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Editorial on the Research Topic

Aging and chronic disease: public health challenge and education reform

The aging of the global population has led to significant changes in its age structure,

as life expectancy has increased while fertility rates have declined (1, 2). This demographic

shift has given rise to major concerns worldwide, particularly in developing countries, where

the growing number and percentage of older adults have become a pressing issue (3, 4). In

addition, the aging population has resulted in a rise in chronic diseases such as diabetes,

hypertension, and obesity, as well as various mental health issues such as depression, which

pose serious public health problems (5, 6). The resulting burden on individuals, families, and

society in terms of rehabilitation, stress, and financial strain is substantial, highlighting the

need for healthcare and education reforms to promote healthy aging (7). Thus, health care

or health-related education reform is needed to address the issues associated with this aging

trend and achieve healthy aging. This research special issue provides a platform for the latest

advances in a range of issues and strategies to address the problems posed by population

aging and chronic disease. The special issue collects 34 original research articles, one review

article, and one opinion article.

The high prevalence of chronic diseases such as obesity, hypertension, diabetes,

and metabolic syndrome is a significant public health concern, particularly among

the older adults. Various indicators of obesity have been identified to reflect obesity

under different conditions. Using the Chinese Family Panel Studies 2018 panel

data, Wang et al. found that body mass index may be influenced by interactions

between lifestyle variables and educational achievement. Additionally, a community-

based cross-sectional study conducted by Fan et al. revealed novel obesity-related

indicators, including relative fat mass and lipid accumulation product, which

were previously unreported to have adverse effects on health-related quality of

life. In another study, Du et al. found that body fat percentage was positively

associated with the risk of H-type hypertension (homocysteine levels ≥10 mmol/L) in

postmenopausal women.
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Metabolic diseases pose a significant burden on older

individuals and increase the risk of cardiovascular disease.

An original research study by Xing et al. observed that the

detection rate of people at high risk of cardiovascular disease

was high in Anhui Province, China (21.46%). Cardiomyopathy

and myocarditis are common cardiovascular diseases that can

lead to heart failure in aging adults, as observed by Zhang and

Cheng et al. using the Global Burden of Disease 2019 data. High

systolic blood pressure and alcohol consumption are among the

top risk factors for these serious cardiovascular diseases worldwide.

Thus, preventing cardiovascular disease become more critical.

For example, tooth extraction is common but has cardiovascular

responses in aging adults. Li et al. demonstrated that older adults

had a significant cardiovascular response during tooth extraction.

This highlighted the critical role of monitoring heart rates and

blood pressure during tooth extraction.

Chronic kidney disease is another chronic disease that is

associated with several adverse events. Huang et al. and Song

et al. identified an association between chronic kidney disease and

cataract and sarcopenia prevalence, respectively. In addition, Zhang

Z. et al. concluded that serum soluble Klotho levels were positively

correlated with estimated glomerular filtration rate and inversely

correlated with chronic kidney disease stages, particularly in older

patients with obesity and diabetes.

Interestingly, several potential risk factors for older individuals

with chronic diseases display gender-specific patterns. Wu et al.

have identified potential causal correlations between metabolic

syndrome and elevated total bilirubin levels in females, as well

as links between a rise in urea levels and an improved fatty liver

disease index in males. Similarly, Sun and Lu et al. have discovered

that factors influencing health literacy were associated with gender

differences in older patients with chronic diseases. Additionally, in

a cross-sectional study, Zeng X. et al. found that aging individuals

with diabetes face an increased risk of frailty and pre-frailty (22.7

and 58.5%, respectively) associated with living alone, low income,

and multimorbidity. Besides metabolic disease, cancer is also a

prevalent chronic disease in the aging population. This is supported

by analyzing the characteristics of China’s cancer epidemic over 12

years. Guo et al. have noted that while cancer incidence in Chinese

adults aged 60 and above has shown a declining trend, it remains

significantly high.

In addition to physical health, it is crucial to emphasize the

importance of addressing mental disorders such as depression,

cognitive impairment, and dementia in aging adults. Late-life

depression is a prevalent mental illness with devastating effects on

the older adults. Morita et al. conducted a study on intimate social

networks among 660 community-dwelling older persons and found

that aging adults tended to bond with others with similar depressive

symptoms. They also identified significant apathy homophily but

no significant suicidal ideation homophily. Cognitive impairment

can exacerbate various comorbidities, as shown in a cross-

sectional study by Vera et al., which favored the clustering

of three comorbidity patterns: (1) arthritis, asthma, respiratory

diseases, and depression; (2) obesity, diabetes, hypertension, and

hypercholesterolemia; (3) heart attack, coronary heart disease,

stroke, and kidney disease. Thus, a multidisciplinary approach

should be taken to treat patients with “perceived cognitive

impairment.” Furthermore, in a longitudinal population-based

study, Xu et al. examined the relationship between participation

in leisure activities and recovery from mild cognitive impairment

in older adults. They found that participants with the highest

leisure activity engagement had the greatest chance of mild

cognitive impairment reversion. Finally, dementia is a degenerative

condition that primarily affects older adults and negatively impacts

their quality of life. Dong et al. studied the risk of falls at home

in Chinese people with dementia and concluded that aging adults

with a history of falls were at greater risk of falling, and assessing

risk factors could prevent dementia. Lu Y. et al. highlighted

the importance of proactive community-based surveys that could

increase the early detection of dementia.

