47).

Indeed, the mortality rates in the first wave exceeded 30% in
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Spain and Aragon (17), which is similar to other European

countries such as Italy, France, or the UK (48, 49).

Regarding demographic differences, we found that patients

in rural areas reported much fewer symptoms than those

in urban areas. These differences could be explained by

a combination of factors, including epidemiological and

population factors, such as population density, distribution

by age and sex, the prevalence of underlying diseases, and

the lower access and health resources of the rural population

(50). However, we found that the percentage of deaths was

significantly higher in urban areas than in rural areas, which was

contradictory to what was expected, since the rural population

also has a high proportion of men and subjects who are old.

These percentages could be explained by the different number of

inhabitants belonging to each health center. If we determine the

percentage of mortality according to all inhabitants belonging

to each health center, almost 5,000 inhabitants in rural areas vs.

more than 16,000 inhabitants in urban areas, we found that the

percentage of deaths is significantly higher in rural areas than in

urban areas, which is in line with the results that were previously

published (17). Regarding the studies and reports conducted in

PHC, the impact of mortality in Spain was one of the highest in

the world. According to data from the updates of the Ministry

of Health of Spain, mortality in the first wave of the pandemic

was 20% in people over 70 years of age. In the first wave of the

pandemic, mortality was 21.5% in a PHC cohort conducted on

people aged over 65 years. In another study conducted in the

same period, age was observed to be the main factor associated

with mortality in patients with COVID-19, along with male sex,

diabetes, dyslipidemia, and heart failure (21, 51).

Finally, another interesting point to comment on is the

different modes of transmission between urban and rural

regions. Patients in rural areas were found to be infected mostly

in health centers, followed by the family environment. However,

for patients in urban areas, the majority route of contagion was

through family. It is true that the distance to hospitals is greater

in rural areas than in urban areas, and the logistic accessibility

is more difficult; however, these data obtained in our study may

be more related to the sociodemographic characteristics of the

rural population. In Spain, 28.5% of the rural population is over

65 years of age, while in urban areas it is only 18.5%. The aging

of this population entails a greater use of social health centers

by the elderly and, with it, more possibilities of infection in

these centers.Magallón-Botaya et al. described in their study that

rural areas are usually further away from urban cities and are

inhabited by an elderly population with greater social isolation

and less need to travel for work, so it is very likely that the elderly

population has been especially cautious in the social and family

environment in the face of the pandemic (17, 45). Similarly, it

should be noted that there is a higher percentage of subjects in

rural areas who have not identified the form of contagion, which

would be another point of confirmation of low access to the

available health system in rural areas.

Limitations

Our study has some limitations. First, one of the limitations

lies in the data collection, that is, data were obtained through

the Electronic Medical Record of Aragon’s Health System, which

relies on the data collected by the primary care physician.

In addition, it is important to mention the training received

by professionals in both rural and urban centers as well as

the similar number of professionals in each of them, so there

seems to be no bias of this type in the registry. Therefore,

this same point allows us to compare the registry systems

of two health centers with different demographic regions and

confirm the previous results. Second, the data collection only

includes individuals who have been followed up by the GP,

thus excluding cases that went directly to the emergency room

or individuals coming from nursing homes, which normally

have their own clinic. Therefore, the mortality percentages may

not correctly represent those of the population, although this

was not one of the objectives of the present study. Despite

this, this study provides important information on the COVID-

19 pandemic in our environment, analyzing the demographic

factor and pointing out those individuals that are at a greater risk

of complications and symptoms that deserve more exhaustive

control to avoid a bad evolution.

Conclusions

In conclusion, the presence of fever and dyspnea as both

initial andmain symptomatology is a worse prognostic factor for

COVID-19, regardless of age, sex, and demographic areas. Fewer

women reported fever and dyspnea at baseline symptomatology,

as well as lower emergency and hospital assistance andmortality,

than men, which indicates that the immune system of women

is more efficient in managing a COVID-19 infection. On the

other hand, subjects in rural areas reported less initial and main

symptomatology than those in urban areas, as well as lower

determination of its form of contagion, indicating that this

population has received less follow-up. This could partly explain

the higher mortality experienced in both rural and suburban

areas among the population of Aragon, Spain.
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Background: In recent years, different tools have been developed to facilitate

analysis of social determinants of health (SDH) and apply this to health policy.

The possibility of generating predictive models of health outcomes which

combine a wide range of socioeconomic indicators with health problems is an

approach that is receiving increasing attention. Our objectives are twofold: (1)

to predict population health outcomes measured as hospital morbidity, taking

primary care (PC) morbidity adjusted for SDH as predictors; and (2) to analyze
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the geographic variability of the impact of SDH-adjusted PC morbidity on

hospital morbidity, by combining data sourced from electronic health records

and selected operations of the National Statistics Institute (Instituto Nacional

de Estadística/INE).

Methods: The following will be conducted: a qualitative study to select

socio-health indicators using RAND methodology in accordance with SDH

frameworks, based on indicators published by the INE in selected operations;

and a quantitative study combining two large databases drawn from different

Spain’s Autonomous Regions (ARs) to enable hospital morbidity to be

ascertained, i.e., PC electronic health records and the minimum basic data

set (MBDS) for hospital discharges. These will be linked to socioeconomic

indicators, previously selected by geographic unit. The outcome variable will

be hospital morbidity, and the independent variables will be age, sex, PC

morbidity, geographic unit, and socioeconomic indicators.

Analysis: To achieve the first objective, predictive models will be used, with a

test-and-training technique, fitting multiple logistic regression models. In the

analysis of geographic variability, penalized mixed models will be used, with

geographic units considered as random effects and independent predictors

as fixed effects.

Discussion: This study seeks to show the relationship between SDH and

population health, and the geographic differences determined by such

determinants. The main limitations are posed by the collection of data for

healthcare as opposed to research purposes, and the time lag between

collection and publication of data, sampling errors and missing data in

registries and surveys. The main strength lies in the project’s multidisciplinary

nature (family medicine, pediatrics, public health, nursing, psychology,

engineering, geography).

KEYWORDS

social determinants of health (MeSH), socioeconomic factors (MeSH), big data,
electronic health records—HER, morbidity

Introduction

Social determinants and health

Social determinants of health (SDH) are defined by the
World Health Organization as, “the conditions in which people
are born, grow, work, live, and age, and the wider set of forces
and systems shaping the conditions of daily life” (1). Indeed,
references to the influence of social and environmental factors
on health and disease processes are already to be found in the
Hippocratic Corpus, but these relationships did not assume
special importance until the appearance of explanatory models
in the latter part of the twentieth century, notably the model
of health determinants used by the former Canadian Minister
of Health, Marc Lalonde, in 1974 (2). In Spain, the reference

model is the conceptual framework of the Determinants of
Social Inequalities in Health drawn up and issued in 2010 by the
Committee to Reduce Health Inequalities (3).

There is now solid evidence to show the influence of SDH
on people’s health and wellbeing (4–6). Even so, it is important
to ensure that special consideration be given to children, since

Abbreviations: SDH, social determinants of health; INE, Instituto
Nacional de Estadística (National Statistics Institute); WHO, World Health
Organization; SSF, Stiglitz-Sen-Fitoussi; NHS, National Health System;
EHR, electronic health record; PC, primary care; PBRN, practice-based
research networks; BDCAP, Base de Datos Clínicos de Atención Primaria
(Primary Care Clinical Database); ARs, Autonomous Regions; ICPC-2,
International Classification of Primary Care; ROC, Receiver Operating
Characteristic; AUC, area under the ROC curve; RII, Relative Index
of Inequality; SII, Slope Index of Inequality; AIC, Akaike Information
Criterion.
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it is in this period when many capacities are developed and go
to form the basis of wellbeing over the course of a lifetime (7).
Protecting children from adverse economic conditions reduces
morbidity at adult age (8, 9).

The relationship between the COVID-19 pandemic and
socioeconomic status has been reported in many countries.
In Great Britain, persons living in underprivileged areas were
observed to experience COVID-19 mortality rates that were
twice as high as those of persons living in less deprived
areas (10). During the first two waves of the pandemic in
Barcelona, inequalities by age group, gender, geographic area,
and income were clearly identified (11). Restrictive measures
such as confinement, social distancing, restrictions on access
to health centers, while possibly reducing the spread of
infection, specifically impact persons who experience financial
difficulties, limiting their activity and ability to ensure healthy
nutrition, potentially increasing tobacco or alcohol use, or even
hindering care in situations of domestic violence and favoring
overcrowding in the home.

In recent years, different tools have been developed to
facilitate analysis of SDH and apply this to health policy. In
2010, the WHO published the Urban Health Equity Assessment
and Response Tool (Urban HEART), an instrument designed
to assess and respond to health inequalities in urban areas
(12). In 2017, the tool was implemented and adapted in
Barcelona, tailored to the national context and shown to be
of practical use (13). This guideline is based on indicators
of key health outcomes and the main social determinants
grouped into four policy domains (physical and infrastructural
environment, human and social development, economy, and
governance) (12).

A number of initiatives have proposed indicators which
quantify social, wellbeing, and sustainability aspects related with
health and the progress of societies (14). In this respect, one
of the most important landmarks was the Stiglitz-Sen-Fitoussi
(SSF) Report (15), which not only set the lines of subsequent
research, but also laid the foundations for the main European
surveys and statistics on the topic. In Spain, the National
Statistics Institute (Instituto Nacional de Estadística/INE) applies
a methodology similar to that used by EUROSTAT, in surveys
such as the census (16) and the Living Conditions Survey
(17). An experimental statistical exercise that draws directly on
this latter report and seeks to analyze income with a level of
breakdown by census section, is the “Atlas of Distribution of
Household Income,” included in the 2021 Census (18).

In parallel, the health administrations of various countries
are creating sets of basic indicators for the purpose of
having multidimensional executive information, containing
social determinants. This is the case of both Canada (Indicateurs
comparables de la santé) and the United Kingdom (Key Statistics
NHS). In the case of Spain, mention should be made of the
National Health System (NHS) key indicators (19), the MEDEA
project (20), and more recently, the Deprivation Index (21).

Milestones in the analysis of morbidity
with large databases

The MesH term “electronic health record (EHR)” was
introduced in 2010, with an exponential growth in PubMed
entries (currently standing at 26,236), as a consequence of
the obvious advance in information and communication
technologies. Some organizations are notable for having
demonstrated the impact and challenges of its application to the
study of health services and health policies.

In 2007, within the context of its Effective Health Care
Program, the Agency for Health Care Research and Quality
published its first guideline, “Registries for Evaluating Patient
Outcomes: A User’s Guide.” The 4th edition, issued in 2020,
along with a wide-ranging series of reports (22), have since
become reference manuals, providing guidance on best practices
for the design, functioning, analysis, and evaluation of patient
records. A registry that is properly designed, built, implemented
and analyzed, will provide unique scientific information on the
effectiveness, safety and quality of any given medical service
or intervention being studied. While the use of existing data
sources has many advantages, the challenges of interoperability
persist, and the use of these data introduces new considerations
regarding their planning, accessibility, integration, etc. In
conjunction with these technological changes, registries have
been adapted to respond to the surge in research into patient-
centered outcomes and the growing recognition that patients
should be at the center of clinical research studies.

Since 1989, the Manitoba Center for Health Policy and
Evaluation has had -and continues to have- intense academic
activity and constant interaction with the health authorities
and the community. The brunt of its research has focused
on health determinants and health service delivery from a
population perspective. E. Shapiro, N.P. Roos, L. Lix, among
many authors, have published seminal papers on the application
of administrative data to research and decision-making from a
population stance (23).

Recent years have also witnessed a considerable growth,
especially in Europe, in the use of registries as a method
of generating new scientific evidence in primary care (PC).
Practice-based research networks (PBRN) in Holland, USA,
United Kingdom and Israel are an interesting instrument for
changing the research culture and clinical practice of PC health
professionals (24). PBRN are networks of general practitioners
and other health professionals who seek to collaborate on
projects focusing on practical problems and issues, thereby
making for a constant exchange between practice and research.
In Europe, these networks are grouped into the European
General Practice Research Network, which was created in 1971
under the auspices of WONCA Europe, and has facilitated the
systematic development of research on family medicine and PC
across Europe (25).
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The leading source for analyzing PC morbidity in Spain is
the Primary Care Clinical Database (Base de Datos Clínicos de
Atención Primaria/BDCAP), a large database that systematically
collects anonymized and normalized clinical data from a sample
of 4.7 million users assigned to NHS PC teams. The 2018 NHS
Annual Report (26) shows that every person attended at PC
health centers presents with a mean of 7.8 health problems:
the breakdown by sex shows a mean of 6.9 active problems in
the case of men and 8.6 in the case of women. Moreover, the
registered number of health problems per person in PC changes
with income level, employment status, and country of birth.
A social gradient is in evidence, whereby the lower the income
level, the higher the number of health problems, across all age
groups and in both sexes. Unemployed persons register more
health problems than do economically active persons (27).

Health services in Spain’s Autonomous Regions (ARs) have
progressively embarked on an analysis of EHRs in ongoing
projects at different stages of development. Among such
projects, mention should be made of the Information System
for Research in Primary Care (Sistema de información para la
investigación en Atención Primaria/SIDIAP), conceived with the
aim of exploiting EHRs in Catalonia, which contain a certain
amount of anonymized clinical information on each citizen
ascribed to a health center (28), and the BIGAN big data
platform operated by the Aragon Health Service.

In the hospital sphere, the Specialized Care Activity Register
(Registro de Actividad de Atención Especializada/RAE-CMBD),
which pools information pertaining to the Minimum Basic Data
Set (MBDS) for discharges from acute care hospitals, is the
principal database for ascertaining morbidity in these types of
hospitals (27). There are many studies in Spain that analyze the
Specialized Care Activity Register, since it is linked to funding
based on clinical complexity (Diagnosis-Related Groups) and
requires the use of standardized, structured coding in hospitals
(29, 30). There are many other examples, both by medical
specialty and overall (31), including the Ministry of Health
patient safety indicators (19).

The possibility of generating predictive health outcome
models that combine a wide array of socioeconomic indicators
with health problems is an approach to which growing
attention is being paid. In this connection, the Personalized
Medicine Platform was recently launched by the Carlos III
Institute of Health, bringing together the Consortium Centers
for Biomedical Research (Consorcio Centro de Investigación
Biomédica en Red/CIBER) and health services countrywide:
it seeks to identify and follow up a cohort of 200,000
individuals, along with their recorded data, adopting a holistic
view of persons.

In view of the shift in scientific thinking outlined above
and the advances made in health service technology and
communications infrastructures, there are opportunities for
linking real-world data and surveys, with the ensuing possibility
of performing an innovative low-cost analysis by combining

multiple socioeconomic indicators with PC morbidity. At the
same time, the impact on health outcomes, including hospital
morbidity and mortality, could likewise be quantified.

There has been ample coverage of the role of PC in
prophylaxis of infections, prevention or delay of cardiovascular
events and preventable conditions, and early detection and
treatment of diseases that can benefit from this, with the
resulting saving, not only financial, but also in terms of suffering,
harm, hospital admissions, and quality of life. Similarly
noteworthy are analyses of preventable hospitalizations (32) and
studies on the use of hospital emergencies (33). This, coupled
with aspects such as feasibility and comparability, led us to
choose hospital morbidity as the outcome variable in this study.

We propose to analyze how social determinants influence
PC morbidity, and this, in turn, influences population health
outcomes such as hospital morbidity, by combining data from
EHRs and INE statistical operations. In addition to predictive
models, analysis by geographic area would doubtless be an
extremely helpful element when it comes to planning activities
and social and health resources. We also seek to analyze the
impact adjusted for large groups of diseases (somatic and mental
diseases, accidents and poisoning, COVID-19, chronic diseases),
adjusted for the adult and pediatric populations, and adjusted
for emergency and non-emergency admissions.

Health-prevention and health-promotion activities and/or
distribution of resources may thus be a joint reflection
of the needs and idiosyncrasies of individuals and their
environment (34).

Qualitative study to select socio-health
indicators

Cross-sectional observational study with RAND
methodology (35), a two-round modified Delphi technique,
which will be carried out electronically. The panel of
experts will consist of 15–20 persons reflecting research
experience, academic experience, gender balance, and a broad
professional spectrum.

In preparation for the meeting of experts, the study protocol
and informed consent document will be circulated. By way
of a framework, the determinants of social inequalities in
health will be furnished (3, 36), taking into account the
structural determinants (socioeconomic and political context,
and axes of inequality) and intermediate determinants of health
inequalities (material resources, psychosocial factors, behavioral
and biologic factors, and health services) for prioritization of
the indicators (37). Indicators will be presented for each of
the domains previously identified from among the following
INE surveys; Atlas of Health Determinants in Spain (38);
Municipal Voters Roll (39); Urban Audit Indicators (40);
Population and Housing Census (16); Deprivation Index
(41); Atlas of Household Income Distribution (18): Atlas of
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Urban Vulnerability (42); Residential Building Atlas (43); and
Statistical Atlas of Urban Areas (44).

The group members will evaluate the indicators twice. In
the first round, the experts will score each of the indicators,
by rating their degree of agreement on a Likert scale scored
from 1 (strongly disagree) through 9 (strongly agree), along
with the indicator’s suitability for measuring the dimension in
question. A comments section will be included so as to allow
the experts to add suggestions or observations. In the second
round, the members’ own results, together with the aggregated
results of the group, and their comments in a free text field,
will be circulated. The indicators will then be scored again,
and those whose median is above 7, without disagreement, will
be selected. The process will be managed using the eDelphi
software program (45).

Quantitative study combining large
databases

Health service EHRs, made up of all clinical data sets
containing information relevant for healthcare purposes, will
be used on an individualized basis. Any person who has been
attended at least once in the NHS has an electronic record
containing a note of any action (s) taken. For study purposes,
it will be necessary to combine two large databases, drawn from
different settings, to enable hospital morbidity to be ascertained,
i.e., PC EHRs and the MBDS for hospital discharges.

This information will be aggregated and linked with various
socioeconomic indicators, selected in the previous stage and
sourced from microdata published by the INE. Every individual
with an active PC episode will thus be linked to indicators
selected from his/her own geographic unit.

Study period: In the case of PC morbidity, active episodes
from 01/01/2016 through 31/12/2019 will be included. In the
case of hospital morbidity, the following will be considered:
general hospital morbidity, discharges from 01/01/2017 through
31/12/2019; hospital morbidity due to COVID 19, discharges
from 01/01/2020 through 31/12/2020. The availability of
socioeconomic indicators tends to vary, depending upon their
publication by the INE.

Study scope and population
According to the 2018 Voters Roll, the participating ARs

(Aragon and the Balearic Isles) have 2,491,478 inhabitants.

Inclusion/Exclusion criteria
The following will be included: for analysis of morbidity,

all patients, pediatric and adult, having an active PC EHR at
baseline; for analysis of determinants, indicators furnished as
microdata by the INE and selected by the panel of experts.

Sample size
In the participating ARs, clinical data have been registered in

the PC EHRs of their respective health services for a minimum

of ten years. A total of 93.31% of the population has a NHS
digital clinical history and is assigned to a given health center
in accordance with the NHS service portfolio.

Variables and measuring instruments
Outcome variable: Hospital morbidity (somatic and mental

diseases, accidents and poisoning, COVID-19, chronic diseases).
We will consider the principal diagnosis at discharge, as
shown in the MBDS with ICD-9-CM or ICD-10 coding,
by Autonomous Region. Somatic diseases will be categorized
differently by age group. In the adult population (over 14 years
of age): Infections, Neoplasms, Digestive, Blood, Immune
System, Cardiovascular, Locomotor, Nervous, Respiratory, Skin
and Skin Appendages, Endocrine, Urinary, Genital/Breast. In
the pediatric population (ages 0 through 14 years): Infections,
Congenital Anomalies, Neoplasms, Digestive, Blood, Immune
System, Eyes, Locomotor, Nervous, Respiratory, Skin and Skin
Appendages, Endocrine, Urinary, Genital/Breast. In the case of
chronic diseases, O’Halloran’s classification will be applied (46).

Independent variables: sex (women/men) in 5-year groups,
age, nationality, copayment, geographic unit (Autonomous
Region, province, town, basic health area, census section), PC
morbidity, and indicators selected in the previous stage related
with the dimensions identified by the Determinants of Social
Inequalities in Health. All active episodes in PC EHRs will
be selected. The International Classification of Primary Care
(ICPC-2) will be used, excluding the R codes (symptoms, signs
and abnormal clinical and laboratory findings, not elsewhere
classified). The ICPC-2 coding was designed by selecting
diseases and disorders having a prevalence of over 5% in PC,
and has a much higher degree of aggregation than does the ICD-
10. To be able to exploit morbidity as a whole, it is necessary to
use a single classification on which the remaining classifications
converge. Given that the ICD-9-CM (like the ICD-10) is, on
the whole, a far more comprehensive and detailed classification
than the ICPC-2, it follows that the base classification for a joint
exploitation must necessarily be the latter. Accordingly, this calls
for a unidirectional conversion from the fullest (ICD-9-CM or
ICD-10) to the most condensed classification (ICPC). These
equivalents have been published by the Ministry of Health.

Statistical analysis
Predictive models will be used for the impact on hospital

morbidity. In this type of model, the initial sample will be
divided into a random training sample (70%), with which
the models used will be fitted, and the rest of the data
(30%), which will be used as a test sample for validation of
such models. In particular, multiple logistic regression models
with penalizations (least absolute shrinkage and selection
operator/LASSO) will be used, which will allow us to choose
the most important variables in the studies undertaken. This
study seeks to obtain an estimator of the probability of
hospital admission or death, based on “relevant” information
yielded by all the abovedescribed predictors. At this point, it
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will be essential to use the penalizations mentioned above,
in order to prevent possible overfitting and obtain “simple”
models based on the really important variables. The outcome
variable is of the categorical type (yes/no). For greater ease
of interpretation of results, well-known measures, such as
the odds ratio and its corresponding confidence interval,
will be used for detection of significant effects. To test
the goodness-of-fit of models, we will use Nagelkerke’s R2,
which measures the proportion of the variance in health
outcomes explained by the selected predictors. In addition,
aspects of the model’s performance, including calibration and
discrimination, will also be studied. Calibration will be assessed
using Brier’s score and plotting the non-parametric estimate
of the association between observed outcome frequencies and
predicted probabilities. To validate the model’s predictive
capacity, the Receiver Operating Characteristic (ROC) curve
and corresponding area under the ROC curve (AUC) will be
used. To correct for possible optimism in the AUC values
obtained, a training sample will be used to fit the models,
along with another test sample, independent of the former,
in which the AUC-test will be calculated on the basis of the
relevant predictions.

To estimate the extent of inequalities across social class, two
indices of socioeconomic inequality in health will be computed,
i.e., the Relative Index of Inequality (RII) and the Slope Index
of Inequality (SII) (47–49). A log-binomial regression model
will be applied with the log link function for calculating the RII
and the identity link function for the SII between the health
outcomes and social variables identified in the consensus stage.

For analysis of geographic variability, penalized mixed
models will be used, taking geographic unit as random effects
(with subanalyses for each of the possible classifications,
such as census section, town, AR). The following will be
considered as fixed effects: Age, sex, PC morbidity, and
socioeconomic indicators. The response variable of interest,
hospital morbidity (with Poisson distribution), will be included
in the model. Variables will be selected using the Backward
Stepwise Regression method based on the Akaike Information
Criterion (AIC). The parsimony of the different models
obtained will be compared with the anova function, and
will be validated by examining the pertinent diagnostic plots
obtained with the residuals, to ascertain whether there are
deviations from the hypotheses assumed by these types of
models, such as normality, homoscedasticity, and absence of
atypical values.

All the statistical analyses will be performed with the R
statistical software package using the BayesX, rms, lme4 and
epiDisplay packages. These packages are available free of charge
from http://cran.r-project.org. The free software qgis1 will be
used for spatial representation.

1 https://www.qgis.org/

Discussion of the study

The main limitations of collecting data on the basis of
EHR pertain to the fact that the data have been collected for
healthcare as opposed to research purposes (50). In line with
the paper by Verheij et al. (50), we can contend that, in Spain,
the use of such data in research is well founded. The use of
EHRs is not only widespread, but the public health system
covers almost the entire population (51). Although there is
some variability between the records in the various ARs, the
differences are not substantial, in that their systematization is
regulated by law and that much of the information is unified by
means of the NHS Health Information System (52). Despite this
inter-regional variability, it should be noted that, within each
AR, the processes are highly systematized through the use of
software that unifies the records of all health professionals in the
system. Furthermore, the extensive use in Spain of standardized
classifications for many records (e.g., ICD-10 or ICPC), clinical
practice guidelines, and protocols that seek to unify and update
the clinical practice of all professionals on the basis of scientific
evidence, greatly enhances comparability (50). It should also be
stressed here that EHR systems have been implemented in Spain
for over 10 years (52) and that training and refresher courses are
held for health professionals.

The main limitations of the INE’s statistical operations
are: the time lag between collection and publication of
data; sampling or non-response errors (both controlled and
analyzed); interviewer bias (in the case of the census, this is
controlled for by having group coordinators who supervise the
work); and underrepresentation in surveys of people who prove
difficult to locate at a permanent place of abode. Despite these
limitations, the data made publicly available by the INE offer
great advantages, such as their high degree of comparability
at both a national and European level, and their homogeneity
across time, since the concepts and basic methodology remain
unaltered over long periods. Age and geographic unit at baseline
will be considered, something that will introduce a bias due to
measurement error.

By way of strengths, special mention should be made of
the integration of data sourced from two health services with
several INE surveys. This aspect renders the multidisciplinary
nature of the project obligatory, i.e., clinicians, epidemiologists,
experts in operations research, geography, and information
and communication technologies. Furthermore, it will enable
comparison of different machine learning models, such as
regression models, random forest or deep learning (53), and
geographic regressions.

The panel of experts will be made up by 15-20 experts. In
their review about consensus methods, (54), Murphy et al. state
that when combining individual judgments, more is generally
better. As the number of judges increases the reliability of a
composite judgment increases. In a theoretical study which
assumed errors of judgment around a “true” value, it was found
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that under most sets of assumptions, there was little advantage
in terms of “group validity” in increasing numbers much above
ten. Recently (55), the average number of experts included was
usually in the low to medium double-digit range (e.g., ID1:
median = 17 invited experts; ID11: mean = 40 experts in the first
Delphi round). However, it is not the number of participants but
the whole reporting of the method what matters most (56).

Insofar as the RAND methodology is concerned, the
appropriateness criteria and quality indicators designed with its
application would seem to possess both construct and predictive
validity (57). Moreover, it is recognized by leading institutes,
such as the NICE (National Institute for Health and Care
Excellence) in the United Kingdom or the HAS (Haute Autorité
de Santé) in France, as an appropriate consensus method for
comparison of complex processes.

Lastly, the extraction of data from the various web platforms
will be performed by technical staff specifically engaged to
manage such platforms in each AR, and will be brought into
line with a data-management plan. To analyze the information,
a specific platform will be developed, with a single server and
shared desktop for researchers, and access to the database in line
with standardized procedures.

The results of this evaluation are relevant, not only
for professionals who manage social, educational or health
service data systems, but also for scientists who explore high
dimensional social data.
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Objectives: This study aimed to determine how primary care physicians weigh

intervenable patient attributes in their decisions of antibiotic prescribing for

upper respiratory tract infections (URTIs).

Methods: A discrete choice experiment (DCE) was conducted on 386 primary

care physicians selected through a stratified cluster sampling strategy in Hubei

province, China. The patient attributes tested in the DCE were identified

through semi-structured interviews with 13 primary care physicians, while

the choice scenarios were determined by a D-e�cient design with a zero

prior parameter value. Conditional logit models (CL) and mixed logit models

(MXL) were established to determine the preference of the study participants

in antibiotic prescribing for URTI patients with various attributes. Relative

importance (RI) was calculated to reflect the influence of each attribute.

Results: In addition to age and duration of symptoms, the interventionable

patient attributes were also considered by the primary care physicians in

their antibiotic prescribing decisions. They preferred to prescribe antibiotics

for URTI patients with di�culties to schedule a follow-up appointment (p

< 0.001) and for those without a clear indication of refusal to antibiotics

(p < 0.001). Patient request for antibiotics had an RI ranging from 15.2 to

16.3%, compared with 5.1–5.4% for easiness of follow-up appointment. The

influence of these two interventionable patient attributes was most profound

in the antibiotic prescribing decisions for patients aged between 60 and 75

years as indicated by their interaction e�ects with age (β = 0.69 for request

for antibiotics, p < 0.01; β = −1.2 for easiness of follow-up, p < 0.001).
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Conclusion: Reducing patient pressure and improving accessibility and

continuity of care may help primary care physicians make rational antibiotic

prescribing decisions for URTIs.

KEYWORDS

antibiotic prescribing, discrete choice experiment, upper respiratory tract infections

(URTIs), primary care, China

1. Introduction

Antibiotic abuse has been identified as a major public health

challenge (1). Globally, antibiotic consumption reached 40.1

billion defined daily doses (DDDs) in 2018, increasing from 9.8

DDDs per 1,000 inhabitants per day in 2000 to 14.3 in 2018

(2). Higher levels of antibiotic consumption are associated with

increased prevalence of antibiotic resistance (3). In combination

with a lack of new development of effective antibiotics, this

can lead to increased morbidity and mortality of infectious

diseases (4). It was estimated that 4.95 million people died from

a condition that was associated with drug-resistant infections

in 2019, while antibiotic resistance contributed to 1.27 million

deaths directly (5). The cumulative economic loss resulting from

antibiotic resistance could amount to US$2.9 trillion by 2050 (6).

The majority of antibiotic prescriptions took place in

primary care, and a large proportion of these prescriptions were

inappropriate (7). Primary care accounts for around 80% of all

antibiotic prescriptions in the National Health Service of the

UK, which is likely to be the same worldwide (8). The World

Health Organization (WHO) recommends that the proportion

of patients receiving antibiotics in outpatient settings should be

<30% (9). However, a meta-analysis of the studies in low- and

middle-income countries shows that the pooled proportion of

primary care patients who were given antibiotic prescriptions

has exceeded 50% (10). Several large-sample studies in low-

and middle-income countries showed that more than 60% of

antibiotic prescribing in primary care is inappropriate (11–13).

China is the world’s second largest consumer of antibiotics

(14). Between 2011 and 2018, the average antibiotic

consumption per capita in China increased by 39.6% (15).

A nationwide study in mainland China showed that 45% of the

outpatient antibiotic prescriptions in secondary and tertiary

hospitals over the period from 2014 to 2018 were inappropriate

(16). The proportion of inappropriate antibiotic prescriptions

in primary care is likely to exceed 50% during 2009 and 2011,

despite the fact that over half of all primary care prescriptions

contain antibiotics (12). Although recent publications reported

a decreasing trend of antibiotic use in primary care in China,

the proportion of inappropriate antibiotic prescribing (e.g.,

excessive use of broad spectrum and injectable antibiotic

products) is increasing (17).

Antibiotics are frequently prescribed for treating upper

respiratory tract infections (URTIs) in primary care (18), despite

strong discouragement in clinical guidelines (19). In China,

more than 40% of URTI patients are prescribed with antibiotics

(20). A previous study found that the vast majority of cases of

colds (78.0%) and acute bronchitis (93.5%) were treated with

antibiotics in primary care in China (12).

The inappropriate prescribing decision is shaped by

many factors. Internationally, extensive studies have been

undertaken to explore the underlying complex causes of

variations in antibiotic prescribing. Blaser et al. offered

a typology categorizing the determinants of antibiotic

prescribing decisions, which include the characteristics of

prescribers, public understanding of antibiotic needs, patient

expectation and pressure, specific social and economic

interactions between prescribers and patients, financial

incentives, and cultural factors (21). All of these factors play

a role in antibiotic prescribing for URTIs in primary care

(22). In China, patient concerns of health consequences

and requests for antibiotics, a lack of knowledge and the

low competency of primary care physicians in managing

diagnostic uncertainty, time constraints, poor communication,

and perverse financial incentives have been identified as

major contributors to the over-use of antibiotics in primary

care (23–25).

There has been a strong call for patient-centeredness in

primary care. However, our knowledge of patient expectations

and how primary care physicians respond to patient requests

is very limited (26). A study of general practitioners in

Australia showed that antibiotic prescribing decisions are

shaped by patient life events and expectations (27). In

China, antibiotic products are highly affordable thanks to

the increased wealth, high coverage of insurance subsidies

(>95%), and low price of prescribed medicines (28). This has

led to higher antibiotic prescribing rates in regions with low

socioeconomic development in comparison with their more

developed counterparts (29). Empirical evidence shows that

consumers in China are likely to hold the misbelief that

antibiotics are anti-inflammatory (30). Failing to meet patient

expectations can lead to patient complaints and ultimately loss

of patients to other providers (31). In a study in Hong Kong,

Lam et al. found that the patients with a regular physician were
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nearly twice as likely to report antibiotic use for URTIs as those

without one (32).

This study aimed to address the gap in the literature by

determining the antibiotic prescribing preference of primary

care physicians for URTIs through a discrete choice experiment

(DCE) in China. We hypothesized that both clinical and

non-clinical attributes play a role in the decisions of antibiotic

prescribing for URTIs in primary care. Some of the patient

attributes are deemed non-clinical and interventionable.

Internationally, behavioral and financial interventions on

consumers have become one of the major strategies to contain

antibiotic consumption in the community (33).

2. Methods

2.1. Study setting

This study was conducted in Hubei province in central

China, which covers a geographic catchment of 185,900 km2. In

2018, Hubei recorded 59.17 million residents. Its GDP (39,367

million CNY) accounted for 4.7% of the national total, resulting

in a per capita GDP (66,616 CNY) slightly higher than the

national average (64,644 CNY). On average, each urban and

rural resident in Hubei had a disposable income 34,455 and

14,978 CNY, respectively, in 2018.

The primary care sector in China is dominated by urban

community health centers and rural township health centers.

In 2018, Hubei had 354 community health centers and 1,139

township health centers, employing 8,376 and 28,370 registered

(assistant) physicians, respectively. They received 70.32 million

patient visits, contributing to 36.2% of all outpatient visits in

Hubei (34).

2.2. Ethical approval

This study was approved by the Research Ethics Committee

of Tongji Medical College, Huazhong University of Science and

Technology (No. IORG0003571). Oral informed consent was

obtained from each participant prior to data collection.

2.3. Study design

2.3.1. Identification of tested attributes and
levels

We followed the requirements recommended by Coast

et al. for attribute development (35). A literature review

was first conducted and then an interview guide was

developed. Semi-structured in-depth interviews were

conducted with 13 primary care physicians (Appendix 1)

conveniently selected from 10 primary care institutions in

Luohe municipality in Henan, a neighboring province of

Hubei in central China. Data were collected between January

and March 2019. The interview questions were centered on

the decision-making process of antibiotic prescribing for

URTIs in primary care settings. Each interview lasted for

30–45 min.

All interviews were audio recorded and transcribed

verbatim. Two researchers (XT and LZ) coded the data

simultaneously using Nvivo software version 11. An iterative

process of reflection and discussion was adopted until agreement

was reached between the two researchers. Disputes on the

coding, if any, were resolved by the moderation of a third

researcher (TY).

The coding followed the steps of inductive content

analysis as described by Graneheim and Lunndman (36).

First, the meanings of the phrases relevant to antibiotic

prescribing were extracted and labeled with a code.

Then, the various codes were compared and sorted into

categories based on their differences and similarities

in meaning. Finally, the latent contents of the relevant

categories were formulated into themes relating to patient

attributes associated with antibiotic prescribing for

URTIs. A total of 14 categories under six themes emerged

(Table 1).

Considering that more than seven attributes in a DCE would

be too burdensome for respondents (37), we identified seven

attributes based on (1) their comprehensiveness and easiness to

measure (e.g., “patient request for antibiotics” was selected, but

not “perceived value of antibiotics” for measuring “antibiotic

literacy”); (2) the existing evidence in the literature regarding

their impacts on antibiotic prescribing decision making (e.g.,

patient-physician relationship and service arrangements); (3)

the clinical justification for antibiotic prescribing (e.g., patient

age and duration of symptoms); and (4) their coverage of

all the themes. The inclusion of clinical justification served

the purpose of minimizing bias (38), which also allowed us

to estimate the relative importance of different attributes. In

this study, the patient-physician relationship was measured by

interpersonal familiarity. Out-of-pocket payment for medicines

represented a consideration of affordability of patients. Follow-

up appointment and prescribing filling measured service

arrangements (Table 2).

The levels of each attribute measured in this study were

determined in line with the literature and the interview data,

based on the assumption that they would make a difference in

prescribing decision making. To simplify the DCE, the attribute

of “age” was restricted to adults (≥18 years). According to the

WHO, 60–74 years of age is deemed young elderly, while 75–

89 years of age is deemed old elderly (39). The duration of

symptoms was graded around the mean duration (7–10 days) of

common colds (40). The levels for follow-up appointment and

request for antibiotics followed the DCE design of Lum et al.

(27) (Table 2).
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TABLE 1 Patient attributes associated with antibiotic prescribing for upper respiratory tract infections in primary care∗.

Theme Categories Brief explanation

Health (antibiotic) literacy
Request for antibiotics Expression of patients wanting or not wanting antibiotics

Perceived value of antibiotics Patient perception of the value of antibiotics

Economic status

Affordability of medicines Household income and expense of medicines patients
willing to pay

Financial burden of medicines Out-of-pocket payment for medicines

Familiarity The degree of familiarity between patients and primary care
physicians

Patient-physician relationship Patient satisfaction Patient feeling, attitudes and satisfaction toward primary
care physicians

Patient trust Patient trust in primary care physician and acceptance of
their assessment

Reasons for not filling prescriptions in primary care facilities One or a combination of several reasons: complicated
medical procedure; high price of medicines; inadequate
coverage of essential medicines in primary care

Prescription filling
Perceived risks of not filling prescriptions in primary care
facilities

Patient concerns of poor quality of products, low compliance
with instructions of medicine usage, poor management, and
profit-driven behaviors

Existing treatment regime Whether patients have already been treated with antibiotics
and/or other procedures

Response to treatment Referral Whether patients will be referred to a higher level of medical
institutions for further investigation/treatment

Follow-up visit Whether patients feel it is easy to return for a visit

Predisposing factor

Clinical characteristics Seriousness and duration of symptoms, chief complaints,
type of infection, immunity, allergy, comorbidity, and family
history

Demographic characteristics Age and gender

∗The results were derived from the semi-structured interviews.

TABLE 2 Design of patient attributes and corresponding levels for the discrete choice experiment.

Attributes Level 1 Level 2 Level 3

Age (years) 18–59 60–75 >75

Duration of symptoms (days) 3 6 9

Follow-up appointment Difficult to schedule Easy to schedule

Familiarity Stranger Acquaintance Relative/friend

Request for antibiotics Indicating not wanting antibiotics
unless necessary

No expression of want Indicating wanting antibiotics

Out-of-pocket payment for medicines Indicating a maximal out of pocket
payment of 30 CNY

Willing to pay for all medicines out of
pocket

Expense of medicines partly
reimbursed by health insurance

Prescription filling Outside of the primary care facility Within the primary care facility

2.3.2. Experiment design

Forced choice between two choice profiles was employed in

the DCE design. Opt-out options were not included because

of concerns that respondents would avoid challenging choices,

which might result in insufficient data (41). Effects coding

was used because of the largely qualitative nature of the

attribute levels. Themain effects were estimated through optimal

orthogonal in the differences design which assumes zero priors.

To reduce the response burden, we assigned all the choice

sets into three blocks, each containing 12 choice sets in line

with the recommendations in the literature (38). The syntax

created for input into Ngene software version 1.2 with three

blocks generated 36 rows and a desirable D-optimality of 100%,

including efficiency and a correction matrix of zero (C matrix).

Each participant was assigned randomly to one of these

three blocks and completed the choice tasks through a
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questionnaire survey administered in face-to-face interviews.

The questionnaire comprised three sections. The first section

described a clinical case of a predefined patient with a URTI:

“An adult patient with a runny nose, sneezing, sore

throat, and dry cough visits for your help. There is no specific

medical history. Upon examination, the patient has a body

temperature of 37.8◦C and a slight redness of the throat

with no exudate. Cervical lymph nodes are normal without

enlargement upon observation. No aberration is found from

chest X-ray and blood tests. The patient claims to have self-

administered OTC medicines for cold and cough prior to the

visit, but the symptoms persist.”

The second section asked the respondents to make a forced

choice with the 12 choice sets. One choice set was also duplicated

to verify the reliability of the responses. Figure 1 provides an

example of a choice set.

The third section asked for the sociodemographic

characteristics of the respondents, including age, sex,

professional title, and highest qualification.

A pilot test of the questionnaire was conducted on 15

primary care physicians conveniently selected in Wuhan, the

capital city of Hubei province. They were asked to review the

case scenario and complete the DCE choice tasks. Feedback on

the clarity of the task instructions, the relevance of the choice sets

to their practice, and potential misunderstandings was collected.

This resulted in some minor modifications to the wording, such

as those describing the symptoms in the first section.

2.3.3. Study participants and data collection

The DCE was conducted over the period from August

to September 2019. A stratified cluster sampling strategy was

adopted to select the study participants. The 17 municipalities in

Hubei province were first ranked in order using a comprehensive

TOPSIS (Technique for Order Preference by Similarity to

Ideal Solution) score containing the following 10 indicators,

per capita GDP, population size, per capita disposable income

of urban residents, per capita disposable income of rural

residents, hospital beds per 1,000 inhabitants, doctors per 1,000

inhabitants, nurses per 1,000 inhabitants, total retail sales of

consumer goods, local public finance revenue, and total export-

import volume (Appendix 2). One municipality from the top

(Wuhan), middle (Jingmen), and bottom (Qianjiang) range

was selected randomly. The disposable income of residents in

Wuhan (42,133 CNY) was higher than the national average

(28,228 CNY), while Jingmen (26,073 CNY) and Qianjiang

(24,523 CNY) were lower than the national average. The study

setting was further narrowed to Huangpi district in Wuhan

and Shayang county in Jingmen due to their large number of

primary care institutions. Huangpi’s GDP ranked in the middle

(seventh) of the 14 districts/counties in Wuhan in 2018 (42),

while Shayang’s GDP ranked fourth in the five districts/counties

in Jingmen (43).

A total of 29 primary care institutions (11 in Huangpi,

10 in Qianjiang, nine in Shayang) agreed to participate in

this study. All of the primary care physicians with a right to

prescribe antibiotics from these participating institutions were

invited to participate in the DCE. This resulted in a final

sample of 398 primary care physicians (148 from Huangpi; 150

from Qianjiang, and 100 from Shayang), representing 96.1%

of the primary care physicians employed by the participating

institutions. The sample size was more than five times the

minimal requirement, according to Orme’s rule of thumb

formula (44).

Data were collected through a questionnaire survey

administered in face-to-face interviews. A group of investigators

with a bachelor’s degree or higher were trained prior to the

field work to ensure that all of the protocols had been followed

properly. Data entry was conducted by two researchers (XT and

LZ) using Microsoft Excel version 2019 to ensure accuracy.

2.4. Data analysis

The DCE data comprised 12 stated choices per participant,

each indicating a preference between two varying scenarios. The

statistical analysis followed the guidelines from the ISPOR (45),

using STATA version 15 (StataCorp 2018).

The conditional logit (CL) model and mixed logit (MXL)

model were established in line with the random utility theory

(46). The utility function is specified as follows:

Uijr = βiXijr + Eijr (1)

Where Uijr is the utility individual i derived from scenario j

in the choice set r (here j = 1, 2; r = 1, . . . , 12); Xijr is a vector

of the observed attribute (i.e., certain age of patients); βi is a

vector of coefficient reflecting the desirability of the attribute,

which indicates the effects of the predictor on the logarithm of

the odds of being in one category vs. the reference category,

where the odds in this study represent the ratio of the probability

of participant i prescribing antibiotics to the probability of not

prescribing antibiotics; εijr is an error term that captures the

influence of unobserved factors.

We started with a fitted CL model, which describes the

general preference pattern of the respondents. The preferences

of all respondents were assumed to be identical, indicating no

individual variations in the coefficient.

We then established an MXL model with correlated

normally distributed random coefficients to estimate the

average preference that allows preference heterogeneity across

respondents. In the MXL model, individual preferences are

assumed to have a multivariate normal distribution in the

population (47), and a full covariance matrix among the
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FIGURE 1

An example of choice sets for the discrete choice experiment.

randomly distributed utility coefficients can be estimated (48).

The utility for individual i associated with scenario j in the choice

set r is:

Uijr = β
′

iXijr + εijr = βXijr + τiXijr + εijr (2)

Where β is the mean preference vector for the population,

and τi is a multivariate normal distributed vector.

The attributes with a random distribution of parameters

were identified using t-statistics for standard deviations (49).

The likelihood-ratio test (50) showed that none of the standard

deviations of the attribute parameters are equal to zero

(p < 0.001). The t-statistics indicated significant preference

heterogeneity for the following attributes (Appendix 3): >75

years (z = 11.2, p < 0.001), 6 days of symptom duration (z

= 2.4, p < 0.05), 9 days of symptom duration (z = 11.4,

p < 0.001), and an indication of wanting antibiotics (z =

5.7, p < 0.001). Thus, both the fixed and random effects of

these attributes were estimated in the MXL. The coefficients

of random parameters were presupposed to follow a normal

distribution (51). The MXL model was iterated with 500

Halton draws.

The relative importance (RI) of each attribute was calculated

by dividing the utility range of each attribute with the utility

range total (52). We also tested the interaction between

the clinical attributes (i.e., age and duration of symptom)

and the interventionable patient attributes in the MXL

model (53).

The performance of the CL and MXL models was compared

using logarithmic likelihood (LL), Akaike information

criterion (AIC), and Bayesian information criterion (BIC).

Higher LL, lower AIC, and lower BIC indicate higher

performance (45).

3. Results

Of the 398 study participants, 12 failed to provide a

consistent choice on the duplicated choice tasks. This resulted in

a final sample size of 386 respondents, containing 9,166 choice

data points. The respondents had a mean age of 42.17 years

(SD = 9.7) and had worked, on average, 19.4 years (SD =

10.7) in the health sector. Most (72.3%) were male physicians,

which is higher than the national average (59.4%). About half

had obtained an associate medical degree and had a junior

professional title. The vast majority (98.4%) worked in rural

township health centers, received educational materials about

antibiotic prescribing (95.1%), and attended relevant training

over the past year (84.2%). The study sample resembled the

characteristics of the workforce of primary care (assistant)

physicians in rural township health centers in China in 2018

(Table 3).

3.1. Conditional logit and mixed logit
models

The CL model showed that the respondents preferred to

prescribe antibiotics for patients who were older [relative to<60

years, β = 0.39 (0.29, 0.48) for 60–75 years; β = 0.45 (0.35,

0.55) for >75 years], had experienced a prolonged duration of

symptoms [relative to 3 days, β = 0.86 (0.77, 0.96) for 6 days; β

= 1.6 (1.5, 1.7) for 9 days], and felt it was difficult to schedule a

follow-up appointment [relative to difficult to schedule a follow-

up appointment, β =−0.15 (−0.21,−0.08) for easy to schedule

a follow-up appointment]. The patients who clearly expressed

a refusal for antibiotics unless necessary were less likely to
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TABLE 3 Demographic characteristics of study participants in discrete

choice experiment.

Characteristics Mean ±

SD or n (%)
China∗
(%)

Age (years) 42.17± 9.66 -

<25 8 (2.07) 0.30

25–34 72 (18.65) 16.50

35–44 149 (38.60) 37.50

45–54 118 (30.57) 32.50

55–59 26 (6.74) 6.70

≥60 13 (3.37) 6.50

Male gender 279 (72.28) 59.40

Work experience (years) 19.39± 10.66 -

<5 39 (10.10) 7.90

5–9 38 (9.84) 14.60

10–19 87 (22.54) 23.10

20–29 151 (39.12) 35.70

≥30 71 (18.39) 18.80

Professional title

Senior title 4 (1.03) 0.32

Vice-senior title 20 (5.18) 4.75

Middle title 142 (36.79) 21.96

Primary title 220 (57.00) 72.97

Highest qualification

Vocational training 51 (17.83) 35.30

Associate degree 188 (48.71) 43.80

University degree 147 (38.08) 20.90

Annual household income (CNY)

<40,000 105 (27.20) -

40,000–59,999 142 (36.79) -

60,000–79,999 67 (17.36) -

80,000–99,999 42 (10.88) -

≥100,000 30 (7.77) -

Department

Internal medicine 115 (29.79) -

Surgical 46 (11.92) -

General practice 84 (21.76) -

Others 141 (36.53) -

Institution

Urban community health center 5 (1.30) -

Rural township health center 381 (98.70) -

Receiving educational materials on
antibiotic prescribing

367 (95.08) -

Attending antibiotic training course
over the past year

329 (84.23) -

SD, standard deviation; CNY, Chinese Yuan.
∗Data extracted from the 2019 edition of China Health Statistical Yearbook; - Data

not available.

be prescribed antibiotics than those who had made no such

expressions [β = 0.27 (0.17, 0.37)] or those who had positively

requested antibiotics [β = 0.42 (0.32, 0.51)]. Familiarity with

prescribers, out-of-pocket payments for medicines, and choice

of settings to fill prescriptions played no significant role in

antibiotic prescribing decisions.

TheMXLmodel yielded similar results: older age, prolonged

duration of symptoms, difficulties in scheduling a follow-up

appointment, and absence of a specific expression of refusal for

unnecessary antibiotics were significant predictors of antibiotic

prescribing preference (Table 4). The MXL model performed

substantially better than the CL model as indicated by its higher

LL (−2,378.8 vs. −2,521.8), lower AIC (4,789.5 vs. 5,067.5), and

lower BIC (4,903.5 vs. 5,153.0).

3.2. Relative importance of attributes

Duration of symptoms was identified as the most important

attribute that influenced the preference of antibiotic prescribing

in both the CL model (RI = 58.7%) and the MXL model (RI =

60.3%). The influence of patient age and request for antibiotics

came almost equally second, with RI ranging from 14.1 to 16.3%

in the two models. Easiness of follow-up appointment had 5.1

and 5.4% RI in the CL model and MXL model respectively,

whereas, the rest of the attributes had lower than 5.0% RI

(Figure 2).

The interaction testing showed that the influence of the

interventionable patient attributes was most profound in the

antibiotic prescribing decisions for patients aged between 60 and

75 years as indicated by their interaction effects with age (β =

0.69 for request for antibiotics, p < 0.01; β = −1.2 for easiness

of follow-up, p < 0.001; Table 5).

The preference heterogeneity analyses showed that the older

and more experienced physicians were less likely to prescribe

antibiotics to patients who requested them as indicated by its

interaction effects with age [β = −0.02 (−0.03, −0.01)] and

work experience [β =−0.02 (−0.03,−0.01); Appendix 4].

4. Discussion

The findings of our study show that clinical justification (e.g.,

age and duration of symptoms) remains the most important

consideration of primary care physicians in Hubei of China in

prescribing antibiotics for URTIs. However, patient request for

antibiotics and concerns about the accessibility and continuity

of care also have a significant impact on antibiotic prescribing

decisions, albeit with a lower relevant importance.

Patient request for antibiotics can drive antibiotic

prescribing for URTIs. We found that not only patient request

for antibiotics but also the absence of a clear indication of

refusal for antibiotics can trigger a higher willingness of primary

care physicians to prescribe antibiotics for URTIs. This is
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TABLE 4 Results of conditional logit model and mixed logit model against the data set of the discrete choice experiment.

Attributes Levels Conditional logit (CL) model Mixed logit (MXL) model

β Standard
error

P 95%
confidence
interval

β Standard
error

P 95%
confidence
interval

Age (base = younger than 60 years)

60–75 years 0.39 0.05 <0.001 [0.29, 0.48] 0.35 0.07 <0.001 [0.22, 0.48]

>75 years 0.45 0.05 <0.001 [0.35, 0.55] 0.52 0.08 <0.001 [0.37, 0.68]

Random effect (>75 years) 0.97 0.08 <0.001 [0.81, 1.13]

Duration of symptoms (base = 3 days)

6 days 0.86 0.05 <0.001 [0.77, 0.96] 1.02 0.06 <0.001 [0.90, 1.13]

Random effect (6 days) 0.32 0.14 0.03 [0.04, 0.60]

9 days 1.62 0.05 <0.001 [1.52, 1.73] 2.23 0.11 <0.001 [2.00, 2.45]

Random effect (9 days) 1.39 0.12 <0.001 [1.17, 1.62]

Follow-up appointment (base = di�cult to schedule)

Easy to schedule −0.15 0.04 <0.001 [−0.21,−0.08] −0.19 0.04 <0.001 [−0.28,−0.11]

Familiarity (base = stranger)

Acquaintance −0.02 0.05 0.68 [−0.12, 0.08] −0.07 0.06 0.22 [−0.19, 0.04]

Relative/friend −0.02 0.05 0.66 [−0.12, 0.08] −0.02 0.06 0.77 [−0.14, 0.10]

Request for antibiotics (base = indicating not wanting antibiotics unless necessary)

No expression of want 0.27 0.05 <0.001 [0.17, 0.37] 0.32 0.06 <0.001 [0.21, 0.44]

Indicating wanting antibiotics 0.42 0.05 <0.001 [0.32, 0.51] 0.60 0.07 <0.001 [0.46, 0.73]

Random effect (indicating wanting antibiotics) 0.52 0.09 <0.001 [0.34, 0.71]

Out of pocket payment for medicines (base = indicating a maximal out of pocket payment of 30 CNY)

Willing to paid for all medicines out of pocket 0.08 0.05 0.12 [−0.02, 0.17] 0.05 0.06 0.45 [−0.07, 0.17]

Expense of medicines partly
reimbursed by health insurance

0.00 0.05 0.98 [−0.10, 0.10] −0.03 0.06 0.64 [−0.14, 0.09]

Prescription filling (base = outside of the primary care facility)

Within the primary care facility 0.02 0.04 0.62 [−0.05, 0.09] 0.04 0.04 0.33 [−0.04, 0.12]

Number of respondents 386 386

Number of observations 9,166 9,166

Log likelihood −2,521.76 −2,378.76

Akaike information criterion 5,067.52 4,789.51

Bayesian information criterion 5,153.00 4,903.49
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FIGURE 2

Relative importance of the tested attributes in conditional logit and mixed logit models.

TABLE 5 Interaction e�ects between clinical and non-clinical factors: results of mixed logit model.

Interaction terms β Standard error P 95% confidence interval

60–75 years∗ Easy to schedule follow-up appointment −1.22 0.37 <0.001 [−1.95, −0.50]

>75 years∗ Easy to schedule follow-up appointment −0.05 0.34 0.89 [−0.72, 0.63]

6 days∗ No expression of want 0.05 0.26 0.85 [−0.47, 0.56]

60–75 years∗ Indicating wanting antibiotics 0.69 0.23 <0.01 [0.25, 1.14]

>75 years∗ Indicating wanting antibiotics 0.32 0.21 0.13 [−0.10, 0.73]

9 days∗ Indicating wanting antibiotics 0.29 0.25 0.25 [−0.20, 0.78]

Bold indicates statistical significance at the 0.05 level. The ∗ symbol indicates the multiplication.

concerning. Physicians often overestimate patient expectations

when patients do not make a specific request (54) and may

assume that these patients follow popular public opinion. In

China, antibiotics are often tagged as “anti-inflammatory,”

leading to a belief in the inflated effects of antibiotic treatment

(55). Internationally, primary care physicians are usually

not well-prepared to manage high patient expectations on

antibiotics due to time constraints, diagnostic uncertainty, and

poor communication skills (56).

Difficulties in scheduling follow-up appointments present

a barrier for containing antibiotic prescriptions for URTIs in

primary care. We found that primary care physicians may

defer potential antibiotic prescribing for URTIs if a follow-

up appointment can be easily scheduled. Internationally, the

strategy of delayed antibiotic prescriptions is often used in

response to patient demands for antibiotic prescriptions (57).

However, such a strategy can encounter several barriers in

China. Firstly, access to health facilities in some remote

rural communities is often poor, despite unprecedented

socioeconomic development over the past few decades in China

(58). Prescribing antibiotics may help patients reduce the need

for a return visit to health facilities (59). Secondly, the effect of

delayed prescriptions on reducing antibiotic consumption can

be compromised by poor patient compliance, that is, patients

do not decide whether to take antibiotics based on their own

disease outcomes as required by their physicians, but take them

immediately (60). Finally, patients in China may be able to

purchase antibiotics from commercial pharmacy retail outlets (a

common problem in many low- and middle-income countries).

This makes primary care physicians feel less hesitant to prescribe

antibiotics (61).

We found that familiarity with prescribers, out-of-pocket

payments for medicines, and choice of settings to fill

prescriptions play no significant roles in the antibiotic

prescribing decisions of primary care physicians. These results

are not always consistent with the findings of previous

studies. In a qualitative study in Europe, the researchers found

that in the case of lower respiratory tract infections, the

Frontiers in PublicHealth 09 frontiersin.org

332333

https://doi.org/10.3389/fpubh.2022.1008217
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xue et al. 10.3389/fpubh.2022.1008217

interviewed primary physicians tended to prescribe antibiotics

earlier to patients they knew well (62). For unfamiliar

patients, Poss-Doering et al. in a study of 27 primary

care physicians in Germany found that the participants

acknowledged inappropriate antibiotic prescribing for acute,

non-complicated, and self-limiting infections (57).

Out-of-pocket payment requirements are an important

consideration in prescribing decisions when consumer

affordability is a major concern. However, primary care

institutions in China are only allowed to prescribe medicines

listed on the essential medicines list, which are usually

linked to low prices (63). This may explain why financial

burden is not considered by primary care physicians in their

prescribing preference.

In China, patients used to be encouraged to fill prescriptions

within the health facilities in which the prescribers were

employed for financial gains. However, primary care institutions

have no longer been able to make any financial profit from the

sales of medicines since the zero-markup policy was introduced

in 2009. This policy has substantially lowered the prices of

medicines and reduced antibiotic prescriptions (64). This may

explain why patient choice of settings to fill prescriptions plays

no significant role in the antibiotic prescribing decisions of

primary care physicians.

China has made great progress in curbing the over-

prescription of antibiotics (65). However, some new challenges

emerged after decades of efforts resulting from several rounds

of health reforms. The major driving force underlying the over-

prescription of antibiotics has shifted from perverse financial

incentives for providers to pressures from consumers. While

consumer demands and expectations of healthcare services

are increasing, the balance of power between patients and

providers is changing. Health workers are becoming increasingly

concerned about the deteriorating patient-provider relationship

(66). Internationally, several tools have been tested in helping

primary care physicians to reduce antibiotic prescriptions, such

as using C-reactive protein (CRP) to test bacterial infections

(67), providing social norm feedback and targeted education for

high antibiotic prescribers (54), educating URTI patients about

antibiotic use in addition to improving the communication

skills of primary care physicians (56, 68–70). According to

our findings by preference heterogeneity analyses, younger and

less experienced primary care physicians should be prioritized

for behavioral intervention training, especially in relation to

managing older patients. More empirical study on the impact of

patient symptom duration and their age on physician antibiotic

prescribing behavior is needed in the future. Further action

in reducing the over-use of antibiotics must include strategies

relating to the introduction of more detailed guidelines for

primary clinical diagnosis and treatment of URTIs, including

different symptoms and corresponding symptom duration.

There are several limitations in this study. Firstly, the forced

nature of choice in DCEs limits this study’s ability to reflect

on realistic decisions. The DCE design included seven patient

attributes with 12 choice tasks. This may present a high cognitive

burden for some study participants. Although there is no golden

rule about the optimal number of attributes in DCEs (71), a

high number of attributes decreases the reliability of the results

(72). Although the sample size of our study is quite large for a

DCE design, the study participants were drawn from primary

care institutions in Hubei province. Attempts to generalize the

results to the entire country and other health sectors need to be

made cautiously.

5. Conclusion

Although clinical justification has always been the

paramount consideration in antibiotic prescribing decisions,

primary care physicians in China are under significant

pressure from patient requests for antibiotics which may

jeopardize clinical appropriateness when making prescription

decisions. The lack of seamless care arrangements in the

healthcare delivery system may also diminish patients’ access,

especially those from remote rural areas, to primary health

care, resulting in primary physicians’ aggressive antibiotic

prescribing behaviors. Reducing patient pressure and improving

accessibility and continuity of care may help primary care

physicians make rational antibiotic prescribing decisions

for URTIs.
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E�ectiveness and safety of
tetanus vaccine administration
by intramuscular vs.
subcutaneous route in
anticoagulated patients:
Randomized clinical trial in
primary care

Fernando Isidro Lago-Deibe 1,2,3,

Mercedes Valladares-Cabaleiro4†,

María José Fernández-Domínguez 2,3,5,

Isabel Fernández-Fernández6, Ana Clavería 2,3*,

Sara Rodríguez-Pastoriza 2, Javier Roca-Pardinas 3,7,8 and

María Victoria Martín-Miguel 2,3,9 on behalf of

ECA-VAT-TAO Group

1Sárdoma Health Center, Vigo Health Area, Galician Health Service, Vigo, Spain, 2South Galicia

Health Research Institute (Instituto de Investigación Sanitaria Galicia Sur), Vigo Health Area, Galician

Health Service, Vigo, Spain, 3Network for Research on Chronicity, Primary Care and Health

Promotion (Red de Investigación en Cronicidad, Atención Primaria y Promoción de la

Salud/RICAPPS), Vigo, Spain, 4Moaña Primary Care Emergency Center (Punto de Atención

Continuada), Vigo Health Area, Galician Health Service, Moaña, Spain, 5Leiro Health Center,

Ourense Health Area, Galician Health Service, Ourense, Spain, 6Redondela Health Center, Vigo

Health Area, Galician Health Service, Redondela, Spain, 7Department of Statistics and Operations

Research, University of Vigo, Vigo, Spain, 8Galician Research and Mathematical Technology Center
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Design: Prospective, double-blind clinical trial comparing tetanus-diphtheria

vaccine administration routes, intramuscular (IM) vs. subcutaneous (SC)

injection, in patients with oral anticoagulants. ISRCTN69942081.

Study population: Patients treated with oral anticoagulants, 15 health centers,

Vigo (Spain). Sample size, 117 in each group.

Outcome variables: Safety analysis: systemic reactions and, at the vaccine

administration site, erythematic, swelling, hematoma, granuloma, pain.

E�ectiveness analysis: di�erences in tetanus toxoid antibody titers.

Independent variables: route, sex, age, baseline serology, number of doses

administered.

Analysis: Following the CONSORT guidelines, we performed an intention-

to-treat analysis. We conducted a descriptive study of the variables included

in both groups (117 in each group) and a bivariate analysis. Fewer than 5%

of missing values. Imputation in baseline and final serology with the median

was performed. Lost values were assumed to be values missing at random.

We conducted a descriptive study of the variables and compared routes. For
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safety, multivariate logistic regression was applied, with each safety criterion as

outcome and the independent variables. Odds ratios (ORs) were calculated. For

e�ectiveness, a generalized additivemixedmodel, with the di�erence between

final and initial antibody titers as outcome. Due to the bimodal distribution of

the outcome, the normal mixture fitting with gamlssMX was used. All statistical

analyses were performedwith the gamlss.mx and texreg packages of the R free

software environment.

Results: A previously published protocol was used across the 6-year study

period. The breakdown by sex and route showed: 102 women and 132 men;

and 117 IM and 117 SC, with one dose administered in over 80% of participants.

There were no di�erences between groups in any independent variable. The

second and third doses administered were not analyzed, due to the low

number of cases. In terms of safety, there were no severe general reactions.

Locally, significant adjusted di�erences were observed: in pain, by sex (male,

OR: 0.39) and route (SC, OR: 0.55); in erythema, by sex (male, OR: 0.34) and

route (SC, OR: 5.21); and in swelling, by sex (male, OR: 0.37) and route (SC, OR:

2.75). In terms of e�ectiveness, the model selected was the one adjusted for

baseline serology.

KEYWORDS

vaccines, tetanus antitoxin/administration and dosage, drug administration routes,

primary health care, clinical trial

Introduction

While tetanus is an infrequent disease in Spain, it is

nevertheless an important public health problem because,

despite its low incidence, the related mortality is very high.

Annual case reports show a gradual fall in numbers, with a total

of 136 cases being reported in Spain across the period 2009–2015

(a mean of 10 cases per year), 25 of which proved lethal (18.4%)

(1).

Tetanus is a disease that can be totally controlled, being

preventable by vaccination, but it is not eradicable, since

Clostridium tetani is a widespread microorganism found in the

environment (2). Immunization is highly effective, affording

long-term protection and is recommended for the general

population, though for immunity to be maintained, a booster

dose must be administered after completion of the primary

vaccination (3).

Most tetanus cases occur in adults who have not previously

been vaccinated, particularly in those over the age of 64 years. Of

the cases reported in Spain from 2009 through 2015, 73.5% had

not been vaccinated and 25.3% had received only one dose (1).

The 2017–2018 seroprevalence study in Spain showed

that immunity against tetanus exceeds 90% at ages 6–49

years. As from age 50 years upwards, there is a gradual

percentage increase in the susceptible population, falling to

40% immunity in the 70–80 age group (4). There are studies

specifically targeting the elderly, which report a seroprevalence

of 7.7% in persons over the age of 70 years (5, 6). The

fact that the vaccination schedule with 5 tetanus doses was

not introduced until the early 1970s in Spain probably

accounts for the current situation, in which where the majority

of adults aged over 50 years are either unvaccinated or

incompletely vaccinated.

In the case of injuries, the need to administer active

immunization (tetanus toxoid), whether alone or in tandem

with passive immunization (anti-tetanus immunoglobulin),

depends on the type of wound involved, the probability of its

becoming contaminated with tetanus bacilli, and the patient’s

vaccine record (3). Currently, administration of the combined

tetanus-diphtheria (Td) vaccine (presentation for adults) by

intramuscular route is recommended (3).

Most patients who are anticoagulated in primary care

settings and are being treated for atrial fibrillation have a mean

age of over 74 years (7), which means in turn that their vaccine

coverage is probably low (8). In anticoagulated patients, the use

of the intramuscular (IM) route is usually not advised, due to

the hypothetical risk of bleeding after puncture, with the result

that the subcutaneous (SC) route is recommended, even for

vaccines routinely administered by the IM route, such as the

tetanus vaccine (9). It has to be said that sporadic cases of serious

hemorrhagic complications are indeed reported in the literature

(10, 11).

Even so, the vaccine efficacy studies were conducted using

the IM route (9, 12, 13), and the SC route would be less effective

than the IM route (14), though there is no uniformity of results

in studies that compare the effectiveness of the two routes

(13, 15, 16). Furthermore, for most vaccines, local reactions are

more frequent with SC than with IM administration (15, 17, 18),
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though, aside from the route per se, needle size can also have an

influence (19, 20).

With respect to hepatitis B (21) and influenza vaccines (22,

23), where IM administration is concerned, this route’s safety

has been demonstrated in patients with coagulation alterations,

and as a consequence, the 2006 CDC guideline recommends

the IM route for Td vaccine, subject in every case to the

physician’s judgment. There is a systematic review that compares

the efficacy of the IM and intradermal routes in influenza vaccine

(24), but we were unable to find any study in the literature

that assessed the safety and efficacy of the IM and SC routes

for the Td vaccine in patients receiving oral anticoagulant

therapy (OAT).

Hence, the aim of this study was to compare the safety

and efficacy of the IM and SC administration routes for the Td

vaccine in OAT patients, in order to test the hypothesis that the

IM route is safer and more efficacious.

Materials and methods

Trial design

Prospective, double blind clinical trial, in which two groups

of patients treated with oral anticoagulants were compared. Each

group received doses of tetanus vaccine by a different route, IM

or SC.

The protocol was registered in www.isrctn.com under

number ISRCTN69942081 and published (25), in accordance

with the CONSORT 2010 guidelines (26).

Participants

Patients on monitored treatment with oral anticoagulants at

15 health centers in the Vigo Primary Care Area.

• Inclusion criteria: Patients indicated to receive at least one

dose of tetanus vaccine, and treated with anticoagulants.

This criterion was applied to those whose vaccination

record was unknown or uncertain, or had not been

vaccinated. Persons who gave informed written consent to

receive the vaccine and participate in the study.

• Exclusion criteria: Severe local reaction to previous doses,

affecting the entire area of the extremity where the

vaccine had been injected. Peripheral neurologic disorders

caused by previous doses. Severe anaphylactic reaction

due to previous doses or any of their components. Poor

hematologic control in the preceding 2 months. Persons

with terminal disease states, severe illness, adversely

affected by chronic pathology, immobilized, or in an

immunosuppressive state. Pregnant or lactating women.

At the time of the study, the medication allowed by the

public health systemwas acenocoumarol. In accordance with the

organization’s protocols, the INR was used to verify adequate

anticoagulation control. Patients with coagulation disorders

were not followed up in primary care and were not included in

the study, and those with INR greater than 4 were not included

until after 1 month in range.

This trial was purpose-designed for the study of vaccines in

anticoagulated populations, but not for wound scenarios.

Interventions

All the patients included in the study were anticoagulated

with Acenocoumarol (Sintrom R©). Patients were recruited by

their family physicians (FPs) at primary care health centers. At

the first visit, the physicians determined the patient’s vaccination

status, by consulting the vaccination records in the patient’s

medical history or asking the patient in cases where this

information was unknown. The FP could then evaluate whether

the patient had been adequately vaccinated (in which case,

he/she was excluded from the study), or alternatively, whether

the patient needed to receive a booster dose, or initiate or

complete his/her primary vaccination. The doctor explained the

study and requested the patient’s consent. Once it was signed, the

patient was attended by the nurse, who proceeded to perform

the INR, the serology extraction and the entire procedure as

established in the protocol. The guidelines used for the pertinent

vaccinations were those issued by the SpanishMinistry of Health

in 2008 (27).

Recruitment started in January 2009, with an initial forecast

of 24 months’ participation. The monitoring for each dose was

undertaken at 24 h, at 48 h, at 15 and 30 days following the

inoculation of the vaccine. The patients were cited on Monday,

Tuesday, and Wednesday. None of them were cited during the

weekend in local or national holidays.

Data were recoded on a purpose-designed case report form

(CRF). In addition, a specific database was created for uploading

and storing the observations collected.

Prior to the study, a training workshop was held for

all researchers participating in the clinical trial, covering

techniques, data-collection, and the measurement of

study variables.

Outcomes

The main outcome variables for safety were:

• Appearance of baseline lesions at the site where the vaccine

was administered (redness, swelling, heat, granuloma,

hematoma), axillary lymph nodes, and pain as scored on a

visual analog scale (28), consisting of a 10-centimeter-long
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horizontal line ranging end-to-end from the lowest to the

highest extremes of pain. Measurement of the brachial

perimeter in centimeters;

• Appearance of general symptoms (fever, general malaise,

headache, weakness, arthralgias); and,

• Occurrence of any serious adverse effect, fatal or life-

threatening to the patient, resulting in incapacity or

requiring hospitalization.

The difference between tetanus antibodies at baseline

and post-vaccination was the main outcome variable in the

effectiveness analysis. Tetanus antitoxin was analyzed by enzyme

immunoassay at a centralized laboratory.

As independent variables, route, sex, and age were

considered. Initial International Normalized Ratio (INR) were

determined by capillary reflectometer technique for clinical

control purposes.

Sample size

Assuming that the percentage of local side effects for the

IM route was 30%, and that the expected increase in local

side effects for the alternative (SC) route using a bilateral

approach with a 95% confidence interval was 18%, and a

beta risk of 0.20, we calculated that 115 patients for each

group would be required. In view of potential data losses

of 15%, the final sample size was set at 135 patients for

each group. Based on this sample size, we estimated that

a mean difference of 3 IU/ml in antibody levels could

be detected.

Randomization

The unit of randomization comprised the individuals

participating in the trial. Randomization was performed within

a 3-level stratification, based on the number of vaccine

doses required for successful immunization. Within each level,

simple randomization was performed, using a spreadsheet

in an attempt to control for the confounding effect of the

number of doses. Sampling was performed by the Fundación

Galicia Sur (EOXI Vigo), to which all researchers were given

telephone access.

Data relating to the randomization process were kept

confidential until the end of the study. It was each researcher’s

responsibility to ensure that there was a specific procedure which

enabled the code to be opened in case of emergency, with

immediate notification of this to the randomization center.

The vaccine route was masked in the dataset, to prevent the

team tasked with the computer analysis from discovering which

route corresponded to each group. Loss masking only occurred

in cases of patient emergency and at the end of the study.

Blinding

The physician was blinded to the original administration

route at the control visit to detect side effects.

Quality control

In the case of patients with whom contact and follow-

up was lost, the researcher documented the steps taken

to recontact them. Data contained in each patient’s CRF

were periodically checked and reviewed, to ensure that

they were complete and regularly updated, and that

the good clinical practices required by the protocol

and follow-up procedures were being maintained. The

researchers kept the original documents for each patient

who participated in the study, consisting of the notes

made at each visit and the original signed informed

consent forms.

Statistical methods

Quantitative data were summarized with the arithmetic

mean and standard deviation for parametric variables, and with

the median, 25th percentile, and 75th percentile otherwise. For

qualitative variables, number and proportions were applied.

Considering an alpha error of 0.05, and after checking the

necessary conditions, chi-square or Fisher tests were applied to

determine the statistical differences between qualitative variables

among groups. The t-Student test or Mann-Whitney U-test

were used to compare quantitative variables.

Intention-to-treat (ITT) analysis was performed in

accordance with the CONSORT guidelines (26).

First, we performed a multivariate logistic regression,

considering the dichotomous safety variables—pain,

erythema, swelling, hematoma, and granuloma—as the

target, and adjusting for the independent variables (sex,

age, route). Odds ratios (ORs) and their confidence

intervals were then calculated. We also built suitable

generalized additive models for position, scale, and shape, to

explain the adjusted outcome for effectiveness (differences

in antibody level). Initial serology was considered as

independent variable.

All analyses were performed using the R Studio statistical

software package version 4.1.3. (29).

Ethical aspects and data confidentiality

This study obtained authorization from the Galician Clinical

Research Ethics Committee on 07/06/2007 under number

2007/089 (No. EudraCT 2007-001073-29). This authorization
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FIGURE 1

Flow chart of study methodology.

was subsequently modified and extended on 13/04/2009,

10/09/2009, and 13/12/2010 to increase patient enrollment.

Results

Participant flow

Of the 375 individuals initially considered for participation

in the study, 234 were included and 141 declined to participate

in the study or were not eligible.

The 234 participants were randomized into two groups, by

type of route: 117 were vaccinated by the IM route and 117 by the

SC route, and of these, 106 and 114 were, respectively, included

for study purposes. The flow chart is shown in Figure 1.

Recruitment and follow-up

Recruitment was subsequently extended to 72 months,

due to difficulties encountered in achieving the predetermined

sample size.

The causes for patients’ premature abandonment were side

effects in the vaccination process, withdrawal of consent, loss to

follow-up, administrative problems, and death.

Baseline data

A breakdown of the baseline quantitative variables showed

that: the initial tetanus antitoxin titers had a median value of

531 (25th percentile, 31; 75th percentile, 1226); the median age

was 73 years (25th percentile, 67; 75th percentile, 79); and the

required dose variable had a median of 1 dose (interquartile

range, IQR: 1;1). When it came to the baseline qualitative

variables, 50% of the individuals were vaccinated by the SC

route, and 56.41% were men.

A bivariate analysis was performed, with the non-parametric

Mann–Whitney U and chi-square tests being used to ascertain

the existence of significant differences between the two groups

(Table 1). The same number of patients were allocated to each

route. In the final tetanus antitoxin titration, nine patients were

lost to follow-up. None of the independent variables showed

Frontiers inMedicine 05 frontiersin.org

341342

https://doi.org/10.3389/fmed.2022.1054988
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Lago-Deibe et al. 10.3389/fmed.2022.1054988

TABLE 1 Bivariate analysis by route.

Route Intramuscular# Subcutaneous# p

NA NA

Age 73.00 (67/79) 73.62 (66/80) 0.930

Sex 0.895

Women 50 (42.74) 52 (44.44)

Men 67 (57.26) 65 (55.66)

INR basal 2.40 (1.9/2.8) 7 2.50 (2.1/2.8) 4 0.000∗∗∗

Initial serology 531.00 (30/1025) 4 531.00 (71/1276) 1 0.363

Required dose 0.388

1 88 (75.21) 94 (80.34)

2 10 (8.55) 5 (4.27)

3 19 (16.24) 18 (15.38)

#Data are expressed as median (P25/P75) or absolute frecuency (%).
∗∗∗p <0.001; ∗∗p <0.01; ∗p <0.05.

any significant difference between routes. INRs had significant

differences, but they are not clinically relevant.

Outcomes and estimates

In the IM group, 80% of participants had previously received

one dose, 8% had received two doses, and 13% had received three

doses: in the SC group, 82% of the participants had previously

received one dose, 6% had received two doses, and 1% had

received three doses.

Pain was recoded into a dichotomous variable (1:Yes; 0:No),

with “Yes” defined as any scale score greater than zero. The

other elementary lesions (erythema, swelling, hematoma and

granuloma) at the vaccine-administration site were recoded as

dichotomous variables (1: Yes; 0: No), with any value greater

than 0 mm. being classified as “Yes”.

Shown in the Annex (Supplementary material) are the

results of the bivariate analysis (performed as per the protocol)

by route, with 106 vaccinated by the IM route and 114 by the

SC route.

To reduce any bias due to lack of data during follow-up,

an ITT analysis was performed, with the missing values of the

initial and final tetanus antitoxin titer variables being imputed

via their medians.

The following variables displayed significant differences for

dichotomous outcomes: age, with swelling; sex, with erythema

and swelling; and route, with erythema and swelling (Table 2).

The safety analysis showed that while no severe side effects

were in evidence, there were general reactions, such as fever,

headache, and arthralgia in the two routes under study (3.42%

by the IM route, and 0.85% by the SC route).

To adjust for independent variables, multivariate logistic

regression models were built. Their estimates of the coefficients

TABLE 2 Bivariate analysis of outcome variables.

Route

Intramuscular# Subcutaneous# p

Pain (Yes) 45 (58.44) 32 (41.56) 0.074

Erythema (Yes) 5 (18.52) 22 (81.48) 0.001∗∗

Swelling (Yes) 9 (29.03) 22 (70.97) 0.023∗

Hematoma (Yes) 2 (33.33) 4 (66.67) 0.695

Granuloma (Yes) 1 (20.00) 4 (80.00) 0.377

Final serology 4214.00 (1978/5001) 4260.00 (1956/5001) 0.803

#Data are expressed as median (P25/P75) or absolute frequency (%).
∗∗∗p <0.001; ∗∗p <0.01; ∗p <0.05.

are shown in Table 3. These models were built with the glm

function of the stats package (30), applying the step function

of R to select the significant variables. The independent

variables considered were age, sex, route, and initial tetanus

antitoxin titration.

Lastly, the exponential transformations of the estimates

of the coefficients associated with the qualitative variables

were obtained, in order to ascertain the ORs, which are

shown in Table 4 below, along with their corresponding

confidence intervals.

The following independent variables proved to be significant

for the respective outcomes in the multivariate logistic model.

In the case of pain, route (0.55, CI: 0.31, 0.97) and sex

were significant (0.39, CI: 0.22, 0.68): patients who were male

and had been subcutaneously vaccinated were less likely to

experience pain. For erythema, the independent variables that

were significant were route (5.21, CI:2.01, 16.14) and sex (0.34,

CI: 0.13, 0.79): there was a 5.19 times greater chance of

developing erythema when vaccines were given subcutaneously,

and women were more likely to develop erythema than were

men. For swelling, the independent variables that proved to be

significant were route (2.75, CI: 1.22, 6.62) and sex (0.37; CI:

0.16, 0.82): patients were 2.74 times more likely to experience

swelling, if the vaccine was given subcutaneously, and women

were more likely than men to experience swelling. The predictor

variable that was significant in the case of granuloma was route

(4.31, CI: 0.62, 85.78).

To model the final tetanus antitoxin titration, we considered

the increase in antibodies, constructed from the difference

between final and baseline tetanus antibodies. We used a

multivariate regression model, selected after analyzing the

distribution of the outcome variable (Figure 2).

In our case, the chosen distribution was a finite mixture of

normal distributions and we thus analyzed it with the gamlss.mx

package (31). The parameters of the distribution of the outcome

were modeled as functions of the independent variables, i.e., age,

sex, route, and initial tetanus antitoxin titers.

After analyzing the behavior of several models by varying the

different independent variables, we compared these according
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TABLE 3 Multivariate logistic regression with pain, erythema, swelling, hematoma, and granuloma considered as the targets.

Pain Erythema Swelling Hematoma Granuloma

outcome outcome outcome outcome outcome

Intercept 0.15 −2.56∗∗∗ −1.96∗∗∗ −3.59∗∗∗ −3.87∗∗∗

(0.25) (0.48) (0.38) (0.41) (1.05)

Route (Subcutaneous) −0.60∗ 1.65∗∗ 1.01∗ 1.46

(0.29) (0.52) (0.43) (1.13)

Sex (Male) −0.95∗∗ −1.09∗ −0.99∗

(0.29) (0.44) (0.41)

Initial serology −0.00

(0.00)

AIC 279.71 151.79 173.78 57.28 47.35

BIC 289.95 162.02 184.01 60.69 57.58

Log likelihood −136.86 −72.89 −83.89 −27.64 −20.67

Deviance 273.71 145.79 167.78 55.28 41.35

Num. obs. 224 224 224 224 224

∗∗∗p <0.001; ∗∗p <0.01; ∗p <0.05.

AIC, Akaike information criterion; BIC, Bayesian information criterion.

TABLE 4 OR coe�cients and confidence intervals for qualitative predictor variables.

Pain Erythema Swelling Granuloma

outcome outcome outcome outcome

OR (CI) OR (CI) OR (CI) OR (CI)

Route (Subcut.) 0.55 (0.31, 0.97)∗ 5.21 (2.01, 16.14)∗∗ 2.75 (1.22, 6.62)∗ 4.31 (0.62, 85.78)

Sex (male) 0.39 (0.22, 0.68)∗∗ 0.34 (0.13, 0.79)∗ 0.37 (0.16, 0.82)∗

∗∗∗p <0.001; ∗∗p <0.01; ∗p <0.05.

FIGURE 2

Density functions of increase in antibodies by route.

to the AIC criteria. The model chosen with the lowest AIC was

thus the one that considered the baseline serology variable as a

significant influential variable. A detailed summary is shown in

Table 5 below.

The behavior of the residuals associated with the

chosen model was analyzed, and only about 5% of the

observations were distributed outside the confidence

intervals. Their representation is included in the Annex

(Supplementary material), and indicate that the model

is adequate.

Discussion

This study was an independent, double-blind, randomized

clinical trial (RCT), designed with the dual aim of comparing the

effectiveness and safety of the SC and IM administration routes

of DTP vaccine in anticoagulated adults. The outcome variables

relate to the comparison of immunogenicity and reactogenicity

between the two tetanus vaccine administration routes: SC

vs. IM. With respect to safety, there was just one systemic

reaction. Locally, there were significant adjusted differences in

the following: pain, by sex (male, OR: 0.39) and route (SC, OR:

0.55); erythema, by sex (male, OR: 0.34) and route (SC, OR:

5.21); and swelling, by sex (male, OR: 0.37) and route (SC, OR:
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TABLE 5 Generalized additive model of normal mixture distribution

where the dependent variable is the increase in antibodies.

Mixing Family: c("NO". "NO")

Fitting method: EM algorithm

Call: gamlssMX(formula = dif∼sqrt(inisero). family = NO.

K = 2. data = datasetaux1. control = MX.control(plot = FALSE))

Mu Coefficients for model: 1

(Intercept) sqrt(inisero)

1289.208 -8.693

Sigma Coefficients for model: 1

(Intercept)

6.862

Mu Coefficients for model: 2

(Intercept) sqrt(inisero)

4716.84 -33.13

Sigma Coefficients for model: 2

(Intercept)

6.115

Estimated probabilities: 0.4577287 0.5422713

Degrees of Freedom for the fit: 7 Residual Deg. of Freedom 227

Global Deviance: 3974.63

AIC: 3988.63

SBC: 4012.82

AIC, Akaike information criterion; SBC, Schwarz Bayesian information criterion.

2.75). In terms of effectiveness, the model selected was the one

adjusted for baseline serology.

With respect to immunogenicity, this RCT found a

comparable increase in antibody rates for the two routes, but

without differences in terms of effectiveness. This finding is

in line with other clinical studies published to date, which

observe similar immune responses induced by SC and IM

immunizations, in various types of vaccines, including: rabies

(Kulkarni PS 2013); hepatitis A; hepatitis B (16); influenza; HIV

(18); measles-mumps-rubella-varicella (MMRV); MMR; and

meningococcal (32). Clinical trials on the pediatric population

of the United Kingdom, Sweden and USA report comparable

immunogenic responses for both administration routes, SC and

IM, for Td and DTP vaccines (15, 20, 33). However, intradermal

inoculation of hepatitis A, hepatitis B, rabies, influenza, and

human papillomavirus vaccines, generates a greater immune

response than does the IM route with equivalent doses, which

range, according to studies, from 10 to 60% of that used by the

IM route (32).

Apart from the administration route, other external factors

are described which would potentially modify immunogenicity,

such as the anatomic site of inoculation (34), technique and

needle size (35, 36), type of adjuvant (37), interval between

immunizations, vaccination strategy (32), and concomitant

intake of drugs. Simultaneous administration of paracetamol

would produce lower antitetanus antibody rates in children,

which remain lower after a booster dose (38). Ingestion of

ibuprofen causes a lower rate after the first dose, but this

does not remain low after the booster (39). Stations, in the

case of older adults, would lower the immune response to

influenza vaccine but there are no studies on tetanus vaccine

(40). Furthermore, the influence of intrinsic factors on the

immune response to vaccination has been described, in that

the elderly would have a lower response as well as a faster

antibody clearance rate (6, 41, 42). Men would obtain a greater

degree of seroprotection with the tetanus vaccine than would

women (6, 43). There is a clear genetic influence on responses to

vaccines, with an estimated degree of inheritability for tetanus of

44% (44). Another factor is the pre-existing level of immunity:

individuals who have higher tetanus antibody titers prior to

vaccination, have higher seroprotection rates after the booster

vaccination (41). Among older adults, a positive state of mind

at the time of inoculation would induce better responses, Ayling

K 2018, whereas chronic stress would produce lower antibody

responses (45).

With reference to safety, only general reactions were

observed. Local effects, such as erythema and swelling, were

significantly more pronounced with SC administration, with a

p-value of 0.01 and 0.023, respectively. Other studies on the child

population would be consistent with these findings, and describe

greater reddening and swelling with administration of Td via

the SC route as opposed to the IM route (15, 19, 33). Likewise,

similar local reactions have been reported on comparing the two

routes, SC vs. IM, in children with the MMR vaccine (Knuf M

2010), and in adult males with the influenza vaccine (32).

Furthermore, the IM route was found to cause more pain

than the SC route, something that is plausible, bearing in mind

that the number of nociceptive nerve endings is higher in the

muscle than in the subcutaneous space (14). Even so, other

studies state the contrary, reporting more pain with the SC route

(15, 19).

In general, the SC route may be associated with local

irritation, swelling and hardening, discoloration of the skin,

inflammation, and formation of granulomas. IM administration

is especially recommended for adjuvanted inactivated vaccines,

such as tetanus (32). Needle size too would have an influence on

the appearance of side effects for IM inoculations; the deepest

injections would produce fewer local effects (19, 46).

In addition, this RCT found that women present with more

side effects than domen, without it being possible to corroborate

this by reference to the literature.

Clinical trials with the influenza vaccine in the

anticoagulated population, which, like ours, compared the

two administration routes, IM and SC, report findings similar
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to ours, in that they observe no differences in immunogenicity

or reactogenicity (22, 23, 47).

This study was an independent, double-blind RCT, which

was designed, managed and organized in primary care, and

funded with the aid of a Regional Health Authority grant

awarded in a competitive call for tender. In this context,

the difficulties of conducting an RCT are greater than in a

hospital. The obstacles were linked to limited funding, complex

coordination owing to the wide dispersion and participation

of a great number of researchers, increased complication in

the logistics of clinical analysis and CRFs, and problems

in adherence experienced by participating patients, mostly

elderly dependents in a variety of circumstances (transport,

accessibility, family situation, etc.).

At the time when the study began, control of anticoagulation

was being implemented in primary care and there were not that

many anticoagulated patients in the population (48, 49). That

said, however, many of these patients did notmeet the criteria for

vaccination, while others either had no interest in participating

in the study or depended on the support of family members,

neighbors or friends, to attend the medical visits, something that

made for a laborious recruitment process, which delayed the

proposed sample size being achieved and, by extension, the study

being brought to an end.

The measure of effectiveness in this RCT was verified by

antibody titration, as in almost all RCTs designed to study the

immunogenicity of vaccines. This can be considered a limitation,

given that small variations in antibody concentrations between

groups of persons may not be clinically relevant insofar as

vaccine protection is concerned.What is important is the quality

of response of the antibodies, since only one subgroup of all

those detectable could neutralize pathogens, and, in addition,

the innate, cellular and cytokine response would also mediate

in the efficacy of vaccines (45). Yet the complex mechanisms

and interactions of the immune system to the response of

vaccines are not well-established, and there are no known

markers for monitoring this. Furthermore, this study evaluated

the difference in levels for each individual. Negative values

were observed for the variable increase in antibodies: there

were eight cases with a decreased amount of antibodies as

compared to baseline, without any common characteristics in

the variables analyzed. On average, the decrease in antibodies in

these patients was found to be 199. This is possibly explained

by personal variability in the immune system over time

or, alternatively, by incidents in sample management and/or

analytical determination.

One strength of this study is the undertaking of an RCT

in primary care, since this is known to be the setting where

RCTs assume greatest relevance, since it is the environment

where most treatments are applied and where the effectiveness

and iatrogenicity of therapies can be most realistically evaluated

(50, 51). There is any widely accepted concept of effect size for

GAMLSS. The complexity of GAMLSS makes the application

of statistical tests less straightforward, and it is even more

complicated with a bimodal distribution. Therefore, we included

visualization tools, comparing the outcome in both groups

(Figure 2).

Many authors contend that most vaccines should be

administered by the IM route, given the fact that there is

evidence of a high degree of reduced reactogenicity, and this

optimizes immunogenicity (13, 14). Even so, the guideline

requiring subcutaneous vaccination for special groups at high

risk of hemorrhage remains in place, due to the danger

of hematomas secondary to the injection (11). This study’s

contribution to the currently ongoing discussion and debate

would be another strong point, though our results cannot be

extrapolated to patients with congenital hemorrhagic disorders

or to those treated with direct-acting oral anticoagulants

(DOACs). In our setting, the regulations governing the use of

DOACs are moderately restrictive and, for the present, this

continues to be a small group of patients.

In light of our results, there are no administration-route-

related differences in immunogenicity for the TDP vaccine,

and the IM route may thus be indicated, given that the risk

of hematoma is minimal in patients treated with vitamin K

antagonists, which maintain anticoagulation levels in range.

While the local reactogenicity of the SC route is higher, there

is more pain with the IM injection, with variations by sex,

thus making it advisable for patients to be brought into the

decision-making process (42, 52).
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Background: Patients are increasingly turning to the Internet for health

information. Numerous online symptom checkers and digital triage tools

are currently available to the general public in an effort to meet this

need, simultaneously acting as a demand management strategy to aid the

overburdened health care system. The implementation of these services

requires an evidence-based approach, warranting a review of the available

literature on this rapidly evolving topic.

Objective: This scoping review aims to provide an overview of the current

state of the art and identify research gaps through an analysis of the strengths

and weaknesses of the presently available literature.