With the increasing aging population, chronic diseases

contribute significantly to the cohort trends in disability. This is

evident from a longitudinal study by Pan et al., which analyzed

five-wave national representative data to examine the incidence of

disability in older age groups in China. The study found that both

age and cohort trends indicate a higher likelihood of disability. As

a result, society must focus more on preventing disability in aging

adults to improve their quality of life.

In promoting healthy aging, the rational use of medicines is

crucial. Lu V. et al. conducted a three-year cross-sectional study

showing that inappropriate drugs were commonly used in older

adults with diabetes. The study identified clinical comorbidities

such as chronic gastrointestinal disease, osteoarthritis and

rheumatoid arthritis that increase the likelihood of potentially

inappropriate drug exposure. Therefore, minimizing the risk for

these patients requires considering their clinical comorbidities.

In another study, Eschbach et al. argued that substance abuse is a

public health crisis in the United States and described an approach

that states can use to coordinate state and federal funding to prevent

opioid misuse. Community-based education is a way to improve

health and reduce disability and death associated with substance

abuse. Ferro-Uriguen et al. explored the pharmacotherapeutic

outcomes of a person-centered prescribing intervention in frail

older adults. The study found that this intervention reduced

medication therapy costs, improved medication metrics, and

decreased the total amount of medication routinely administered

to older adults.These findings underscore the importance of

rational use of medicines in promoting healthy aging.

In order to prevent and mitigate inappropriate medication use

among aging adults, promotingmedication literacy is of paramount

importance. A cross-sectional, observational study conducted

by Shen et al. examined the intersection between medication

literacy and social support in older adults with hypertension. The

findings of this study suggest that social support plays a crucial

role in promoting medication knowledge among this population.

Furthermore, Tang et al. designed, implemented, and evaluated

a medication management model that leverages the services of

primary care physicians. Ultimately, the model was found to reduce

the number of multimorbidity medications in older adults and

improve medication safety and adherence.

In the era of globalization and diversification, migration

has become a widespread phenomenon, and older migrants

are particularly vulnerable to health problems. Zhong et al.

conducted a study to assess the association between migration and

Frontiers in PublicHealth 02 frontiersin.org8

https://doi.org/10.3389/fpubh.2023.1175898
https://doi.org/10.3389/fpubh.2022.921038
https://doi.org/10.3389/fpubh.2022.1018385
https://doi.org/10.3389/fpubh.2022.938609
https://doi.org/10.3389/fpubh.2022.1029962
https://doi.org/10.3389/fpubh.2022.963913
https://doi.org/10.3389/fpubh.2022.995314
https://doi.org/10.3389/fpubh.2022.1003505
https://doi.org/10.3389/fpubh.2022.944103
https://doi.org/10.3389/fpubh.2022.996190
https://doi.org/10.3389/fpubh.2022.1023276
https://doi.org/10.3389/fpubh.2022.965026
https://doi.org/10.3389/fpubh.2022.981944
https://doi.org/10.3389/fpubh.2022.1035762
https://doi.org/10.3389/fpubh.2022.946097
https://doi.org/10.3389/fpubh.2022.1005252
https://doi.org/10.3389/fpubh.2023.998948
https://doi.org/10.3389/fpubh.2022.995948
https://doi.org/10.3389/fpubh.2022.921919
https://doi.org/10.3389/fpubh.2022.994819
https://doi.org/10.3389/fpubh.2022.987526
https://doi.org/10.3389/fpubh.2022.992959
https://doi.org/10.3389/fpubh.2022.977563
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun and Li 10.3389/fpubh.2023.1175898

hospitalization and found that older migrants in urban areas after

retirement are more likely to require hospitalization, especially

those with chronic illnesses. To address this disparity in healthcare

utilization, providing high-quality chronic illness management and

early intervention to this population is crucial. Additionally, public

health education must be promoted to improve the health status of

older migrants, as demonstrated by the studies conducted by Yan

et al. and Zeng W. et al.. These studies highlight the importance

of developing and implementing appropriate teaching strategies

and standardizing public health education to meet the unique

characteristics and preferences of older migrant populations.

Overall, these findings emphasize the need for a comprehensive

approach to address the health challenges faced by older migrants

in a globalized and diverse world.