Methods: A systematic search strategy was formed and applied to six

databases: Cochrane library, NICE, DARE, NIHR, Pubmed, and Web of

Science. Data extraction was performed by two researchers according

to a pre-established data charting methodology allowing for a thematic

analysis of the results.

Results: A total of 10,250 articles were identified, and 28 publications were

found eligible for inclusion. Users of these tools are often younger, female,

more highly educated and technologically literate, potentially impacting

digital divide and health equity. Triage algorithms remain risk-averse, which

causes challenges for their accuracy. Recent evolutions in algorithms have

varying degrees of success. Results on impact are highly variable, with

potential effects on demand, accessibility of care, health literacy and

syndromic surveillance. Both patients and healthcare providers are generally

positive about the technology and seem amenable to the advice given, but

there are still improvements to be made toward a more patient-centered

approach. The significant heterogeneity across studies and triage systems

remains the primary challenge for the field, limiting transferability of findings.

Conclusion: Current evidence included in this review is characterized by

significant variability in study design and outcomes, highlighting the significant

challenges for future research.
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An evolution toward more homogeneous methodologies, studies tailored to

the intended setting, regulation and standardization of evaluations, and a

patient-centered approach could benefit the field.

KEYWORDS

triage, symptom checkers, diagnosis, digital health, mhealth (mobile health), ehealth

1. Introduction

Out-of-hours (OOH) medical care is currently facing
an increasing demand, affecting both general practitioner
cooperatives (GPCs) and emergency departments (ED) (1).
This rise in workload has multifactorial origins and can be
partially explained by macro-evolutions such as a population
that is both growing as well as aging, thus characterized by an
expanding group of care recipients with an intensifying care
need per capita. In addition, a significant proportion of out-of-
hours contacts are deemed medically non-urgent, constituting a
tendency of unnecessary use and overdemand (1–4).

Such superfluous utilization of the available care systems
could lead to an unsustainable workload. These factors further
burden healthcare providers, increasing the risk of poor patient
outcomes (5).

Furthermore, COVID-19 has shown that a sudden increase
in healthcare seeking behavior quickly overloads a system
that under normal circumstances already operates close to
its maximum capacity. Additionally, a pandemic forces a
minimization of face-to-face contacts adding to the need for
additional pathways into the care system (1).

Overconsumption of OOH-care also comes at an increased
cost, further straining the affordability of the healthcare system.
Cost-effective interventions to safeguard its sustainability are
therefore of primordial importance (3).

Potential demand management strategies were tested to
mitigate these challenges. Co-payment, online advice, an
overview of the medical cost, and a GP appointment the next
morning were all investigated as measures to influence parents’
decision process in OOH-care for their children. Online advice
was reported to be the only intervention that could potentially
affect healthcare seeking behavior in both medically urgent and
non-urgent cases without limiting the accessibility of care (6).

Online medical advice fits within a larger trend as searching
the internet for health information and potential diagnoses is an
increasingly common phenomenon. In Australia about 80% of
the population uses the internet for health concerns and 40%
searches for self-treatment advice (7). Similar results were found
in the US, where about 33% of residents reports attempting to
self-diagnose their symptoms via online research (8). This often
serves as a precursor to a medical consultation in an attempt to
assess severity and thus urgency, with the majority of UK adults
consulting the internet beforehand (9).

1.1. Objective

Currently there are a multitude of online symptom checkers
and self-triage tools available to the public. These are driven
by different entities, such as government bodies with NHS
111 Online in the UK and SNS24 in Portugal, professional
associations or commercial firms. However, they are often
found to lack a solid evidence-based foundation concomitantly
undergoing varying degrees of often self-developed validation.
This scoping review aims to provide an overview of the current
state of the art of this rapidly progressing field, covering user
demographics, safety, accuracy, compliance, cost effectiveness,
impact, user experience and complementary implementation
with other demand management measures. In doing so,
it endeavors to map existing limitations and gaps in the
supporting evidence, providing a guide for researchers to
conduct relevant studies.

2. Methods

The study design of our scoping review is based on Arksey
and O’Malley’s (10) five-stage methodological framework.

2.1. Sources and search strategy

A comprehensive search strategy was developed to meet
the stated objectives. It is based on three defining features that
are reflected in the search terms, highlighting the necessity of
having a triage and/or diagnostic function, being exclusively
patient-operated, and available in a digital format. The final
search strategies can be found in Supplementary Appendix 1.

It was subsequently applied to six databases: Cochrane
library, NICE, DARE, NIHR, Pubmed, and Web of Science.

2.2. Selection criteria

The search strategy was not filtered on publication date
or language, thus encompassing all published works up until
July 15, 2022. Studies had to be conducted within a developed
health care setting.
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Guidelines, primary studies reporting an outcome, and
literature reviews were considered for inclusion. Conference
abstracts, presentations, opinion pieces, editorials, and
comments were excluded. Studies suffering from conflicts of
interest were also discarded.

This scoping review aims to cover current evidence on
patient-facing digital tools that are text-based and cover a broad
range of complaints and medical conditions. Thus, algorithms
were excluded if they catered to health professionals, only
applied to specific conditions (e.g., COVID-19), focussed on
specific situations (e.g., disaster triage). Systems that required
additional intervention, such as pictures, video-calls, and any
other variation of teleconsultation were also excluded.

2.3. Study selection

Articles were screened on title and abstract after elimination
of duplicates, keeping the defining characteristics in mind.
Subsequently, two researchers independently performed full text
evaluations of the articles considered eligible in the first stage.
Periodic discussions were held throughout the review process
to reach conformity in case of discordance. Additionally, the
references of selected articles were screened.

2.4. Data charting and data extraction

Two authors performed data extraction and charting in
duplicate in accordance with a predetermined protocol. The
following variables were extracted: author, country, publication
date, type of study, methodology, sample size, outcomes
assessed, and major findings.

3. Results

A total of 10,250 articles were identified through the initial
search strategy. Screening of title and abstract excluded 10,207
articles. Full text review was carried out for 43 articles. 28 studies
conformed to the eligibility criteria and were included in the
literature review. This process is illustrated in Figure 1.

The retained studies originated from the UK (6), the USA
(6), Canada (3), the Netherlands (3), Australia (2), (Germany
(2), Finland (1), Hong Kong SAR, China (1), New-Zealand (1)
Norway (1), Russia (1), and Thailand (1).

Primary research comprised five cross-sectional surveys,
five mixed method studies, five audit studies, one prospective
cohort study, one retrospective cohort study, one retrospective
observational study, one survey study, one population-based
descriptive study, one user study, one critical analysis, and one
retrospective analysis. The literature reviews that were withheld
consisted of two systematic reviews, two scoping reviews, and
one literature review. Table 1 provides a chronological overview
of the included studies and the different topics they cover.

3.1. Study outcomes

3.1.1. Demographics
Online symptom checkers and similar services generally

have a diverse user base. However, participants are more likely
to be younger, female (3, 11) and more highly educated (12).
Other factors, such as having low health literacy (irrespective
of education level), high technology literacy (13), or limited
access to care (14) also seem to increase the likelihood of using a
symptom checker. Interestingly, evidence suggests that having a
condition that is perceived as stigmatizing, awkward or sensitive
contributes to use of these tools (3, 13, 14), indicating that such
systems could potentially lower the threshold to seek care for
more intimate medical problems.

3.1.2. Safety
Digital triage services are generally considered risk averse

(15–17), favoring sensitivity over specificity, often over-triaging,
assigning a higher urgency level than is required. A systematic
review by Chambers et al. (12) concluded that the available
studies reported no evidence of a detrimental effect on patient
safety in both simulated and real settings. Important to note
is that the strength of evidence is considered weak and thus
insufficient, in part due to the limited number of adverse effects
reported (18).

More recent studies note a general evolution toward less risk
averse triage behavior in symptom checkers, in an effort to offer
more suitable advice in low-acuity cases. However, this currently
seems to impact safety, with a decreased sensitivity toward more
urgent conditions and consequently more missed emergencies
(19–21). One study building in part on the foundational research
by Semigran et al. (16) finds an average of >40% of emergencies
undertriaged by a collection of 22 systems (21).

3.1.3. Accuracy
The evaluation of accuracy should be divided into two

categories. Diagnostic accuracy pertains to digital services that
provide a list of potential diagnoses ranked by likelihood and
conformity to the clinical picture. Triage accuracy gages the
precision of assigned urgency levels by these tools.

Triage accuracy may be the more significant metric,
supporting the notion that triage should be the primary function
of these tools. Making sure people seek appropriate care can
contribute more to their health than attempting to identify
the specific origin of their care need (16, 22, 23). A sentiment
corroborated by patients, believing self-triage to be more useful
to them (13).

3.1.3.1. Diagnostic accuracy

A landmark study by Semigran et al. (16) in 2015 examining
23 symptom checkers found overall diagnostic accuracy to be
lacking, with a correct primary diagnosis in only 34% of cases
and within the top 20 suggested diagnoses in 58% of cases.
Subsequent studies and literature reviews echoed the generally
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FIGURE 1

Study selection flow diagram.

poor diagnostic performance of these algorithms and the sparse
evidence surrounding it (12, 15, 20).

Furthermore, accuracy varied widely depending on the
platform, setting, user and disease tested (14, 15). Performance
is notably better for common conditions than rare diagnoses.
Moreover, women and more highly educated users appear to be
more successful at selecting their condition out of the line-up of
probable diagnoses (14).

3.1.3.2. Triage accuracy

Results on the accuracy of digital triage tools were more
mixed. Yet, on average, these algorithms performed sub-
optimally, owing in part to their risk averse nature (20, 24,
25). Even throughout the past years there generally has not
been a markable improvement in signposting accuracy of
these algorithms. More so, there is evidence that digital triage
tool performance increasingly likens the triage decisions of a
layperson, including their mistakes (21).

Important to note, however, is the significant variability in
triage accuracy between the different tools. A comparative study
reported values ranging from 33% to 78%, yet did not manage to
reveal a decisively valid tool (16). Even though the field generally
appears to be inadequate and seems to lack the capacity to
evolve, some symptom checkers offer more promising results,
portraying superior sensitivity, specificity, and accuracy (3, 19–
21, 24, 26), even advancing in their capabilities over time (20).
Such tools have the potential to effectively contribute to patients’
healthcare seeking behavior in some cases (20, 21, 24).

Certain characteristics of triage systems were found to
be beneficiary to triage accuracy. A review of 36 symptom

checkers and triage tools in Australia by Hill et al. (22)
concluded that triage tools that take into account demographic
data were more accurate than their counterparts. The use
of AI algorithms also appeared to benefit performance.
Furthermore Verzantvoort et al. (3) reported that tools
developed by physician organizations showed above average
results, as opposed to those created by a commercial entity
or a government.

When examining these results, it remains primordial to
consider the limited comparability across studies and systems
due to significant heterogeneity of study designs, interventions,
and measured endpoints (1, 12, 27). Moreover, the majority
of algorithms was examined using clinical vignettes, limiting
the validity as well as transferability to the real-world setting
(15, 16, 21, 24).

3.1.4. Compliance
There is very limited evidence available on compliance of

patients that utilize digital triage tools (12, 16). Overall, patients
seemed relatively inclined to follow the proposed advice, with
studies finding 57–67,5% of participants to be compliant (3,
11, 28). Although users of NHS111 Online were less likely to
comply than those that utilized telephone triage (67.5% vs. 88%;
p < 0.001).

It has been reported that people were more motivated to
initially seek primary care or self-management instructions after
being advised to contact the emergency number or visit the ED
(28), often because these recommendations were perceived as
inappropriate and unnecessary owing to the risk averse nature
of the algorithms (11).
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TABLE 1 Included studies of online symptom checkers and triage tools ordered chronologically.

Article information Topics

References Date Country Type Sample
size (n)

User
demo-
graphic

Safety Diagnostic
accuracy

Triage
accuracy

Compliance Impact User
experience

Cost
effectiveness

Combination
of demand

management
strategies

Schmieding et al.
(21)

May 2022 Germany Follow-up audit
study

22 symptom
checkers, 45 case
vignettes

X X

Kujala et al. (36) May 2022 Finland Cross-sectional
survey

639 health care
professionals

X

Tsai et al. (35) March
2022

USA Mixed method
study: interview
study and user
study

Interviews
n = 25
Users n = 20

X

Dickson et al.
(17)

February
2022

UK Retrospective
cohort study

25.333
self-assessments

X

Chan et al. (19) December
2021

Canada Prospective
cohort study

281 hospital
patients, 300
clinic patients

X X X

Turner et al. (11) November
2021

UK Mixed method
study

Qualitative
survey user
questionnaire:
Telephone
n = 795.
Online
n = 3.728.
Interview n = 32.
Staff interview
n = 16.

X X X X X X

Schmieding et al.
(21)

July 2021 UK Observational
audit study

12 symptom
checkers, 50 case
vignettes

X X X X

Yu et al. (25) March
2021

Germany Survey study 15 symptom
checkers, 45 case
vignettes, 91
users

X
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TABLE 1 (Continued)

Article information Topics

References Date Country Type Sample
size (n)

User
demo-
graphic

Safety Diagnostic
accuracy

Triage
accuracy

Compliance Impact User
experience

Cost
effectiveness

Combination
of demand

management
strategies

You et al. (34) January
2021

USA Mixed method
study

10
semi-structured
interviews, 2000
user reviews

X

Aboueid et al.
(13)

January
2021

Canada Qualitative
cross-sectional
survey

Survey n = 1.547 X X

Cross et al. (23) January
2021

Australia User study 512 simulated
self-assessments

X

Morse et al. (1) November
2020

USA Population-
based
descriptive study

26.646
self-assessments

X X

Schmieding et al.
(24)

July 2020 Hong Kong
SAR, China

Audit study 2 symptom
checkers, 100
ED patient
records

X X

Hill et al. (22) June 2020 Australia Follow-up audit
study

1.170 diagnosis
vignette tests,
688 triage
vignette tests

X X X

Gottliebsen et al.
(15)

May 2020 Norway and
Sweden

Literature
review

17 publications X X X X

Sutham et al.
(26)

April 2020 Thailand Mixed method
study

12 emergency
physicians

X X X

Donovan et al.
(31)

February
2020

UK Systematic
review

3 publications X X X X

Meyer et al. (27) January
2020

USA Cross-sectional
survey

Survey n = 329 X X X X

Chambers et al.
(12)

August
2019

UK Systematic
review

29 publications X X X X X X X X
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TABLE 1 (Continued)

Article information Topics

References Date Country Type Sample
size (n)

User
demo-
graphic

Safety Diagnostic
accuracy

Triage
accuracy

Compliance Impact User
experience

Cost
effectiveness

Combination
of demand

management
strategies

Aboueid et al.
(14)

May 2019 Canada Scoping review 19 publications X X

Millenson et al.
(18)

September
2018

USA Scoping review 30 publications X

Verzantvoort
et al. (3)

June 2018 Netherlands A prospective,
cross-sectional
study

Questionnaire:
online n = 4.456
Phone n = 126

X X X X X X

Polynskaya et al.
(37)

June 2018 Russia Mixed method
study

Survey n = 200
Interview n = 40
Focus group = 1

X

Giesen et al. (6) July 2017 Netherlands Cross-sectional
survey

Survey n = 377,
1.367 cases

X

Elliot et al. (32) December
2015

UK Retrospective
observational
study

3.37 million
self-assessments

X

Semigran et al.
(16)

May 2015 USA Audit study 23 symptom
checkers, 45 case
vignettes

X X X

Lupton et al. (29) May 2015 New Zealand Critical analysis 35 symptom
checkers

X

Nijland et al. (28) 2010 Netherlands Retrospective
analysis

6.538
self-assessments
Survey n = 192

X X

Topics marked with “X” are covered by the corresponding study.
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In a study by Verzantvoort et al. (3) 65% of patients
reported that they intended to comply with the outcome of
that specific triage tool. People were more likely to follow the
advice when urged to contact their own GP during office hours
(75%), followed by self-care advice (67%), OOH-care (61%) and
wait-and-see instructions (56%). Certain patient characteristics
correlated with a higher compliance, such as <13 years (OR 1.8,
95% CI: 1.3–2.3, p < 0.001), male sex (OR 1.2, 95% CI: 1.1–
1.4, p = 0.045), and user satisfaction (OR 2.5, 95% CI: 2.2–2.9,
p < 0.001). Main reasons for defying the advice given related
to inability to accurately convey complaints, contact with a
physician pre-dating triage and preferring their own judgment.
An important limitation of this study lies in the fact that it
only quantifies intention to comply, instead of the resulting care
seeking behavior (3).

3.1.5. Impact
3.1.5.1. Impact on health literacy

Availability of online symptom checkers and triage tools can
be a valid source of health information, allowing patients to
educate themselves (29) and gain further insights in their health
status and conditions (27). An increase in health literacy could
subsequently benefit the patient-physician relationship (22).

3.1.5.2. Impact on health equity and digital divide

As established, demographics of users of symptom checkers
and triage tools tend to show a younger, more educated user
base. Older patients, or those less educated utilized telephone
triage and direct contact more often. This could potentially
affect health equity (12). In contrast, a study by Morse et al.
(1) on use characteristics of a digital symptom checker found
a significant proportion of patients to be of older age, belonging
to a subpopulation not typically associated with regular use of
online resources. These mixed results underline the need to
evaluate a tool in its intended setting and population.

3.1.5.3. Impact on OOH-care

Available research on the impact of triage systems on OOH-
care is scarce.

3.1.5.3.1. Healthcare seeking behavior
It has been reported that digital triage tools and symptom

checkers have a limited ability to modify health care seeking
behavior by informing patients and assisting them to make
medically appropriate decisions. It was found that such guidance
could potentially improve the safety of parent’s decisions in
the management of children with possibly severe ailments (6).
However, research was often focussed on specific conditions or
settings and offered indirect evidence, limiting the ecological
validity of their conclusions (12).

3.1.5.3.2. Workload
Furthermore, evaluation of the impact of triage algorithms

on the burden of the health care systems shows highly variable

results. Some studies report a potential decrease in pressure on
the health care system (3, 30). Which could, by extension, reduce
the urgency of current health care staffing shortages (1).

Others, however, did not observe an effect on workload, as
Donovan et al. (31) were unable to discern a digital intervention
capable of altering urgent care usage, based on available data.

More importantly, the majority of studies that reported on
this topic has voiced concerns that symptom checkers and triage
tools might conversely increase inappropriate OOH-care use
due to their risk-averse nature, often advising additional health
care interaction, even though self-care or a wait and see policy
would be adequate (11, 15, 20).

3.1.5.4. Accessibility to care

It is relevant to note, however, that a growing demand and
rise in health care utilization does not necessarily equate to
an increase in inappropriate use. Implementation of NHS 111
online resulted in a significant new demand, with people finding
their way to the available health care providers more easily. This
suggests that symptom checkers could increase accessibility to
care, lowering the threshold for those in need (11, 22). More so,
people were found to be more motivated to seek medical care
when assisted in their decision by a tool (12).

The inconsistent picture these studies paint of the impact
of available systems on OOH-care, highlights the importance
of studying a tool in its intended real-life setting to accurately
assess its influence. Additionally, it will be necessary to monitor
a potential shift to more appropriate use, with people previously
unaware of their need of care finding their way to OOH-care
services more easily, thereby likely clouding certain established
outcome parameters such as workload (11, 22).

3.1.5.5. Impact on public health

The data collected by such tools could also impact public
health management by providing direct epidemiological data
that can be used to map the evolution of infectious diseases
(32). Online data generated by symptom checkers was found
to capture evolutions earlier than traditional surveillance or
telephone triage could. Additionally, it is able to provide
insights on symptomatic patients that do not contact the health
care system directly. Thus, diagnostic and triage algorithms
have the potential to serve as a complementary source within
national surveillance systems, especially during crises such as the
COVID-19 pandemic (33).

3.1.6. Cost effectiveness
There is very limited evidence available on the effect of

symptom checkers and triage tools on costs. In an evaluation of
NHS 111 Online during the implementation phase, costs were
lower compared to NHS 111 telephone triage, potentially in part
due to the on average lower acuity of complaints processed.
When both systems operated simultaneously, a shift of ≥38% of
telephone contacts to digital triage would be necessary to achieve
a cost reduction (11).
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Two small studies reported significant cost efficiency both in
operational expenses as well as in care diversion. However, these
savings were self-reported and considered inadequate to come
to a consensus (12).

3.1.7. User experience
3.1.7.1. Patients

A systematic review by Chambers et al. in 2019 retained
9 studies investigating patient and/or caregiver satisfaction.
Patients predominantly considered the examined symptom
checkers and triage systems to be very satisfactory (12). This
sentiment was corroborated by Meyer et al. (27) in their analysis
of patient perspectives on the usefulness of these services. They
reported patients finding the tool easy to use and useful, and
made mention of a general willingness to use the tool on a
recurring basis (27).

More recent research nuances this general trend to a
degree. NHS 111 users were found to be more satisfied with
the telephone service than the online equivalent (50% vs.
71%; p < 0.001) (11). Other studies showed that some prefer
traditional search engines over set algorithms, mostly due to
the perception that they offer more freedom in describing their
symptoms and providing information (13, 23).

Several factors were observed as beneficial to usage, such as
a limited accessibility to care, backing of these tools by credible
sources, such as government entities and caregiver associations,
or integration in the care system. Conversely, there are still
multiple obstacles such as restricted internet access, the use of
medical jargon, as well as reservations about data privacy and
trust (13).

To overcome these hurdles and improve user experiences,
several advancements have been suggested. On the one hand, a
more customizable input would increase the perceived flexibility
of the system, allowing patients to describe their pattern of
symptoms more accurately and thus feel more heard. On the
other hand, tools should be made more comprehensible and
allow the patient insight into the decision-making process (34).
This can be achieved by using unambiguous language and
offering comprehensive explanations (13, 34, 35).

Interestingly, one study observed a significant lack of
awareness of symptom checkers, with >50% of participants
unfamiliar with the technology, which severely limits usage. To
optimize the use of these tools, targeted interventions could be
implemented, tailored to individual subpopulations of potential
users (13). Furthermore, support and recommendation by
health care providers and credible associations has the potential
to impact use considerably (13, 35, 36).

3.1.7.2. Caregivers

Evidence on the experiences of healthcare providers with
symptom checkers is sparser. Current studies report a generally
positive perception of the algorithms, with health care providers
believing it could be beneficial to both patients, as well as
caregivers (36).

Anticipated benefits relate to a potential reduction in
workload, while simultaneously offering a more expeditious,
accessible and supportive service to patients. Triage services
were believed to be especially useful during the pandemic, when
demand increased significantly (36).

Several challenges were acknowledged pertaining to the
suboptimal impact on workflow with risk of multiple channels
of contact per patient, the inaccuracy of triage, the effect on the
digital divide, and a perceived threat to professional autonomy
(36). Even so, digital diagnostics are considered a part of the
future of medicine by many caregivers (37).

User experience is naturally specific to any individual tool.
The overall trend in the above-mentioned reports, however, is
more consistent and expected to be more generalizable (12).

3.1.8. Combination of demand management
measures

The implementation of an online self-triage service is one
possible measure to counter the current challenges facing OOH-
care systems. There is some evidence on the effects of combining
these tools with other interventions, such as telephone triage.

Multiple studies reported that performance of algorithms
was comparable to that of existing telephone triage services,
such as NHS111 (19, 32). Parallel operation of both systems
did not lead to significant reductions in telephone contacts
during the initial phase, as some interacted with both, to
confirm their findings (11). There are, however, indications that
implementation of triage services as a complementary service
to telephone triage could be beneficial to the healthcare system,
as it could lower the threshold for care and offer a suitable
alternative approach for lower acuity and non-trauma problems
(11, 25, 26); a potential advantage echoed by telephone staff of
NHS111 (11).

4. Discussion

A 2019 systematic review by Chambers et al. concluded
that the research available at that time was considered weak,
the majority consisting of observational studies, and clouded by
an abundance of gray literature (12). In recent years, there has
been a notable increase in research surrounding the technology
as well as ehealth in general. However, there are still several
limitations, both pertaining to the available tools, as well as the
studies evaluating them.

Research examining safety and accuracy of these systems
highlights the persistence of a risk-averse disposition (12, 15–
17). An effort is being made to evolve to more balanced
algorithms, but some studies report that this evolution currently
comes at the expense of the technology’s safety, which
should always remain their priority (19–21). More so, these
developments seem to miss their mark at present, with most
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systems still appearing to be insufficiently accurate and show
limited progress to date.

The applied methodologies to evaluate these parameters
are suboptimal as well, with most of the available studies
relying solely on clinical vignettes. Such simulations are a good
technique to benchmark and compare different tools, offering
an initial insight in their performance. They are, however,
insufficient to determine functionality in a real-life setting and
should serve exclusively as a basis to be supplemented by
studies in the intended environment. Current research fitting
these requirements was often limited by a relatively small study
sample and short duration, or restricted to certain conditions
and subpopulations. A finding that echoes the results of previous
studies (12, 15, 34).

Future research should be implemented in the real world
and be of a larger scale and scope, allowing for continuous,
multifaceted data collection to monitor foundational aspects,
such as safety and accuracy, and compare them against the gold
standard of a medical evaluation. This would require access to
personal medical information, something research groups often
lacked (1, 27).

The same applies to other case-specific outcomes such
as cost-effectiveness, a topic that currently remains unclear,
with a handful of self-reported and non-peer reviewed studies
being regarded as inadequate. An initial evaluation of NHS 111
Online did show a potential economic benefit if enough patients
shifted from telephone to online triage (11). This evidence is
not transferable due to the significant multifactorial influences
making the results highly specific to the circumstances.

We concur with the statement that triage should be the most
prominent area in the future of these systems, as it has the
most potential to have a significant impact on both individual
patients, and the health care system (16, 23).

On a positive note, there is more consensus regarding the
experiences of users and health care professionals. Patients
generally found the tool user-friendly, usable, and useful
(12, 27).

Healthcare professionals too believe in their potential
benefit to both patients and caregivers (36) and reportedly
envision a role for it in the future of medicine (37). There
are, however, still some hurdles to overcome, such as the use
of medical jargon and questions surrounding privacy, which
hinder trust (13). These findings are expected to be more
generalizable to different tools and settings (12).

To further optimize patient experiences, tools should
become increasingly more patient-centered. This can be
achieved through a transparent policy, understandable language
and comprehensive explanations (13, 34, 35), thus further
empowering patients and enhancing trust. Ideally, patients
should be included in the design process of these tools.

Evidence on compliance was scarcer, finding users to be
relatively inclined to follow the guidance given (3, 11, 28),
but often apprehensive to follow through because of advice

perceived as excessive owing to the risk-averse reactions of most
tools (11, 28). The above-mentioned research mostly measured
intention to comply, rather than real behavior, severely limiting
the strength of evidence. Compliance should therefore be
investigated by tracking patient flow and measuring healthcare
seeking habits in a real life setting. In addition, the impact of
factors influencing compliance, should be mapped.

The impact of tools on the workload remains uncertain,
with highly variable results being reported. The top-performing
apps have the potential to influence healthcare seeking behavior
toward appropriate care, with both patients and the healthcare
system benefitting (3, 6, 30). However, multiple studies
demonstrated how the risk-averse disposition of some tools
could conversely lead to an increase in healthcare demand, thus
foregoing its value in this regard (11, 15, 20).

Evidence suggests, however, that their role reaches further
than demand management. Digital triage tools could open a
new avenue to connect with the healthcare system, lowering
the threshold to some and improving the accessibility of care
(11, 22). Moreover, with patients increasingly turning toward
the internet for health information, there is a clear need for
validated information, which symptom checkers could provide
through tailored advice, potentially positively impacting health
literacy in the process (6, 12). Conversely, concerns have been
voiced that preliminary self-diagnosis through these systems
could contribute to increased anxiety in some patients (16).
These conflicting statements warrant additional research on
patient perspectives.

There is some concern about the impact of this technology
on the existing digital divide and the potential consequences
for health equity. Current research reports a user base skewed
more toward those younger, more educated and technologically
literate (3, 11–13), potentially posing a challenge for certain
subpopulations, such as the elderly. Implementation of these
tools should therefore be as an adjunct to other channels, rather
than as a replacement (11, 25, 26).

Additionally, a potential advantage of these tools in crises
was illustrated by their use in the pandemic. A veritable
plethora of tools was created within a short time frame to
help curb the exponential demand in healthcare seeking, as
became apparent during our search strategy. They served
a double function, unburdening the healthcare system by
providing trustworthy background information and guidance
in times of an information overflow (36), as well as collecting
epidemiological data for national surveillance (33).

We therefore recommend that clear objectives be set
prior to implementing and researching the tools, allowing for
relevant and appropriate outcomes to be studied. This approach
facilitates a more comprehensive understanding of the impact
on the healthcare system, including the effects on demand
management, accessibility of care and patient education. It is
this all-encompassing analysis that can determine the ultimate
added value of the technology.
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The primary challenge for the field remains the significant
heterogeneity across studies and triage systems. The tools
were shown to vary significantly in terms of functionality,
performance, and triage approach. The additional variety in
study designs, interventions, quality and measured endpoints
of current literature further limits the generalizability of
results. This observation is a confirmation of previous findings,
underlining the persistence of this shortcoming (12, 14, 18–
20). Algorithms will need to be studied in their intended
environment to draw more definitive conclusions.

There are several risks to the field as well, with a multitude
of tools flooding a largely unregulated market, often lacking an
adequate evidence-based approach and suffering from conflicts
of interest. This could be amended by providing independent
and transparent research to assist patients and caregivers in
identifying the top performing systems (35). Implementation
should be conducted within a framework of standardized
evaluations to objectively validate triage systems, contributing
to regulation of the field (15, 17, 18, 20). Responsible authorities
should subsequently provide oversight, recommend validated
tools and integrate them into the health care system to optimize
functionality and user experience (13, 36).

4.1. Limitations of this review

There are several limitations to this review. It is possible
that some potentially eligible articles were not captured by our
search method. This could be due to the selection of databases,
the applied exclusion criteria or the selected search terms which
highlighted a lack of applicable MeSH terms. Furthermore, the
absence of a formal quality assessment of the retained studies
can make it challenging to accurately appraise the value of
reported results to the field.

5. Conclusion

Numerous digital symptom checkers and triage tools are
presently available to the public and fit within the trend
of an increasing reliance on the internet for access to
health information.

The evidence collected in this literature study is
characterized by multiple limitations. Nevertheless, with
some reservation, several trends can be distilled. Current
research highlights the risk-averse nature of these services,
which causes challenges for their accuracy. Recent evolutions in
algorithms have varying degrees of success.

User satisfaction is generally high, and patients appear to
be amenable to the advice given by a digital service, with
most participants intending to comply. There is evidence of a
multifaceted impact on the healthcare system, with preliminary
research seeing potential benefits for accessibility of care,

health literacy and syndromic surveillance. In contrast, there
is ambiguity about the effects on workload and digital divide,
warranting caution.

Notwithstanding these themes, there is a clear need
for additional research, with a strong preference for study
designs that most closely match the circumstances of the
intended definitive setting. Additionally, an evolution toward
more homogeneous methodologies, aided by regulation
and standardization of evaluations, should increase the
generalizability of results, furthering the field as a whole.
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Background: Depression has a high prevalence among European countries.

Several instruments have been designed to assess its symptoms in different

populations. The Hopkins Symptom Checklist 25 (HSCL-25) scale has been

identified as valid, reproducible, effective, and easy to use. There are short

versions of this scale that could be useful in Primary Care (PC) settings, but

their psychometric properties are unknown.

Aim: To assess in PC patients the psychometric properties and diagnostic

accuracy of the Spanish version of the HSCL-10 and the HSCL-5 consisting

of 10 and 5 items, respectively.

Methods: A multicenter, cross-sectional study was carried out at six PC

centers in Spain. The HSCL-25 was administered to outpatients aged 45–75

who also participated in the structured Composite International Diagnostic

Interview (CIDI). HSCL-10 and HSCL-5 were assessed and compared to

HSCL-25 regarding total score correlation, internal consistency, and criterion

validity against the gold-standard CIDI. This is a methodological study from a

secondary data analysis and the primary data has been previously published.
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Results: Out of 790 patients, 767 completed the HSCL-25 and 736 the CIDI

interview (96.0%). Cronbach’s Alpha was 0.84 for HSCL-10 and 0.77 for

HSCL-5. The known-group method and confirmatory factor analysis were

acceptable for the establishment of construct validity. Sensitivity was 79.7%

(CI95%, 67.7–88.0%) for HSCL-10, and 78.0% (CI95%, 65.9–86.6%) for HSCL-

5, whereas specificity was 83% (CI95%, 80.0–85.7%) for HSCL-10, and 72.8%

(CI95%, 69.3–76.0%) for HSCL-5. Area under the curve against CIDI was 0.88

(CI95%, 0.84–0.92%) for HSCL-10, and 0.85 (CI95%, 0.81–0.89%) for HSCL-5.

Optimum cutoff point calculated with Youden Index was 1.90 for the HSCL-10

and 1.80 for the HSCL-5.

Conclusion: HSCL-10 and HSCL-5 are reliable and valid tools to detect

depression symptoms and can be used in PC settings.

KEYWORDS

depression, Hopkins Symptom Checklist, Primary Health Care (MeSH), patient
reported outcome measures (MeSH), diagnostic accuracy, psychometric properties

Introduction

Mental health is an issue of increasing concern in Spain
and other European countries and represents a considerable
percentage of Primary Care (PC) consultations. The clinical
diagnosis of mental disorders is based on the symptoms of the
Diagnostic and Statistical Manual of Mental Disorders (DSM).
In addition, there are many questionnaires available which
assess mental health diseases in populations and are frequently
employed in PC (1). Such instruments are used for the purposes
of screening and symptom detection to aid diagnosis.

The United States Preventive Services Task Force (USPSTF)
recommends universal screening for depression in the general
adult population (2) as it has been shown to reduce symptoms
and improve quality of life and functional status (3). Screening
should, however, be combined with adequate systems to ensure
accurate diagnosis, effective treatment, and appropriate follow-
up.

Up to 75% of patients with depression are treated exclusively
in PC (4). Nevertheless, Family Doctors (FD) report difficulties
in the identification of mental health disorders (5) and
consider that evaluative tools permitting rapid diagnosis with
a limited number of items are required (6). The issue of
time is particularly relevant within the context of PC given
its complexity and limited consultation schedules. Moreover,
FD have been found to feel more confident in detecting and
managing depression when employing questionnaires (7).

The ideal questionnaire should be reliable, valid, ergonomic,
and easy to use for both patients and healthcare professionals.
It should be validated according to the Consensus-based
Standards for the Selection of Health Measurement Instruments

(COSMIN) (8) for the language and population they
are directed at.

The Hopkins Symptom Checklist 25 (HSCL-25) (9) is a
widely used, self-administered screening tool for depression
and psychological distress; it is also employed for research
purposes. It has been shown to be valid and reliable for different
populations (10–14), useful in PC (15), and it is available in
several languages (16) including Spanish. The Spanish version
of HSCL-25 was translated, culturally adapted, and validated
following the COSMIN (17, 18).

The HSCL-25 is a short version of the Symptom Checklist
90-Revised (SCL-90-R) (19). There are, however, other
questionnaires with fewer items (20) which are of interest due to
their brevity and reduced completion time. Shorter versions are
useful as they can save time in complex settings such us the PC
context. The HSCL-10 and HSCL-5 were developed by selecting
10 and 5 items, respectively, due to their strong correlation with
the HSCL-25 mean score (19, 21). Items of the HSCL-10 and
HSCL-5 are included in the longer HSCL-25. Both the HSCL-10
and the HSCL-5 have shown a strong mean score correlation
with respect to the HSCL-25 and high reliability (Cronbach’s
Alpha Coefficient >0.80) (22). Both short versions, especially
the HSCL-10, have been used in different populations such as
adolescents (23–25), industry workers (26), population surveys
(22, 27), patients with alcohol use disorder (28), refugees (29),
and also to measure symptoms of depression and anxiety due to
the COVID pandemic (30–32). Their psychometric properties
recommend them for clinical use as screening and symptom
assessment tools and for research purposes (25, 27, 33).

The aim of this article is to report the psychometric
properties and diagnostic accuracy of the Spanish versions of
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the HSCL-5 and HSCL-10 for their use as rapid and accessible
depression screening instruments in PC.

Materials and methods

Data collection, study population, and
variables

The present study was based on data from a cross-sectional
multicenter study designed to validate the HSCL-25 in a Spanish
PC population. This is a methodological study from a secondary
data analysis and the primary data has been previously published
(18). Participants were patients attending six Spanish Primary
Health Centers (PHC) taking part in the EIRA study (34, 35).
Inclusion criteria were to be aged 45–75 years and presenting
two or more of the following: Smoking, low adherence to the
Mediterranean dietary pattern, and insufficient physical activity.
Exclusion criteria were: Advanced serious illness, cognitive
impairment, dependence in basic everyday activities, severe
mental illness, unable to attend the PHC, under treatment for
cancer or in end-of-life care, or planning to travel during the
intervention period.

Participants were recruited by consecutive sampling
of patients attending the PHC for any reason during a
6-month-period in 2017. They were asked to complete
sociodemographic data (gender, age, nationality, marital
status, current employment, and education level) and
the self-administered HSCL-25 questionnaire (and other
questionnaires/forms related to the EIRA study). Afterward,
trained professionals, blinded to the HSCL-25 score, conducted
the gold-standard CIDI interview with all participants.

Hopkins symptom checklist-25
(HSCL-25)

The HSCL-25 is a widely used, self-administered
questionnaire designed to measure anxiety and depression
symptoms (9, 11) and takes 5–10 min to complete (13). It
consists of 10 and 15 items belonging to the anxiety and
depression dimensions, respectively. The items are answered
on a four-point Likert-like scale: 1 = “Not at all;” 2 = “A little;”
3 = “Quite a bit;” 4 = “Extremely.” The average score, ranging
from 1 to 4, is calculated by dividing the total score by the
number of the items. A cutoff value of 1.75 is generally used for
major depression diagnosis, as it is considered a valid predictor
of mental disorder (10, 13, 36).

Items belonging to HSCL-25, HSCL-10, and HSCL-5 are
shown in Table 1. The corresponding cutoffs points are 1.85 for
the HSCL-10 and 2.00 for the HSCL-5 (22). The Spanish version
of the HSCL-25 was used in this study (17).

Composite international diagnostic
interview (CIDI)

The CIDI is a well-known, standardized interview designed
by the World Health Organization (WHO) based on the fourth
edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) and the International Classification of
Diseases-10 (ICD-10) criteria (37). It is administered by trained
interviewers and available in different languages (38). For
this study, section E (questions referring to depression) of
the Spanish version was used. The CIDI was conducted by
trained psychologists.

As the diagnose of depression is a clinical interview
performed by a trained professional and conducted using the
DSM criteria, the CIDI is considered the gold-standard in
the present study.

Ethical considerations

The study was developed according to national and
international legislation (the Declaration of Helsinki and latest
versions). The protocol was evaluated by the IDIAP Jordi Gol
Ethical Research Committee (approval number: P16/025) and
by the corresponding regional governments. Written consent
was obtained from the participants, and the questionnaires were
codified with an identification number to protect anonymity and
confidentiality.

Statistical analysis

Analysis was conducted with STATA version 15. Missing
values for the HSCL-25 were replaced with the individual
mean for the rest of the items. Subjects with ≥50% missing
items were excluded.

Total score was calculated for HSCL-25, HSCL-10, and
HSCL-5 for the total population and in relation to gender and
age categories, and by the following sociodemographic groups:
marital status, education level, and current employment.

Reliability of the HSCL-10 and HSCL-5 was analyzed by
calculating the Cronbach’s Alpha Coefficient and for each of
the two depression and anxiety subscales. A value of ≥0.7 was
considered adequate (39). Cronbach’s Alpha without the item
was also calculated to assess the contribution of each item to the
internal consistency of two versions.

Construct validity was measured with the known-groups
method by comparing the total score of the HSCL-10 and
the HSCL-5 by gender. The total score was expected to
be significantly higher among women (40, 41). Independent
sample t-test was performed, a significant result (p < 0.05)
was considered satisfactory (42). Confirmatory factor analysis
(CFA) was conducted to assess the structural validity. To

Frontiers in Medicine 03 frontiersin.org

362363

https://doi.org/10.3389/fmed.2022.1014340
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-1014340 January 5, 2023 Time: 13:6 # 4

Rodríguez-Barragán et al. 10.3389/fmed.2022.1014340

TABLE 1 Items belonging to HSCL-25, HSCL-10, and HSCL-5 scale.

Item in HSCL-25 HSCL-10 HSCL-5

1. Being scared for no reason X Anxiety dimension

2. Feeling fearful X X

3. Faintness X

4. Nervousness X

5. Heart racing

6. Trembling

7. Feeling tense X

8. Headache

9. Feeling panic

10. Feeling restless

11. Feeling low in energy Depression dimension

12. Blaming oneself X

13. Crying easily

14. Losing sexual interest

15. Feeling lonely

16. Feeling hopeless X X

17. Feeling blue X X

18. Thinking of ending one’s life

19. Feeling trapped

20. Worrying too much X

21. Feeling no interest

22. Feeling that everything is an effort X

23. Worthless feeling X

24. Poor appetite

25. Sleep disturbance X

Items belonging to depression and anxiety dimensions.

evaluate the estimated model fit, the absolute fit index was
calculated with chi-squared distribution. Given that this value
may be affected by the sample size, complementary indices
were employed: The root mean square error of approximation
(RMSEA), the standardized root mean square residual (SRMR),
the comparative fit index (CFI), and the Tucker–Lewis fit
index (TLI) (43, 44). Cutoff values considered adequate were:
SRMR < 0.05, RMSEA ≤ 0.08, CFI > 0.90, and TLI > 0.90 (45).

Criterion validity and diagnostic accuracy were measured
by calculating the ROC curve for the HSCL-10 and HSCL-5
scale in comparison with the gold-standard CIDI (8). The area
under the curve (AUC) was estimated with 95% confidence
interval (CI95%). Best cutoff points for the study population
and by gender were calculated with the Youden Index for
both HSCL-10 and HSCL-5. Youden Index is defined as
“Sensitivity + Specificity −1,” it is a value that indicates
the validity of the instrument for a specific cutoff point
(46). Sensitivity and specificity were assessed as measures

of internal validity; positive and negative predictive values
were also calculated. Both the sensitivity and specificity
of a screening test should be greater than 0.70 (42). For
these calculations, cutoffs those proposed by Strand et al.
were followed: 1.85 for the HSCL-10 and 2.00 for the
HSCL-5 (22). Other authors have employed the same cutoff
points (47).

Results

Participants

From a total of 790 patients, 767 completed the HSCL-25
(97.1% response rate). Participants’ mean age was 58.4 years
(± 8.2), 54.4% were women, and there were no significant
gender differences among age categories. Table 2 shows the
mean score and standard deviation (SD) of the three HSCL
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TABLE 2 HSCL-25, HSCL-10, and HSCL-5 scale mean scores and standard deviation (SD) in relation to age, gender, marital status, education, and
current employment.

HSCL-25 HSCL-10 HSCL-5

n % Mean SD P-value Mean SD P-value Mean SD P-value

Total 767 1.57 0.45 1.55 0.50 1.72 0.59

Gender

Men 350 45.6 1.42 0.35 <0.001 1.41 0.39 <0.001 1.53 0.46 <0.001

Women 417 54.4 1.69 0.49 1.68 0.55 1.88 0.64

Age

45–54 298 38.7 1.63 0.47 0.006 1.62 0.52 0.005 1.71 0.61 0.060

55–64 265 34.7 1.55 0.49 1.54 0.51 1.71 0.61

65–75 204 26.6 1.50 0.40 1.47 0.44 1.64 0.54

Marital status

Married/with a partner 550 71.9 1.54 0.43 0.028 1.52 0.47 0.029 1.69 0.56 0.084

Single 57 7.3 1.58 0.44 1.58 0.48 1.73 0.59

7-810-11 Separated or
divorced

103 13.3 1.68 0.48 1.69 0.56 1.82 0.67

Widow (er) 57 7.5 1.64 0.51 1.60 0.61 1.86 0.65

Education

Primary or lower 398 51.8 1.57 0.42 0.855 1.54 0.48 0.697 1.74 0.58 0.333

Secondary or higher 368 48.2 1.56 0.47 1.56 0.52 1.70 0.60

Current employment

Employed 313 41.0 1.55 0.43 0.547 1.54 0.48 0.774 1.84 0.63 0.746

Housewife 111 14.5 1.64 0.45 1.61 0.51 1.82 0.60

Unemployed 83 10.9 1.65 0.46 1.65 0.55 1.82 0.60

Retired 209 27.3 1.45 0.40 1.43 0.44 1.57 0.54

Others (student, sick
leave, and disability)

48 6.3 1.88 0.53 1.88 0.58 1.98 0.58

versions in relation to the sociodemographic characteristics of
the sample.

There were statistically significant differences in total scores
for the three versions regarding gender. Women scored higher
with a minimum difference >0.25 points. There were also
statistically significant differences in the total scores of the
HSCL-25 and HSCL-10, but not the HSCL-5, with respect to
age and marital status. No differences were observed regarding
education level or current occupation.

Reliability: internal consistency

Cronbach’s Alpha was 0.8417 and 0.7712 for the HSCL-10
and HSCL-5, respectively. When analyzing the two dimensions
separately, this value was higher for the depression dimension
than the anxiety one. These values, and the value of the
coefficient without the item, are depicted in Table 3.

The most consistent item for the HSCL-10 was 17 “Feeling
blue” followed by 22 “Feeling that everything is an effort.”

The least consistent was 25 “Sleep disturbance” followed by 1
“Being scared for no reason.” Item 25 “Sleep disturbance” had
a Cronbach’s Alpha without the item of 0.8424, as a result, this
item worsened the reliability of this version, as this value was
above 0.8417. In the HSCL-5, item 17 “Feeling blue” was also
the most consistent whilst two “Feeling fearful” was the least
consistent although without affecting reliability.

Construct validity: Known-groups
method and confirmatory factor
analysis (CFA)

The known-group method analysis showed that the total
score of the HSCL-10 indicated that women had significantly
higher scores (mean = 1.68; SD 0.03) than men (mean = 1.41;
SD 0.02; t = 7.76; p < 0.001). Results were in the same direction
with the HSCL-5, total score was significantly higher in women
(mean = 1.88; SD 0.03) than in men (mean = 1.53; SD 0.02;
t = 8.51; p < 0.001).
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TABLE 3 Cronbach’s alpha coefficient without the item and for total values.

Item HSCL-25 HSCL-10 HSCL-5

1. Being scared for no reason 0.9148 0.8359

2. Feeling fearful 0.9137 0.8307 0.7580

3. Faintness 0.9127 0.8268

4. Nervousness 0.9109 0.7156

5. Heart racing 0.9136

6. Trembling 0.9151

7. Feeling tense 0.9109 0.8205

8. Headache 0.9163

9. Feeling panic 0.9156

10. Feeling restless 0.9117

11. Feeling low in energy 0.9110

12. Blaming oneself 0.9131 0.8279

13. Crying easily 0.9145

14. Losing sexual interest 0.9153

15. Feeling lonely 0.9121

16. Feeling hopeless 0.9127 0.8261 0.7427

17. Feeling blue 0.9085 0.8080 0.6820

18. Thinking of ending one’s life 0.9159

19. Feeling trapped 0.9129

20. Worrying too much 0.9129 0.7399

21. Feeling no interest 0.9129

22. Feeling that everything is an effort 0.9112 0.8188

23. Worthless feeling 0.9140 0.8315

24. Poor appetite 0.9167

25. Sleep disturbance 0.9152 0.8424

Total 0.9166 0.8417 0.7712

Anxiety subscale (items 1–10) 0.8306 0.6859 0.5404

Depression subscale (items 11–25) 0.8784 0.7804 0.7010

Table 4 shows the results of the CFA: the factor loading for
each model and correlation in the two-factor models. All the
factor loadings were positive, statistically significant (p < 0.001),
and above 0.30. In fact, all factor loadings in the different
versions were above 0.45. The range of loadings was 0.45–
0.81 for the one factor HSCL-10, 0.50–0.83 for the one factor
HSCL-5, 0.47–0.82 for the two correlated factor HSCL-10,
and 0.51–0.85 for the two correlated factor HSCL-5. Item 17
“Feeling blue” was the item with the highest factor loadings in
all the models analyzed. When analyzing the models with two
correlated factors, a strong correlation between the two-factors
of depression and anxiety was observed for both the HSCL-10
and the HSCL-5.

The goodness-of-fit indices in the studied factor
models can be consulted in Supplementary Table 1 of the
Supplementary materials. Globally, the indices showed

that the HSCL-10 and the HSCL-5 do not have a stable
factor structure.

Criterion validity and diagnostic
accuracy: Relation of HSCL-10 and
HSCL-5 with gold-standard CIDI

Of the 767 participants who completed the HSCL-25, 736
also took part in the CIDI interview (96.0%). Depression
prevalence varied depending on the questionnaire employed
(Table 5). Prevalence measured with the HSCL-10 was similar
to that obtained with the full HSCL-25 version and higher than
the value obtained with the HSCL-5.

Table 6 shows sensitivity, specificity, positive, and negative
predictive values for the total number of participants and by
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TABLE 4 Confirmatory factorial analysis: Factor loading values and correlation between two anxiety and depression factors.

One factor Two correlated factors

HSCL-10 HSCL-5 HSCL-10 HSCL-5

Anxiety Depression Anxiety Depression

Item 1 0.45 0.49

Item 2 0.52 0.50 0.56 0.54

Item 3 0.60 0.62

Item 4 0.64 0.71

Item 7 0.66 0.69

Item 12 0.57 0.58

Item 16 0.62 0.63 0.64 0.64

Item 17 0.81 0.83 0.82 0.85

Item 20 0.58 0.57

Item 22 0.69 0.68

Item 23 0.54 0.55

Item 25 0.47 0.47

Factor correlation 0.90 0.87

TABLE 5 Prevalence of depression according to CIDI, HSCL-25, HSCL-10, and HSCL-5, total and by gender.

Male (n = 341) Female (n = 395) Total (n = 736)

CIDI 4.7 (CI95% 2.7–7.5) 10.9 (CI95% 8.0–14.4) 8.0 (CI95% 6.2–10.2)

HSCL-25 (cutoff = 1.75) 16.7 (CI95% 12.9-21-1) 38.7 (CI95% 33.9–43.7) 28.5 (CI95% 25.3–31.9)

HSCL-10 (cutoff = 1.85) 12.6 (CI95% 9.3–16.6) 30.1 (CI95% 25.6–34.9) 22.0 (CI95% 19.1–25.2)

HSCL-5 (cutoff = 2.00) 19.4 (CI95% 15.3–24.0) 41.5 (CI95% 36.6–46.6) 31.3 (CI95% 27.9–34.7)

gender. Sensitivity was similar for both genders, especially in
the HSCL-10, whilst specificity was better in men. Negative
predictive values were >95% for both versions, these values were
for the total population and by gender. All values were higher for
the HSCL-10 than for the HSCL-5.

HSCL10 vs. CIDI

The AUC between the HSCL-10 and the CIDI was 0.877
(CI95% 0.836–0.919). In the gender analysis it was greater in
men with an AUC of 0.943 (CI95% 0.897–0.989) compared
to women who had an AUC of 0.825 (CI95% 0.765–0.886).
The ROC curve is depicted in Figure 1 and by gender in the
Supplementary Figure 1.

HSCL5 vs CIDI

The AUC between the HSCL-5 and the CIDI was 0.853
(CI95% 0.812–0.894). In the gender analysis it was greater in
men with an AUC of 0.918 (CI95% 0.859–0.977) than in women
who had an AUC of 0.795 (CI95% 0.734–0.855). The ROC curve

is depicted in Figure 2 and by gender in the Supplementary
Figure 2.

The optimum cutoff points for the study population were
calculated with the Youden Index. For the HSCL-10 it was 1.90
for the total population and for both genders. For the HSCL-
5 the optimum cutoff point was 1.80 for the total population
and for women, and 2.00 for men. A table including sensitivity,
specificity, positive, and negative predictive values using optimal
cutoff points is available in the Supplementary Table 2.

Discussion

This study is the first to analyze the psychometric properties
and diagnostic accuracy of the Spanish versions of the HSCL-
10 and HSCL-5, the results obtained now allow the use of
both scales as screening tools for depression in the PC setting
in Spain. The results demonstrated that in the Spanish PC
population, the HSCL-10 presents high reliability and validity.
The HSCL-5 also showed acceptable psychometric properties
although slightly worse than the HSCL-10. Both scales showed
adequate sensitivity and specificity when compared to the
semistructured clinical interview CIDI conducted by trained
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TABLE 6 Sensitivity, specificity, positive and negative predictive values, total and by gender in the HSCL-10, and the HSCL-5.

Male (n = 341) Female (n = 395) Total (n = 736)

Index CI 95%
lower
limit

CI 95%
upper
limit

Index CI95%
lower
limit

CI 95%
upper
limit

Index CI 95%
lower
limit

CI 95%
upper
limit

HSCL-10 cutoff
point = 1.85

Sensitivity 81.3 57.0 93.4 79.1 64.8 88.6 79.7 67.7 88.0

Specificity 90.8 87.1 93.5 75.9 71.1 80.0 83.0 80.0 85.7

PPV 30.2 18.6 45.1 28.6 21.2 37.3 29.0 22.6 36.4

NPV 99.0 97.1 99.7 96.7 93.9 98.3 97.9 96.4 98.8

HSCL-5 cutoff
point = 2.00

Sensitivity 81.3 57.0 93.4 76.7 62.3 86.8 78.0 65.9 86.6

Specificity 83.7 79.3 87.3 62.8 57.6 67.7 72.8 69.3 76.0

PPV 19.7 11.9 30.8 20.1 14.7 26.9 20.0 15.3 25.6

NPV 98.9 96.8 99.6 95.7 92.2 97.6 97.4 95.7 98.5

PPV, positive predictive value; NPV, negative predictive value.

FIGURE 1

ROC curve and AUC HSCL-10 vs. CIDI.

professionals. The optimal cutoff points obtained were very
close to those proposed by other authors.

The PC setting is ideal for the detection, diagnosis, and
investigation of chronic, highly prevalent disorders as it allows
an early study of such pathologies (48). With respect to
depression, it is widespread in Spanish and European countries
(40) yet patients frequently consult their FD for other motives
than their mood disorders (6).

There are many questionnaires that can be employed as
screening tools to detect depression at all its stages (49–52),
some of which have been validated within the PC setting
(1). Moreover, shortened versions have been proposed in

order to provide a similar diagnostic value that saves time
for both patient and healthcare professional (20, 53, 54).
Recently, the HSCL-10 and HSCL-5 have shown acceptable
reliability and validity (22, 27), particularly the HSCL-10 (25,
33, 47).

With respect to reliability, Cronbach’s Alpha results of
0.84 and 0.77 were obtained for the HSCL-10 and HSCL-
5, respectively. As both were above 0.7, they are considered
acceptable (55). Such findings are similar to those obtained
by other authors (33) and, as occurred in other studies (19,
22, 27), the reliability of the two short versions was lower
than the HSCL-25.
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FIGURE 2

ROC curve and AUC HSCL-5 vs. CIDI.

In the full 25-item version, 17 “Feeling blue” was the most
consistent (18). This item which asks about sadness, a basic
characteristic in patients with depression, is included in the
HSCL-10 and the HSCL-5 and was also the most consistent in
the two short versions. Once removed, reliability diminished
to the minimum as can be seen in Table 3. The next most
consistent items in the HSCL-25 were four “Nervousness” and
seven “Feeling tense.” The former was included in the 5-item
version and the latter in the 10-item one. Item 24 was the least
consistent in the HSCL-25 and is not present in either of the
short versions. The following least consistent items in the HSCL-
25 were 8 “Headache” and 18 “Thinking of ending one’s life,”
neither of which is included in the two short versions.

When analyzing Cronbach’s Alpha without the item in the
short versions, it was observed that 25 “Sleep disturbance”
worsened HSCL-10 reliability, that is to say, by eliminating
this item reliability improved. Such a finding concurs with that
reported by Kleppang et al. who employed the 10-item version
with adolescents in Norway (25). The other items contributed to
good reliability in both the HSCL-10 and HSCL-5.

Regarding analysis of the scale’s factorial structure, this
was performed with the CFA as the HSCL-25 has been widely
studied with one single factor or two correlated ones even
though other models have been proposed (10). The HSCL-
10 and the HSCL-5 maintain the same factor structure (27).
The goodness-of-fit indices for the studied models were not
optimal, showing that the data did not fit the hypothesized factor
structure of one factor and two correlated factors. The factor
structure was unstable for both scales, this is a limitation of

our study. Further validation studies should be done to assess
other alternative models of the factor structure of the HSCL-10
and the HSCL-5. By examining the factor loading of 10 and 5
items, respectively, all the items were significantly loaded to the
hypothesized construct, and all factor loadings were statistically
significant, positive, and above 0.45. Item 17 “Feeling blue” had
the highest factor loadings in all models tested and for both the
HSCL-10 and the HSCL-5. In the study of the two-factor models,
there was a factorial correlation of 0.90 between the dimensions
in the HSCL-10 and of 0.87 in the HSCL-5, these findings
indicated that the depression and anxiety dimensions strongly
correlated in a positive manner. The correlation is expectable
as anxiety and depression are frequently found to be associated
comorbidities (56).

The calculation of the total score is done in the same way in
the different versions of the HSCL, by dividing the total score
by the corresponding number of ítems answered. With respect
to the total score, in comparison with the 25-item long version,
the mean score of the HSCL-25 was 1.57, very similar to the 1.55
obtained with the HSCL-10. The mean score increased to 1.72
with the five-item version. The means were significantly greater
in women for all three versions, this is unsurprising considering
that depression is more prevalent in the female gender (40, 41).
Significant differences reported in mean scores according to age
and marital status for the 25 and 10-item versions were lost
in the 5-item one.

With respect to prevalence, it was higher in the HSCL-
5 followed by the HSCL-10 and then the HSCL-25. All three
versions and the gold-standard CIDI showed greater prevalence
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in women than men. Employing the cutoffs corresponding
to each version (22), sensitivity was similar for both genders
whilst specificity was greater for men in the two short versions.
Findings that concur with those reported for the HSCL-25 (18).
In a study comparing the HSCL-10 with the CIDI (33), slightly
higher results were reported with respect to sensitivity, although
a different cutoff was employed. Another multicenter study
conducted in General Practice in Norway and Denmark using
the HSCL-10 and the CIDI obtained similar results to ours in
terms of sensitivity and specificity (23).

Cutoffs can be based on previous studies, cutoffs used
in clinical practice, cutoffs recommended by clinical practice
guidelines, or cutoffs recommended by the original authors (57).
There is very little literature on the appropriate cutoff point for
the HSCL-10 and the HSCL-5, Strand et al. recommend 1.85 for
the HSCL-10 and 2.00 for the HSCL-5 (22). By interpreting the
results from ROC curves, the accuracy for various cutoffs was
explored, and optimal cutoff values were obtained considering
the maximum value of Youden Index. The optimum cutoff that
we calculated for the study population is very close to that
in the literature (22). Therefore, we considered that those of
1.85 and 2.00 for the HSCL-10 and HSCL-5, respectively, were
appropriate to use showing adequate sensitivity, specificity, and
AUC. The negative predictive values were >90% for the two
short versions and both genders whilst the positive predictive
values were low. Such a finding reinforces the need to complete
the diagnosis of depression through a clinical interview.

Other authors have analyzed validity between the HSCL-25
and the two short versions with ROC curves (22). As we had
the semi-structured CIDI interview for all our participants, we
contrasted it against the two short versions with ROC curves.
This is one of the strengths of the present study as sometimes
there is a lack of gold-standard and the full version is used
as a reference to assess validity. In other studies, only those
participants who have a positive result on the scale and a
small sample of those with a negative one, undergo the clinical
interview of reference. The AUC was 0.88 for the HSCL-10 and
0.85 for the HSCL-5, both above the 0.75 cutoff considered to
be of clinical utility, and greater than the 0.80 which confers a
“good” classification (≥0.90 is considered “excellent”) in terms
of discriminative properties of the diagnostic accuracy (58).
A study carried out by Haavet et al. (33) also obtained an AUC
of 0.88 when comparing the HSCL-10 with the CIDI, other
studies with similar methodology have obtained a lower AUC
(23). For both short versions the AUC was greater in men,
thus the probability of accuracy in diagnosis in males is greater.
Such a gender difference has also been reported for the longer
HSCL-25 (18).

The main limitation of our study is that the psychometric
properties of the two short versions were evaluated based on the
responses to the 25-item scale as performed by other authors
(22, 27). The study population came from the EIRA study (34,
35) and were patients aged 45–75 years presenting an unhealthy

behavior. Adults often engage in two or more unhealthy
behaviors simultaneously, the co-occurrence of unhealthy diet
with insufficient physical activity ranges between 47 and
54%, unhealthy diet with smoking between 23 and 28%, and
insufficient physical activity with smoking between 8 and 20%
(59). Unhealthy diet can be associated to depression (60).
Despite the limited age range and the selection criteria in
the present study, the authors consider that the results are
transferable given the large number of participants, moreover,
they had attended the PHC for any motive, consequently, the
sample is sufficiently representative.

When deciding which questionnaire to use, there are
a few relevant factors to be taken into account, including
the population involved and the setting. A balance must
be achieved between psychometric properties and such
pragmatic characteristics as self-administration, number of
items, simplicity/interpretability of scores, and accessibility (61).
Scales with a reduced number of items may be the best option
as they are practical and feasible within the PC setting without
excessively losing reliability and validity.

These findings indicate that the HSCL-10 and HSCL-5
questionnaires show adequate reliability and validity in order to
be employed in PC to detect and evaluate depressive symptoms.
With such a short number of items they are timesaving
and facilitate the detection of cases of depression that could
otherwise go unnoticed.

Conclusion

The Spanish versions of the HSCL-10 and HSCL-5,
especially the HSCL-10, are reliable and valid tools to detect
depressive symptoms and can be used in Primary Care settings.
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Background: Motivational interviewing (MI) could be a method for minimizing

alcohol-related harm. The study aims to assess the effectiveness of a brief

intervention, based on a MI, in patients with risky alcohol use attended in

Primary Care (PC).

Materials and methods: A cluster-randomized, two-arm parallel, multicenter,

open-label, controlled clinical trial. Fifty PC healthcare professionals from the

province of Córdoba (Spain) will be randomized to one of the two study

groups: (1) Experimental Group (EG): MI-based approach; (2) Control Group

(CG): Usual care based on health advice. EG intervention: Professionals will

receive a training program focused on MI, consisting of a training workshop

and the use of pre- and post-workshop questionnaires to measure knowledge

and skills acquired, as well as the degree of empathy, with a videotape

of the health professionals with standardized patients, before and after the

workshop, and subsequent training feedback. CG intervention: Workshop on

the management of risky alcohol use based on health advice; participants will

also complete the pre-and post-workshop questionnaires and be videotaped.

Study population: Patients ≥ 14 years old with risky alcohol consumption (28

Standard Drink Units-SDU-/week in men and 17 SDU/week in women) or
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excessive alcohol use (≥ 6 SDU in men or ≥ 4 SDU in women, in less than

2 h). It would be necessary to include 110 subjects/group to find a difference

of 20% between the percentage of patients in abstinence between EG (37%)

and CG (20%), alpha error of 5%, and statistical power of 80%. Assuming a

loss rate of 5% and the cluster design effect, the number of subjects to be

recruited is estimated at 197/group. The follow-up period will be 12 months.

The primary outcome variables will be the self-reported alcohol use level and

the Alcohol Use Disorders Identification Test (AUDIT) questionnaire score.

Discussion: The study aims to demonstrate the effectiveness of the

motivational approach in the comprehensive treatment of the patient with

risky alcohol use, improving the empathy of the healthcare professionals

and strengthening the healthcare professional-patient relationship to achieve

the behavioral change of the patients with this problem in primary

care consultations.

Clinical trial registration: ClinicalTrials.gov.

KEYWORDS

motivational intervention/interviewing, alcohol use, primary care, protocol,
randomized controlled trial

1. Introduction

Alcohol consumption is one of the main causes of
morbidity and mortality (1, 2). According to the World
Health Organization (WHO), alcohol consumption caused
approximately 3 million deaths worldwide in 2018 (5.3% of all
deaths) and 132.6 million disability-adjusted life years (DALYs)
(3). In the latest Global Status Report on alcohol and health
published by the WHO, it is also mentioned that mortality
resulting from alcohol consumption is higher than that caused
by diseases such as tuberculosis, HIV/AIDS and diabetes. 1.2
million deaths from digestive and cardiovascular diseases (0.6
million for each condition) and 0.4 million deaths from cancers
are related to harmful use of alcohol. Furthermore, risky alcohol
use leads to disorders that cause family problems (such as
mistreatment, unplanned pregnancy, separation) and economic
and social consequences (unemployment, accidents, violence,
homicides), and complicates the evaluation and treatment of
other medical and psychiatric conditions (4).

In Spain, it is estimated that 4 million people have risky
alcohol use and 2 million people meet criteria for alcohol
dependence (5). According to the last Survey on Alcohol and

Abbreviations: PC, Primary Care; EG, Experimental Group; CG, Control
Group; SDU, Standard Drink Units; AUDIT, Alcohol Use Disorders
Identification Test; DALYS, disability-adjusted life years; EDADES,
Survey on Alcohol and Drugs in Spain; MI, Motivational interviewing;
PAPPS, Program of Preventive Activities and Health Promotion; ACSA,
Andalusian Health Quality Agency; BMI, body mass index.

Drugs in Spain (EDADES) (6), alcohol was responsible for 3.6%
of deaths in 2017. Due to the individual and collective impact
it causes, harmful alcohol consumption accounts for 15–20%
of the consultations attended in Primary Care (PC). For this
reason, PC healthcare professionals play a crucial role in the
detection and care of patients with alcohol-related disorders by
taking a comprehensive and personalized approach to lifestyle
habits and toxic substance use (7).

In the GBD 2016 Alcohol Collaborators study published
in August 2018 (8), in which a systematic analysis of alcohol
use was performed in 195 countries from 1990 to 2016, it is
concluded that alcohol consumption is an important risk factor
for the global burden of disease and causes a substantial loss of
health. It also determines that the risk of all-cause mortality, and
specifically cancer, increases with higher levels of consumption,
and that the level of consumption that minimizes loss of
health is zero. In this study, an estimated 2.8 million deaths
were attributed to alcohol consumption in 2016. Globally,
alcohol consumption was classified as the seventh risk factor for
premature death and disability in 2016. Among the population
aged 15 to 49 years, alcohol consumption was the main risk
factor for the overall burden of disease, causing 8.9% of DALYs
(a useful measure for quantifying healthy life losses, either by
premature mortality or by the time lived with reduced health)
for men and 2.3% for women. In this same population, 3.8%
of female deaths and 12.2% of male deaths were attributable to
alcohol consumption. For populations aged 50 years and older,
27.1% of the total number of female deaths and 18.9% of male
deaths were attributable to alcohol. In addition, the results of
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this study indicate that alcohol consumption and its harmful
health effects could become a growing challenge. Therefore, it
is crucial that alcohol control policies are enacted or maintained
today to prevent the potential increase in alcohol consumption
in the future (9).

Effective policies could now generate significant health
benefits for the population in the coming years (10).

Despite the prevalence of this health problem, the
intervention rates of PC health professionals in alcohol
management are consistently low (11). In addition, a Cochrane
review on the effectiveness of brief intervention in PC concludes
that such brief interventions lead to a 12.3% reduction in the
average alcohol consumption among those receiving it (12).

Similarly, it is also reflected in the literature that the
implementation of motivational interviewing (MI) in PC
is an effective communicational tool for addressing health
problems (13–15), such as hypertension (16), dyslipidemia
(17), or addictions, such as alcohol consumption (10).
Although MI began to be applied in the management
of risky alcohol use (10), there is little evidence about
the actual effectiveness of MI in reducing alcohol-related
harm in Spanish primary care centers. Given that the
population assisted in primary care differs from the
population assisted in the hospital setting, it is necessary to
assess the effectiveness of a brief motivational intervention
in the management of risky alcohol use in Spanish
primary care centers.

The findings from the present study might explain the
real benefits of the brief motivational intervention applied
on patients with risky alcohol use, as well as making more
informed health policy decisions when assigning potentially
scarce resources.

2. Methods and analysis

2.1. Study design

This is a cluster-randomized, two-arm parallel, multicenter,
open-label, controlled clinical trial that will be conducted in PC
centers of the Andalusian Health Service located in the province
of Córdoba (Spain). PC professionals will be randomized to
one of two study groups (Figure 1): (1) Experimental Group
(EG): Professionals will implement an approach based on brief
motivational intervention (18) applied on patients with risky
alcohol use, receiving previously a specific training program
in this field; (2) Control Group (CG): Professionals will also
receive prior training on the management of the patient with
risky alcohol consumption and will implement the usual clinical
care (health advice) in recruited patients. Participants in both
groups will attend a workshop focused on the identification and
management of patients with risky alcohol consumption.

2.1.1. Eligibility criteria
2.1.1.1. Professional selection criteria

Inclusion criteria will be: (1) To be a PC healthcare
professional (family physician, nurse or resident internal
specialist in Family and Community Medicine or Nursing); (2)
To provide informed consent to participate in the clinical trial.

Exclusion criteria will be: Prior MI skills or refusal to
participate in the study.

At least 50 healthcare professionals will participate in the
controlled clinical trial, each of them will recruit 7–8 patients
in PC through opportunistic search.

2.1.1.2. Patient selection criteria

Inclusion criteria will be:

1) To have risky alcohol use (19): (a) Consumption of
more than 17 SDU–Standard Drink Units–of alcohol/week
(170 grams of alcohol per week), for women; (b)
Consumption of more than 28 SDU–Standard Drink
Units–of alcohol/week (280 grams of alcohol per week),
for men; (c) Patients with a score of 8 points or more
in an AUDIT questionnaire; (d) Patients with “binge
drinking” (excessive or intensive consumption). That is,
males consuming 6 SDU or more or females consuming
4 SDU or more in less than 2 h.

2) To be at least 14 years old.
3) To provide informed consent to participate in the clinical

trial.

Exclusion criteria will be:

1) Severe cognitive impairment (such as severe dementia or
psychosis) and/or terminal illness.

2) Lack of social support or unemployment.
3) Coexistence of another drug dependency supervised by

professionals specialized in addictions.

2.1.2. Recruitment
The study will be disseminated through the Multi-

professional Teaching Unit of Family and Community Care in
the Health District of Córdoba and Guadalquivir. It is intended
to recruit at least 15 PC physicians, a minimum of 15 PC
nurses, and at least 20 resident physicians and internal nurses
from the last year of training. All study information will be
sent to the e-mail addresses of existing lists, teaching sessions
or face-to-face meetings. Once the objective of the study has
been explained, professionals will be invited to participate in the
clinical trial and will complete the informed consent forms.

2.1.3. Random assignment
The randomization unit will be the healthcare professional,

and the intervention unit will be the patient. Professionals will
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FIGURE 1

Cluster-randomized trial intervention scheme.
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be randomly assigned and equally (1:1) to one of the two study
groups (EG or CG), stratifying according to the center and type
of professional. Patients will be recruited through consecutive
sampling (opportunistic search of subjects who are treated at
participating health centers).

2.1.4. Intervention planning
Before the intervention, participants will undergo the

following training scheme:
-EG and CG will receive a 1-h workshop on the

identification, and management of the patient with risky alcohol
consumption, based on the recommendations and the algorithm
of action proposed by the Program of Preventive Activities and
Health Promotion-PAPPS-(20).

-EG: They will receive a 5-h training program to acquire
specific MI skills for the management of patients with risky
alcohol consumption, which will consist of a workshop, with two
video recordings of consultations with simulated standardized
patients, one prior to the training and the other after it. Finally,
each participant will receive personalized feedback of the video
recording from an expert. This program was accredited by the
Andalusian Health Quality Agency (ACSA).

-CG: They will not receive the MI training program,
instructing them only to perform the health advice they usually
do with these patients (based on an informative-persuasive
model). They will also be videotaped before and after the
workshop to assess its formative impact and that the approach
they perform does not present typical characteristics of MI.

The simulated standardized interviews will be conducted
by two subjects (one male and one female, both middle aged),
with previous experience in performing as actors. Using a role-
playing technique, the actors will follow two scripts prepared by
two team researchers, experts in the field, and will receive the
timely formative feedback before the standardized interviews.

2.2. Materials and methods

Participants’ information will be obtained from validated
tools for assessing risky alcohol use (AUDIT) (21) and the
motivational interview (EVEM questionnaire) (22). In addition,
the Jefferson (23) scale will be used to assess the empathy of
healthcare providers in the management of alcohol use.

-AUDIT (21). Tool designed to identify risky alcohol use
that comprises 10 questions divided into 3 conceptual domains.
The first domain evaluates recent alcohol consumption
and contains three questions (frequency of alcohol use,
usual amount of alcohol consumption, and frequency of
binge drinking). The second domain assesses symptoms
of dependence through three items (loss of control over
consumption, increased relevance of consumption and morning
drinking). The third domain assesses harmful alcohol use
through four questions (feeling of guilt after drinking, memory

gaps, alcoholrelated injuries and concerns about drinking).
A result equal to or above eight is considered indicative
of hazardous and harmful consumption, and a possible
alcohol dependence.

-Scale for the assessment of the MI (EVEM) (22). A scale
of 14 items with a score of 0 to 4, created to assess
encounters between professionals and patients using MI. This
scale analyzes: (1) empathy; (2) facilitating patient positioning;
(3) working in concordance with the patient; (4) using open
questions; (5) performing reflective listening; (6) performing
summaries; (7) validating the patient; (8) agreeing on change
objectives; (9) promoting action/plan design with the patient;
(10) Prevents discord with patient; Global Interview Spirit: (11)
evokes; (12) collaborates; (13) honors patient autonomy; (14)
shows compassion. This scale has been validated by members
of this group (24).

-Empathy Scale (Jefferson Scale) (23), which evaluates
three dimensions of empathy: Taking perspective, caring with
compassion, and standing in the patient’s shoes. It consists of
20 Likert-type questions with a 7-point response range from
strongly disagree (score = 1) to strongly agree (score = 7).

-Knowledge and Attitude Questionnaire: Based on the
questionnaire created by our team for a previous study (25),
and which was subjected to a process of apparent or consensus
logical validity and content validity.

2.2.1. Follow-up period
The follow-up period for each patient will be 12 months,

with 5 scheduled visits (initial, after 1, 3, 6, and 12 months).

2.2.2. Data collection and management
Measurements will be obtained as follows: (1) Pre-

intervention: Initial or baseline data collection; (2) Intervention:
Data will be collected at 1, 3, and 6 months after the baseline
visit; (3) Postintervention: twelve months after recruitment, the
patient will be interviewed to assess whether he/she maintains
his/her status regarding the change of behavior over time.

The data obtained will be recorded in the data collection
notebooks and sent online to the study coordinator for further
processing, cleaning, and statistical analysis.

2.3. Statistical analysis

An intention-to-treat analysis will be performed to control
the effects of losses and dropouts, dragging for analysis the
data from the last observation obtained. Survey data will be
automatically processed on Google Drive, directly by each of
the participating researchers. They will then be exported to an
Excel sheet from Google Drive and statistically treated with the
SPSS v. 17.0. A descriptive analysis and an initial comparability
analysis of the groups will be conducted. Confidence intervals of
95% will be calculated for the major study estimators. A bivariate
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analysis will be conducted to assess the relationship of the
independent variables and the effect of the intervention, for
which the Chi-square test will be used, the mean comparison
test for independent samples, such as Student t test or ANOVA
(after verification of normality by using the Kolmogorov-
Smirnov test); bilateral comparisons were used, and a value
of p ≤ 0.05 will be considered. A multivariate analysis will
then be performed to determine which sociodemographic, work,
and care factors are associated with the intervention developed,
controlling the predictors and/or confounders by multiple linear
regression and unconditioned binary logistic regression.

2.4. Sample size

Based on a previous study performed by our team members
(26), and to find a 20% difference between the percentage of
patients in abstinence (partial or total) between EG (37%) and
CG (20%), for an alpha error of 5%, and statistical power of 80%,
the size would be 220 subjects (110/group). Since it is a cluster
randomization system, we will consider the “design effect” and
we will assume a loss rate of 5%. Estimates of the intra-cluster
correlation coefficient (ICC) in ECC by clusters in PC show that
they are generally less than 0.05 (27). This ICC translates, for a
cluster size of 15, into a design effect corresponding to a factor
of 1.7. Assuming this value, the size would be 394 subjects to
recruit (197 in each group).

2.5. Outcome measurements

2.5.1. Dependent variables (endpoint or
outcome)

-Variables measured in healthcare professionals:
The following variables will be measured to assess the impact

of the training program on participants:
Primary outcomes will be the MI evaluation based on

the EVEM scale (22) the patient-healthcare professional
relationship based on the CICAA scale (28), and the professional
awareness of alcohol use and attitude toward its approach.

Secondary outcomes will be the professional empathy based
on Jefferson scale (23), and previous training of healthcare
providers in MI.

-Variables measured in patients with risky alcohol use:
To assess the effectiveness of interventions, the main

outcome variables will be the number of SDU in a typical day,
the frequency of more than 6 SDU/day, and the total score of the
AUDIT (21) questionnaire. All these variables will be considered
as primary outcomes.

2.5.2. Independent variables
-Variables measured in healthcare professionals:
The following variables will be recorded about the

healthcare professionals: age, sex, occupation, supervisor

of residents, time worked, place of work, contract
type.

-Variables measured in patients with risky alcohol use:
The following variables will be measured in patients with

risky alcohol use: age, sex, previous interventions, marital
status, education level, place of residence, weight, height, body
mass index (BMI), associated diseases, hygiene-dietary habits
(such as smoking–number of cigarettes per day- and coffee
consumption–number of coffees per day), and stage of change
according to Prochaska and DiClemente’s Transtheoretical
Model (18). We will also ask participants their opinion about
their own alcohol consumption and its consequences in health
through an open-ended question. Table 1 shows the variables
that will be measured in participants at each follow-up visit.

2.5.3. Intervention evaluation
Each participant from the EG will complete a self-

assessment after each visit using the EVEM questionnaire.
Intermediate analysis of the results of these questionnaires will
be performed to assess whether it is appropriate to perform any
reinforcement training activities to try to improve the skills and
abilities of EG participants in MI.

In addition, a video will be recorded with an actual patient at
a randomly selected visit. Then, the expert evaluators will assess
the healthcare professional skills using the EVEM scale.

3. Discussion

The present study aims to demonstrate that communication
tools, such as MI, increase the effectiveness in managing patients
with risky alcohol use in PC consultations. In addition, these
tools strengthen the patient-healthcare professional relationship
and allow, in turn, to improve the patient’s perception
of the care received, helping us reduce the prevalence of
this health problem. Likewise, the present study aims to
promote preventive activities and enhance health education
on such an important risk factor as alcohol consumption
in PC, whose effect has been demonstrated by this research
group (29, 30), and to provide continuity of care for this
important public health problem. Similarly, the research study
will help foster knowledge and communication skills and
preventive recommendations of PC healthcare professionals,
as well as provide support tools to facilitate decision-
making aimed at reducing alcohol consumption in the
general population.

The research project will allow patients with risky alcohol
use suffering from a chronic, progressive and disabling disorder
to be more effectively and comprehensively treated, since in
most cases not even the PC health professionals themselves
are sufficiently sensitized nor trained in these coping skills.
Therefore, these patients are left out of the health system, with a
progressive deterioration at the personal, social, occupational,
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TABLE 1 Variables to be measured at each follow-up visit.

Variables Follow-up visits

Baseline
visit

1-month
visit

3-month
visit

6-month
visit

12-month
visit

Socio-demographic characteristics x

Clinical measures: weight, height, body mass index (BMI),
associated diseases, hygienic-dietary habits (smoking and
coffee consumption).

x

Alcohol consumption opinion x x x x x

Standard drink units (SDU)/day of alcohol consumption x x x x x

AUDIT questionnaire x X x x

Scale for the assessment of the motivational interview
(EVEM)

x x x

Stage of change regarding alcohol consumption x x x x x

and functional levels, which ends up generating an increase
in the frequency of consultations due to other reasons, other
than its dependence, but as a direct consequence of it, in
addition to a greater risk of other chronic diseases. For this
reason, the study will reduce the great social and also economic
impact on the health system, resulting from the costs generated
by these patients, both directly because of their excessive
consumption of alcohol, as indirectly by the costs generated as a
result of the innumerable comorbidities secondary to this risky
consumption. This health savings would help reduce waiting
times in consultation and provide higher quality of care in PC.

3.1. Strengths and limitations

3.1.1. Strengths
It is one of the first research studies with a randomized,

two-arm, comparative clinical trial design that assesses the
impact of MI under real clinical conditions (effectiveness rather
than efficacy study) in the field of PC in patients with risky
alcohol consumption, giving it a more practical character and
immediate clinical applicability, as its external validity increases.
In the current literature, there are studies focused on risky
alcohol consumption and its health impact (12), which assess the
efficacy (i.e., under ideal or “laboratory” conditions) of MI. But
none designed to compare the brief motivational intervention
delivered by an EG and the health advice based on the PAPPS
recommendations provided by a CG, in the framework of daily
consultations in PC.

At the same time, the study may show whether or not there
are differences in outcome between two types of interventions:
MI-based versus most commonly used (simple health advice)
in this type of problem where a change in behavior or health
habit is attempted.

The approach is focused on MI as an intervention on
the patient with risky alcohol consumption, not only in the

preventive phase, but throughout the whole process (the
patient is not going to be only a passive subject receiving
an intervention, but an active person–empowered–able to
decide/perform therapeutic activities to prevent/treat their
dependence with the aim of reducing their consumption or
achieving abstinence).

The present study will quantify the level of effectiveness
of the therapeutic intervention as a percentage of successes
(people who reduce their consumption/achieve abstinence), an
aspect that is poorly evaluated and which greatly affects the
achievement and maintenance of proposed functional objectives
and patient satisfaction with the healthcare professional-patient
relationship presented throughout the management of risky
alcohol consumption, this has not been evaluated to date for
this health problem.

3.1.2. Limitations
It is necessary to keep in mind and recognize the possible

bias known as the Hawthorne effect (observer bias) (31),
which is inevitable or difficult to minimize in this type of
experimental study, in which subjects usually change their
behavior by the fact that they feel observed. If there is a high
rate of professional or patient dropouts, withdrawals, or losses,
the selection bias may become so important that can alter
the actual results. Biases of information may occur due to
the possible lack of sincerity of the respondent in answering
questions regarding knowledge and attitudes regarding their
alcohol consumption. Confusion biases will be controlled by
multivariate analysis.
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Background: In 2019, cardiovascular diseases (CVD) caused 32% of deaths

worldwide. The SPICES survey involved five countries in an international

primary CVD prevention implementation study in the general population. The

French SPICES survey was implemented in the Centre Ouest Bretagne area

(COB), which is a rural, economically deprived, medically underserved territory

with high cardiovascular mortality. A CVD screening in the general population

was needed to select the implementation population without overburdening

family practitioner (FP) workforces. The efficacy and the replicability of such

a screening were unknown. The aims of this study were to identify the

characteristics of the individuals undergoing CVD risk assessment with the

Non-Laboratory Interheart risk score (NL-IHRS), and to identify barriers and

explore facilitators when screening the general population.

Methods: An implementation study combining a cross-sectional descriptive

study with qualitative interviews was undertaken. The NL-IHRS was completed

by trained screeners selected from health students, pharmacists, nurses, and

physiotherapists in the area with a dedicated e-tool in sport and cultural

events and public places. After the screening, all screener groups were

interviewed until theoretical saturation for each group. Thematic analysis was

performed using double-blind coding.

Results: In 5 months, 3,384 assessments were undertaken in 60 different

places, mostly by health students. A total of 1,587, 1,309, and 488 individuals

were at low, moderate, and high CVD risk. Stressed or depressed individuals

were remarkably numerous (40.1 and 24.5% of the population, respectively).

Forty-seven interviews were conducted. The main facilitators were willingness

of the population, trust between screeners and the research team, and media
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publicity. The main barriers were lack of motivation of some screeners, some

individuals at risk, some stakeholders and difficulties in handling the e-tool.

Conclusion: The efficacy of CVD risk screening while using mostly health

students was excellent and preserved the FP workforce. Replicability was

highly feasible if research teams took great care to establish and maintain trust

between screeners and researchers. The e-tools should be more user-friendly.

KEYWORDS

primary prevention, cardiovascular diseases, mass screening, students health
occupations, population characteristics, implementation science

1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of
death worldwide. They caused 17.9 million deaths in 2019.
Prevalence of atherosclerotic CVD deaths decreased in high-
income countries from 1990 to 2010 to 140.2 per 100,000
inhabitants (1). The prevalence of CVD is increasing in low- and
middle-income countries. CVDs affect younger and working
aging populations in these countries compared to high-income
countries. In Sub-Saharan countries, CVD prevalence was 233.4
per 100,000 inhabitants in 2010. CVD leads to high direct and
indirect costs. In Europe, in 2066, health care costs are estimated
to be EUR10.79 billion, and non-healthcare costs are estimated
to be EUR192.5 billion (2). From 2011 to 2015, economic loss
due to CVD was estimated at USD3.7 trillion in low- and
middle-income countries, and health care costs were sparsely
documented (3).

Effective tools to identify high CVD risk people are mainly
represented by biological scores. However, these tools need
laboratory tests and consequent utilization of overused health
systems to assess them. Non-biological scores have been used
to develop new screening strategies: implementable strategies
for the general population in low- and middle-income countries
and wide low-cost screening of the general population in high-
income countries. The non-laboratory Interheart risk score (NL-
IHRS) is one of these. It was created from the INTERHEART
case-control study data (4). The NL-IHRS was externally
validated in 2013 (5). The score explores ten predictors of
cardiovascular risk, such as age and gender, parental history of
coronary artery disease, diabetes, hypertension, smoking history
including secondhand smoke exposure, abdominal obesity, level
of physical activity, reported depression and stress, reported
diet including salt consumption, fruit consumption, vegetable
consumption, fried food, trans-fat consumption, and meat and
poultry consumption. The NL-IHRS global correlation to CVD
is C-statistic = 0.69 (95% confidence interval [CI] 0.68–0.70) and
is similar to that for myocardial infarction and stroke (4).

The scaling-up packages of interventions for cardiovascular
disease prevention in selected sites in Europe and sub-
Saharan Africa (SPICES) project involved five countries in an

international primary CVD prevention implementation study
in the vulnerable general population. Addressing vulnerability
was a condition to request a H2020 grant. SPICES was funded
in 2017. High-income countries were represented by England,
Belgium, and France which identified vulnerable populations
in their own territory. Low- and middle-income countries
were, respectively, represented by Uganda and South Africa.
Vulnerable population was defined by consensus within the
international research team as any economically deprived
population, with low access to prevention and to care. The
aims of the overall project were to tailor and develop CVD
interventions that would be complementary to local current
strategies and monitor implementation clues as acceptability,
adoption, appropriateness, feasibility, fidelity, and costs. Each
research team designed primary CVD prevention interventions
adapted to their context after structured baseline assessments.

The complete French protocol for the SPICES
implementation has been published (6). The first phase
was a screening of CVD risk in the general population using
a web-based NL-IHRS, which enabled to recruit participants
at moderate CVD risk phase, and the description of this phase
was the objective of this article. The second phase was the
implementation of a community-based intervention to improve
CVD risk. In France, screening is mainly delegated to family
practitioners (FPs). Currently, FP access is becoming difficult as
the number of FPs is declining. Local initiatives from mutual
health insurance are ongoing, and global health checks are
proposed for some of the salaried employees. However, these
screening strategies are uncoordinated, targeted on specific
individuals without involving the general population, and not
efficacious (7).

The French SPICES survey was implemented in the
Centre Ouest Bretagne (COB) area, which is a rural,
economically deprived, medically underserved territory with
high cardiovascular mortality. There was excess mortality of
30% among men and 19% among women compared to the
mean French mortality. In 2010, the COB territory had an
estimated 8.9 FPs and 1.2 specialized physicians per 10,000
inhabitants compared to the mean of 13.1 and 17.2, respectively,
in France (8).
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A screening strategy to identify individuals with high
CVD risk without overwhelming FPs was built for the French
SPICES phase 1. In 2018, a new mandatory preventative health
internship of 6 weeks was created in France for health students.
The French SPICES phase 1 screening was in the scope of its
program. A total of 280 health students were recruited for the
intervention (9).

The conjunction of a non-biological validated score for
CVD risk assessment and the creation of the French preventative
health internship provided an innovative framework for CVD
risk assessment screening strategy in the general population.
The French part of SPICES was designed as an implementation
hybrid type 1 study to explore barriers and facilitators at each
step of the survey for a better understanding of quantitative
results (10). The aims of the French SPICES phase 1 were
first to find intermediate CVD risk individuals in the general
population, then describe the characteristics of the created
cohort following the NL-IHRS for the intervention phase, and
finally, collect and classify the barriers and facilitators to screen
the general population.

2. Materials and methods

An implementation hybrid type 1 study combining a cross-
sectional descriptive study with qualitative interviews was
undertaken. This study was reported following the standard
for reporting implementation studies (StarI) statements and the
Consolidated framework for implementation research (CFIR)
(11, 12).

2.1. Setting recruitment

A standard procedure was followed to get access to
local festive events and medico-social organizations. First, the
Community Health Project Manager identified a referent in each
town of the COB area and obtained a list of the events and
organizations likely to welcome screeners from that referent.
Then, the research team contacted the manager of each event
or organization to request an invitation and agreed on dates,
times, and the number of persons expected at the event. The
research team then estimated the number of screeners needed
for each event. All invitations were collected and placed on
a global schedule allowing the research team to allocate a
junior researcher and an adequate number of screeners to each
event. Other voluntary medical organizations or professionals
were integrated into the screening phase at the request of
the research team.

2.2. Screeners recruitment and training

The SPICES screening complied with the preventative
health service decree (9). Accordingly, the Faculty of Medicine,

the physiotherapy school and the nursing school required
their students to participate. A total of 280 students
who had to perform their preventative health internship
were enrolled in the screening. They were trained by
a 1-day-long session about using the dedicated tablets,
communication skills, delivering the NL-IHRS and the
brief advice, ethics of research, and the anonymization
procedure. Junior researchers followed the same curriculum
plus training on screeners’ guidance and data transfer.
The training was later adapted to COB professionals
involved on their request: pharmacists, nurses, physicians,
desk team trainees of the outpatient hospital. For the last
public events, volunteer FP interns who were required to
perform a research project were trained to assume latest
screening invitations.

2.3. NL-IHRS implementation on
web-based tools

A blinded translation of the NL-IHRS was undertaken by
two researchers, and a consensus meeting with a third researcher
was conducted to produce a French version of the NL-IHRS.
A template was created on the REDCap software R© (Vanderbilt
University, Nashville, USA) according to the data protection
regulations. A search in the French guidelines was conducted
for each CVD risk factor explored by the NL-IHRS to create
a standardized, appropriate brief advice. Brief advice adapted
to stress and depression was created and validated by the local
scientific committee as no specific recommendation existed. The
committee comprised addiction specialists, psychiatrists, and
FPs.

Each piece of generated advice was standard but only
appeared on the tablet when it fitted the participant’s answer.
REDCap R© securely hosted the data.

2.4. Deployment of screeners

During the preventative health internship, teams of five to
six screeners were created. For every 50 people expected in
an event, a team, dressed in SPICES windbreakers, was moved
to the event. According to the number of teams displaced, 1–
10 junior researchers accompanied the screeners on the field.
The COB professionals, pharmacists, nurses, physiotherapists,
and desk team trainees of the outpatient hospital offered
screening during their care routine. After the intervention of the
preventative health internship ended, new invitations of COB
stakeholders arrived to the research team. These stakeholders
were attracted by the feedback of the first screening experiences
on the field. FP interns were trained to respond to these
invitations and performed screenings. In the field, screeners
canvassed participants, assessed the NL-IHRS, and delivered
the appropriate brief advice. When they screened someone at
intermediate cardiovascular risk, they offered the participant
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inclusion in the second phase of SPICES. Participants willing to
be included gave their identity in a separate sheet collected by
the junior researchers. Participants at low risk were given brief
advice and positive reinforcement. Participants at high risk were
given brief advice and were strongly recommended to get an
appointment with their usual physician.

2.5. Eligibility criteria

Participants belonged to the general population. They were
aged >18 years and worked or lived in the COB. Non-
inclusion criteria for the people undergoing the screening were:
age <18 years, current pregnancy, living and working outside
COB, and personal history of CVD.

2.6. Variables

Clinical data collected were the results of the NL-IRS (5).
The NL-IRS comprised 10 scored items. The first item combined
age and gender, the second item explored parental history of
coronary artery disease, the third, self-declared diabetes, the
fourth, self-declared hypertension, the fifth, smoking history,
the sixth second-hand smoke exposure, the seventh, level
of physical activity, the eight, psychosocial factors including
reported depression and reported general stress, the ninth,
reported diet including salt consumption, fruit consumption,
vegetable consumption, fried food, trans-fat consumption, and
meat and poultry consumption. The tenth predictor was the
waist-to-hip ratio. The score was ranked from 0 to 48. The
score categorized the population into three groups depending
on their CDV risk: low risk if the NL-IHRS was <9, moderate
risk if the NL-IHRS was between 9–15, and high risk if the
NL-IHRS was >15.

The administrative data collected from screening
participants were full name, phone, and e-mail. These data
were recorded separately from the results of the NL-IHRS,
accordingly to the ethics board recommendations. Informed
consent was required participating. Categorization of screening
sites used definitions of the French institut national de la
statistique et des études économiques (INSEE) (13), especially for
the distinction between rural and urban areas.

2.7. Resource use, costs, and economic
outcomes

The costs of the project were borne by two entities. The
European Union grant founded expenditures on equipment
comprising SPICES windbreakers for every screener, tablets,
tape measures, consent forms for every participant, recording
sheets for the second SPICES phase, posters for screening sites.

The grant funded a full-time clinical research associate during
the screening. The grant also reimbursed mileage expenses of
screeners for their travels from the faculty to the screening
sites. Researchers and FP interns received their current salary
from the French state, students received a state lump sum
compensation for the completion of their preventative health
service also from the French state. The field professionals were
unpaid volunteers.

2.8. Data sources/Measurement

Nine items of NL-IHRS were declarative items. The only
measurement was the waist-to-hip ratio, which was measured
by the screeners according to the training. Measurement quality
was enhanced by the junior researcher’s supervision of screeners.

2.9. Biases

Information biases were handled using a standardized
tool, the REDCap-based NL-IHRS, and the training of both
screeners and junior researchers. Selection biases were limited
by targeting different events and organizations to sample
different populations.

2.10. Study size

The number of events and organizations was modified
until the research team could recruit 1,000 participants at
intermediate cardiovascular risk for the second SPICES phase.
The protocol of the French SPICES survey has been previously
published (6). The second SPICES phase tested a community
behavioral intervention to reduce CVD risk. The sample size of
1,000 participants was calculated to show a 15% difference on
the NL-IHRS after a 24-month intervention.

2.11. Statistical methods

Descriptive epidemiology was used to describe the
population. The population was first described as a whole
using the NL-IHRS (Table 1) and then by the three risk
categories. Comparisons were performed between males
and females, participants older than 65 years and younger,
and rural and urban inhabitants. Screening settings were
inductively categorized into 11 categories: sport events, cultural
events, retiree events, charitable events, workplaces, sheltered
workplaces, local and regional governments, medical facilities,
markets and supermarkets, paramedics, and pharmacies. The
distribution of the population was described by categories.
Comparisons from an implementation perspective were
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TABLE 1 Features of the 3,384 SPICES cohort subjects.

Variable Total (N = 3,789)

Age N (missing) 3,458 (331 missing)

Mean ± Standard
deviation

54.30 (16.26)

Median (q1; q3) 57.0 (43.0; 67.0)

Min; Max 16; 96

Age group N (missing) 3,458 (331 missing)

Aged 65 or under 2,501 (72.3%)

Aged over 65 957 (27.7%)

Gender N (missing) 3,498 (291 missing)

Male 1,308 (37.4%)

Female 2,190 (63.6%)

Living area N (missing) 3,482 (307 missing)

Rural 1,728 (49.6%)

Urban 1,754 (50.4%)

Screening
location

N (missing) 3,413 (376 missing)

Sport events 901 (26.4%)

Cultural events 254 (7.4%)

Retiree events 71 (2.1%)

Charitable events 226 (6.6%)

Workplaces 102 (3%)

Sheltered workplaces 146 (4.3%)

Administrations 122 (3.6%)

Medical facilities 710 (20.8%)

Markets and
supermarkets

98 (2.9%)

Paramedics 143 (4.2%)

Pharmacies 640 (18.8%)

Screener N (missing) 3,514 (275 missing)

Others 579 (16.5%)

Preventative health
internship

2,935 (83.5%)

Interheart risk score

Smoking N (missing) 3,491 (298 missing)

I never smoked (%) 1,855 (53.1%)

I am a current smoker
1–5 cig/day (%)

198 (5.7%)

I am a current smoker
6–10 cig/day (%)

164 (4.7%)

I am a current smoker
11–15 cig/day (%)

147 (4.2%)

I am a current smoker
16–20 cig/day (%)

84 (2.4%)

I am a current
smoker >20 cig/day (%)

65 (1.9%)

(Continued)

TABLE 1 (Continued)

Variable Total (N = 3,789)

I am a former smoker
(last smoked more than
12 months ago) (%)

978 (28.0%)

Secondhand
smoke

N (missing) 3,424 (365 missing)

Less than 1 h or exposure
per week or no exposure
(%)

2,822 (82.4%)

One or more hours of
second-hand smoke
exposure per week (%)

602 (17.6%)

Diabetes
mellitus

N (missing) 3,424 (365 missing)

No or unsure (%) 3,279 (95.8%)

Yes (%) 145 (4.2%)

High blood
pressure

N (missing) 3,424 (365)

No or unsure (%) 2,779 (81.2%)

Yes (%) 645 (18.8%)

Family history N (missing) 3,424 (365)

No or unsure (%) 2,820 (82.4%)

Yes (%) 604 (17.6%)

How often have
you felt work or
home life stress
in the last year?

N (missing) 3,425 (364)

Never or some periods
(%)

2,053 (59.9%)

Several periods or
permanent stress (%)

1,372 (40.1%)

During the past
12 months, was
there ever a time
when you felt
sad, blue, or
depressed for
2 weeks or more
in a row?

N (missing) 3,425 (364)

No (%) 2,586 (75.5%)

Yes (%) 839 (24.5%)

Do you eat salty
food or snacks
one or more
times a day?

N (missing) 3,425 (364 missing)

No (%) 3,238 (94.5%)

Yes (%) 187 (5.5%)

Do you eat deep
fried foods or
snacks or fast
foods 3 or more
times a week?

N (missing) 3,423 (366 missing)

(Continued)
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TABLE 1 (Continued)

Variable Total (N = 3,789)

No (%) 3,151 (92.1%)

Yes (%) 272 (7.9%)

Do you eat fruit
one or more
times daily?

N (missing) 3,424 (365 missing)

No (%) 730 (21.3%)

Yes (%) 2,694 (78.7%)

Do you eat
vegetables one
or more times
daily?

N (missing) 3,424 (365 missing)

No 491 (14.3%)

Yes 2,933 (85.7%)

Do you eat meat
and/or poultry 2
or more times
daily?

N (missing) 3,425 (364 missing)

No (%) 2,685 (78.4%)

Yes (%) 740 (21.6%)

Physical activity N (missing) 3,424 (365 missing)

I perform moderate or
strenuous physical
activity in my leisure
time (%)

2,496 (72.9%)

I am mainly sedentary or
perform mild exercise
(requiring minimal
effort) (%)

928 (27.1%)

Waist to hip
ratio

N (missing) 3,398 (391 missing)

Mean ± Standard
Deviation

0.91 (0.08)

Median (q1; q3) 0.9 (0.9; 1.0)

Min-Max 0; 2

NL-IHRS N (missing) 3,384 (405 missing)

Mean ± Standard
Deviation

9.71 (5.60)

Median (q1; q3) 9.0 (6.0; 13.0)

Min-Max 0; 34

NL-IHRS
category

N (missing) 3,384 (405 missing)

Low risk (%) 1,587 (46.9%)

Intermediate risk (%) 1,309 (38.7%)

High risk (%) 488 (14.4%)

performed between workplaces screening and others, sheltered
workplaces and others, pharmacies and others, paramedics and
others, sport events and others, administrations and others,
and preventative health internship recruitment and others. For
each comparison, records were specifically excluded if they
had missing data compromising the comparison. Comparisons
were made using Student tests for quantitative variables of the
NL-IHRS, and Chi2 tests were used for qualitative variables

of the NL-IHRS. Differences were statistically significant if p
was <0.05. Analyses were performed using SAS, version 9.4
(SAS Institute, Inc., Cary, NC, USA).

2.12. Qualitative data

Qualitative, individual, semi-structured interviews were
performed to capture barriers and facilitators related to
screening. Qualitative purposive samplings of screeners
were created among preventative health internship students,
pharmacists, paramedics, FP interns, and members of the
research team. Sampling criteria included the role in the
screening, age, gender, location of the screening for every group.
A brainstorming was organized within the research team to
identify particular individual characteristics among screeners
which could specifically diversify answers in the interviews.
The interviews were audio recorded. They were then after
transcribed into verbatim quotes and de-identified. Records
were destroyed after transcription. Data collection and analysis
were iterative, so that early data analysis influenced further
interviews (14). Interview guides were consequently adapted
along with the interviews. Interviews were performed within
each group until theoretical data saturation. A thematic analysis
was performed by two researchers working blind, coding the
data, and eventually merging their analyzes. Themes were
consecutively integrated into a CFIR construct. The CFIR
template was adapted. The original numbering scheme of the
CFIR template was maintained to allow further comparisons.

3. Results

Screening with the preventative health internship was
planned from April to early July 2019. The screening was
extended with the local workforce and FP trainees until
September at the request of local organizations and stakeholders.
In 5 months, 3,384 assessments were undertaken in 60
different places. Finally, 1,309 people at intermediate CVD
risk were found.

3.1. General overview of the screening

A total of 1,309 people had intermediate CVD risk following
the NL-IHRS, 1,587 people had low CVD risk, and 488 people
had high CVD risk. Mean NL-IHRS was 9.71 (±5.60). The
cohort included 1,308 men and 2,190 women. Of all, 40.1% of
people declared being stressed, and 24.5% of people declared
being depressed. Additionally, 18.8% of people were current
smokers, and 27.1% of people were sedentary. Global features
of the cohort are presented in Table 1.
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FIGURE 1

Number of people screened by NL-IHRS categories and settings.

FIGURE 2

Declared levels of stress and depression.

3.2. Screening features by settings

Among the 60 recruited sites, 10 were sport events, 5
were cultural events, 2 were retiree events, 4 were charitable
events, 3 were workplaces, 3 were sheltered workplaces,
4 were administrations, 10 were medical facilities (visitors
and non-cardiologic outpatients), 1 was a supermarket, 1
was a marketplace, and 16 were pharmacies, nurses and
physiotherapists were considered as one entity.

Among the settings, number of screenings varied, but
populations met were also different. More screening was
conducted in sport events (n = 878), but the percentage of
people at low CVD risk was high (53.9%). In comparison,
screening in pharmacies was less extensive (n = 608)
but recruited more people at intermediate or high risk
(low risk: 42.8%). Retiree events had a higher rate
of intermediate- and high-risk people because of age
and history of diabetes and hypertension. Number of
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screenings and percentages of risk categories are presented
in Figure 1.

3.3. Stress and depression

Among the whole cohort, 40.1% of people declared being
stressed, and 24.5% of people declared being depressed, which
was unexpected. Compared to men, women were significantly
more stressed (47.4 vs. 27.8%, p < 0.001) and more depressed
(28.7 vs. 17.7%, p < 0.001). Younger people were significantly
more stressed than older individuals, but depression was equally
declared in both groups. Urban residents were significatively
more stressed than rural residents (42.1 vs. 37.9%, p = 0.013) but
equally depressed. Percentages of declared stress and depression
are presented in Figure 2.

3.4. Qualitative analysis of barriers and
facilitators

A total of 47 interviews were conducted. Mean duration
of the interviews was 26 min, varying from 5 to 71 min.
The interview guide was independently modified for each
group from one to four times (final guides are presented
in Supplementary material). In each group, interviews were
conducted until data saturation except for the FP interns’ group.
This group comprised seven people that were all interviewed.
Sampling characteristics are presented in Table 2. In addition to
age, gender and location of the screening, specific characteristics
were searched as they were presumed to influence answers. For
the research team, working inside the COB area or in the distant
metropolis was sought to be influencing. In the same way, to
stop participating to the project was a selection criterion. For
the preventative health service, students were relatively similar
regarding age, medical background and studied in the same
faculty. It was thought that students from rural or semi-rural
could have a different perception of the COB area than urban
students. For paramedics who worked in similar structures, a
geographical diversification was retained as the COB area spans
three departments with different governances. Professional
organizations of pharmacists could be very different with big
structures employing many professionals, so this criterion was
retained for diversification. Furthermore, it was sought that a
solitary participation within a pharmacy would lead to different
answers than a collective experience. The main difference for
FP interns was their progress in their curse, older FP interns
being more experienced and focused on their future professional
activity. Main facilitators were readiness and involvement of
stakeholders, population, and health care professionals, trust
between screeners and research team, and media spread. Main
barriers were the lack of motivation and difficulties to handle the
e-tool. Facilitators, barriers, and neutral factors were classified in
the CFIR template, as presented in Table 3.

4. Discussion

The efficacy of CVD risk screening in the general population
while using mostly health students was excellent. In a 6-
month period, 1,309 people at intermediate CVD risk were
identified. They will be later invited to the second phase of
the SPICES project. The recruitment strategy preserved the
FP workforce. One key lesson for the implementation was
trust between stakeholders, researchers, and screeners, leading
to success. Such a project necessitated repeated, popularized
communication, and needed a dedicated position in the research
team. Alternative strategies should be planned in case of
digital failure or defect, as mobile apps and materials were not
totally reliable.

4.1. Strengths

This screening in the French general population was the
first to be conducted at this scale. This was facilitated by
the Interheart risk score. This score was externally validated
in seven regions of the world, among which Europe and
North America were jointly on one side, and Africa was on
another side (5). Evaluating CVD risk with this score enabled
mobility of screeners and allowed consideration of unusual
sites to perform the screening. Furthermore, the elimination of
biological samples, traditionally used when evaluating CVD risk,
avoided biological sample management, sampling procedures
and logistical issues. Future comparison between every SPICES
site is conceivable.

This screening was performed in the general population,
which is rare. Patients included in prevention studies are
usually recruited in hospitals, clinics, or FP practices, which
are not totally representative of the general population. The
preventative health service was a new workforce, extremely
proactive and efficient for screening activities in the general
population and easily reproducible in other countries.

4.2. Limitations

4.2.1. Organizational issues
European funding was a major opportunity for the SPICES

project. However, as an innovative implementation project,
expenditures were unclear when the project was granted. The
rigidity of funding lines partially inhibited implementation
adaptations. Moreover, the administrative rules for material
estimates led to inadequate choices for low-cost unstainable
tablets and color-neutral SPICES windbreakers. The research
team did not have the final word on choosing between estimates
for research material, and the lowest estimate was always
selected by the administration, even if it was a poor choice.
A better balance between efficacy and cost could improve study
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TABLE 2 Sampling characteristics of the qualitative interviews.

Group Ref Gender Age Position Place of work Additional information

Research team RT1 F 40 Practicing physician Brest Currently involved

RT2 F 61 Stakeholder, champion COB country Currently involved

RT3 F 31 Practicing physician Brest Participation discontinued

RT4 F 39 Clinical research
associate

Brest Currently involved

RT5 F 25 Stakeholder COB country Currently involved

RT6 F 35 Financial reporter Brest Currently involved

RT7 F 40 Clinical research
associate

Brest Participation discontinued

RT8 M 33 Practicing physician Brest Participation discontinued

RT9 M 73 Stakeholder COB country Currently involved

RT10 M 28 Master student Brest Currently involved

RT11 M 65 Practicing physician Brest Currently involved

Preventative health service PHI1 M 22 Medical student Brest Semi-rural origin

PHI2 F 23 Nurse student Brest Urban origin

PHI3 F 20 Physiotherapy student Brest Semi-rural origin

PHI4 F 22 Medical student Brest Semi-rural origin

PHI5 F 21 Physiotherapy student Brest Semi-rural origin

PHI6 F 21 Medical student Brest Semi-rural origin

PHI7 F 23 Medical student Brest Urban origin

PHI8 F 20 Nurse student Brest Urban origin

PHI9 F 24 Medical student Brest Rural origin

PHI10 F 19 Nurse student Brest Rural origin

Paramedics PM1 F 39 Physiotherapist Finistère, rural

PM2 M 40 Private practice nurse Morbihan, rural

PM3 F 37 Private practice nurse Morbihan, rural

PM4 F 61 Physiotherapist Finistère, urban

PM5 F 34 Private practice nurse Finistère, urban

PM6 M 46 Physiotherapist Finistère, rural

PM7 F 41 Private practice nurse Finistère, rural

PM8 F 63 Private practice nurse Finistère, rural

PM9 F 64 Physiotherapist Finistère, rural

Pharmacies Ph1 F 44 Pharmacist Finistère, rural 3 members team, 3 screeners

Ph2 F 44 Pharmacy assistant Morbihan, rural 8 members team, 4 screeners

Ph3 F 38 Pharmacist Morbihan, rural 9 members team, no screener

Ph4 F 34 Pharmacy assistant Finistère, semi-rural 6 members team, 2 screeners

Ph5 F 47 Pharmacist Finistère, rural 3 members team, 3 screeners

Ph6 F 45 Pharmacy assistant Côtes d’Armor, rural 4 members team, 4 screeners

Ph7 F 34 Pharmacist Côtes d’Armor, rural 7 members team, 2 screeners

Ph8 F 37 Pharmacy assistant Côtes d’Armor, rural 6 members team, 2 screeners

Ph9 F 35 Pharmacist Côtes d’Armor, rural 2 members team, 1 screener

Ph10 F 30 Pharmacy assistant Côtes d’Armor, rural 8 members team, 4 screeners

FP interns FPI1 M 28 FP intern Brest Third year of internship

FPI2 F 26 FP intern Brest Third year of internship

FPI3 F 28 FP intern Brest Third year of internship
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TABLE 2 (Continued)

Group Ref Gender Age Position Place of work Additional information

FPI4 F 33 FP intern Brest First year of internship

FPI5 M 28 FP intern Brest Third year of internship

FPI6 M 29 FP intern Brest Second year of internship

FPI7 M 27 FP intern Brest Second year of internship

results, especially because communication and conciseness
of the screening are key components of success. Qualitative
data, collected in the CFIR implantation learning climate
(Table 3), showed that barriers happened whenever the shortage
of research staff prevented the anticipation of project needs.
Research teams, when asking for such a grant, should be vigilant
when listing their human resource needs.

4.2.2. Selection bias
Although the research team deliberately selected screening

sites to be in contact with a varied population and made some
efforts to screen in places known to be frequented by men,
such as sports events or workplaces, the SPICES cohort was
mainly composed of women (63.6%). Performing the screening
demanded the participant to be proactive, and women usually
use more preventive health care than men (5). Furthermore,
the site recruitment strategy was not effective enough to create
a representative sample of the COB inhabitants, although
this was not the aim of this screening phase. The SPICES
screening phase was followed by the second phase of SPICES,
which necessitated proactive participants in a 2-year follow-
up study.

An unexpected barrier was identified during the screening.
Despite a variation in location and type of events, screeners
faced a redundant population, leading to decreasing inclusions.
As events unfold, screeners met people who were already
screened in a previous event. A total of 3,384 assessments
were performed among a population of 103,674 inhabitants.
It is plausible that screeners had access to the mobile
adult population of the territory. The sedentary or poorly
socialized population was probably bigger than expected.
Getting access to this population would have required other
recruitment strategies, such as door-to-door screening. This
option was discounted by the research team in order to not
overwhelm young students.

4.2.3. Information bias
The NL-IHRS was based on declarative items, and screeners

repeatedly reported fearing embellishment from participants,
which would lead to information bias. This was not the case,
as the score had been previously externally validated in real-
life conditions (5). However, the score was validated in some
European countries, such as Sweden, Poland, and Turkey (15).
These countries are, respectively, classified as moderate, high,

and very high CVD risk countries by the European Society
of Cardiology, while France is considered a low CVD risk
country (16). This could have led to an overestimation of the
participants’ cardiovascular risk. No recalibration of the NL-
IHRS was known to be performed on a French population.

The NL-IHRS contained no questions about alcohol
consumption. Elevated alcohol consumption is known to be a
modifiable risk factor (4). Alcoholism is a specific issue of the
inhabitants of the studied territory. Premature mortality of men
in the COB territory is 45% higher than the French average,
alcoholism being the second cause of premature death after
suicide (8).

The CVD risk score that is a reference for European
countries and France is SCORE 2 (17). SCORE 2 was derived
from SCORE in 2021 because of calibration issues among
European countries and a decrease in cardiovascular death
worldwide (16). SCORE 2 is based on blood tests. It is a
reference in medication initiation, especially for cholesterol-
lowering drugs. While the overall cohort for validating the
SCORE 2 is almost five times bigger than the overall Interheart
validation cohort, it involves 599 French individuals solely.
These individuals live in Paris and Lyon regions, which have
lower CVD death rates than the French average (18). Using
the SCORE in the SPICES screening would have probably led
to an underestimation of CVD risk, among other issues, such
as blood sampling management and delay of results. Instead
of identifying unhealthy behaviors, SCORE 2 uses biomedical
markers which are only indirectly associated with lifestyle
interventions. Therefore, it does not facilitate brief advice to help
people adopt healthier ways of life as does the NL-IHRS.

4.2.4. Confusion bias
The NL-IHRS comprised questions on specific dietary

habits. Unfavorable habits, according to the NL-IHRS, were
infrequent in the cohort. Only 5.5% of participants ate snacks
frequently, and 7.9% of participants ate fried foods. These
are uncommon food intakes in the territory. Other cultural
habits common in the region are the consumption of 3% salted
butter, cooking with salted butter and the consumption of
processed meats and potatoes. Having observed this NL-IHRS
high quality diet, the research team hypothesized that people
may have confused potatoes with vegetables instead of starches.
The potato status is still under discussion. It has been classified
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TABLE 3 Facilitators, barriers, and neutral factors summarized following CFIR constructs.

Domain and construct

I. Intervention characteristics

A Intervention source Facilitators The overall intervention and the screening were externally designed by the
research team but adapted with the local stakeholders.

Barriers A barrier for internal development was the distance between the premises of the
research team and the COB area.

B Evidence strength and quality Facilitators Stakeholders perceived the project as innovative, carrying human values. The
project was complementary of other preventative health actions launched in the
territory. An intervention on cardiovascular risk was deemed appropriate to
health problems of inhabitants.

Barriers Despite the research team communications, some stakeholders remained
unfamiliar with the project or disinterested.

C Relative advantage Facilitators The project was perceived as addressing the lack of prevention in France.
Cardiovascular prevention fit to the populations’ health. Stakeholders expressed
that hosting the project improved the image of the COB territory. The
deployment of screeners and the publicity around the project valorized the COB
territory. The screening was deemed acceptable by the screeners. The screening
was perceived as an introduction to further deeper preventive actions. The
population was receptive to the SPICES project and adhered to screening.
Participating in the project led the health students to discover the COB territory.

Barriers Some screeners described preventive professional skills as something new in
their practice. Screeners felt announcing a high cardiovascular risk was
challenging. Finally, some participants had requests beyond the screening and
brief advice that could lead to discomfort for screeners.

D Adaptability Facilitators During the events, some screeners organized spontaneously a new position of
canvasser which referred potential participants to screeners and increased
participation to the screening. For health professionals, shifts in screening, use of
waiting time in queues at pharmacies, creation of dedicated times were
innovations to perform the screening. Some nurses integrated screening in their
routine care. In local events, organizers were facilitators by placing signs, setting
up a booth and making announcements on the microphone. At times, screeners
used the consent form within groups to promote screening. Some screeners
printed a paper version of the NL-IHRS to deal with the tablet remotely.

Barriers Barriers to adaptability were shortness of the recruitment period for health
professionals, and rigidity of European funding which complicated the purchase
of equipment, the compensations for screeners. The rigidity of the European
financial lines prevented reallocations while the research team refined study
needs. Calendar constraints frustrated preventative health service students,
encroaching on weekends, holidays, summer jobs. The geographic exclusion
criterion for participants was annoying according to preventative health service
screeners as foreigners to the COB area participated to COB events and were
disappointed that they could not participate.

F Complexity Facilitators Supervision of screeners by junior researchers was perceived as a strength for
facing complexity as they could solve tablet problems, communication issues,
personal health problems brought by participants. Screeners used social
networks to facilitate deployment of screeners. The NL-IHRS was perceived by
screeners as representative of cardiovascular risk.

Barriers Unexpectedly, screeners discovered that the population was redundant from an
event to the next. For health professional, recruiting during summer was arduous
because of colleagues’ vacations inducing extra-work. Some screeners feared
biases in the NL-IHRS because of embellishment of answers by participants and
the absence of questions about alcohol.

Neutrals Duration of the training, content of the training, handling of the tablets during
the screening, recruitment duration and some considerations about the
NL-IHRS (classification of the answers, feasibility of the measure) were
considered either barriers or facilitators.

(Continued)
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TABLE 3 (Continued)

Domain and construct

G Design quality and
packaging

Facilitators The NL-IHRS and the brief advice were easy and short to deliver. The brief
automated advice gave meaning to the NL-IHRS for participants. Using a tablet
was acceptable for participants. The auxiliary material was small enough to allow
screeners autonomy and ambulation in events. The SPICES windbreakers made
screeners visible and attracted people to the screeners. Wording of the NL-IHRS
questions was clear. Posters created by the research team were effective in
attractiveness.
Some events had specific signaling, even a specific booth or room dedicated to
the screening which improved attractiveness of screening.

Barriers When walking around, it was difficult to handle simultaneously the tablet sleeve,
the tablet, and the tape measure. Due to lack of supply, windbreakers were
navy-blue instead of red, which reduced visibility of the screeners. Regulatory
content in the consent form made the consent form overly complex to
understand for participants. Several tablet bugs were encountered: touch screen
malfunction, tablet failures, random switch of software from French to English.
Tablets were new supports for patients. Tablets could disrupt interactions
between screeners and participants. There was a need for spare tablets. The
software was found to be unintuitive with a long connection delay. The Redcap
application was judged as poorly coded with imprecise wording of application
menus. Data transfer suffered from the lack of acknowledgment of receipt of the
data, low internet speed and a difficulty to handle data transfer procedure. Some
screeners regretted the absence of pictures to illustrate the NL-IHRS questions.

H Cost Facilitators The European funding was perceived as a strength as the COB stakeholders did
not have to clear a budget to deploy the screening.

Barriers Some costs were not anticipated, as a financial compensation for COB structures
which were involved in publicizing the project in the COB area.

II. Outer setting

A Needs and resources of those
served by the organization

Facilitators Many screeners perceived this was their role to address health prevention. They
described a professional consistency in being engaged as screeners. Participants
declared a particular interest in their health. Relatives could press participants for
screening. Participants shared their knowledge in cardiovascular health with
screeners. Participants expressed they were looking for solutions to improve their
health.

Barriers Screeners felt there was not public demand for screening in events. When
screening in companies, the screening was in competition with working time or
break time. Due to the very low medical density of the territory, some
participants had no doctor to refer and to handle elevated NL-IHRS result.

B Cosmopolitanism Facilitators Health professional screeners expressed a sense of belonging to the community.
Participating to the screening provoked a federation of the professionals around
the project. For health professionals, the pre-existing relationship was a
facilitator to propose the screening.

Barriers Screeners perceived some events were not suitable for screening, for example a
community garage-sale. An organizer tried to hijack the screeners to perform
first aid in his event. In some pharmacies, partial involvement of the team was a
barrier to perform screenings in large numbers.

III. Inner setting

A Structural characteristics Facilitators Events took place in a good atmosphere; screeners received a warm welcome.
Some specific logistics in events were particularly suitable as visible layout in the
event, dedicated room for screening, prior internal promotion to the screening,
dedicated oral announcements in the event and hierarchical incentive for
screening in some companies.

Barriers Some failures in the organization of the events themselves had repercussions on
screening: signage of the event itself, signage of the screening in the event, late
promotion of the screening in the event, lack of electricity, lack of privacy. Large
events were difficult to canvass for screeners. Movement of people in some
events prevented screeners to catch participants. Some screeners felt populations
were selected according to the theme of the events. Some events suffered
unexpected low attendance.

(Continued)
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TABLE 3 (Continued)

Domain and construct

B Networks and
communications

Facilitators The research team, the stakeholders and the screeners used diversified means of
communication as text messages, WhatsApp, Google drive, physical meetings.
The research team promoted the project using paper media and radio. Screeners
described a group dynamic among themselves. They planned carpooling to
events. Screeners pointed out effective support from supervising junior
researchers. Screeners identified team spirit, mutual aid, and emulation in the
group. Screeners organized peripheral convivial moments, they described
bonding together. Good relations existed within and with the research team.
Research team members knew each other well. The research team was available
to the stakeholders and the screeners. Junior researchers appreciated their
back-up groups that got them support and enhanced their work.

Barriers In some events, screeners did not organize themselves, and distributed no
dedicated roles leading to relative inefficiency.

C Culture Facilitators Screening was felt by screeners like the continuity of usual talks between health
professionals and patients. Many screeners related this experience with previous
trainings in cardiovascular prevention. The topic of cardiovascular prevention
was already an interest of screeners. Screeners felt they had a role in health
promotion. They felt they created a possibility to continue prevention beyond
brief advice.

Barriers None

D Implementation
climate

Facilitators The screening was strongly welcomed by local stakeholders, local associations,
and screeners. Screening plus brief advice was perceived as a human sharing.
Trust was a value commonly shared within the study: between health students
and junior researchers, between patients and health professionals, within the
research team and between local actors and the research team.

Barriers Preventative health service students took the training in a bad mood because of
the encroachment of the project on their schedules. Some screeners had
non-professional behaviors: absence to the training, absence to the screenings,
lateness to events, hangovers, and alcoholism. Some participants rejected the
screeners by mentioning an inappropriate expertise, a difference in social class,
conspiracy, and lassitude. Some participants expressed bad emotions. Some
screeners expressed doubts about the interest of the study. The risk
announcement could be badly experienced, participants could be disappointed
by exclusion and reassurance for an unexpected score could be difficult. Some
participants were not paying attention to the screening. Some people got
aggressive talking about low medical demography. Participants could feel an
intrusion with the NL-IHRS or initiate off-topic discussions.

1 Tension for
change

Facilitators Screening was perceived by screeners as an opportunity to listen to participants.
The screening was experienced as a reward for both the screener and the
participant. Participants were curious about the assessment. Participants
expressed a benefit to get a contact with a caregiver. Screeners and participants
were interested in participating to a clinical study. Some participants were
searching for the follow-up of the second SPICES phase. Screeners expressed a
pleasure in carrying out the screening.

Barriers As an unusual task, health professionals could forget to offer the screening. In
events, screening was an unusual proposal and participants could express
reluctance to be canvassed. Screeners felt excessive expectations from some
people local to the area. Population could have in contrast a lack of interest about
cardiovascular prevention or a lack of motivation to improve their health. Some
participants argued they already had a follow-up or had competing priorities to
cardiovascular health for not carrying out the screening.

2 Compatibility Facilitators The screening was a continuity of usual conversations. The topic of
cardiovascular prevention was already an interest of screeners. Many screeners
perceived this was their role to address health prevention.

Barriers However, screeners underlined the lack of institutional recognition of prevention
and the lack of financial valorization of prevention. Medical students underlined
their lack of awareness of prevention entailed by their current training.
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TABLE 3 (Continued)

Domain and construct

3 Relative
priority

Facilitators None

Barriers Expressed barriers were the competitive professional priorities for health
professionals, competitive personal priorities for professionals, students, and
research team.

Neutrals Time to allocate to the screening and current health professionals’ workload
were perceived either as facilitators or barriers.

5 Goals and
feedback

Facilitators None

Barriers Thinking about recruitment goals frightened some screeners as they felt they
could not fulfill this objective. Preventative health service students deplored
the lack of feedback of screening results from the research team. Imprecisions
in the grant protocol hindered a clear communication of goals to stakeholders
and led to an initial blurred communication from the research team.

6 Learning
climate

Facilitators Screeners described a progressive empowerment during the screening. Being
involved in the project resulted in a gain of knowledge, skills, and legitimacy
for the screeners. Gradually, screeners expressed a familiarity with the
NL-IHRS. They gained confidence in screening and expressed a progressive
empowerment. Screeners developed recruitment strategies as the creation of
the canvasser, effective presentation speech, search for areas of affluence,
taking advantage of a snowball effect for attracting participants, the targeting
of groups in events, a splitting of screeners, some staying in the booths and
some wandering. The research team expressed an important collaboration
within it. A specific recruitment was realized to focus on organization tasks in
the research team (research internship plus secretary). Collaboration between
junior researchers and the research team was appreciated on both sides.
Consultation of local actors by the research team was appreciated by local
stakeholders.

Barriers The research team was frequently on a rush with precipitations in the
organization. In screening groups, some mutual unfamiliarity of the members
could be uncomfortable. Screeners expressed some dissatisfaction because of
the geographical remoteness and the obligation to participate. From the
participant’s point of view, facing a group of screeners could generate a feeling
of oppression.

E Readiness for
implementation

Facilitators Health professionals volunteered to screen. Screeners expressed voluntarism in
recruiting people and screening people. Local associations, work supervisors
and families encouraged participants to perform the screening. The welcome
on the events was benevolent with dedicated announcements and dedicated
booths. Health professionals, declared a legitimacy in the screening and
pharmacies were especially accessible for participants.

Barriers The participation of the screeners to a single event was forgotten by the
organizers of the event despite reminders of the research team.

1 Leadership
engagement

Facilitators The research team members were very available and deeply involved in the
study. Human qualities of the doctors involved in the research team were
esteemed. The research team engaged in regular communication with local
stakeholders. The research team had respect for the privacy of team members.
Research staff described less stress than hospital projects. In the COB, there
was a local attractiveness of SPICES.

Barriers There was a competition in the researchers’ agenda and an overflow on
researchers’ personal time.

2 Available
resources

Facilitators The specific resources available for the study which were:
- Two specific recruitments in the research team including a student for his
research internship and a secretary
- Junior researchers
- Screeners
- Tablets
- The Redcap application and its remote data backup
- The automated brief advice was efficient.
- The consent form and the small auxiliary material
- Lent equipment for screeners by events’ organizers
- SPICES flocked windbreaker
- Posters
- A paper version of the NL-IHRS was added by some screeners

(Continued)
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Domain and construct

Barriers Researchers and screeners complained about the lack of research staff, no specific
premises in some events, a lack of booths or shelters against the rain, a clutter by
personal belongings, an absence of a standard rationale, the overly complex
consent form, and the absence of a printed questionnaire.

3 Access to
knowledge

and
information

Facilitators The training was appreciated by screeners for its presentation of the project, the
peer training, the group training and the NL-IHRS self-scoring during the
training.

Barriers However, screeners regretted that the training did not mention more on the
expectations of the population of the COB area, methods for canvassing, deeper
experience of the NL-IHRS, cues for good relationship with participants. Some
screeners needed more precisions about the objective of the study. Some
screeners found that trainers had excessive assumptions about their digital skills.
For the first trainings, the definitive version of the French NL-IHRS was not
available. Screeners had new needs which appeared between training and
screening and had new technical needs when they manipulated the tablets, these
needs were not covered by the training.

Neutrals Cardiovascular knowledge provided by the training, duration of the training and
the handling of the tablets were either considered as facilitators or barriers.

IV. Characteristics of individuals

A Knowledge and
beliefs about the
innovation

Facilitators The screening was attractive because screeners could be part of a research
project. Screeners felt they mastered the topic, and it was reassuring for patients
to face a health professional for such a screening. Junior researchers expressed
belonging to the SPICES project was rewarding.

Barriers On the other side, some professional inconsistency could arise as some screeners
felt their professional skills were limited to handle cardiovascular screening. For
preventative health students, the screening appeared too early in their training
course. Some screeners felt incompetent in canvassing. Screeners and junior
researchers were inexperienced. Some screeners had no digital skills.

B Self-efficacy Facilitators Screeners described themselves as having a quality of contact. They were able to
adapt themselves to the participant’s personality and to use humor wisely.

Barriers On the other side, some screeners considered they lacked self-confidence, and
motivation. Some screeners were shy. Some screeners had fears of refusal, fear of
facing the participants’ answer, fear of announcing the results, fear of breaking
the equipment, fear of filling error, fear of being intrusive. Communication could
be difficult, some screeners lacked clarity, made offensive formulations,
experienced discomfort in facing people at risk, had difficulties in popularizing
medical information. Accumulation of refusals and repetition of tiresome
screenings led some screeners to discouragement.

C Individual stage of
change

Facilitators Screeners met participants who initiated the screening. Some participants
expressed attraction and curiosity for the screening. Participants were interested
in their health and were searching for health solutions. The questionnaire was
perceived by the participants as a mark of interest from the screeners. They
perceived a benefit from a contact with a caregiver.

Barriers Some people did not want to participate. Some expressed they did have no time
to undergo the score. Some participants expressed they had other concerns.
Some denied the risk they were facing. Some participants expressed to fear their
NL-IHRS result. Some participants expressed resistance to change and
contemplation. Some alleged they preferred to ignore their cardiovascular status.

V. Process

A Planning Facilitators Organization of the screening was generally satisfactory. Support from junior
researchers was appreciated. The planning of screening allowed deployment of
screeners in every event. Presentation of the study became fluent. The media
coverage was extensive.
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Barriers Screeners ignored how the project continued after screening. Some unforeseen
events appeared during the screening phase: programming difficulties,
acceptances to the events were known last-minute. Sometimes, workforce was
inadequate to the needs of the events. Screeners underlined that catering could
be an issue if no dining area existed or when the provided food was unhealthy
compared to cardiovascular disease prevention. Coordination of FP interns
could be impaired with lack of anticipation among screeners. A significant time
was required from the research team for media coverage.

B Engaging Facilitators None

Barriers Expressed barriers to engaging were the organization with students of the
preventative health service. They were not involved in the planning construction.
The research team provided no feedback to the screeners. The preventative
health service was mandatory, so that some students felt forced to participate to
the screening.

as vegetable by the U.S. and the Australian nutrition guidelines
because it is a concentrated source of vitamin C, potassium
and contains dietary fibers. Some other food guides, as the
French one, exclude potatoes from vegetables because of their
association with high-fat diets and their starch content (19). This
inaccuracy cannot be currently resolved. Because of regional
specificities in food, a cross-cultural adaptation of the dietary
items would have been useful and would have likely improved
the accuracy of the NL-IHRS.

4.2.5. Strengths and limits of the qualitative
interviews

Interviews and coding were performed by junior researchers
who knew and had trained the screeners they interviewed.
This contributed to an atmosphere of confidence, and no
censorship seemed apparent when analyzing the barriers to
implementation. This mutual knowledge was perceived by the
research team as a strength but from person to person, this
could be the opposite. Interviews were conducted after the
screening ended for availability reasons. First, the screeners were
on annual vacation. Then, the researchers were mobilized at
the start of the second phase. This led to a potential recall
bias. Interviewing a sample of varied participants who were
screened was considered but was not feasible. Some personal
data were collected for future participation in the second phase
on specific paper lists. Having a parallel list to create a purposive
sampling may have risked mixing up the lists for interviews and
the second phase.

4.3. Comparison to literature

4.3.1. Recruitment for screening
In a 6-month period, 3,384 people were screened. Invitation

to the screening could have been performed differently.
The DANCANVAS trial aimed to evaluate the efficacy of
a cardiovascular screening. The trial used the civil personal

registry to recruit men of a Danish region. People of interest
were then invited by mail. 62.6% of invited individuals
participated (20). Such a procedure is unusual for research
purposes in France. Invitation letters are sent for organized
breast, colorectal and cervical cancer screenings. Participation
to these screenings is, respectively, 55 and 35% for breast
cancer and colorectal cancer. For cervical cancer, the current
participation is unknown, as this became an organized screening
in 2018. Instead of sending mails with unknown efficacy, SPICES
chose to be visible on various community places and advertise.

Health prevention centers are other current preventive
structures in France from which SPICES could learn. They
were created in 1946 and they are supervised by the National
Health Insurance Fund for salaried workers. The 85 centers can
offer free regular health checks, including cardiovascular health
checks, to every worker. Their invitation terms are unspecified.
Their activity was recently refocused on precarious people over
the age of 16. No efficacy data from these health prevention
centers is available, neither for the recruitment nor for the
efficacy of the screening (21). The SPICES team could not draw
on the experience of these centers.

4.3.2. Comparison of the SPICES population
Mean NL-IHRS for the SPICES cohort was 9.71 (±5.60).

France belongs to low risk countries for global cardiovascular
risk (16). This consideration is based on few cohort studies.
The latest cohort, named EPIC-CVD was used to recalibrate
the cardiovascular risk SCORE because of the decreasing rate
of CVD related- deaths in Europe. This cohort is exclusively
composed of women, which makes it incomparable to this
cohort. In the 1980s, the Paris Prospective study concerned
exclusively men, and the 5-year incidence of major CVD events
was 2.97% (22). Following the NL-IHRS mean score, the 6-year
risk of myocardial infarction of this cohort was between 2.1
and 2.4% (5). Although deaths from CVD decreased since the
eighties, deaths from cardiovascular diseases are higher in the
COB area than the French average.
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Tobacco smoking is a major concern in France. Regular
daily smokers over 15 years of age are 24% of the total
population, according to the European Health Information
Gateway (23). The percentage of smokers is 21.6 in the entire
UE region. It is 18.9% in our cohort. This difference could be
explained by tobacco use of minors (25.1% among 17-years
old) and the proportion of women in the cohort, who still
smoke less than men.

Hypertension was declared for 18.8% of the cohort.
The French cohort ESTEBAN recruited adults aged 18–74
to evaluate the prevalence of hypertension in the French
population. The prevalence of hypertension in ESTEBAN was
31.3% (24). Among hypertensive participants, 43.7% were
unaware of their condition. It is therefore possible that the
SPICES cohort actually includes approximately twice as many
hypertensive people.

The French SPICES cohort declared a high-quality
diet, which was unexpected. Participants declared a high
consumption of vegetables and fruits (respectively, 78.7 and
78.4%), no fried food for 92.1%, no salty food for 94.5% of
participants. People were considered having a high consumption
of vegetables and fruits if they ate each of these two foods at least
once a day. A French study conducted in 2019 found an increase
of vegetables and fruits large consumers among the French
population. 32% of the population declared eating 5 portions or
more per day and 22% declared eating between 2 and 5 servings
a day. This increase was partially attributed to a famous French
public health message “Eat 5 fruits and vegetables per day,”
launched in 2001 (25). Participants may have overestimated
their consumption as they knew the expected answer. However,
Brittany is the third vegetable producing region in France
and France is the fourth producing country in Europe. There
is therefore a culture of the consumption of these foods in
the COB population.

In the ESTEBAN cohort, diabetes prevalence was 5.7% for
diagnosed diabetes. In the SPICES cohort, diabetes prevalence
was 4.2%. There is no data available in the COB area to compare
this prevalence. More broadly, the prevalence of diabetes in
the region is lower than the French average. In 2013, The
National Health Insurance estimated this prevalence to be 2.71%
in Brittany compared to 3.72% nationally (8).

Using the NL-IHRS in the general population revealed
unexpected levels of stress and depression among the general
population, although people were screened mostly in their
leisure time (40.1 and 24.5%, respectively). Available data on
depression and stress among the French population are scarce.
In 2017, the prevalence of depression was estimated, using
the Composite International Diagnostic Interview-Short Form
(CIDI-SF). The prevalence of major depressive episodes in
the year was estimated at 9.8% [9.3–10.2%]. This prevalence
increased from 2010 to 2017 (26). Earlier, in 2005, the ESEMeD
study estimated the prevalence of anxiety disorder at 9.8%
and the prevalence of depression at 6.7% using the CIDI (27).
The CIDI questionnaires are stricter than the NL-IHRS and

allow stress and depression diagnoses to be made in accordance
with the DSM IV. However, when creating the Interheart risk
score, four questions evaluating stress at work and at home,
financial stress, and major life events in the past year were
sufficient to identified levels of stress and depression elevating
cardiovascular risk (28). The SPICES rates of depression and
stress generate cardiovascular health needs for which the current
healthcare system is not prepared. Such a level of stress
raises the question of systematic stress more than a sum of
individual maladjustments.

4.3.3. Barriers and facilitators
The recruitment strategy preserved the FP workforce.

One key lesson for the implementation was trust between
stakeholders, researchers, and screeners, leading to success. Such
a project necessitated repeated, popularized communication and
needed a dedicated position in the research team. Alternative
strategies should be planned in case of digital failure or defect,
as mobile apps and materials were not totally reliable.

A 2022 umbrella review listed barriers and facilitators in
health screening (29). The review used a framework to classify
barriers and facilitators in five domains as individual factors,
social factors, health system factors, healthcare professional
and screening procedure factors. This review did not find
any previous review addressing specifically cardiovascular
prevention. However, common patterns appeared whatever the
type of screening was. These findings in these five domains
were consistent with the SPICES qualitative data. According
to this review, the SPICES screening organization specifically
addressed accessibility of screening services. Furthermore,
the SPICES screening study provided new and precise
information about the project integration, best methods to
organize screening in public places and to embed screening
in current health professional activities. A difficulty, which
was encountered in SPICES, was not reported in the umbrella
review. This was the weakness of outdoor digital use and the
weaknesses of outdoor digital use and the strategies to be
developed to counter them.

4.4. Perspectives

The SPICES screening drove a massive number of medical
students to a medically deprived area. Health students increased
their awareness of preventative health care. Before taking
part in the screening, physiotherapist students focused mostly
on rehabilitation and physiotherapy treatments. After the
screening involvement, new physiotherapists thesis topics
appeared, as the role of the physiotherapist in balancing
diabetes mellitus. Evidence already existed that training health
students specifically to address unhealthy behaviors is effective
in reducing cardiovascular risk behaviors (30). However, health
students do not feel competent in prevention tasks (31). It is an
international issue (32). A quantitative study in 2002 explored
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Israeli students’ perceptions about their preventive skills in two
medical schools. Most of the students’ learning experiences
involved hospitalized patients who required treatments. This
2002 study also underlined that the medical schools did not
train students in the preventive behavior of patients. Moreover,
the French students involved in the SPICES screening were
in their third year of training. The first 3 years of medical
studies in France are currently focused on basic knowledge and
semiology. At the same time, the validation of the Preventative
health service is mandatory to continue medical studies. There
is a discrepancy between the cursus and competences needed
in carrying out prevention. In 2019, a 5-week public health
module was developed in New-Zealand, for undergraduate
medical students, which could be implemented in France for the
Preventative National Health Service. The new course developed
an active-based learning approach on both individual-level
and population-level case scenarios. Such a curriculum could
be integrated in France to improve students’ skills (32).
The permanency of the preventative health service in France
brought new opportunities of combining teaching, research,
and care perspectives, which have been explored in the SPICES
screening study.

Because there is still debate about the effectiveness
of medications in primary prevention and the burden
of medication cost, developing non-pharmacological brief
interventions by health professionals is also valuable (33).
Having professionals trained in preventative skills early in their
careers should improve preventative interactions with patients.
As underlined by health professionals, preventative interactions
suffer from a lack of financial valuation; there is scope for
improvement here. Politicians may have considered spending
on prevention merely as an increase in expenditure for their
governments. The COVID-19 epidemic raised awareness of EU
politicians about benefits that populations could derive from
prevention. The EU published new recommendations to invest
in both preventative healthcare and preventative social policies.
If these recommendations were followed, the challenges raised
by cardiovascular prevention could be met (34).
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Introduction: The global burden of multi-morbidity has become a major public 
health challenge due to the multi stakeholder action required to its prevention and 
control. The Social Determinants of Health approach is the basis for the establishment 
of health as a cross-cutting element of public policies toward enhanced and more 
efficient decision making for prevention and management.

Objective: To identify spatially varying relationships between the multi-morbidity of 
hypertension and diabetes and the sociodemographic settings (2015–2019) in Aragon 
(a mediterranean region of Northeastern Spain) from an ecological perspective.

Materials and methods: First, we compiled data on the prevalence of hypertension, 
diabetes, and sociodemographic variables to build a spatial geodatabase. Then, a 
Principal Component Analysis (PCA) was performed to derive regression variables, 
i.e., aggregating prevalence rates into a multi-morbidity component (stratified by sex) 
and sociodemographic covariate into a reduced but meaningful number of factors. 
Finally, we  applied Geographically Weighted Regression (GWR) and cartographic 
design techniques to investigate the spatial variability of the relationships between 
multi-morbidity and sociodemographic variables.

Results: The GWR models revealed spatial explicit relationships with large 
heterogeneity. The sociodemographic environment participates in the explanation of 
the spatial behavior of multi-morbidity, reaching maximum local explained variance 
(R2) of 0.76 in men and 0.91 in women. The spatial gradient in the strength of the 
observed relationships was sharper in models addressing men’s prevalence, while 
women’s models attained more consistent and higher explanatory performance.

Conclusion: Modeling the prevalence of chronic diseases using GWR enables to 
identify specific areas in which the sociodemographic environment is explicitly 
manifested as a driving factor of multi-morbidity. This is step forward in supporting 
decision making as it highlights multi-scale contexts of vulnerability, hence allowing 
specific action suitable to the setting to be taken.
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multi-morbidity, hypertension, diabetes, social determinants of health, primary health care, 
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1. Introduction

The coexistence of multiple chronic conditions in an individual, i.e., 
multi-morbidity (1), causes significant direct and indirect costs to 
individuals, households, and society at large (2), and can affect everyday 
life. The public health sector faces the challenge of mitigating the 
prevalence of non-communicable diseases (NCDs), a challenge that 
becomes increasingly threatening when multi-morbidity -the most 
common chronic condition today- enters the equation (3, 4). NCDs and 
their different modalities of multi-morbidity, are among the leading 
causes of premature death worldwide, being more prevalent in 
disadvantaged communities, thus magnifying health inequalities (5, 6).

To guide health systems in the prevention and control of NCDs, 
attention to the living environment and its associated risk factors is 
critical. The so-called Social Determinants of Health (SDH) (7) are 
among the most widespread frameworks that incorporate the 
circumstances in which people live and grow up in prevalence 
assessments. According to Bhattacharya et al. (8), the underlying causes 
of NCDs at the community level should be considered as a “collateral 
damage” from the interaction between SDH at different levels, including 
individual characteristics (genetics, age, gender, ethnicity) and choices 
(habits and lifestyles), living circumstances (socioeconomic status, SES), 
geographical settings (rural or urban environments), but also the 
macroeconomic and political backgrounds, along with other 
overarching forces.

When specifically addressing multi-morbidity, the sociodemographic 
structure has been highlighted as a key determinant, identifying the 
elderly, female, and socioeconomically deprived people as those 
particularly vulnerable to chronic conditions and multi-morbidity 
(9–12). These conditions, along with individual lifestyles and metabolic 
risk factors, often promote (among other conditions) hypertension and 
type-2 diabetes mellitus (13). These two NCDs are currently in the 
spotlight due to their increasing burden worldwide −422 and 1,278 
million for diabetes and hypertension in 2014 and 2019, respectively (14, 
15), as one of the most frequent modes of multi-morbidity (16, 17) 
fostered by their considerable overlap in terms of risk factors (18, 19).

There is a large body of literature devoted to multi-morbidity 
following a variety of approaches. For example, Johnston et al. (20) 
addressed the definition and measurement of multi-morbidity; Prados-
Torres et al. (21) and Rajoo et al. (22) identified the most common 
patterns of disease association; Violán et  al. (23) highlighted the 
importance of socioeconomic status as an aggravating factor in multi-
morbidity; and Uthman et al. (13) explored the levels of vulnerability 
between urban and rural settings. However, the afore mentioned studies 
were conducted at the individual level, largely disregarding the social 
environment. This is also the case of the conjoint studies on hypertension 
and diabetes conducted in Spain. Zubeldia Lauzurica et al. (24) found 
that overweight and diabetes doubled the probability of developing 
hypertension in a population-based cross-sectional study in Valencia. 
Menéndez et al. (25) identified a higher prevalence of hypertension 
among prediabetics and diabetics in a sample of the Spanish population. 
The serial cross-sectional study from 2003 to 2009 conducted in several 
Primary Care Centers in Madrid (26) reported that patients with type 2 
diabetes who also suffered from hypertension increased from 89.78% in 
2003 to 94.76% in 2009, this percentage being higher for women and for 
patients older than 65 years. Urrutia et al. (27) in a cohort study on risk 
factors for diabetes in the Basque Country found associations in the 
prevalence of hypertension, obesity, family history of diabetes and low 
educational level. Ramón-Arbués et  al. (28) identified significant 

associations between overweight and obesity and the prevalence of 
diabetes, dyslipidemia, hypertension, and metabolic syndrome in a 
sample of 23.729 workers in Aragon.

This study offers an ecological perspective that adds to what is 
known by incorporating the spatial perspective. We  analyze the 
influence of the social and demographic spheres of the SDH on 
hypertension-diabetes multi-morbidity at the community level under 
the premise that disadvantaged communities are more likely to attain a 
higher prevalence of both diseases, although this link is not necessarily 
equally strong everywhere. Therefore, our objectives were to (i) 
determine the extent to which spatial patterns of hypertension and 
diabetes prevalence overlap (referred to as “multi-morbidity”), (ii) 
determine whether these spatial patterns are related to the 
sociodemographic factors that explain multi-morbidity and, if so, (iii) 
investigate possible spatially varying relationships between SDH and 
multi-morbidity. The methodological framework leverages the use of 
Geographic Information Systems (GIS) and spatial analysis techniques 
that have proven to be very useful in the field of epidemiology (29–31). 
First, we applied Principal Component Analysis to determine the spatial 
patterns of multi-morbidity and synthesized the main sociodemographic 
factors into a meaningful indicator. Then, we applied Geographically 
Weighted Regression [GWR; Fotheringham et  al. (32)] to ascertain 
whether the association between variables shows spatial nuances. In line 
with the Health in All Policies (HiAP) approach (33), this broader 
perspective offered by spatial analysis in health research advances 
beyond individual factors (34) being particularly useful to support 
decision making outside the direct remit of the health sector (e.g., 
territorial planning and health-related policy formulation).

2. Materials and methods

2.1. Regression data

2.1.1. Prevalence of hypertension and diabetes
Data on prevalence of hypertension and diabetes are freely available 

in the Aragon Health Atlas.1 The measure of each morbidity dimension 
refers to the entire population (children and adults) with an active 
diagnosis in hospital and/or primary care information systems, which 
offers the total number of diagnosed cases by age class. Hence, 
we analyze the number of cases by sex and age, exploring separate 
annual records in 2015, 2016, 2017, 2018, and 2019. Raw figures were 
standardized by sex and age to override potential bias among age or 
gender-related group classes, enabling their comparison. The study area 
is the Autonomous Community of Aragon, a northeastern region of 
Spain (Figure  1). Aragon is a paradigmatic example of dissimilar 
population systems. It encompasses a major metropolitan area 
gathering half the population (Zaragoza), while low densely populated 
and rural settlements occupy the rest of the region (47.720 km2). The 
spatial unit of analysis at which prevalence data were retrieved was the 
Basic Health Area (BHA) level, the territorial and administrative unit 
for Primary Health Care in Aragon. The BHA was specifically designed 
to portray homogenous regions in terms of population and 
health-related services. Aragon is organized in 123 BHAs corresponding 
to 8 Health Sectors [Huesca, Barbastro (province of Huesca), Zaragoza 

1 https://idearagon.aragon.es/atlas/Aragon/info/salud-publica
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I, Zaragoza II, Zaragoza III (province of Zaragoza], Teruel and Alcañiz 
(province of Teruel).

2.1.2. Social determinants of health indicators
Social determinants of health data were provided (and free available) 

by the Municipal Register of Inhabitants, the Atlas of Household Income 
Distribution, and the Census of Population and Housing offered by the 
Spanish Statistics Institute.2 We retrieved information about four SDH 
indicators about demographic characteristics and socioeconomic status 
-income and education-) at census tract level, being subsequently 
aggregated into the BHA structure to match prevalence data. These four 
indicators refer to key driving factors of multi-morbidity as indicated in 
the literature (10). As variables in the demographic’s domain, 
we  retrieved the percent population of 65 years and older and the 
percent population of 85 years and older, both obtained from the 
Municipal Register of Inhabitants as per 2015. In the case of the 
socioeconomic status, we considered the average household income 
from the Atlas of Household Income Distribution. As is explained in the 
Atlas’ methodological guide, “Income per consumption unit is obtained, 
for each household, by dividing the total net household income by the 
number of consumption units. The distribution of persons is taken.” 
Income is expressed in € and the reference date is 2015. Education 

2 https://ine.es/

attainment was measured using the average education level, depicted as 
the sum of class marks per level of studies of people aged 16 and over, 
divided by the total number of people of those ages by census tract. It is 
expressed as a mean-continuum value between 1 and 4 corresponding 
to (1) Without studies, (2) First grade, (3) Second grade, and (4) Third 
grade. The source is the Population and Housing Census of 2011.

2.2. Methods

The methodological procedure was developed in two steps. First, 
we applied PCA to the original dataset to generate specifically devoted 
indicators of multi-morbidity and the sociodemographic environment. 
These indicators will subsequently act as response (multi-morbidity) and 
explanatory variables (sociodemographic environment) in regression 
analysis. Then, we used GWR to examine the strength of the relationship 
between multi-morbidity and the sociodemographic environment, 
paying special attention to the underlying spatial patterns of performance 
and association. The software used for the implementation of the 
analyses was RStudio in the case of PCA, GWR4.0 in the case of GWR 
and ArcMap for the generation of the cartography.

2.2.1. Principal component analysis
The PCA consists of a linear transformation through linear 

combinations of a set of original variables to produce a new array of 
independent dimensions, known as principal components. The new 

FIGURE 1

Study area. Territorial organization of the Primary Health Care in Aragon.
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configuration of dimensions synthesizes the original information, each 
component capturing a fraction of the original variance in decreasing 
order of importance. The usefulness of PCA in this study was twofold. 
On the one hand, it allows us to derive a multi-morbidity indicator from 
the data on prevalences of hypertension and diabetes. The resulting 
components captured the joint variation in both prevalences, which in 
this work we referred to as multi-morbidity. On the other hand, new 
sociodemographic indicators are highly prone to collinearity, impairing 
certain types of regression like ordinary least squares (OLS) and, 
consequently, GWR (which was originally devised as a spatial 
disaggregation of OLS). Hence submitting the selected variables to PCA 
solves the collinearity among the explanatory factors of the regression 
models that was detected during a previous explanatory analysis.

To achieve a comprehensive analysis of multi-morbidity, 
we constructed multiple realizations of the indicator (via PCA). In all 
cases, prevalence data were analyzed by sex, exploring both annual 
├indicators, that is, an individual multi-morbidity indicator per year 
(and sex), and an aggregated indicator comprising data during the entire 
study period. This led to 12 multi-morbidity indicators that were further 
investigated using GWR. In turn, the sociodemographic indicators were 
submitted to a single PCA. The selection of the key components (either 
multi-morbidity or socioeconomic) was based on the Kaiser criteria, i.e., 
retaining only those components with an eigenvalue greater than one 
(35). The resulting components were subsequently submitted to 
correlation analysis (Pearson’s R) to ascertain the potential association 
between multi-morbidity and sociodemographic environment.

2.2.2. Geographically weighted regression
Geographically weighted regression techniques extend the 

traditional use of regression models (in this context known as global 
regression models), through the assessment of local regression 
parameters (32).

In GWR, a region is described around each observation location i 
(with coordinates ui,vi) and all the data points within a given 
neighborhood window are used to calibrate a regression model 
attributed to that location. This process is repeated over all the candidate 
locations obtaining a set of local regression statistics as a result. GWR 
applies a distance-based weight pattern; hence, observations closer to 
the center of the window are weighted more heavily. The following 
equation describes a conventional GWR mathematically:

 ( ), .= ∑ +yi k k ui vi xk i iβ ε

where yi, xk,i and εi are, respectively, a dependent variable, kth an 
independent variable, and the Gaussian error at location i; (ui,vi) is the 
x-y coordinate of the ith location; and coefficients β (ui,vi) vary.

When determining the size of the neighborhood region (bandwidth 
calibration) two strategies can be  followed: (i) fixed kernel, which 
specifies a distance threshold equally wide for each regression point 
location, thus considering a variable number of points in each local 
regression estimate (i.e., the central location plus those neighboring 
observations that fell within the window); and (ii) adaptive kernel, 
which permits a larger or small bandwidth when the data are sparse or 
densely distributed, adapting the bandwidth to a predetermined number 
of observations required to fit the regression. The first is generally more 
adequate when observations are homogeneously distributed over space 
and the latter when there is evidence of clustered patterns. In our study 
area the BHA distribution is highly skewed, with a rather homogeneous 

distribution and size of most BHAs (90), except those in the main urban 
settlements (the cities of Zaragoza and Huesca; 33), difficulting the a 
priori selection of a weighting scheme. Accordingly, both strategies were 
compared. The selection of the bandwidth size was optimized by 
minimizing the Akaike Information Criterion (AIC), adapted for GWR 
by Hurvich et al. (36).

The outcomes from a GWR model include the usual parameter 
estimates of an OLS regression (beta coefficients, standard error, and 
coefficient of determination) but grants an individual set per each 
location. This allowed us to address the spatial pattern of the 
relationships (beta coefficients and standard error) and the percent of 
variance captured by the model (R2). Likewise, model inputs must fulfill 
the usual requirements of homoscedasticity, independence, or normality 
of the covariates (which were all satisfied). In this research, we employed 
the GWR 4.09 software.3 A set of GWR explanatory models were fitted 
for male and female multi-morbidity –all years and each year-, 
separately. For each model we mapped the regression coefficients and 
the percent of variance explained (local R2).

3. Results

3.1. Multi-morbidity and sociodemographic 
patterns

According to the Kaiser criteria, only the first component of all PCA 
models -both multi-morbidity and SDH- was meaningful and was thus 
retained for further analysis. The proportion of the variance explained 
by the first components of multi-morbidity ranged from 89 to 91% in 
male models to 93–94% in female models (Table 1A). The loadings of 
both prevalence rates in the first component stood consistently lower 
than −0.93 in all models, meaning that those BHAs with negative scores 
depicted a large overlap of high prevalence rates, i.e., increased multi-
morbidity. The first component of the SDH model -the sociodemographic 
environment-, attained a 74% of variance (Table 1B). The loadings of the 
overaging indicators -population older than 65 and 85- were high and 
negative (−0.88 and − 0.90, respectively), as opposed to those of 
educational level (0.87) and average household income (0.76). Thus, 
negative values correspond to an overaged population structure with 
socioeconomic disadvantages, in contrast to the better socioeconomic 
situation -higher level of education and income- that the positive 
values indicated.

The most vulnerable BHAs in terms of multi-morbidity during 
the entire study period (Figure 2A) were located along the borders 
of the province of Zaragoza, as well as in the southeastern fringe 
(similar patterns were observed in the annual multi-morbidity, see 
Supplementary Figure S1). In these areas, the prevalence of 
hypertension in men ranges between 20 and 30% and in women 
between 25 and 35% (Supplementary Figure S2). In the case of 
diabetes, the rates oscillate between 8 and 10% in both sexes 
(Supplementary Figure S3). The urban BHAs (Zaragoza and 
Huesca) show a lower prevalence and multi-morbidity values. 
However, BHAs with greater vulnerability appear in the central-
eastern and southwestern sector of the city of Zaragoza, with 
prevalence rates around the average of the entire period, 20.8 and 

3 https://gwr.maynoothuniversity.ie/gwr4-software/
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23.2% in the case of hypertension and 8.5 and 6.8 for diabetes -men 
and women, respectively. On the other hand, the BHAs in the 
northeast and southeast of the provinces of Huesca and Teruel, 
respectively, and in the metropolitan area of the city of Zaragoza 
have positive multi-morbidity PC values (lower overlap), also 
corresponding to prevalence rates in the lowest quintiles.

Regarding the sociodemographic environment (Figure  2B), the 
BHAs with the highest values correspond to the areas that lead the 
functional hierarchy of settlements in Aragon: the provincial capitals of 
Zaragoza, Huesca, and Teruel and the BHAs in the northwest of the 
province of Zaragoza and north of Huesca. These are characterized by a 
younger demographic structure and a higher education attainment and 
income compared to those BHAs with the lowest scores. The latter have 
a distinct rural character also featuring a lower socioeconomic level and 
a highly overaged population.

3.1.1. Spatial variation in the association between 
variables

We observed a strong global link between hypertension-diabetes 
and the sociodemographic environment (Supplementary Figure S4). 
The correlation was higher in the prevalence of hypertension (average 
of 0.75 in male; 0.87 in female) than that of diabetes (0.67; 0.81, male 
and female, respectively). The direction of the associations is negative, 
meaning an increase in prevalence values parallel to the decrease in the 
sociodemographic PC value -i.e., elderly population, less education 
attainment and income-. In an opposite direction -but as previously 
noted, the same meaning-, the correlation with the multi-morbidity PCs 
was lower in male than in the female ones (average of 0.73 and 0.87, 
respectively) but keeping similar correlation rates that both 
prevalence separately.

From a spatially-explicit standpoint, the GWR models outperformed 
the global OLS (Table 2). Overall, the fixed kernel bandwidth strategy 
offered a better fit compared to the adaptive one, hence the fixed GWR 
model was selected in this study. The number of neighbors (bandwidth 
size) (optimized by minimizing the AIC) resulted similarly for both 
male and female models: 30 and 27 km (similar results in 2015–2019 
models, see Supplementary Figure S6). The difference between GWR 
and OLS in terms of percent of variance explained (R2) stood at 0.20 and 
0.13 in male and female models, respectively. This suggests that, despite 
a solid global relationship do exist, the spatial disaggregation of such 
models does a better job in capturing the conjoint variance of prevalence. 
As already evidenced by correlation analysis, female models performed 
better, with R2 values exceeding 0.85 in all years 0.75 in the male models. 
In both cases, the percentage of variance explained is higher at the 
beginning (2015) than at the end (2019) of the period studied, though 
by a slim margin. It follows from these results that the associations 
between multi-morbidity and sociodemographic environment 
vary spatially.

Figure 3 shows the spatial patterns in regression coefficient values 
in “All years” fixed GWR models (again, similar patterns were found in 
yearly models, see Supplementary Figure S5). All beta regression 
coefficients were found significant (p < 0.05) and positive. The positive 
values indicate a direct relationship, hence the more the advantageous 
the situation (younger population with higher income and educational 
attainment) the lower the rate of multi-morbidity of hypertension and 
diabetes. But this behavior was not equally strong over the study region 
and showed manifold spatial nuances.

The comparison between local and global coefficients enables 
determining spatial differences in the relationships, i.e., where the 
change in prevalence relative to the socioeconomic environment is more 
pronounced (GWR > OLS) or smoother (OLS > GWR) than that globally 
estimated. In the case of male models, the magnitude of local coefficients 
was equal or higher than the OLS (1.31) in most of BHAs, reaching the 
highest values (up to 2.42) in the BHAs in the northwestern part of the 
region. In the case of female models, fewer BHAs exceeded the OLS 
coefficient (1.55), and the higher values (up to 2.07) correspond to those 
of the middle east and southwest of the region.

Differences were also noteworthy in terms of model performance 
(Figure 4 and Supplementary Figure S6). The percent of the variance 
explained by the GWR model ranged from 0.38 to 0.87 and 0.56 and 
0.94 in male and female models, respectively. The highest R2 values in 
male models clustered in the northwestern and southwestern ends of the 
region, with the lowest values located in the eastern areas. This west–east 
gradient also appeared in female models, but R2 values exceeded 0.7 
almost over the whole study area.

TABLE 1 Description of the selected PCs. 

(a) Multi-morbidity of hypertension and diabetes PC

Male Female

PC1 %V Variables* EigVal PC %V Variables* EigVal

All 

years

0.89 H15 −0.94 All 

years

0.92 H15 −0.96

H16 −0.93 H16 −0.96

H17 −0.94 H17 −0.97

H18 −0.95 H18 −0.97

H19 −0.95 H19 −0.96

D15 −0.94 D15 −0.95

D16 −0.94 D16 −0.96

D17 −0.94 D17 −0.95

D18 −0.94 D18 −0.94

D19 −0.94 D19 −0.95

2015 0.9 H15 −0.94 2015 0.94 H15 −0.97

D15 −0.94 D15 −0.97

2016 0.89 H16 −0.95 2016 0.93 H16 −0.97

D16 −0.95 D16 −0.97

2017 0.89 H17 −0.95 2017 0.93 H17 −0.96

D17 −0.95 D17 −0.96

2018 0.9 H18 −0.95 2018 0.93 H18 −0.96

D18 −0.95 D18 −0.96

2019 0.91 H19 −0.95 2019 0.94 H19 −0.97

D19 −0.95 D19 −0.97

(b) Sociodemographic environment PC

PC1 • %V • 

Variables*

• 

EigVal

*P65: Population over 65 years

*P85: Population over 85 years

*EDU: Education attainment

0.74 P65 −0.88 *INC: Average household income

P85 −0.9

EDU 0.87

INC 0.76

EigVal denotes the correlation value between the original variables and the PCs. *H, 
hypertension; D, diabetes. %V indicates the proportion of variance within the block gathered by 
the PC.
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4. Discussion

The aim of this study was to investigate the spatial behavior of the 
overlapping prevalence of hypertension and diabetes (“referred to as 
multi-morbidity”) from an ecological perspective. We  leveraged a 
combination of PCA and GWR techniques to generate variables related 

to multi-morbidity by sex in different years and sociodemographic 
factors; and analyze whether the relationships between variables (PCs) 
were stationary across the study area. Our results allowed us to accept 
the working hypothesis, safely concluding that sociodemographically 
disadvantaged territories were more likely to suffer a higher burden of 
multi-morbidity, though this relationship does not necessarily 
hold elsewhere.

The prevalence rates of hypertension were, as an average for the 
period studied (2015–2019), of 20.8 and 23.2% for hypertension and 8.5 
and 6.8% for diabetes, male and female, respectively. In the case of 
hypertension, the percentage exceeds the average for Spain (15.7% 
-male- and 17.3% -female-), while in diabetes the figures were similar 
(7.3% male and 6.1% female) (37). In terms of spatial variability, the 
percentage differences between autonomous communities in Spain are 
up to 12% in hypertension and 4% for diabetes. The spatial variability 
observed in Aragón is much higher, with percent differences of up to 25 
and 12% for hypertension and diabetes in men, and up to 35 and 13% 
in women.

The results indicate that the spatial patterns of population aging, 
educational level, and income distribution explain the multi-morbidity 
patterns of hypertension and diabetes to a large extent (average R2 0.75 

A B

FIGURE 2

Spatial distribution of the (A) “All years” multi-morbidity PC and the (B) sociodemographic environment PC.

TABLE 2 Percent of variance explained (R2) by regression models.

R2 OLS
GWR

OLS
GWR

Fixed Adaptive Fixed Adaptive

MALL 0.57 0.76 0.61 0.77 0.87 0.78

M15 0.6 0.76 0.64 0.79 0.91 0.8

M16 0.58 0.74 0.62 0.78 0.87 0.79

M17 0.54 0.74 0.58 0.73 0.85 0.75

M18 0.56 0.74 0.6 0.73 0.85 0.75

M19 0.55 0.73 0.58 0.72 0.85 0.75

Male Female
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and 0.87 in male and female models, respectively). These findings are in 
line with the literature. In the study of Chidumwa et  al. (38) about 
shared risk factors of hypertension and diabetes, the elderly, female and 
people with lower education and household wealth were associated with 
higher prevalence. Tirapani and Fernandes (39) concluded on the 
importance of factors such as income and education impact on the 
prevalence, incidence, diagnosis, treatment, progression, and mortality 

of hypertension and diabetes mellitus. Pandey et al. (40) also found that 
age and level of education seemed to be  associated with comorbid 
diabetes and hypertension. In Spain, Bennett et  al. (41) estimated 
incidence trends by deprivation for cardiovascular disease, hypertension 
and type 2 diabetes and found higher incidence levels in the most 
deprived areas. Zghebi et  al. (42) found a higher vulnerability of 
comorbidity of diabetes in women, the elderly and the most deprived.

FIGURE 3

Spatial distribution of the regression coefficients for the explanatory variable in “All years” models.

FIGURE 4

Spatial distribution of the Local R2 in the “All years” models.
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But the GWR analysis emphasized the non-stationary behavior in 
terms of explanatory power and influence of the sociodemographic 
factors. Previous studies modeling the relationships between these 
diseases and socioeconomic risk factors through GWR techniques have 
also found regional variations. Ogunsakin (43) revealed that educational 
status had different effects across provinces of South  Africa when 
investigating diabetes and hypertension. Park et al. (44) addressed the 
hypertensive disease mortality in South Korea and found that the effects 
of socioeconomic status were only consistent in some regions of the 
country. Hipp and Chalise (45) and Quiñones et al. (46) found that 
indicators such as poverty were associated with diabetes in some regions 
in the United States. In Europe, Kauhl et al. (47) found spatially varying 
strength of the association between demographic variables and 
hypertension, and concluded that persons aging in deprived areas in 
Northeastern Germany will be at greater risk of hypertension. These 
authors also found that the strength of the association between diabetes 
mellitus and socio-demographic variables such as age and employment 
conditions displayed strong regional variations (48). The spatially-
varying nature of the relationships has implications beyond the mere 
variability, since different intensities of the relationship relate to higher 
influence of the socioeconomic environment; therefore, more susceptible 
to be the priority target of public health policies and regulations. In this 
sense, we observed that the strength of the observed relationships was 
sharper in men’s prevalence, while women’s models attained more 
spatially homogeneous and with higher explanatory performance. From 
this we may deduce that if sociodemographic disadvantages increased 
in Aragonese regions, the prevalence of multi-morbidity of hypertension 
and diabetes in women would be more likely to increase in a wider part 
of the autonomous community, while in certain regions men’s prevalence 
would be  more prone. In the case of men, the vulnerability would 
be  high in northwestern areas. Although these results deserve to 
be  contrasted with individual-level studies concerning differences 
between sexes, they are in line with the statements of the Spanish 
Ministry of Health in the Clinical Indicators in Primary Care in Spain 
report: the social gradient in the prevalence of hypertension and diabetes 
is more pronounced in women (37).

However, several considerations need to be addressed to properly 
contextualize our findings. This study stems from data sources with 
differences in terms of spatial aggregation and time frame. For example, 
the demographic structure and income indicators were reasonably 
up-to-date but information on the educational level comes from the last 
Spanish Population Census published in 2011. Likewise, in studies such 
as this one, in which the territorial organization of the health system is 
based on areas grouping several municipalities in some cases, and 
segregating them into census tracts in others, the broad change in scale 
may hinder the relationships, though the GWR approach overcomes 
that limitation to some extent. But devising specific, methodological 
protocols for urban BHAs, for which more detailed sources of 
information (e.g., neighborhood, block, or building) are often available, 
would be  preferable. The research by de Cos Guerra (49) on 
methodological alternatives and sources of information to study 
residential vulnerability at the intraurban level exemplifies this line of 
reflection. It would also be of interest to take advantage of European 
initiatives such as Urban Audit (50) to generate databases and develop 
comparative studies between European cities.

Another consideration to be accounted for was the absence of other 
spheres of HD in our analysis. Hypertension and diabetes, and in 
general terms most chronic conditions, are associated with unhealthy 
and irregular dietary and sleeping patterns, stressful lifestyles, 

sedentarism and alcohol and tobacco consumption (51, 52). However, 
this information is not generally available at the population-level and 
therefore can hardly be  incorporated in ecological studies. In this 
context we  believe it is relevant to combine the results of studies 
conducted at both individual and population level. In Aragon, the 
opportunity would come from the EpiChron Cohort of Prados-Torres 
et al. (53), a database that integrates clinical, sociodemographic, and 
medical practice information of all inhabitants registered as users of the 
public health system in Aragon since 2011. Likewise, it would 
be interesting to incorporate other diseases into the multi-morbidity 
pattern analysis (e.g., obesity), as they have already been conducted in 
Aragon by Abad-Díez et al. (54) and Ramón-Arbués et al. (28).

Future lines of development shall focus on incorporating indicators 
related to the organizational structure of the health system, paying 
attention to the availability of diagnostic resources and the Variations in 
Medical Practice (VMP). The behavior of these factors could condition 
the existence of situations of under-diagnosis of these diseases, which in 
fact has already been observed in previous studies in Spain. Catalá-
López et al. (55) published a systematic review and meta-analysis about 
the control of arterial hypertension in Spain and concluded that the 
control of hypertension is far from optimum and that patients at risk 
with comorbidities appear to be controlled worse. de Burgos-Lunar et al. 
(26) estimated in their study population a 30% of patients with type 2 
diabetes suffering previously undiagnosed hypertension in 2003, and 
23.1% in 2009. In the case of Menéndez et  al. (25), undiagnosed 
hypertension was identified in 37.4% of patients. Tamayo-Marco et al. 
(56) reported a proportion of unknown cases of diabetes nearly 50% in 
their Aragonese sample population. It is also worth mentioning that, in 
the specific case of Aragon, there has also been talk of under-diagnosis 
of other NCDs such as Chronic Obstructive Pulmonary Disease (57) 
and depression (58). Regarding the VMP, in Spain there are previous 
initiatives such as the Atlas of VMP in the Spanish National Health 
System (59). One of the lines of work of this atlas has translated in the 
Atlas of diabetes health care in Aragon, in which vulnerability profiles 
of diabetes by sex, age (from 40 years and older) and SES are showed. 
Indeed, spatial patterns of such vulnerability by SES have been explored, 
and only in some cases do they correspond to those identified in this 
work. This could be because the age group to which both studies refer is 
different. Therefore, it is worth reconsidering for the future whether the 
associations between prevalence, multi-morbidity and HD vary when 
stratifying by age groups.

Finally, with respect to spatial analysis techniques, this work has 
proposed a methodological itinerary based on PCA and GWR that has 
allowed us to achieve the proposed objectives. However, it is considered 
relevant to enlarge and contrast the results of the multi-morbidity 
patterns obtained by PCA with those offered by other spatial techniques 
such as cluster identification or hot-spot analysis (34, 60). Similarly, it is 
proposed to extend the time horizon of study to carry out multi-
temporal analyses and deepen the scale changes by using the Multi-scale 
GWR (MGWR) that allows to differentiate local, regional and global 
processes (61).

5. Conclusion

The prevalence of hypertension and diabetes in Aragon displays a 
large covariation in a large part of the territory. This spatial overlap, 
which in this work we have referred to as multi-morbidity, is higher in 
territories with a disadvantaged sociodemographic environment. 
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Factors such as aging, salary and level of education present local patterns 
in their capacity to explain prevalence, meaning the existence of 
particularly vulnerable areas. These results are put at the service of 
decision making to guide the prioritization of interventions aimed to 
manage multi-morbidity and health inequalities with which it is 
associated. The integration of spatial data on diseases and SDH in a GIS 
tool makes it possible to identify health inequalities related to different 
indicators. By combining this GIS support with GWR modeling it is 
possible to predict how the disease-SDH behavior would be  when 
intervening on a specific SDH dimension. Moreover, making conditional 
queries would make it possible to cross-reference health outcomes with 
variables related, for example, to the organization of health care services. 
As a result of these queries, those areas that meet certain criteria, such 
as a higher prevalence of diseases and unfavorable situations in terms of 
accessibility to equipment and services, could be considered as priorities 
for intervention -allocation of resources- to favor preventive, diagnostic 
and treatment capacity. Finally, it is worth mentioning that the 
methodology of this work could be  replicated with other chronic 
diseases, as well as in other Spanish regions or even in other countries.
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Objective: We conducted a scoping review with the aim of comprehensively

investigating what tools or methods have been examined in general practice research

that capture a wide range of psychosocial problems (PSPs) and serve to identify

patients and highlight their characteristics.

Methods: We followed the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses extension for scoping reviews and the Joanna Briggs Institute

Reviewer’s Manual on scoping reviews. A systematic search was conducted in four

electronic databases (Medline [Ovid], Web of Science Core Collection, PsycInfo,

Cochrane Library) for quantitative and qualitative studies in English, Spanish, French,

and German with no time limit. The protocol was registered with Open Science

Framework and published in BMJ Open.

Results: Of the 839 articles identified, 66 met the criteria for study eligibility, from

which 61 instruments were identified. The publications were from 18 different

countries, with most studies employing an observational design and including

mostly adult patients. Among all instruments, 22 were reported as validated, which

we present in this paper. Overall, quality criteria were reported differently, with

studies generally providing little detail. Most of the instruments were used as paper

and pencil questionnaires. We found considerable heterogeneity in the theoretical

conceptualisation, definition, and measurement of PSPs, ranging from psychiatric

case findings to specific social problems.

Discussion and conclusion: This review presents a number of tools and methods

that have been studied and used in general practice research. Adapted and tailored

to local circumstances, practice populations, and needs, they could be useful for

identifying patients with PSPs in daily GP practice; however, this requires further

research. Given the heterogeneity of studies and instruments, future research

efforts should include both a more structured evaluation of instruments and the

incorporation of consensus methods to move forward from instrument research to

actual use in daily practice.

KEYWORDS

primary care, general practice, psychosocial problems, social problems, identification tools,
scoping review
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1. Introduction

Since general practitioners (GPs) are usually the first point of
contact for people with any health-related concern, patients visit their
GP not only for medical reasons but also for psychosocial problems
(PSPs) (1–4). Here we take problems to be “a source of perplexity,
distress, or vexation”, while we take PSPs to refer to problems related
to the conditions in which people are born, grow, live, work, and age
(5). These conditions in which people lead their lives have a profound
impact on health.

The relationship between these conditions and health has been
investigated in numerous studies and addressed in many health
reports (6–9). In a general sense, people with PSPs are vulnerable
to negative health outcomes, comorbidities, and have a generally
poorer health status (10), while PSPs are also related to several
more specific conditions, such as cardiovascular diseases, diabetes,
infectious diseases, and psychiatric disorders (11–17). This is because
PSPs affect immunological and inflammatory processes (18–20) and
are associated with an increased risk of illness, delayed recovery,
chronic disease progression, and compromised quality of life and
mortality rates (10, 21–23). As one example, individuals who are
socially isolated are at risk of premature mortality, comparable to
well-documented risk factors, such as smoking and obesity (11, 24–
27). Furthermore, psychosocial factors at work have been shown to
be associated with a range of health outcomes, such as job strain
and increased risk for heart disease or diabetes (28–31). Similarly, job
insecurity and unemployment have been found to be associated with
an increased risk for cardiovascular and coronary heart disease (32).

The issue of PSPs in general practice began to draw greater
attention in the 1990s (33–35) and a vast body of research has
investigated their significance since then. For instance, studies show
that at least one third of patients under general practice report
experiencing PSPs and that GPs are consulted by patients with PSPs
at least three times per week (3, 33, 36). Studies most frequently
identified family problems, caregiving tasks, violence-related issues,
isolation, financial problems, employment problems, problems with
physical functioning, and legal problems (3, 35, 37–46). The most
frequently occurring social problems encountered in the primary care
context are captured in the International Classification of Primary
Care (ICPC-2) (47). However, studies also show that GPs only
correctly identify a fifth to a half of patients with relevant PSPs
and that social factors are not considered to have much importance
(37, 48). Possible consequences, such as inadequate diagnoses, non-
specific or no intervention or treatment at all, and ineffective use of
time have also been extensively described (2, 34, 35, 37, 40, 41, 43, 44,
49–55).

The complexity and heterogeneity around PSPs leads to
difficulties in providing or referring to a universally valid concept.
This is compounded by the fact that several disciplines, organisations
outside the academic context, and policy makers use different
concepts, which in turn leads to difficulties in developing or using
a practical approach in the form of a systematic and structured
instrument to identify patients with PSPs. This is reflected in the
official guidelines of medical organisations or societies and official
health organisations, where the integration of the psychosocial
perspective into medicine is widely demanded, but concrete steps for
practice are still lacking (3, 10, 55–58).

GPs are in a unique position to take preventive action to promote
health and to identify and treat emerging health problems early in

routine care. The use of tools to identify patients with PSPs could be
useful in this regard. With this in mind, the aim of our study is to
provide an overview of the published research in which we present
what tools or methods have been studied so far in general practice
research that capture a wide range of PSPs and could be used to
identify patients presenting with PSPs.

2. Methods

We conducted a scoping review by following the Joanna Briggs
Institute Reviewer’s Manual (59) and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews checklist (60). A protocol has been registered with Open
Science Framework (OSF) (61) and published in BMJ Open (62).
Since the entire review process with its individual phases is
iterative and fundamentally a process of developing understanding,
hermeneutic principles were applied consisting of two mutually
influencing cycles; searching and accessing the literature, and analysis
and interpretation (63).

The review process was conducted in an intersubjective
manner as part of the collaborative research process. Collaboration
provides a check and balance through which an analytical
consensus can be reached that allows for a more comprehensive
interpretation and for the group analysis to move beyond
individually preconceived perspectives. Through the process
of multiple researchers articulating, clarifying, and challenging
their initial interpretations, consensus was reached on which
studies should be included, which represented the relevant
information for extraction, and how they should be summarised and
classified (64).

2.1. Inclusion criteria

Evidence sources were considered for inclusion if they met the
criteria specified by the JBI based on the population, concept, and
context framework (59) (Table 1). Included evidence sources were
required

(1) to refer to the adolescent, adult, or elderly population in general
practice settings and

(2) to describe any kind of tool or approach to identify
patients with PSPs.

We took into consideration articles that included PSPs in general,
as well as articles that focused on specific social problems according
to the ICPC-2. As the term “psychosocial problems” is used very
differently and inconsistently in different publications and even
within the same publication, no strict definition was set as an
inclusion criterion and therefore we also included publications
that refer to PSPs but were labelled as, for example, “mental
health problems,” “psychological distress,” or “emotional stress.”
This approach was taken to ensure that the descriptions in the
articles identified in the search could use any definition of PSPs
and still be included. However, we wanted the “social” aspect to
be present and were particularly interested in tools that focus on
assessing patients’ problems rather than making a formal diagnosis.
This process was carried out through an independent review of
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TABLE 1 Eligibility criteria based on study population, context, concept, and types of sources of evidence.

Inclusion criteria Exclusion criteria

Population • Adolescents, adults, or elderly people • Adolescents, adults, or elderly people with disease-specific PSPs
related to, e.g., cancer, HIV, diabetes, substance use disorder, or
psychiatric disorders

Concept • Any kind of instrument or approach (e.g., questionnaire, interview) to
identify patients with PSPs in general or regarding specific social problems
according to ICPC-2, Section Z2 , and any kind of reporting format (e.g.,
self-reported, physicians’ assessment)

• Identification instruments or approaches based on the report of
patients’ parents, carers, or other significant others

Context • General practice settings
• Any geographical location

Types of sources of
evidence

• Peer-reviewed publications
• Primary empirical research studies (e.g., quantitative, qualitative, or
mixed-methods studies)
• Theoretical articles describing an instrument used for identifying patients
with PSPs in sufficient detail
• Full-text publications according to the EQUATOR Network (60) guidelines
• Articles written in English, Spanish, French, or German, without time
restriction

• Editorial articles (e.g., perspective pieces, opinion papers,
position statements)
• Study protocols
• Abstracts and posters
• Author replies/comments
• Dissertations/theses
• Articles for which we could not obtain the full text or that are
not written in English, Spanish, French, or German

EQUATOR, Enhancing the QUAlity and Transparency Of health Research; PSPs, psychosocial problems

2Poverty/financial problem (Z01), Food/water problem (Z02), Housing/neighbourhood problem (Z03), Social cultural problem (Z04), Work problem (Z05), Unemployment problem (Z06),
Education problem (Z07), Social welfare problem (Z08), Legal problem (Z09), Health care system problem (Z10), Compliance/being ill problem (Z11), Relationship problem with partner (Z12),
Partner’s behaviour problem (Z13), Partner illness problem (Z14), Loss/death of partner problem (Z15), Relationship problem with child (Z16), Illness problem with child.

the full texts by two reviewers and consensus building when
conflicts arose.

In line with the characteristics of a scoping review, all types
of empirical research studies were included (59). Not all articles
reported studies. In those cases where no study was reported, but
an instrument or approach for identifying patients with PSPs was
described in sufficient detail, the articles were included. The search
was limited to references published in English, Spanish, French,
and German, without time restriction, and from any geographical
location. We excluded articles in which the population described
consisted of patients with PSPs related to specific chronic diseases or
conditions (e.g., cancer, HIV, diabetes, substance use, or psychiatric
disorders) as there are specific research areas for these and their
inclusion would have been beyond the scope of our study and
inconsistent with our focus on the general population. We also
excluded studies where the identification tools or approaches were
based on reports from third parties, (e.g., parents), rather than from
the participants themselves or a healthcare professional.

2.2. Search strategy

A preliminary search was conducted in MEDLINE (Ovid)
database to gain familiarity and an overview and to identify key
terms. We developed a search strategy for MEDLINE (Ovid) (see
Supplementary Table 1) and adapted this strategy to the databases
PsycInfo, the Cochrane Library, and the Web of Science Core
Collection. The search took place from March to April 2021. We
hand-searched and screened the reference lists of the included
evidence sources to identify other potential references. We screened
the reference lists of systematic reviews and scoping reviews which
examined studies potentially fitting our inclusion criteria for further
relevant articles. Search results were exported into EndNote 20. After
elimination of duplicates, the remaining references were uploaded to
Covidence for screening and data extraction. An updated search was
performed in June 2022.

2.3. Source of evidence screening and
selection

Two reviewers (RS, TD) independently screened the references
by title and abstract. The full texts of selected articles were then
retrieved and fully read by the same two reviewers. In both steps,
discrepancies between reviewers’ assessments were discussed and
solved by consensus. A list of included studies is presented in
Supplementary Table 2.

2.4. Data extraction

A data extraction template was devised by the primary
author (RS) to capture information relevant to the research
question (see Supplementary Table 3). Two reviewers (RS, TD)
independently performed a pilot data extraction on a random
sample of five articles and subsequently refined the form. Data
extraction was conducted independently by RS and a study
assistant who met frequently with TD to discuss the process and
refine the data extraction form to ensure that all information
relevant to answering the research question was extracted from the
publications. Reviewers extracted findings as reported, in the form
of numerical or narrative summary statements. Disagreements were
resolved through consensus building and, if necessary, by involving
a third reviewer.

2.5. Data synthesis and analysis

Following data extraction, each study was categorised
according to year of publication, country, setting, research
design, population, and the tool(s) or method(s) described
(see Supplementary Table 4). A narrative of the data
was then developed.
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FIGURE 1

PRISMA flow diagram.

2.6. Deviations from the protocol

As there are not only studies but also publications that
describe schemes, frameworks, or instruments to theoretically
identify patients with PSPs, we decided to refine our inclusion
criteria accordingly. For articles reporting Randomised Controlled
Trials (RCTs), we decided to include not only identification
tools, which were mostly used to recruit study participants,
but also outcome assessment tools if they met our inclusion
criteria. The original data extraction form proposed in
the protocol was modified during the pilot data extraction
phase in order to capture the most relevant aspects of the
included articles.

3. Results

3.1. Study selection

The searches of electronic databases resulted in 839 records.
After removing duplicates, a total of 794 titles and abstracts were
screened, from which 669 articles were removed, with 125 articles
then subjected to a full-text review. In this step, a further 6 additional
records were identified through references from identified articles.
Of the full-text articles reviewed, 59 were excluded. This left 66
studies that were considered eligible for inclusion and from which
relevant information was extracted. Figure 1 presents the PRISMA

flow diagram. Reasons for exclusion are reported in Supplementary
Table 5.

3.2. Study characteristics

Supplementary Table 4 presents the general study characteristics
of the 66 studies included in this review. The articles included
were published between 1978 and 2020. We identified a total of 61
instruments. In this paper, we present only validated instruments
(22). Results for the remaining instruments without validation will
be published separately.

3.2.1. Context (country and setting)
We identified publications from 18 countries, with the most

deriving from the United Kingdom (13), the Netherlands (9), the
United States (7), Australia (7), and New Zealand (5). There is a
clear concentration of studies conducted in Europe (39), followed by
Australasia (12), and North America (9). Of the 66 included studies,
64 come from high-income countries, with 1 article each from an
upper-middle income country (Brazil) and a lower-middle income
country (Pakistan).

All publications referred to a general practice setting. However,
our study allowed for different regional uses of terms. This means
that the studied context is not only referred to as general practice
(41), but also as primary care (15) and family medicine (8), while
the terms general internal medicine (1) and health care centre
(1) were also used.
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TABLE 2 Instrument characteristics.

Instrument Study Focus of instrument reported in the study Age group

Thematic pattern I: Comprehensive (medical, psychological and/or psychosocial and/or social aspects)

Adapted General Well-Being
Index (AGWBI)*

Hopton (87) Experience of illness, distress and psychosocial difficulties: anxiety, depression, positive wellbeing,
general health perceptions, vitality, and perceptions of self-control; common worries or difficulties:
relationship, partner, money, housing, work, social activities, unemployment, children, family
members, violence/threat of violence, death of a close person

Adults

Case-finding and Help
Assessment Tool (CHAT)*

Goodyear-Smith (88, 68) Lifestyle and mental health assessment: tobacco use, alcohol and other drug misuse, problem
gambling, depression, anxiety and stress, abuse, anger problems, inactivity, eating disorders,
insomnia

Adults

Coding System for Primary
Health Care (CPHC)*

Deliège (89) Social problems and complaints: family problems, social integration problems, socio-economic
problems and basic needs, problems of social status and occupation, problems with social
institutions, problems of violence in society, functional and social consequences of diseases, other
problems

Adults

Electronic Case-finding and
Help Assessment Tool
(eCHAT)

Goodyear-Smith (90) Lifestyle risk factors: smoking, problematic drinking, other drug use, gambling, exposure to abuse,
physical inactivity; mental health issues: depression, anxiety, anger control

Adults

Multifactor Health Inventory
(MHI)

Hase and Luger (91) Symptoms and problems: physical symptoms and possible psychological and behavioural problems,
attitudes

Adults

Observation List for Mental
Disorders and Social
Problems (OLP)

Tak (92) Mental disorders and social problems: anxiety, depression, cognitive impairment, suspicion,
loneliness, somatisation

Elderly people

Personal Inventory Hilliard (93) Psychological functioning: quality of intimate relationships, emotional distress, concerns about
employment and finances, personal energy, coping

Adults

Short Form Health Survey
(SF-12)*

King (94)/Schreuders
(95)/MacMillan (67)/Freund
and Lous (65)/Hegarty
(96)/Geyti (79, 97)

Physical and psychological well-being/Global mental and physical health and
well-being/Health-related quality of life/Mental health status/General health, mental health, and
health behaviour, mood and anxiety symptoms, physical health, functional limitations/Mental
health status, health-related quality of life

Adults

Short Form-36 (SF-36)* Raine (98)/Schreuders
(95)/Hassink-Franke (99)

Social functioning, mental health, role limitation due to emotional problems, general health
perception/Physical functioning, role limitations due to mental health problems, bodily pain,
general health perceptions, vitality, social functioning, role limitations due to emotional problems
and general mental health/Physical and mental health

Adults

Thematic pattern II: One or more social problem(s)

Composite Abuse Scale
(CAS)*

MacMillan (67)/Sanci (100) Intimate partner violence and physical, sexual, and emotional abuse in the last 12 months Adults

Family APGAR* Hilliard (93)/De la Revilla
(101)

Family functioning: adaptation, partnership, growth, affection, and resolve Adults

Family Strain Questionnaire
Short Form (FSQ-SF)*

Vidotto (102) Emotional burden, problems in social involvement, need for knowledge about the disease,
satisfaction with family relationships, thoughts about death

Adults

Hopkins-Symptom Checklist
(HSCL-25)

Stefansson and Svensson (103) Social problems: work, financial, childcare, housing, social isolation Adults

Patient Health Survey Wasson (104) Abusive relationships/Domestic abuse: problems in the household that led to insulting/swearing,
yelling, threatening, hitting/pushing

Adults

Social Needs Checklist (SNC) Cook (105) Social and environmental problems: finances, personal stress, family problems, legal, employment
or career issue, transportation, too much time alone, activities of daily living, shopping, laundry or
house cleaning, other needs, cooking, home health care, housing, obtaining nursing home placement

Adults

Social Problem
Questionnaire (SPQ)

Al-Shammari (106)/Saltini
(107)

Social problems: housing, work, finances, social activities, marital, children, other domestic
relationship, relationship with others (e.g., extended family)/Social problems (financial, housing,
occupational, social/marital relationship)

Adults

Thematic pattern III: Psychological aspects

Four-Dimensional Symptom
Questionnaire (4DSQ)*

Terluin (108) Common psychological symptoms, distinguish non-specific general distress from depression,
anxiety and somatisation; distress: worry, irritability, tension, listlessness, poor concentration,
sleeping problems, demoralisation

Adults

General Health
Questionnaire (GHQ-12) *

Van der Pasch and Verhaak
(109)/Kapur (110)/Saltini
(107)/Kendrick (111)/Mirza
(112)/King (94)/Schreuders
(95)/Goncalves
(113)/Hassink-Franke (99)

Psychosocial complaints (common mental disorders); reason for the visit, onset of their problem,
name of problem, problem severity, what to fear most about problem, activities and functioning
(difficulties), affect on body parts/Psychological distress/Mental health problems/Common mental
disorders/Emotional distress/Current mental health problems/Emotional symptoms

Adults

(Continued)
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TABLE 2 (Continued)

Instrument Study Focus of instrument reported in the study Age group

General Health
Questionnaire (GHQ-28) *

Shiber (114)/De la Revilla
(101)/Raine (98)/Watts
(115)/De la Revilla Ahumada
(116)/Rabinowitz (117)

Emotional problems/Psychosocial problems: somatic symptoms of psychological origin,
distress/anxiety, social dysfunction and depression/Mental health problems/Psychosocial problems:
somatic symptoms, distress/anxiety, social dysfunction and depression/Psychological distress:
somatic symptoms (e.g., feeling run-down), anxiety/insomnia (e.g., lost sleep over worry), social
dysfunction (e.g., taking longer over things), and severe depression (e.g., life not worth
living)/Psychological problems

Adults; Elderly
people

General Health
Questionnaire (GHQ-30)

Verhaak (118, 119)/Odell
(120)/Smith (66)

Physical, psychological, social problems, emotional distress/Psychiatric morbidity/Mental disorders Adults

General Health
Questionnaire (GHQ-60)

Corser (121) Emotional state, psychological complaints Adults

Strengths and Difficulties
Questionnaire (SDQ)*

Martinez (122) Psychological difficulties: overall distress, social impairment, burden and chronicity of the problem Adolescents

Q, Questionnaire; I, Interview; M, Mnemonic; *Freely available.

3.2.2. Research design
Most of the studies included were analytical (62). Among these,

observational studies were the most common (42), such as cross-
sectional studies and prospective studies, followed by experimental
studies (12), such as (cluster) randomised controlled trials (RCTs).
Descriptive studies were also included, such as narrative/literature
reviews (4). No qualitative studies were identified.

3.2.3. Population
Publications included in this review focused mostly on adults

(49), with others focused on elderly people (10) and on adolescents
and/or young people (7). Specific characteristics among the adult
population refer to pregnant women (1), veterans (1), caregivers of
patients with a chronic condition (1), and people classified as lesbian,
gay, or bisexual (1). Almost half of the studies included patients (31),
with others focused on caregivers (1) and citizens (2), while the other
half worked with patients and physicians and/or practice nurses/staff,
and/or community mental health nurses (31). One article focused
only on physicians. Study samples show a higher proportion of those
identified as of biologically female sex.

3.3. Instrument characteristics

Of the 66 articles, 48 used 1 instrument, 8 publications used 2
instruments, and 10 articles used 3 or more instruments that met our
inclusion criteria.Table 2 shows the characteristics of the instruments
in terms of instrument name, study, stated focus, and age group.
Table 3 contains further aspects, such as screening setting, type of
instrument, screening method, mode of administration, regularity
of screening, and whether and what information on quality criteria
were assessed. In total, 61 instruments or methods were identified. Of
these, 22 were reported as validated and are presented below.

The instruments used mostly targeted adults (21), among which
two targeted elderly people. One instrument targeted adolescents.
For all but one instrument, which contained information reported
by the physician, participants themselves were the informants. Few
instruments included additional information reported by health
professionals (7).

The instruments found were deployed in different formats,
mostly as questionnaires (19). Two instruments were used in mixed
formats; e.g., as a questionnaire combined with an interview. One
instrument was described as a classification system and conceptual

framework. The instruments were mostly completed with paper and
pencil (19) but also on a tablet or computer (2). For one instrument,
the method was not reported.

Information on quality criteria, such as validity, reliability,
feasibility, and/or other aspects assessed in relation to the use of the
tool were reported differently. When reported, validity was reported
in different ways, including internal validity, face, criterion, construct,
and external validity. Among these, a validity test was conducted in
the study we included for two instruments. For 14 instruments, no
detailed information was reported.

Reliability was stated for 10 instruments, of which only four
had more detailed information described. Reliability referred to
internal consistency, stability, and test-retest reliability. For nine
instruments, no information on reliability was provided. For three
instruments, different information was available depending on the
study description: “yes” and “not reported”.

Feasibility was also reported in different ways, generally not
systematically. For the majority of instruments (18), no information
was provided. For two instruments, it was stated that feasibility was
given, but neither had further details provided. For two instruments,
different information was available depending on the study: “yes” and
“not reported.”

Other aspects were mentioned for the evaluation of
the instruments, such as acceptance, accuracy, applicability,
comprehensibility, effectiveness, efficiency, and usefulness, but the
information provided was neither detailed nor structured. For two
instruments, no information was provided at all. Our research
revealed that 12 of the 22 instruments are currently freely available,
while 10 are not.

For most instruments (13), no information was provided on
the screening setting (e.g., at home, in the waiting room). When
reported, the instruments were mostly completed in the waiting room
before, during, or after the medical consultation (9). Instruments
were completed within five to ten or fifteen minutes (6), but for most
instruments, completion time was not reported (16).

For most instruments (13), no information was provided on the
regularity of screening. When reported, instruments were used with
newly registered and/or unknown patients (4). In three cases, the
tool was used to recruit participants for the study and/or to assess
outcomes. Two instruments were used for both purposes.

Table 2 provides information on the focus of each instrument.
In general, various aspects around PSPs are covered, varying to
some extent depending on the study’s objective, target population,
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TABLE 3 Instrument characteristics in detail.

Instrument Screening
setting

Type of
instrument

Screening
method

Administered
by

Regularity of
screening

Information on

Validity Reliability Feasibility

Thematic pattern I: Comprehensive (medical, psychological and/or psychosocial and/or social aspects)

Adapted General Well-Being
Index (AGWBI)*

NR Q Paper and pencil Patient NR Assessed in
the study

Yes NR

Case-finding and Help
Assessment Tool (CHAT)*

In the waiting
room, prior to
consultation

Q Paper and pencil Patient NR Assessed in
the study

Yes/NR 2 min. to
complete

Coding System for Primary
Health Care (CPHC)*

NR Classification
system,
conceptual
framework

NR Physician NR Yes Yes NR

Electronic Case-finding and
Help Assessment Tool
(eCHAT)

In the waiting
room, prior to
consultation

Q Computer or
tablet

Patient NR Yes NR Yes

Multifactor Health Inventory
(MHI)

In the waiting
room,
consultation
room

Q Paper and pencil Patient NR External
validity

Stability 10 min. to
complete

Observation List for Mental
Disorders and Social
Problems (OLP)

NR Q Paper and pencil Physician, home care
worker

After observation in
regular visit

Convergent
validity

Internal
consistency

Few min. to
complete

Personal Inventory NR Q Paper and pencil Patient Newly registered
patients

Yes Yes NR

Short Form Health Survey
(SF-12)*

NR Q Web-based,
paper and pencil

Citizen/Patient Initial health
check/outcome
assessment in RCT

Yes NR NR

Short Form-36 (SF-36)* NR/prior to
consultation

Q Paper and pencil Patient NR/Outcome
assessment

Yes NR/Yes NR

Thematic pattern II: One or more social problem(s)

Composite Abuse Scale
(CAS)*

NR Q Paper and pencil Patient Screening for study
recruitment/Outcome
assessment

Yes NR NR

Family APGAR* Prior to
consultation

Q Paper and pencil Patient Newly registered
patients

Yes NR/Yes NR

Family Strain Questionnaire
Short Form (FSQ-SF)*

In the waiting
room or during
consultation

Q, I Paper and pencil Patient, physician,
other

NR Convergent,
discriminant
validity

Internal
consistency

5 min. to
complete

Hopkins-Symptom Checklist
(HSCL-25)

NR Q Paper and pencil Patient NR Yes NR NR

Patient Health Survey NR Q Paper and pencil Patient (Women) NR Face,
criterion
validity

Yes NR

Social Needs Checklist (SNC) NR Q Paper and pencil Social work students NR Face validity Internal and
test-retest
reliability

NR

Social Problem
Questionnaire (SPQ)

NR Q Paper and pencil Patient,
nurse/Patient

Newly registered,
unfamiliar, or reticent
patients/NR

Yes NR 5–15 min. to
complete

Thematic pattern III: Psychological aspects

Four-Dimensional Symptom
Questionnaire (4DSQ)*

NR Q Paper and pencil Patient NR Convergent,
construct
validity

Yes NR

General Health
Questionnaire (GHQ-12)*

NR Q, I Paper and pencil Patient/Patient,
physician, other

Initial
examination/Screening
for study
recruitment/Outcome
assessment

Yes NR NR/Yes

(Continued)
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TABLE 3 (Continued)

Instrument Screening
setting

Type of
instrument

Screening
method

Administered
by

Regularity of
screening

Information on

Validity Reliability Feasibility

General Health
Questionnaire (GHQ-28)*

Prior to
consultation/NR

Q Paper and pencil Patient/Patient,
physician

NR Yes NR NR

General Health
Questionnaire (GHQ-30)

Prior to
consultation/NR

Q Paper and pencil Patient/Patient,
physician

NR/Outcome
assessment

Yes NR Few min. to
complete

General Health
Questionnaire (GHQ-60)

Prior to
consultation

Q Paper and pencil Patient NR Yes NR NR

Strengths and Difficulties
Questionnaire (SDQ)*

NR Q Paper and pencil Patient NR Yes Yes NR

Q, Questionnaire; I, Interview; M, Mnemonic; NR, Not reported; *Freely available.

and setting. We found considerable heterogeneity in the theoretical
conceptualisation, definition, and measurement of PSPs, ranging
from psychiatric case findings to specific social problems. To
ensure accuracy, we reported the focus of the identified instruments
individually.

Finally, because we sought to offer insights into the instruments’
reported focus, it is worth mentioning three thematic patterns to
which the instruments can be assigned. The majority of instruments
(9) have a comprehensive focus that includes medical, psychological
and/or psychosocial, and/or social aspects (e.g., geriatric assessment).
In addition, we found seven instruments measuring one or more
social problems (e.g., related to family, partner violence, finances).
When specific social problems were addressed, they were related to
intimate partner violence (IPV) in female participants (2). Finally,
we also found instruments (6) measuring psychological aspects (e.g.,
stress, anxiety, depression) to identify probable “cases.”

Not all studies included a conclusion or a conclusion relevant
to our research question. Furthermore, there were often no
specific conclusions on individual instruments, as these were mostly
described in the context of the general study content and objectives
as well as other instruments. Where indicated, conclusions related
to validity, appropriate classification, identification/detection rates,
benefits and improvement in case finding, feasibility, administration,
awareness, acceptability, usefulness, a starting point for further
discussion and/or subsequent interventions, implementation in daily
practice, and also limitations.

In most cases, the authors used a narrative approach to
draw conclusions about the instruments studied. These contained
statements such as “insight [provided by the questionnaire] made
it easier for GPs to offer patient-centred counselling and ask
questions that offer a holistic picture” (SF-12) (65), “acceptable
addition to the consultation to facilitate emotionally distressed
patients” (GHQ-30) (66), “helpful and effective to get an overview
of the problem” (CAS) (67), and “simple, efficient, and well-suited
to the resource- and time-strapped primary care environment”
(CHAT) (68). The benefits of the tools for patients were seen to
be stimulating conversations, drawing attention to patients, and
giving them the opportunity to voice their concerns. The benefits
for physicians were seen to be improving recognition skills, initiating
conversations, modelling/structuring the conversation, and gaining
new information, especially with new and/or reluctant patients.
Concerns/limitations were expressed that PSPs-recognition does not
necessarily lead to subsequent intervention.

4. Discussion

Our research yielded 66 articles that met our inclusion criteria
and revealed 61 instruments that were developed or used in
general practice research in the general population over a five-
decade period. In this paper, we presented 22 instruments that were
reported as validated.

We identified a wide range of instruments, including validated
instruments (e.g., General Health Questionnaire, GHQ; Short
Form Health Survey, SF-12), mnemonics (e.g., HEEADSSS [Home
environment, Education and employment, Eating, peer-related
Activities, Drugs, Sexuality, Suicide/depression, Safety from injury
and violence] and SHADESS [Strengths, school, Home, Activities,
Drugs, Emotions/eating, Sexuality, Safety]), and instruments
specifically designed for trial recruitment. Although we only present
the validated instruments in this article, our findings show that non-
validated instruments account for almost two thirds of all identified
instruments. This could be understood to mean that non-validated
instruments are considered as useful as validated instruments.

Notably, overall we found a relatively high number of
instruments compared to the number of publications, which is
understandable due to the broad use of terms related to PSPs, which
varied both between and within publications. Our results show that
the large number of instruments found cover a broad area, with most
having a comprehensive focus that includes medical, psychological,
and/or psychosocial, and/or social aspects. We found social and
psychosocial aspects included in several instruments, albeit conceived
and reported very differently.

In the research literature, we also found that the consideration
of social contexts and problems is described using different terms;
for example, psychosocial and social problems, health-related social
needs or risks, or social determinants of health. The same applies
to the content and focus of the instruments. While we focused
our search and study selection on problems and risks, there is also
essential work that assesses underlying structural aspects that lead to
problems. For example, Bourgois and colleagues present a structural
vulnerability assessment tool to help physicians go beyond risk
behaviours to consider the negative health consequences of poverty,
inequality, and discrimination, and identify patients who may benefit
from additional health and social services (69).

The influence of social circumstances on health is known
and recognised, as is the importance of holistic care concepts
that take social factors and needs into account (70, 71). Practical
implementation by using tools to identify problems and needs
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has also gained attention in recent years (72, 73). In light of the
COVID-19 pandemic, the complex interplay between health, social
circumstances, and PSPs has become even more apparent, and
concerns are being raised about the psychosocial consequences and
long-term negative effects of the pandemic that clinical practice must
be prepared to address in order to provide appropriate care and
support (74–76).

Similarly, the studies included in our review show the importance
of using tools to raise awareness and provide a basis for discussions
about PSPs and the associated health risks. In fact, Webb et al., for
example, found that a key benefit of using a tool for young people was
that it increased confidence in discussing sensitive issues with their
GP (77). In Blom et al.’s study, GPs reported that the tools provided
them with additional new information and made them more aware
of the functions and needs of older people. However, they reported
finding it cumbersome to organise multidisciplinary consultations
(78). According to Freund and Lous, the use of the questionnaire
(SF-12) can provide insight into the relationship between social life,
health, lifestyle, and one’s response to stressors and resources. This
insight makes it easier for GPs to provide patient-centered counseling
and ask questions that provide a holistic picture of the participant
(65). Geyti et al. addressed another aspect in their study, noting that
the identification of PSPs does not necessarily lead to the initiation of
treatment, where they see a need for further research (79).

Recent studies show that the responsibility for the subsequent
resolution of PSPs does not have to lie solely with GPs. Studies from
Germany show that GPs both feel responsible for dealing with social
problems and are able to manage them themselves. However, the
need for external support was also expressed, as was the view that
interprofessional cooperation is helpful and necessary (3, 80–82).
Collaboration between social work and primary care, for example,
is considered beneficial and studies show that subjective health,
functioning, and self-management can be improved and psychosocial
morbidity and barriers to treatment and health maintenance reduced
(83, 84). Therefore, identifying patients with PSPs is a crucial step
to ensure that patients receive appropriate care in a timely manner,
according to their needs and preferences.

The quality criteria and other aspects described for the evaluation
of the instruments identified were different, which makes a
comparison difficult and does not allow us to formulate a statement
on which instrument(s) can be recommended for use in practice.
At the same time, the structural and contextual heterogeneity of
the instruments makes prioritisation according to purely diagnostic
quality criteria impossible. In the absence of this kind of evidence,
an approach that combines available data with the experience and
insights of clinical experts from multidisciplinary backgrounds is
valuable because it provides guidance where none otherwise exists.
Consensus procedures, such as the RAND Corporation/University of
California Los Angeles (RAND/UCLA) Appropriateness Method can
be helpful in this regard, as they can be used to define appropriate
indications and develop criteria for use, care, and management (85).

From our findings and discussion points, we derive the
potential for subsequent research and the link to practice. For
example, investigations could be undertaken into whether and which
instruments are actually used by general practice professionals in
daily practice or why not. Since we did not examine the quality
criteria and other criteria used to evaluate the instruments in more
detail, as this would have been beyond the scope of our work, future
studies could address this aspect by carrying out methodological
studies to examine validity, reliability, and feasibility in more depth.
If this work is continued, we believe that mixed methods should

be used; these are considered particularly important in complex
fields such as health and social sciences, as they allow researchers
to gain a deeper understanding and answer research questions that
cannot be answered by quantitative or qualitative methods alone, thus
addressing the complexity of real-life challenges (86). In order for
the step from research to practice to succeed, a consensus procedure
like the one just described would be an important contribution to
develop a selection of instruments that could or should be used in
practice from the perspective of practising healthcare professionals.
The development of a corresponding guideline would also be
worth considering.

When trying to synthesise such a complex topic there are certain
limitations and potential biases. First, we did not assess the quality
of the included articles, as this is not the aim of a scoping review.
Referring to the WHO and ICPC-2 definition/framework in our
understanding of PSPs may have led us to exclude articles that other
definitions would have encompassed. Because our results refer to
information extracted from the included articles, where information
on validation was not always provided, instruments may have been
excluded even though validation might have been available. Since
we did not set time limits, we included articles from 1978 to the
present. Both the way research is conducted and reported and the
way PSPs are addressed have changed over that time, limiting the
summary and comparability of studies. We note that our findings
are predominantly based on literature from high-income countries.
PSPs vary in areas with different social and cultural norms and
belief contexts, so the results cannot simply be extrapolated to other
countries or communities on other continents.

We believe these limitations, however, are offset by numerous
strengths. A clear strength of this scoping review is the integration
of a wide variety of studies using tailored search strings providing a
comprehensive summary of the field. Additionally, strengths include
the use of rigorous scoping review methods and compliance with
standards for conducting and reporting reviews. All articles were
reviewed and extracted by two independent authors to reduce the
risk of selection bias. Regular meetings and discussions within our
multidisciplinary team, consisting of a sociologist, psychologist, GP,
and a mathematician ensured the integration of interdisciplinary
perspectives. We have included all types of study designs, reflecting
the fact that RCTs are not always appropriate for reporting on a
complex topic, which PSPs undoubtedly are.

The integration of psychosocial and social aspects into clinical
practice is receiving increasing attention in medicine. The use of
identification instruments could be helpful in daily practice to
identify patients with PSPs who may benefit from greater support
in one or more areas, thus promoting whole-person care for the
entire population. This review identified 66 articles reporting on 22
validated instruments that have been studied and used in general
practice research. Although the diversity of terms and instruments
makes compiling, discussing, and summarising the literature a
challenge, the diversity of instruments also demonstrates the great
potential and the many ways and variations in which instruments can
be used in clinical practice to achieve a deeper understanding and
more appropriate care. Adapted and tailored to local circumstances,
practice populations, and needs, they could be useful in daily
GP practice; however, this requires further research. Given the
heterogeneity of studies and instruments, future research efforts
should include both a more structured evaluation of instruments
and the incorporation of consensus methods to move forward from
instrument research to actual use of instruments in daily practice.
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Background: A�ective disorders are a debilitating and very prevalent problem

throughout the world. Often these are associated with the onset of comorbidities

or a consequence of chronic diseases. Anxiety and depression are associated with

poor social and personal relationships, compromised health. We aimed to synthesize

evidence from studies measuring the impact of a health literacy (HL) intervention on

the improvement of a�ective disorders.

Methods: For this systematic review and meta-analysis, we searched

PubMed/MEDLINE, Embase,Web of Science, Ibecs, Cuiden, Scielo, Science Direct and

Dialnet for exclusively randomized controlled trial studies (RCTs) published between 1

Jan 2011, and 31May 2022. The search terms employed were “health literacy,” “health

knowledge,” “anxiety,” “anxiety disorder,” “depression,” “depressive disorder,” and

“adult.” The risk of bias assessment was performed using the Cochrane Collaboration

Revised Risk of Bias tool (RoB2). We conducted random-e�ects meta-analyses and

explored heterogeneity using meta-regression and a stratified survey.

Results: Of 2,863 citations found through the initial screening, 350 records were

screened by the title and abstract for their themes and relevance. Finally, nine studies

complied with the inclusion criteria for the meta-analysis. 66.66% of studies (n = 6)

were rated as having a low risk of bias and 33.33% (n = 3) were judged to raise some

concerns. The health literacy interventions were associated with −1.378 reduction in

depression and anxiety questionnaires scores [95% CI (−1.850, −0.906)]. Low mood

disorder scores are associated with better mental health and wellbeing.

Conclusion: Our findings demonstrate that an HL intervention in relation to the

symptoms associatedwith a�ective disorders improves the emotional state of patients

in PHC, with a moderately positive e�ect in reducing depression and anxiety.

KEYWORDS

meta-analysis, health literacy, primary health care, mental health, a�ective disorders,

e�ectiveness
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1. Introduction

Mental disorders are highly prevalence in our society (1). In 2019,
the World Health Organization (WHO) reported that around 3.8%
of people worldwide suffer from depressive moods and 4.1% suffer
from anxiety disorders (2). So far, depressive moods and anxiety are
included in the list of the main causes of morbidity in the world, and
it is estimated that ∼300 million people are affected (1). This figure
has also increased considerably in light of the COVID-19 pandemic
(3, 4).

In primary health care (PHC) settings, the prevalence of
depression and anxiety are high. Patients with mental disorders or
psychosocial conflicts are highly frequent users of health services.
Nevertheless, depression and anxiety are very often underdiagnosed
(5). A recent meta-analysis suggest that extremely low detection of
depression was associated with a high value of increased severity
of depression and suicidality (6). Therefore, the prevalence should
be higher than that found, especially in the population at risk, i.e.,
women, widows, widowers, retirees, regular users of PHC services
and those who have experienced stressful life events (7, 8).

Affective disorders are the result of complex interactions between
social, psychological, and biological factors (9). Many of these mental
health problems have a long duration and significant severity, which
can alter the conciliation and daily life of the people who suffer
from them, which generates great discomfort. The latest WHO
reports on non-communicable diseases highlighted the importance of
promoting better mental health and wellbeing (10, 11). Considering
mental disorders are not deemed to be chronic health conditions by
WHO, some suthors require to integrate mental health disorders into
non-communicable diseases (12, 13).

Current evidence suggest the high probability of coexistence
with chronic comorbid diseases, such as diabetes, hypertension, or
cardiovascular diseases, may worsen affective disorders Furthermore,
people with non-communicable diseases, such as diabetes mellitus,
are at an increased risk of developing a mental disorder such
as depression or anxiety (10, 14, 15). Mental disorders and
cardiovascular diseases are the two main contributors to the global
economic burden of non-communicable diseases and share a close
relationship (16). In fact, a recentmeta-analysis of 83 studies analyzed
the pooled prevalence of depression and anxiety in adults with
non-communicable diseases in Bangladesh, India, and Pakistan (17).
As results, the prevalence of depression was 44% [95% confidence
interval (95% CI) = (26, 62)], 44% for patients with chronic
obstructive pulmonary disease [95% CI = (34, 45)], 39% for patients
with diabetes [95% CI= (23, 56)], 38% for patients who had suffered
a stroke [95% CI = (32, 45)], 38% for patients with hypertension,
and 37% [95% CI = (30, 45)] for patients with cancer. In relation
to anxiety, a prevalence of 29% is observed in patients with diabetes
and 27% for patients with cancer (17).

Self-management of health is related to knowledge, self-care, self-
coping abilities, and attitudes toward obstacles in life aside from
purely biological conceptions (18). This would correlate with the
concept of health literacy (HL), for which the first definition dates
to 1998 (19): “Health literacy refers to the social and cognitive
skills that determine the level of motivation and the ability of
a person to access, understand and use information in a way
that allows them to promote and maintain good health.” HL of

communities and individuals has three basic levels: (1) health care
and attention (accessing, understanding and interpreting medical-
clinical information for informed decision-making); (2) disease
prevention (correctly accessing, understanding and interpreting
information about risk factors for health, and being able to make
decisions regarding it); (3) health promotion (knowing health
determinants, and being able to make lifestyle decisions accordingly)
(20, 21). Community interventions in HL are particularly focused on
modifying habits for a healthier life, closely related to the main health
paradigms of Lalonde’s determinants of health (22) and Dahlgren and
Whitehead’s Multilevel Model (23), with the Antonovsky’s concept of
salutogenesis (24) and Marmot’s social determinants (25) or with the
models of HL (20, 21, 26, 27).

Consequently, the level of HL has a direct impact on patients’
ability to act and take on the medical-health information they
receive, and on the real control that different individuals, families,
or communities have over their own health (28). HL is lower in
older people, social minorities, those with low socioeconomic status
and those with limited access to health services (29–31). Moreover,
greeting literacy have a high impact improving health and quality of
life and healthy lifestyles (32). Currently, relevant evidence reported
that health literacy leads to improved health knowledge, self-reported
health status, shorter hospitalization, lower healthcare costs, and less
frequent use of healthcare services (32–34).

The promotion of the participation of the population in coping
with diseases and their self-care and self-management of health is a
key element in the health of the general population and especially
in the population with affective disorders. Disorders like anxiety or
depression are associated with poor social and personal relationships,
adverse life situations, compromised health and poor coping and
problem-solving skills (7–9, 35).

Little evidence has been presented for the relationship between
health literacy and affective disorders. Some studies reported that
people with lower HL have more risk of mental illnesses and
depressive symptoms (36–38). Moreover, low health literacy is
associated with delays or failure to seek treatment for depression
or anxiety. These delays have been linked to worse outcomes at the
end of treatment (39, 40). However, little relevant evidence has been
found of the effect of HL interventions on affective disorders.

Some authors suggest that there are cultural barriers, difficulties
in accessing health services and a lack of a protocolised structure,
which comprises a principal element of the interventions (41). These
barriers also exist in accessing therapeutic alternatives. In fact, WHO
has included “Implementing promotion and prevention strategies in
the field of mental health” as a priority objective in its expanded
mental health plan 2013–2030” (42).

The participation of the population in decision-making, in
daily life, coping with diseases and the ability to self-manage
health is promoted as a potentially key element in the future
of the general population’s health. Despite this, the role of HL
interventions in the field of health, prevention and promotion
of adopting resilient behavior despite mental health problems
and responding appropriately to adverse situations is recognized.
Our study aims to perform a systematic review and meta-
analysis of the effect of HL interventions on more prevalent
affective disorders (anxious and depressive symptomology) in adults
in PHC.

Frontiers in PublicHealth 02 frontiersin.org
426427

https://doi.org/10.3389/fpubh.2023.1007238
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Magallón-Botaya et al. 10.3389/fpubh.2023.1007238

2. Materials and methods

2.1. Search strategy

The present systematic review and meta-analysis study
was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(43). A comprehensive search for HL interventions and their
effect on depression and anxiety was undertaken using the
PubMed/MEDLINE, Embase, Web of Science, Ibecs, Cuiden, Scielo,
Science Direct and Dialnet databases. Moreover, a peer-review
of relevant gray literature (e.g., economics working papers and
academic theses) was performed. The search was conducted between
1 April and 1 June 2022. All articles published between 1 Jan 2011,
and 31 May 2022 met the inclusion criteria. The search terms
employed were “health literacy,” “health knowledge,” “anxiety,”
“anxiety disorder,” “depression,” “depressive disorder” and “adult.”
The reference lists of the included articles were also checked to find
other appropriate articles. In Supplementary Table 1, we describe
details of the search terms in full.

2.2. Conceptual framework

In this systematic review, the research team developed a
logic model according to the PICOS (Participants, Interventions,
Comparison, Outcomes, Study design) principle (44). Thismodel was
developed to assist in the process of understanding and interpreting
the effect of health literacy programs on better mental health and
emotional wellbeing. In addition to identifying confounding factors
and effect modifiers to explore in the subgroup analysis. The project
team collaboratively developed the logic model, drawing on themes
from the literature and the collective knowledge and experience of
the team. The conceptual framework based on PICOS principle is
presented in Figure 1.

2.3. Inclusion and exclusion criteria

The records retrieved were screened according to the inclusion
and exclusion criteria. In this systematic review and meta-analysis,
the inclusion criteria for the studies were as follows: (1) randomized
controlled trials (RCTs) as the study design; (2) adults with or
without diseases (>18 years old) as the population demographic;
(3) health literacy interventions carried out in primary care
whose main/secondary objective is to decrease mood disorder
symptomatology as the intervention; (4) health literacy, depression
and anxiety evaluated with validated scales as the methodology;
and (5) scores of depression or anxiety scales baseline and post-
intervention with their standard deviation or confidence interval
as the outcomes. The study was also incorporated if the records
presented the mean difference after the intervention, provided that it
was accompanied by a standard deviation and/or confidence interval.

The exclusion criteria for the studies were as follows: (1) quasi
experimental and observational studies; (2) studies with insufficient
information or unpublished information; (3) studies with unspecified
or incomplete methodology or the use of unvalidated scales; (4)
studies in which the results were presented only in the form of graphs

that did not allow the extraction of quantitative data; and (5) studies
that were written up in neither English nor Spanish.

2.4. Data extraction and risk of bias
assessment

A standardized Excel spreadsheet was prepared for data
extraction. Two reviewers independently extracted and summarized
the data according to the inclusion and exclusion criteria. A
third reviewer resolved any disagreements through consensus or
discussions. The information from each study included the first
author, publication year, intervention title, country, sample size,
patient demographics, type and characteristics of the intervention,
scales outcomes (baseline mean, pre-post, and follow-up outcomes
of depression and anxiety), length of intervention and follow-up.
Finally, the data were rechecked by an independent author for
accuracy. In the analyzed studies that presented different evaluations
throughout the duration of the intervention, different types of
intervention or different scales of evaluation of affective-emotional
symptomatology were included in the meta-analysis as independent
effects with the purpose of evaluating whether any of these specific
characteristics could lead to a greater impact on mental and
emotional wellbeing.

Certainty of evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) system (45). This combines information on five domains:
risk of bias, imprecision, inconsistency (including statistical
heterogeneity), indirectness (assessing how closely available data
reflect the research question), and publication bias. A GRADE
summary of findings is provided in the Supplementary Table 2.
Also, the risk of bias assessment was performed using the Cochrane
Collaboration Revised Risk of Bias tool (RoB2) (46). This tool
is the recommended in Cochrane Reviews to assess the risk of
bias in randomized trials included. RoB 2 is structured into a
fixed set of domains of bias, focussing on different aspects of
trial design, conduct, and reporting. Further detail on extracted
items, decision rules, and RoB assessment, is available in the
Supplementary Table 3.

2.5. Statistical analysis

For the meta-analysis, standardized mean difference (SMD) was
employed. SMDmeasure of effect is used to report efficacy in terms of
a continuous measurement (47). If the mean differences or standard
deviation could not be directly extracted from the studies, they were
estimated from the baseline and post-intervention outcomes, sample
size, mean and 95% confidence intervals (95% CI), respectively.

We did a random-effect meta-analysis using models based on
the DerSimonian and Laird method (Q-test) (48, 49). In addition
we estimated the heterogeneity across studies using Higgins and
Thompson method (I2 statistic) (50). Heterogeneity was considered
statistically significant when I2 was more than 75% or the Q-test
was <0.1.

Random-effects meta-regressions were used to verify if the
results were associated with any theoretical quantitative covariates
(mean age, gender, sample size, and publication year), since these
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FIGURE 1

Conceptual model indicating theory of change for health literacy and mental health. *Measured with validated with validated scales. Health literacy

descripted following the model concept an definitions by Sorensen et al. (15); depressive and anxious symptomatology descripted following the

definitions included in the DSM-V (38). Variables considered as important potential confounders in this study are indicated in italics and were selected a

priori by the researchers based on variables that were viewed as key confounders in the literature. Variables considered important potential e�ect

modifiers for exploration in this study are indicated in bold; these were selected based on assumptions regarding their likely importance and anticipated

data availability.

variables may explain the observed heterogeneity. To evaluate the
impact of qualitative or dichotomous variables, the meta-analysis
was stratified into different categories (chronic population, types of
intervention, and improvement of HL following the intervention).
The presence of publication bias was assessed using a funnel
plot and Egger (51) and Begg’s (52) statistical models. A p-value
of < 0.05 was considered statistically significant. Openmetanalyst
(53) and Stata v.15 software (54) was used for all of the
statistical analyses.

3. Results

3.1. Literature search results

The full systematic search retrieved a total of 2,863 results.

Following the removal of duplicate and non-RCT articles, 350

articles were screened by the title and abstract for relevance. Finally,
nine studies (55–63) were incorporated into this meta-analysis
to evaluate the association between HL interventions and
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FIGURE 2

PRISMA flowchart process.

depression and anxiety. The PRISMA Flowchart process is presented
in Figure 2.

3.2. Study characteristics

All nine studies included (55–63) were RCTs with a total of
2,311 participants, of which 66.5% were women, and the mean
age was 56.46. Four studies (55, 57, 58, 60) were conducted in
Australia, two studies (59, 63) in the United States of America, one
study (62) in Japan, one study (56) in Spain, and one (61) in the
United Kingdom. All of the evaluated studies were published between
2011 and 2021. Table 1 shows a summary of the characteristics of the
included studies.

The descriptive characteristics of each study from our
meta-analysis (author, year, country, sociodemographic, type of
intervention, duration, characteristics of sessions, baseline scores)
are presented in Table 2. The nine included studies had different
scales of evaluation of the affective-emotional symptoms and health
literacy. For depressive symptomatology, five studies used PHQ-9
scale (64), 2 studies GSD short version scale (65), one study used
CESD scale (66), and the last one BDI-II scale (67). For anxiety
symptomatology, only 4 studies evaluated anxiety and all of them
with GAD-7 scale (68).

For health literacy, 2 studies used heiQ scale (69), 1 study
used Health Literacy Scale-14 (70), 1 study eHEALs scale (71), 1
study used HLS-EU-16 scale (72), 1 study used 3QHL questionnaire
(73), and 1 study TOFHLA short version test (74). Moreover
2 studies evaluated health literacy with mental health literacy
questionnaires [1 study used MHLQ-25 questionnaire (75, 76) and
1 study D-Lit questionnaire (77)]. All the scales used are itemized in
the Supplementary Table 4.

3.3. E�ect on mental health and mood
disorders

For the meta-analysis of studies incorporated (55–63) we
applied a random effects model to gauge the effect of HL
interventions on mental health and mood disorders. According to
our results, there was an observed moderately positive effect for
reducing −1.378 points post scores [95% CI (−1.850, −0.906)]
in depression and anxiety questionnaires. The decrease in the
depression and anxiety scores implies the better mental health of
the participants.

If we differentiate the effect of the type of affective-emotional
symptomology, the anxious symptomatology decreased by −2.829
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TABLE 1 Summary of studies.

Sociodemographic characteristics

Participants (n) 2,311

Mean age (years) 56.46

Female (%) (n) 66.55 (1,541)

Participants with chronic diseases (n) 4 studies (1,249)

Participants with depression at baseline (n) 2 studies (837)

Evaluation

Only depression evaluation (n) 5 studies (1,064)

Only anxiety evaluation (n) 0 studies (0)

Anxiety and depression evaluation (n) 4 studies (1,247)

Intervention characteristics

Interventions with more than two intervention groups 2 studies

Interventions applying literacy-adapted CBT 2 studies

Average participants of control group (min–max) 114 (30–302)

Average participants of intervention group (min–max) 142 (30–307)

Intervention with group sessions 3 studies

Intervention with digital monitoring 3 studies

Intervention with telephone call monitoring 2 studies

Average sessions (number) (min–max) 11.6 (2–30)

Average duration of each group session (minutes) (min–max) 68.33 (20–120)

Mean Intervention length (weeks) (min–max) 16.44 (2–52)

No follow-up 4 studies

Average length of follow-up (min–max) (months) 8.6 (1–12)

n, number of participants.

points [95% CI (−3.981, −1.676)], vs. depressive symptomatology
that decreased by −0.897 points [95% CI (−1.295, −0.499)].
However, it is necessary to point out that none of the studies included
have evaluated the effect on anxiety as the onlymental health variable.
The effect sizes for each RCT researched in our meta-analysis are
displayed in Figure 3.

In Figure 3, the effect obtained in the RCTs that carried
out different evaluations during the study has been included
independently, as in Salisbury et al. (61). Moreover, the independent
effect was also considered if the study presented different types of
intervention within it, such as the studies of Bakker et al. (55)
or Van-Dyke et al. (63). On the other hand, for the studies that
evaluated both depression and anxiety symptoms, as suggest in
the study by Bohingamu et al. (57), the effect of each score is
incorporated independently in this analysis. Heterogeneity among
the studies that we had included was I2 98.56% and Q was a
p-value <0.001, which is highly significant. This heterogeneity
indicated a high variability in the characteristics of the different
interventions analyzed. To obtain an exact prediction of the
patients who will benefit from better mental health with HL
interventions, a stratified analysis is performed through subgroups
and meta-regression.

3.4. E�ect according to the type of
intervention

The outcomes of the type of intervention reported that individual
interventions decreased themood disorder symptomologymore than
group interventions [−1.757; 95% CI (−2.309, −1.206)] vs. [−0.197;
95% CI (−0.311, −0.082)], respectively, as shown in Table 3. When
comparing the type of individual therapy, telephonic interventions
obtained better results in anxious and depressive symptomology vs.
face-to-face interventions or interventions using digital platforms.

In relation to this analysis by subgroup, individual interventions
maintain high scores for Heterogeneity I2 and Q when compared
to group interventions [(98.52%; 0.000) vs. (13.27%; 0.329),
respectively]. Furthermore, the heterogeneity of the different
types of individual interventions was also significant, except
in the case of face-to-face interventions. These results indicate
that there is variability in different individual interventions,
while group interventions do maintain uniformity in their intra-
study characteristics.

3.5. E�ect according to chronic pathologies

Our meta-analysis contains four RCTs (57, 59, 61, 63) focused
on the effect of HL in patients with chronic pathologies. As
shown in Table 4, we reported a greater decrease of mood disorder
symptoms in the demographic with chronic pathologies [−1.938;
95% CI (−2.679, −1.196)] compared to the community population
[−0.722; 95% CI (−0.948, −0.459)]. Digital systems interventions
obtained a better effect for reducing depression and anxiety scores in
patients with noncommunicable diseases [−5.115; 95% CI (−6.949,
−3.282)] vs. face-to-face [−0.505; 95% CI (−0.765, −0.245)] or
telephonic interventions [−2.808; 95% CI (−3.658, −1.958)]. In
relation to this analysis by subgroup, both groups maintained a
high heterogeneity I2 and Q [(99.24%; 0.000) and (84.71%; 0.000),
respectively]. These results indicate that there is high intra-study
variability in both conditions.

3.6. E�ect of the significant improvement in
health literacy

Five (56, 57, 60–62) of the included studies obtained a statistically
significant increase in HL level as a result of their intervention. Two
studies reported an improvement of some domains of HL as Skill and
Technique Acquisition (heiQ scale), while another study reported
an increase in the Communicative Health Literacy (Health Literacy
Scale-14). Other studies only report final scores and are undivided
by domains (eHEALs scale, D-Lit questionnaire). Due to the use of
different health literacy scales with different scoring systems, it was
decided not to incorporate the baseline or post-intervention mean of
these scales as a continuous variable. Instead, the significant increase
in LH post-intervention was included as a dichotomous variable, as
shown in Table 5. The effect of each intervention on the HL values of
the included studies can be seen in Supplementary Table 5.

To report whether this significant increase can influence affective
symptomatology, an analysis was performed per subgroup. Studies
with a significant improvement of HL obtained better outcomes
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TABLE 2 Characteristics of included studies.

References Country Sample
size

Patient characteristics Type of
intervention

Session
characteristics

Total sample
baseline
(mean ± SD)

Outcomes
and
follow-up

Female
% (n)

Age.
mean ± SD

Patient

Bakker et al. (55) Australia N = 226
IG1= 56
IG2= 56
IG3= 50
CG= 64

80.5% (182) 34.2± 12.1 Community people
>18 years old

IG1:CBT-HL adapted app
(activities, checker, a
mood tracker, journal)
IG2: self-monitoring
mood-tracking app
IG3: app that recommends
CBT strategies
CG: No intervention

Individual
N◦ session= 30
Duration= 15–30min

MHLQ-25= 16.35± 2.26
PHQ-9= 9.69± 6.07
GAD-7= 7.08± 5.52

Baseline
4 weeks

Blancafort-Alias
et al. (56)

Spain N= 358
IG= 194
CG= 164

81.8% (293) 73.63± 6.9 Urban
disadvantaged areas
> 60 years

IG: Complex community
program
CG: No intervention

Group session (15 p
per group)
N◦ session= 12
Duration= 120 min

HLS-EU-16∗
GDS-5 > 2: 59.69%

Baseline
12 weeks
12 months

Bohingamu et al.
(57)

Australia N= 171
IG= 86
CG= 85

47.9% (82) 70.41± 12.41 Diabetes and/or
chronic obstructive
pulmonary disease
>18 years old

IG: Remote Patient
Monitoring with an
individual telehealth care
plan
CG: Usual care

Individual
N◦ session= 2
Duration= 90 min

heiQ∗
PHQ-9= 6.595± 5.39
GAD-7= 5.11± 5.41

Baseline
52 weeks

Heckel et al. (58) Australia N = 216
CG= 108
IG= 108

56.4% (122) 59.4± 12.2 Adults > 18 years
who are cancer
caregivers

IG: telephonic
recommendations:
psychological distress,
health literacy, physical
health, family support,
financial burden, and
practical difficulties
CG: Usual care

Individual
N◦ session= 3
Duration= 25 min

heiQ∗
CES-D= 12.35± 0.91

Baseline
4 weeks
6 months

Johnson et al. (59) United
States of
America

N= 228
IG= 95
CG1= 71
CG2= 62

57.7% (127) 59.33± 9.55 Patients with type 2
Diabetes mellitus
and depression >18
years old

IG: Motivational and
encouraging presential
coaching.
CG1: follow-up from their
family physician.
CG2: Usual care

Individual
N◦ session= 8–12
Duration= 30–60 min

3QHL= 5.9± 2.6
PHQ-9= 14.3± 3.6

Baseline
24 weeks
12 months

(Continued)
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TABLE 2 (Continued)

References Country Sample
size

Patient characteristics Type of intervention Session
characteristics

Total sample
baseline
(mean ± SD)

Outcomes
and
follow-up

Female% (n) Age.
mean ± SD

Patient

Kiropoulos et al.
(60)

Australia N= 202
IG= 110
CG= 92

50.5% (105) 65.40± 9.0 Greek-born or
Italian-born
first-generation
immigrants >45
years old

IG: Online multilingual
platform that content
information about depression
CG: No intervention

Individual online session
N◦ session= 2
Duration= 90 min

D-Lit= 9.49± 3.75
BDI-II= 8.48± 7.83

Baseline
2 weeks
1 month

Salisbury et al. (61) United
Kingdom

N= 609
CG= 302
IG= 307

60.4% (417) 49.54± 12.8 Depression patients
>18 years old

IG: A complex intervention
incorporating use of
technologies.
CG: Usual care

Individual telephonic session
N◦ session= 10
Duration= 20 min

eHEALS= 3.6± 0.8
PHQ-9= 16.9± 4.6
GAD-7= 12.95± 4.7

Baseline
16 weeks
8 months

Uemura et al. (62) Japan N= 60
CG= 30
IG= 30

66.6% (40) 74.00± 4.6 Lower health
literacy patients >

65 years

IG: Active learning program
focused on exercise, diet/
nutrition, cognitive activity,
and health literacy
CG: No intervention

Group session (5 p per group)
N◦ session= 24
Duration= 90 min

HLS-14∗
GDS-5= 3.8± 2.9

Baseline
24 weeks

Van-Dyke et al. (63) United
States of
America

N = 241
CG= 78
IGCBT= 83
IGEDU= 80

71.8% (173) 50.76± 8.7 Chronic Pain
patients >18 years
old

IGCBT: Literacy-adapted CBT
IGEDU: pain
Psychoeducation group
CG: usual care

Group session (undefined)
N◦ session= 10
Duration= 90 min

STOFHLA= 30.0± 7.5
PHQ-9= 12.16± 6.5
GAD-7= 9.09± 6.0

Baseline
10 weeks
6 months

N, total sample; CG, control group; IG, intervention group; SD, standard deviation; IG1, intervention group 1 (Moodkit); IG2, intervention group 1 (Moodprism); IG2, intervention group 3 (Moodmission); CG1, control group 1 (active control); CG2, control group 2

(usual care); HL, health literacy; CBT, Cognitive Behavioral treatment; IGCBT, Literacy-adapted group CBT; IGEDU, psychoeducation groups; MHLQ; mental health literacy questionnaire; PHQ, patient health questionnaire; GAD-7, general anxiety disorder; HLS-EU,

European health literacy survey; GDS, Geriatric Depression Scale; heiQ, Health Education Impact Questionnaire; HLQ, Health Literacy Questionnaire; CES-D, Center for Epidemiological Studies Depression Scale; 3QHL, 3 Question of Health Literacy; D-Lit, Depression

Literacy Questionnaire; BDI-II, Beck Depression Inventory; eHEALs, eHealth literacy scale; S-TOFHLA, Abbreviated version of the Test of Functional Health Literacy in Adults.
∗Outcomes specific of Health literacy by domains.
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FIGURE 3

Forest plot for meta-analysis of studies reporting the e�ect on mood disorders. 95% CI: 95% confidence intervals; IG1, intervention group 1 (moodkit);

IG2, intervention group 2 (moodprism); CG1, control group 1 (active control); CG2, control group 2 (usual care); CBT, cognitive behavioral treatment;

EDU, psychoeducation groups; PHQ, Patient Health Questionnaire; GAD-7, general anxiety disorder; GDS, Geriatric Depression Scale; CES-D, Center for

Epidemiological Studies Depression Scale; BDI-II, Beck Depression Inventory.

TABLE 3 E�ect of the type of intervention on a�ective symptomatology.

Subgroups Number of studies Di�erence of mean (95% CI) I2 statistic Q-test

Individual/group

Individual 6 −1.757 (−2.309,−1.206) 98.52% 0.000

Group 3 −0.197 (−0.311,−0.082) 13.27% 0.329

Individual intervention

Face to face 1 −0.505 (−0.765,−0.245) 48.12% 0.140

Digital systems 3 −1.756 (−2.551,−0.962) 97.66% 0.000

Telephonic 2 −2.226 (−3.074,−1.378) 98.88% 0.000

95% CI, 95% confidence interval; I2 statistic, I2 test Higgins and Thompson; Q-test: Q test Der Simonian and Laird.

in mood disorder symptoms [−2.233; 95% CI (−3.041, −1.425)].
The results are recorded in Table 5. In relation to this analysis by
subgroup, both groups show a high heterogeneity.

3.7. Meta-regression

As Figure 3 shows, the heterogeneity assessed by the I2 statistic
and Q test among the included studies was 98.56% and p-value <

0.001, respectively. Due to the high variability in the characteristics, it

was verified whether some theoretical covariates (mean age, gender,
sample size and intervention duration) served as cofounders that
could affect the results. The results of meta-regression showed that
affective symptomatology scores were significantly higher when the

sample had more women than men (p-value < 0.05). This condition

is very influential in those studies whose target population was

chronic patients (p-value < 0.001). Among the results found, it is

important to highlight the influence that the increase throughout

the total duration of the intervention has on the better decrease in

affective symptoms (p-value < 0.001), as shown in Table 6.
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TABLE 4 E�ect of the chronic condition of the participants on a�ective symptomatology.

Chronic patients Number of studies Di�erence of mean (95% CI) I
2 statistic Q-test

Yes 4 −1.938 (−2.679,−1.196) 98.99% 0.000

No 5 −0.722 (−0.984,−0.459) 88.45% 0.000

95% CI, 95% confidence interval; I2 statistic, I2 test Higgins and Thompson; Q-test, Q test Der Simonian and Laird.

TABLE 5 E�ect of the significant improvement in health literacy on a�ective symptomatology.

Improvement of HL
significant

Number of studies Di�erence of mean (95% CI) I
2 statistic Q-test

Yes 5 −2.233 (−3.041,−1.425) 99.16% 0.000

No 4 −0.629 (−0.844,−0.413) 83.18% 0.000

HL, health literacy; 95% CI, 95% confidence interval; I2 statistic, I2 test Higgins and Thompson; Q-test, Q test Der Simonian and Laird.

This evaluated characteristic influences all of the intervention
subgroups and characteristics of our sample population, being
able to highlight the notable influence that this variable has
on the study being carried out. Additionally, in individual
interventions, depression and anxiety symptomatology scores
decreased significantly with the improvement of time for each session
(p-value < 0.05). As Table 6 shows, the variables that may be
influencing this heterogeneity are the proportion of women in the
sample, the duration of the intervention and the number of the
sessions carried out.

3.8. Certainty, and risk of bias assessment
and publication bias of the included studies

The certainty of evidence assessment was performed using
the Grading of Recommendations Assessment, Development and
Evaluation system. We report with high certainty that individual
interventions have beneficial effects on mental health and wellbeing
(e.g., an individual telephonic intervention is associated with a
high decrease of depression and anxiety score). However, there
were three studies (58, 60, 63) with low certainty due to serious
inconsistency (heterogeneity; I2 >75% in meta-analysis) and to
suspected negative influence of Residual Confounding. Our estimates
of effect size for key outcomes were subject to high, moderate, or
low certainty. The certainty assessment of each study can be seen
in Supplementary Table 2. Moreover, the risk of bias assessment was
performed using the Cochrane Collaboration Revised Risk of Bias
tool. among the nine randomized controlled trials six were judged to
have an overall low risk of bias, three (55, 59, 60) were judged to raise
some concerns for bias, and none of them were judged as having a
high risk of bias. The risk of bias assessment of each study can be seen
in Supplementary Table 3.

A question of assessing risk was the domain related to the
outcome measure. This finding could be explained by the absence
of or the presence of only simple blinding of the evaluated studies,
which generates bias in the results obtained. Several of the studies
also report this in their limitations. The risk of bias assessment is
presented in Figure 4A. Alternatively, publication bias was significant
in the analyzed studies (p < 0.001 in the Begg’s test, p < 0.001 in
the Egger’s test) and with the funnel plot shown in Figure 4B. Given
what was obtained in the meta-regression, it can be surmised that
there is a relationship between the existence of publication bias and

one of the most essential characteristics of the interventions, which is
the duration.

4. Discussion

The aim of this systematic review and meta-analysis is to evaluate
the effectiveness of HL interventions in the improvement of anxiety
and/or depressive symptomatology in adults in PHC.

So far, not enough evidence has been presented in studies
with the same objective as ours, so our review and meta-analysis
allows for a new evidence-based approach regarding this issue.
Our results support the effect of HL interventions in improving
mood by reducing symptoms of depression and anxiety in PHC
patients. This is because HL interventions are more effective in
populations with previous chronic pathologies and in individualized
and lengthier interventions.

4.1. E�ect according to the
sociodemographic characteristics of target
population

In our meta-analysis, age was not a significantly influential
variable on the effect of individual interventions, with affective
symptomatology decreasing less in older participants than in younger
participants. The mean age in our study was 56 years old. However,
the mean age in the studies on individual interventions has greater
variability than in the studies on group intervention (34.2–70.41
vs. 50.76–74, respectively). Few studies referred to a systematic
review of interventions in HL in older people since they worked
with less restrictive criteria than ours regarding the role of health
information in promoting the health and wellbeing of older adults
(78). Watkins et al. (79) emphasized the need for researchers to
develop and assess high quality interventions in e-health literacy
interventions targeting the older population, among whom there is
a general lack of knowledge. Following our analysis, the authors of
this study reinforce the necessity of improving the availability and
accessibility of information for self-management and individuals’ HL
skills. Recently, Uemura et al. (62) examined the effects of an active
learning program in HL, lifestyle behaviors, physical function, and
mental health among older community-dwelling adults with low HL.
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The intervention group demonstrated a significant improvement in
communicative HL and depressive symptoms among other variables.

Overall, the published studies that coincide with our outcomes
show a greater responsiveness and effect in the young and adolescent
population, perhaps in relation to the introduction of e-health tools
(80, 81). Even one of the studies, by Bakker et al., attained exceptional
results in improving affective disorders in patients with anxiety and
baseline depression, with a mean age of 34 years old (55, 82, 83).

Concerning sex and gender, our study found, as in other
published studies (84), that there is a higher baseline prevalence
of affective disorders in women than in men. Of the 1,541 women
included in our study, 35.30% had been diagnosed with depression
at the beginning of their intervention. In our study, the studies
in which the percentage of women was greater than men in the
sample showed that the effect of the reduction of symptoms was less,
especially in the studies in which the population comprised patients
with chronic conditions (p < 0.05 and p < 0.001, respectively). This
finding could be explained by the fact that, indirectly, the effect of
the intervention in the trials with a higher percentage of women,
and therefore of baseline affective disorders, was lower. Through
the review of the current evidence, we have not found RCTs that
explore the perspective of sex or gender in relation to the effectiveness
of interventions.

4.2. E�ect according to the intervention

In relation to the content included in the interventions and their
focus on mental health and affective symptomatology, the results
obtained did not suggest that interventions with a focus on mental
health obtained better results in affective-emotional symptomatology
in the main analysis.

Four of the included studies treat depressive symptomatology
as a primary outcome, and the 5 remaining studies treat it as a
secondary outcome. Only 2 studies had mental health as the focus
of the intervention (55, 60), 6 studies treated mental health as a topic
concerning the set of sessions of the intervention (56, 58, 59, 61–63),
and 1 study carried out an individualized intervention focusing on
the patient (57). Thus, the topics of the intervention in health literacy
were not pre-established and depended on each patient.

In themeta-analysis, it was observed that individual interventions
were more effective than group interventions; however, greater
uniformity has been found in group interventions compared to the
heterogeneity of individual ones. One of the common problems
shared with other group interventions is a lack of adherence to
heterogeneous factors, especially in disadvantaged socioeconomic
contexts and among older people. An example of this situation
can be found in the study on community samples by Blancafort-
Alias et al. (56), who carried out an intervention in SA with a
strong social component and measurements at 3 and 12 months
in disadvantaged populations in PHC. This study showed that the
intervention was effective in improving the mental health of older
adults in disadvantaged urban areas, and the results of this study
provide evidence to policymakers on how to promote health, with an
emphasis on salutogenesis by promoting self-management and health
literacy (85).

Currently evidence suggests that HL interventions have started
using new technologies as instruments for improvement. This can be
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FIGURE 4

Risk of bias assessment and publication bias of the included studies. (A) Risk of bias assessment. (B) Funnel plot.

observed in the studies collected in our review: 3 out of 9 studies
used digital technologies exclusively (55, 57, 60). In patients with
underlying chronic diseases, digital interventions obtained better
results than face-to-face interventions. In addition to the general
population or patients with depression (61), the implementation of
means for improving HL through telematic services has been used,
for example, in patients with breast cancer (86). This study also
analyzed changes in the anxiety and depression scale score after
chemotherapy. Other outcomes includedHL (measured using the 14-
item HL scale). However, no significant improvement was observed
in patients with anxiety and depression or in HL using smartphone
applications or control groups at the end of treatment (86).

Salisbury et al. (61) evaluated the effectiveness of an integrated
telehealth service in 43 British health centers for 608 patients
with depression. When compared to usual care alone, intervention
participants reported improvements in their anxiety as well as
better access to and satisfaction with the support they received, and
improvements in self-management and HL. Nevertheless, they found
only a slight improvement in the mean global score of the PHQ-9
for depression. The authors have suggested that a worse response
may occur in the context of chronic depressive patients treated in
PHC, which may explain any poor responses to non-pharmacological
treatment (61, 87).

Bakker et al. (55) designed an RCT that compared the efficacy of
three publicly available apps for mental health in a young community
sample, and there were significant and homogeneous results in all
aspects. All users of the mental health applications experienced
an increase in mental wellbeing and a decrease in depression and
anxiety when compared to the control group. Interestingly, the
greater involvement of the users in the use of e-health literacy tools
had a greater impact on the reduction of depression, anxiety, and
better levels of emotional wellbeing than those who did not rate
their engagement at all. Emotional self-awareness only influenced the
effect of improving mental health in participants who were clinically

depressed or anxious at the time of the baseline assessment (55). In
this regard, it has been theorized that mental health apps may exert
effects on mental health and wellbeing through mental health literacy
(MHL) and self-efficacy through coping mechanisms (88, 89). MHL
can be improved by providing access to information onmental health
and psychoeducation as well as by giving people tools to gain self-
confidence in their own ability to cope with distress and adversity
(90, 91).

The integration of language in the intervention is also a relevant
factor in achieving the objectives of any intervention. The approach
to HL in certain population groups has been investigated in various
studies (60, 92, 93). Also fulfilling the inclusion criteria, the RCT
of Kiropoulus et al. (60) was evaluated to investigate the effects of
the multicultural information provided by e-health on depression in
Greek and Italian immigrants in Australia. The intervention group
showed higher depression literacy scores post-assessment (p< 0.001)
than those in the control group. The results suggest that the internet
may be a feasible and effective means to increase knowledge of
depression and decrease personal stigma. In contrast, the lack of
change in perceived stigma in this trial is consistent with results
in other trials examining online depression stigma interventions
in English-speaking groups. The authors explain that an important
limitation of the study was that the post-testing and follow-up testing
occurred shortly after the completion of the intervention (60).

Another important factor in the intervention is the team that
applies it in each study. 3 studies detailed that the intervention was
applied by a team made up of general practitioners and nurses. 1
study detailed that the intervention was requested by a nursing team,
while another was performed using physical therapy. The remaining
four studies did not specify the type of professional that applied the
intervention; it was only implied that the research team of the study
performed this intervention. Although the results obtained suggest
that the interventions carried out by the nursing and medical teams
in primary care effected an improvement in mental health, due to
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the lack of sufficient information regarding the different studies, the
overall study does not allow for a good analysis of the influence of the
interdisciplinary team in obtaining better results in mental health.

4.3. E�ect according to chronic pathologies

Our meta-analysis demonstrates that interventions in HL are
more effective in improving affective disorders in patients with
certain chronic pathologies than in the general population, although
improvements in mental health are evident in both groups. There
are research groups that have focused on seeking evidence from
interventions in people with non-communicable diseases by even
creating specific measurement scales (94–96). Unfortunately, many
publications were excluded in this meta-analysis because they did not
provide quantitative data following the intervention. When specific
interventions are scheduled for a given morbidity, they are usually
aimed at improving the dimensions of HL related to knowledge and
self-care of a specific pathology. This type of intervention can be
carried out individually or in a group.

This was the case in four of the studies included in our meta-
analysis that specifically addressed chronic pathologies. Bohingamu
et al. (57) assessed the impact of home-based telehealth monitoring
on health outcomes, quality of life, and costs for patients with diabetes
and/or chronic obstructive pulmonary disease. The intervention
group (86 vs. 95 for the control group) showed a significant
improvement in anxiety, depression, and HL at 12 months, which
comprises the improvement in the mental health of patients with
chronic pathologies (57).

A study included in our meta-analysis, which looked at
highly prevalent chronic diseases such as diabetes, performed this
RCT in 14 PHC clinics. The study included 214 participants
with poorly controlled diabetes and/or coronary heart disease
alongside coexisting depression. In addition to their usual care, an
intervention involving nurses who provided guideline-based, patient-
centered management of depression and chronic disease significantly
improved the management of patients’ medical condition(s) and
depression. While these authors only researched these specific
methods, collaborative care was also shown to improve depressive
symptoms (59, 97).

The same group of researchers made a hypothesis based on a
substudy on the association of inadequate HL with health outcomes
in patients with type two diabetes and depression (98). The exposure
of interest was inadequate HL, measured by a brief scale comprised
of three questions (73). Curiously, participants in both groups
saw significant and important improvements in their depressive
symptoms from baseline to 12 months, except in PHQ-9 scores
between the groups. Using the random-effects model, the adjusted
difference in the average change of PHQ-9 scores was neither
statistically significant (p < 0.482) nor clinically relevant, and there
were no statistically significant differences in any outcomes between
the HL groups (98).

Heckel et al. (58) conducted a telephonic intervention in
which the depression and HL level of caregivers of cancer
patients were measured as secondary variables. For caregivers
at risk of depression, the intervention had a significant effect
on their confidence in having sufficient information to manage
their health.

Through studies on a chronic pain population, Van-Dyke
et al. found that educationally or cognitively disadvantaged patients
benefit most from the more structured approach of literacy-adapted
cognitive behavioral therapy rather than psychoeducation, whereas
less disadvantaged patients benefit from treatment through the
outcome variable, which is improvement in chronic pain (63, 99).
In relation to our meta-analysis, it was observed that the studies
that demonstrated a significant increase in HL level post-intervention
were related to better scores in affective symptomatology. However,
when specifically analyzing the effect on depression as a secondary
outcome when compared to the three interventions in patients with
chronic pain, it was found that changes in depression did not differ
between the cognitive therapy adapted to HL and the educational or
usual care group; in essence, there were no differences between the
three groups (63, 100).

In relation to the evidence of other chronic pathologies, Nesbit
et al. examined the effect of an intensive health education and
counseling intervention to improve self-care in 614 rural patients
with heart failure (HF). The results were that the severity of HF,
worse HF knowledge, poorer perceived control, and symptoms of
depression or anxiety were associated with a worse perception of
quality of life in patients with HF in rural areas (101). Within the
same project, intervention was evaluated as a secondary variable
among randomized cardiac patients with and without depression.
No intervention effects were observed in patients with depressive
symptoms but significant improvements in self-care of their heart
disease were found in patients without baseline depression (102).
These results have been supported by a recent systematic review by
the same group of researchers and suggest that depression is the only
factor consistently reported to be associated with poor self-care in
patients with HF (103, 104). In both studies, the interventions in HL
were not specifically designed to improve the symptoms of mental
discomfort that patients might have (101–103).

The same authors evaluated the level of knowledge regarding self-
care in patients with chronic conditions and psychological distress.
In this study, patients with better knowledge and self-care tended
to have worse HF grades, higher depression and anxiety, and lower
levels of perceived control. This corresponds with the claim in
the previous study that the intervention in HL has no effect on
patients with depression but does on non-depressed patients (105).
One explanation may be the fact that individuals with depression
often experience short attention spans, lack of motivation, loss of
energy, and even psychomotor retardation, all of which contribute
to difficulties in learning about their chronic illness and possible
self-care strategies. The intervention effect can be enhanced by
reinforcing their learning and encouraging motivation when their
depressive symptoms are in remission. Social support is another
potential key factor in improving self-care in HF patients with
comorbid depression, and its lack of social support contributes to
both depression and poor self-care (102).

The study in question also examined the possible association
between degree of literacy and cognitive impairment, specifically
in a sample of 226 people over 65 years of age. 37% of the
participants showed limited health literacy, directly related to a
greater deterioration of the executive functions at the 12 month
evaluation, demonstrating that low HL is related to the further
deterioration of cognitive functions (106).

Closely related to chronic pain, it was found that this RCT,
in which a planned HL intervention program was analyzed in
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comparison with an intervention directive between oncological
and non-oncological patients, whose secondary outcomes were
depression and/or anxiety and HL, among others. Ease of
use of the documentation and satisfaction were high, and
depression/anxiety was low, with no differences based on the
study arm or whether the patient had cancer or not (107). In
another geographical context and with the same objective, the
prevalence of symptoms of depression and anxiety and mental
health literacy (MHL) in outpatients with or without cancer was
evaluated. MHL was comparable between oncology patients and
controls and was positively associated with their level of education.
Thus, the data suggests a strong association between level of
education and MHL: those with higher education were more
likely to possess psychological mindedness and better help-seeking
knowledge (108).

4.4. Heterogeneity, risk of bias, and risk of
publication

In our meta-analysis, there was a significantly high degree of
global heterogeneity assessed by the I2 statistic (50) and Q test (48)
(98.56% and p-value = 0.001 respectively). Thus, there was a lot of
variability in the samples and in the interventions, especially as far as
individual interventions are concerned. The effectiveness of the RCTs
examined was highly variable, even in the same RCT throughout
the follow-up, as in Blancafort-Alias et al. Other studies have shown
a very narrow confidence interval in their results, which suggests
high homogeneity.

Given the high degree of heterogeneity, a meta-regression
analysis was necessary. As observed in the results of the meta-
analysis, the heterogeneity in the group interventions was less than
in the individual ones. This fact could be associated with the
smaller disparity between the durations of the interventions: the
duration of the group interventions were 3–6 months, while the
individual interventions varied between 2 weeks and 12 months.
This allowed us to observe that interventions based on HL varied
according to the problem requiring treatment and the characteristics
of the population to which it was directed. Although there is no
consensus on how to conduct these interventions to obtain the
greatest benefit for the population, as is apparent in the results of
the analysis, longer lasting interventions obtain better results (109,
110).

As reported by the analysis, the proportion of women influenced
the heterogeneity obtained not due to the proportion of female
participants in the studies (66.55%) but rather the presence of
previous depression in the total population included (23.5% of
women vs. 12.6% of men) (84).

The results of the risk of bias assessment were due to the
lack of blinding in these three studies (55, 59, 60). Some research
groups reported in their results that, despite having a single blind,
interactions had been detected between the participants in the arms
of the trial, which may have distorted the results. However, in relation
to the publication bias and what was obtained in the meta-analysis
results, there is a relationship between this publication bias and one
of the essential characteristics of the interventions. This variability
between the basic characteristics of the interventions, such as the

duration of the intervention and the evaluation tools, are associated
with this high publication bias (110, 111).

4.4. Limitations

Some limitations of the meta-analysis should be mentioned. The
first of these is the somewhat strict selection criteria. Ultimately, this
meant that only nine RCTs were included, although the total sample
(2,311 patients) was considered sufficient. Over the last decade, there
have not been any more RCT studies published that investigate
the effect of an intervention in HL concerning emotional wellbeing
and meet the inclusion criteria. However, recent research has been
considered more reliable for this study as the temporality of RCTs
in this type of intervention was relevant compared to those that
were published over 10 years ago and thus discarded in this study.
Another limitation was the difficulty of evaluating some RCTs due
to the lack of quantitative data, which is an essential requirement for
meta-analysis. However, some relevant studies that did not meet the
inclusion criteria were incorporated into the discussion. In relation to
the publication dates of the studies, 2 studies were published in 2021
and may have been affected by the COVID-19 pandemic. However,
a review of their methodology and records showed that they were
carried out in 2017 and 2018; thus, the results were not influenced by
the COVID-19 pandemic (56, 62). Furthermore, the fact that anxiety
and depression have increased during the COVID-19 pandemic must
be taken into account.

In the meta-analysis, it was found that some of the studies
included emotional distress variables (anxiety and depression) as
secondary variables of their intervention and not as the main
outcome, which may have conditioned the analysis and results.
Additionally, no RCTs have investigated the effect of HL on isolated
symptoms of anxiety, which is one of the most frequent affective
disorders in PHC. The long-term impact of HL intervention is
unknown, and our meta-analysis has not filled this gap in the
literature (78).

In the meta-analysis, it was not possible to quantitatively
compare the HL baseline or post-scores following the intervention
due to the lack of uniformity in the domains between the
different scales. In contrast, it has been possible to investigate
the effect of each intervention on the improvement of HL
while dichotomously evaluating whether this result variable led
to a significant improvement. Trials which obtain a significant
improvement of HL provide the best results in improving affective
symptomatology. Therefore, the authors suggest that there is a
relationship between improving people’s HL and improving mental
wellbeing. However, it was not possible to measure the baseline
symptoms of anxiety and depression of the patients in the trials,
meaning that the effect of the interventions was less in patients with
diagnosed affective disorders.

As a final limitation, the meta-analysis presents a high degree of
heterogeneity and publication bias. This is because the characteristics
of the studies have been highly variable and do not present a
characteristic homogeneity between the interventions, such as the
duration of the intervention and the variety of assessment scales for
HL and affective symptomatology. Likewise, there is a tendency for
HL interventions to be more directed and structured according to the
selected population (patients with chronic conditions, populations,
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communities, etc.) and, therefore, the diversity of characteristics of
literacy interventions that may influence health is higher.

Many HL measurement instruments have been investigated
globally and aimed at mental health or specific diseases, as seen
in Supplementary Table 4. Some of them, due to their length and
complexity, are more typical of the field of research than of clinical
practice. The authors of this manuscript, some of whom are GPs
that practice healthcare, consider that, in view of the heterogeneity,
it would be very useful to generalize the use of short, simple, and
applicable scales that would allow clinicians to assess the degree of
patients’ HL in order to plan the most suitable actions for them.
The incorporation of these tools would facilitate the generalization
of practices based on lifestyle changes, for which interventions in HL
must grant the space required.

Furthermore, the interdisciplinarity of the professionals who
apply the intervention may be influential in obtaining better
results in mental health; however, this is a limitation of our
meta-analysis due to the lack of such information in the
collected studies.

5. Conclusions

The findings demonstrate that a HL intervention in relation
to the symptoms associated with affective disorders improves
the emotional state of patients in PHC with a moderately
positive effect in reducing depression and anxiety. This effect was
greater in individual interventions and more significant in the
groups of patients with associated chronic pathologies than in
community settings, although an overall improvement was present
in all groups.

Generally, a significant improvement in the patients’
level of HL also improved their level of mental health
by reducing the symptoms associated with anxiety and
depression. In patients with diagnosed affective disorders,
the effect of the interventions was less. This suggests that
prior psychiatric morbidity should be taken into account when
programming interventions.

Meanwhile, electronic and individualized HL is increasing.
Patients’ acceptability and reasons for their preferences must be
analyzed and investigated based on sex, age, basic affective disorders,
physical limitations, previous level of HL, sociability, and other
demographic characteristics. Perhaps in the future, interventions
for the recovery of sociability and the improvement of emotional
wellbeing should be designed.

E-health tools merit a special mention as they can be
strongly incorporated into interventions due to their versatility,
flexibility, and ease of implementation by patients. Also, patients’
preferences and their reasoning should be taken into consideration
and researched further; it is more than likely that the growing
individualism of our society favors preferences for tools of an
individualistic nature.

There are modulating effects that have not been analyzed in
depth throughout this meta-analysis, such as the relationship found
in the results between the previous level of education and/or HL
and achieving higher scores. A great variability in the interventions
was observed, as well as a proper number of scales, some of
which focused on specific pathologies and many of which would
not be applicable in clinical practice. It is necessary to continue

researching the best options to measure and cover all the domains
of HL in a uniform way that can be applied to clinical settings and
adapted to individual and group situations, population groups, or
patients. Interventions should be incorporated into health services
to improve the ability of individuals to improve their self-care,
level of knowledge of management of their illness, and their
physical, mental, and social health. In short, HL is a social and
health challenge.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

LC provided critical feedback on the protocol as part of
the project’s advisory group. FM-L and DL-I carried out the
literature searches. RM-B, FM-L, CB-M, and BO-B contributed to
the screening process and the selection of the studies included.
FM-L, BO-B, and RM-B extracted the data. CB-M and LC
carried out the risk of bias assessments. RM-B, FM-L, and DL-
I completed the data analysis. All authors had access to the data,
drafted the study protocol, and critically reviewed and approved
the manuscript.

Funding

This study has been funded by Health Institute Carlos III (ISCIII)
through the project grant number PI19/01076, Feder Funds Another
way to make Europe. The funders had no role in the study design,
data collection and analysis, decision to publish, or manuscript
preparation. The trial will be audited once a year by the funding
organization.

Acknowledgments

We would like to thank the Aragonese Primary Care Research
Group (GAIAP, B21_20R) that is part of the Department of
Innovation, Research and University at the Government of
Aragón (Spain), the Primary Care Prevention and Health
Promotion Network [RedIAPP-Health Institute Carlos III, Spain
(RD16/0007/0001)], the Research Network on Chronicity, Primary
Care and Health Promotion (RICAPPS, RD21/0016/0005) that
is part of the Results-Oriented Cooperative Research Networks
in Health (RICORS) (Carlos III Health Institute), and Feder
Funds (Another way to make Europe), for their support in the
development of the study. This research has been developed
during a short-research term of National School of Public Health
(ENSAP), Havana, Cuba supported by Health Research Institute
of Aragon (IISA) (Convocatoria intramural de promoción de
la investigación IIS Aragón. Acción de Apoyo a la Figura del
Investigador Predoctoral).

Frontiers in PublicHealth 15 frontiersin.org
439440

https://doi.org/10.3389/fpubh.2023.1007238
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Magallón-Botaya et al. 10.3389/fpubh.2023.1007238

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that
may be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.
1007238/full#supplementary-material

References

1. World Health Organization. Depression and Other Common Mental Disorders:
Global Health Estimates (2017). Available online at: https://apps.who.int/iris/handle/
10665/254610 (accessed July 1, 2022).

2. Institute of Health Metrics and Evaluation. 2019 Global Burden of Disease (GBD)
study. Global Health Data Exchange (GHDx). (2019). Available online at: https://vizhub.
healthdata.org/gbd-results/ (accessed January 10, 2023).

3. Rajkumar RP. COVID-19 and mental health: a review of the existing
literature. Asian J Psychiatr. (2020) 52:102066. doi: 10.1016/j.ajp.2020.
102066

4. Nicolini H. Depression and anxiety during COVID-19 pandemic. Cir y Cir (English
Ed. (2020) 88:542–7. doi: 10.24875/CIRU.M20000067

5. Galvez-Llompart AM, Valor Gisbert M, Perez-Almarcha M, Ballester-Gracia I,
Canete-Nicolas C, Reig-Cebria MJ, et al. Impacto en la asistencia en salud mental
tras la colaboración entre atención primaria y salud mental. Med Fam Semer. (2021)
47:385–93. doi: 10.1016/j.semerg.2021.04.006

6. Fekadu A, Demissie M, Birhane R, Medhin G, Bitew T, Hailemariam
M, et al. Under detection of depression in primary care settings in low and
middle-income countries: a systematic review and meta-analysis. Syst Rev. (2022)
11:21. doi: 10.1186/s13643-022-01893-9

7. Perrig-Chiello P, Spahni S, Höpflinger F, Carr D. Cohort and gender differences in
psychosocial adjustment to later-life widowhood. J Gerontol Ser B Psychol Sci Soc Sci.
(2016) 71:765–74. doi: 10.1093/geronb/gbv004

8. Yu X, Liu S. Stressful life events and chinese older people depression: moderating
role of social support. Front Public Health. (2021) 9:768723. doi: 10.3389/fpubh.2021.
768723

9. Remes O, Mendes JF, Templeton P. Biological, psychological, and social
determinants of depression: a review of recent literature. Brain Sci. (2021)
11:1633. doi: 10.3390/brainsci11121633

10. World Health Organization. Non-Communicable Diseases Country Profiles
2018. World Health Organization (2018). Available online at: https://apps.who.int/
iris/bitstream/handle/10665/274512/9789241514620-eng.pdf%0A; https://www.who.int/
nmh/countries/2018/npl_en.pdf?ua=1 (accessed July 1, 2022).

11. World Health Organization. Noncommunicable Diseases Progress Monitor
2022. Geneva (2022). Available online at: https://www.who.int/publications/i/item/
9789240047761 (accessed January 10, 2023).

12. Patel V, Chatterji S. Integrating mental health in care for non-communicable
diseases: an imperative for person-centered care. Health Aff. (2015) 34:1498–
505. doi: 10.1377/hlthaff.2015.0791

13. Stein DJ, Benjet C, Gureje O, Lund C, Scott KM, Poznyak V, et al.
Integrating mental health with other non-communicable diseases. BMJ. (2019)
364:l295. doi: 10.1136/bmj.l295

14. Mounce LTA, Campbell JL, Henley WE, Tejerina Arreal MC, Porter I,
Valderas JM. Predicting incident multimorbidity. Ann Fam Med. (2018) 16:322–
9. doi: 10.1370/afm.2271

15. O’Neil A, Jacka FN, Quirk SE, Cocker F, Taylor CB, Oldenburg B, et al.
A shared framework for the common mental disorders and Non-Communicable
Disease: key considerations for disease prevention and control. BMC Psychiatry. (2015)
15:15. doi: 10.1186/s12888-015-0394-0

16. Bloom D, Cafiero E, Jané-Llopis E, Abrahams-Gessel S, Bloom LR, Fathima S, et al.
The Global Economic Burden of Non-Communicable Diseases. Geneva: Program on the
Global Demography of Aging (2011).

17. Uphoff EP, Newbould L, Walker I, Ashraf N, Chaturvedi S, Kandasamy
A, et al. A systematic review and meta-analysis of the prevalence of common
mental disorders in people with non-communicable diseases in Bangladesh,

India, and Pakistan. J Glob Health. (2019) 9:20417. doi: 10.7189/jogh.09.
020417

18. Vainauskiene V, Vaitkiene R. Enablers of patient knowledge empowerment for
self-management of chronic disease: an integrative review. Int J Environ Res Public Health.
(2021) 18:2247. doi: 10.3390/ijerph18052247

19. Nutbeam D. Health promotion glossary. Health Promot Int. (1998) 13:349–
64. doi: 10.1093/heapro/13.4.349

20. Sørensen K, Van den Broucke S, Fullam J, Doyle G, Pelikan J, Slonska Z, et al. Health
literacy and public health: a systematic review and integration of definitions and models.
BMC Public Health. (2012) 12:80. doi: 10.1186/1471-2458-12-80

21. Baker DW. The meaning and the measure of health literacy. J Gen Intern Med.
(2006) 21:878–83. doi: 10.1111/j.1525-1497.2006.00540.x

22. Lalonde M. A new perspective on the health of Canadians. A working document.
Ottawa; 1974 Apr. (1974). Available online at: https://www.phac-aspc.gc.ca/ph-sp/pdf/
perspect-eng.pdf

23. Dahlgren G, Whitehead M. Policies and strategies to promote social equity in
health. Stockholm; 1991 Sep. (1991). Available online at: https://core.ac.uk/download/
pdf/6472456.pdf

24. Antonovsky A. The salutogenic model as a theory to guide health promotion.Health
Promot Int. (1996) 11:11–8. doi: 10.1093/heapro/11.1.11

25. Marmot M, Wilkinson R. Social determinants of health: the solid facts. In: Marmot
M, Wilkinson R, editors. Oxford: Oxford University Press (2003).

26. Nutbeam D, Muscat DM. Health promotion glossary 2021. Health Promot Int.
(2021) 36:1578–98. doi: 10.1093/heapro/daaa157

27. Urstad KH, Andersen MH, Larsen MH, Borge CR, Helseth S, Wahl AK. Definitions
and measurement of health literacy in health and medicine research: a systematic review.
BMJ Open. (2022) 12:e056294. doi: 10.1136/bmjopen-2021-056294

28. World Medical Association. WMA Statement on Healthcare Information for
All. (2019). Available online at: https://www.wma.net/policies-post/wma-statement-on-
healthcare-information-for-all/ (accessed January 13, 2023).

29. Vamos S, Okan O, Sentell T, Rootman I. Making a case for “education for
health literacy”: an international perspective. Int J Environ Res Public Health. (2020)
17:1436. doi: 10.3390/ijerph17041436

30. Platter H, Kaplow K, Baur C. Community health literacy assessment:
a systematic framework to assess activities, gaps, assets, and opportunities
for health literacy improvement. HLRP Heal Lit Res Pract. (2019) 3:e216–
26. doi: 10.3928/24748307-20190821-01

31. Suñer Soler R, Santiñá Vila M. Health literacy y salud. Rev Calid Asist. (2013)
28:137–8. doi: 10.1016/j.cali.2013.03.005

32. Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health
literacy and health outcomes: an updated systematic review. Ann Intern Med. (2011)
155:97. doi: 10.7326/0003-4819-155-2-201107190-00005

33. Shahid R, Shoker M, Chu LM, Frehlick R, Ward H, Pahwa P. Impact
of low health literacy on patients’ health outcomes: a multicenter cohort
study. BMC Health Serv Res. (2022) 22:1148. doi: 10.1186/s12913-022-0
8527-9

34. McCaffery KJ, Holmes-Rovner M, Smith SK, Rovner D, Nutbeam D, Clayman ML,
et al. Addressing health literacy in patient decision aids. BMC Med Inform Decis Mak.
(2013) 13:S10. doi: 10.1186/1472-6947-13-S2-S10

35. Craig S, Frankford R, Allan K, Williams C, Schwartz C, Yaworski A, et al.
Self-reported patient psychosocial needs in integrated primary health care: a role
for social work in interdisciplinary teams. Soc Work Health Care. (2016) 55:41–
60. doi: 10.1080/00981389.2015.1085483

Frontiers in PublicHealth 16 frontiersin.org
440441

https://doi.org/10.3389/fpubh.2023.1007238
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1007238/full#supplementary-material
https://apps.who.int/iris/handle/10665/254610
https://apps.who.int/iris/handle/10665/254610
https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
https://doi.org/10.1016/j.ajp.2020.102066
https://doi.org/10.24875/CIRU.M20000067
https://doi.org/10.1016/j.semerg.2021.04.006
https://doi.org/10.1186/s13643-022-01893-9
https://doi.org/10.1093/geronb/gbv004
https://doi.org/10.3389/fpubh.2021.768723
https://doi.org/10.3390/brainsci11121633
https://apps.who.int/iris/bitstream/handle/10665/274512/9789241514620-eng.pdf%0A
https://apps.who.int/iris/bitstream/handle/10665/274512/9789241514620-eng.pdf%0A
https://www.who.int/nmh/countries/2018/npl_en.pdf?ua=1
https://www.who.int/nmh/countries/2018/npl_en.pdf?ua=1
https://www.who.int/publications/i/item/9789240047761
https://www.who.int/publications/i/item/9789240047761
https://doi.org/10.1377/hlthaff.2015.0791
https://doi.org/10.1136/bmj.l295
https://doi.org/10.1370/afm.2271
https://doi.org/10.1186/s12888-015-0394-0
https://doi.org/10.7189/jogh.09.020417
https://doi.org/10.3390/ijerph18052247
https://doi.org/10.1093/heapro/13.4.349
https://doi.org/10.1186/1471-2458-12-80
https://doi.org/10.1111/j.1525-1497.2006.00540.x
https://www.phac-aspc.gc.ca/ph-sp/pdf/perspect-eng.pdf
https://www.phac-aspc.gc.ca/ph-sp/pdf/perspect-eng.pdf
https://core.ac.uk/download/pdf/6472456.pdf
https://core.ac.uk/download/pdf/6472456.pdf
https://doi.org/10.1093/heapro/11.1.11
https://doi.org/10.1093/heapro/daaa157
https://doi.org/10.1136/bmjopen-2021-056294
https://www.wma.net/policies-post/wma-statement-on-healthcare-information-for-all/
https://www.wma.net/policies-post/wma-statement-on-healthcare-information-for-all/
https://doi.org/10.3390/ijerph17041436
https://doi.org/10.3928/24748307-20190821-01
https://doi.org/10.1016/j.cali.2013.03.005
https://doi.org/10.7326/0003-4819-155-2-201107190-00005
https://doi.org/10.1186/s12913-022-08527-9
https://doi.org/10.1186/1472-6947-13-S2-S10
https://doi.org/10.1080/00981389.2015.1085483
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Magallón-Botaya et al. 10.3389/fpubh.2023.1007238

36. Zhong Y, Schroeder E, Gao Y, Guo X, Gu Y. Social support, health literacy and
depressive symptoms among medical students: an analysis of mediating effects. Int J
Environ Res Public Health. (2021) 18:633. doi: 10.3390/ijerph18020633

37. Rhee TG, Lee HY, Kim NK, Han G, Lee J, Kim K. Is health literacy associated
with depressive symptoms among Korean adults? Implications for mental health nursing.
Perspect Psychiatr Care. (2017) 53:234–42. doi: 10.1111/ppc.12162

38. Degan TJ, Kelly PJ, Robinson LD, Deane FP, Smith AM. Health literacy of people
living with mental illness or substance use disorders: a systematic review. Early Interv
Psychiatry. (2021) 15:1454–69. doi: 10.1111/eip.13090

39. Altamura AC, Dell’osso B, D’Urso N, Russo M, Fumagalli S, Mundo E. Duration of
untreated illness as a predictor of treatment response and clinical course in generalized
anxiety disorder. CNS Spectr. (2008) 13:415–22. doi: 10.1017/S1092852900016588

40. Wells JE, Robins LN, Bushnell JA, Jarosz D, Oakley-Browne MA. Perceived
barriers to care in St. Louis (USA) and Christchurch (NZ): reasons for not seeking
professional help for psychological distress. Soc Psychiatry Psychiatr Epidemiol. (1994)
29:155–64. doi: 10.1007/BF00802012

41. Berenguera A, Pons-Vigués M, Moreno-Peral P, March S, Ripoll J, Rubio-Valera M,
et al. Beyond the consultation room: proposals to approach health promotion in primary
care according to health-care users, key community informants and primary care centre
workers. Heal Expect. (2017) 20:896–910. doi: 10.1111/hex.12530

42. World Health Organization. Comprehensive Mental Health Action Plan 2013–
2030. Geneva: WHO (2021). Available online at: https://www.who.int/publications/i/
item/9789240031029 (accessed January 10, 2023).

43. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Rev Esp Nutr Humana Diet. (2016) 20:148–60. doi: 10.1186/2046-4053-4-1

44. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane
Handbook for Systematic Reviews of Interventions. Version 6 Cochrane. Chichester: John
Wiley (2022).

45. Zhang Y, Alonso-Coello P, Guyatt GH, Yepes-Nuñez JJ, Akl EA, Hazlewood G,
et al. GRADE guidelines 19. Assessing the certainty of evidence in the importance of
outcomes or values and preferences-Risk of bias and indirectness. J Clin Epidemiol. (2019)
111:94–104. doi: 10.1016/j.jclinepi.2018.01.013
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