The global increase in life expectancy and changes in the

health status of the aging population have highlighted the crucial

need for professional rehabilitation and therapists. In a study

by Sun and Lin et al., the quality and model of rehabilitation

therapy education in China were evaluated, and it was suggested

that national policies should accelerate rehabilitation education

and optimize rehabilitation curriculum to improve the quality of

rehabilitation services. Bonnechère et al. argued that technology-

assisted interventions should be employed in low- and middle-

income countries to increase the quality of rehabilitation services

since they are critical in managing chronic disorders. Accordingly,

Jing et al. proposed that employing more rehabilitation therapists

is necessary to provide high-quality therapy since most therapists

work under severe pressure. Moreover, staff satisfaction is

also vital. In a cross-sectional survey, Cai et al. emphasized

the need to enhance primary healthcare professionals’ salary,

improve their material circumstances, and attend to their self-

improvement demands.

In addition to rehabilitation therapy, other approaches can

help achieve this goal. Yuan et al. suggest that telecare services

may be a viable alternative for empty-nesters with chronic

illnesses. Meanwhile, Zhang P. et al. found that health shocks

can lead to positive changes in preventative behaviors, such as

reducing the likelihood of smoking and alcohol consumption

and increasing the likelihood of undergoing auxiliary inspections

during physical exams. The role of older adult education in healthy

aging was also reviewed by Zhang and Kan et al.. While older

adult education can play an important role, its limitations must

be recognized, and strategies should be developed to promote

active aging.

Despite these efforts, some issues persist. For instance, many

patients turn to online sources for medical advice and education.

However, the quality and reliability of medical information on

websites like YouTube can be questionable, as found by Zhang

X. et al.. To address this, academic organizations should focus on

producing high-quality video content and marketing it effectively

to reach more viewers. Furthermore, Podhorecka et al. suggested

healthcare workers must establish appropriate contact with older

people, and medical education should be continuously updated

and improved.

Overall, the articles in this Research Topic highlight the

challenges of healthy aging and suggest measures to address them.

Further research is necessary to explore these issues and develop

effective solutions for the aging population.
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Background: The need for rehabilitation therapy has increased dramatically with the

aging of the population, the prevalence of non-communicable diseases, and the increase

in the number of disabilities. Rehabilitation therapists are crucial to provide high quality

rehabilitation therapy; however, there is a significant shortage of these professionals in

China. One of the effective strategies to address this challenge is using the norm of the

workforce for rehabilitation therapy, which is an index for assessing the personnel required

in a facility. This research aimed to create a rehabilitation therapist-required norm under

institutional perspective in Shandong Province, China, based on the Workload Indicators

of Staffing Needs (WISN) method, which was created by the World Health Organization

(WHO) in 1998 to analyse staff utilization at various levels of the health care system.

Methods: We conducted descriptive and quantitative research from October to

November 2020 in the rehabilitation department of a tertiary hospital in Weifang City,

China. Focus groups, online interviews, and document reviews were conducted to gather

data and calculations of the WISN method performed.

Results: Admission assessment, pre-treatment evaluation, rehabilitation therapy,

post-treatment evaluation, and health education for patients were identified as the

main priority group activities. Interviews and analysis of documents summarized

five factors related to rehabilitation therapists’ health service activities. In this

study, the annual working time of each therapist was 1,776 h per year. The

WISN method calculations showed that the norm of rehabilitation therapists in this

tertiary hospital was 23 therapists. As the department had 13 therapists, there

was a shortage of 10 therapists based on the WISN calculation, with a ratio of

0.57, which represented the actual compared to the ideal number of therapists.
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Conclusion: Workload pressure was high for therapists in this tertiary hospital. This

model revealed a demand for ten more therapists in the rehabilitation department.

The WISN method can help hospital administrators in therapist workforce monitoring,

including in regard to therapists. Therefore, the WISN method should be embraced as

part of hospital human resource planning and recruitment strategies to meet increasing

rehabilitation needs.

Keywords: WISN, rehabilitation, therapist, aging, China, public health

INTRODUCTION

According to the World Health Organization, approximately
15% of the world’s total population has had some type of disability
(1). With an increase in the aging population and the prevalence
of non-communicable diseases, the number of disabilities will
substantially increase (2). Rehabilitation is the action of restoring
a person to health or normal life through training and therapy
after imprisonment, addiction, or illness and is an essential health
service for people with a wide range of health conditions during
all phases of acute, sub-acute, and long-term care.

One of the health targets of Sustainable Development Goal
3 (SDG-3) and a global strategy for the health workforce is to
increase training and retention of health personnel, a central
element of health services (3). There is global consensus on the
need to strengthen the rehabilitation sector in health systems,
including the development of new rehabilitation human resource
planning (4). As an important category of the health workforce,
rehabilitation therapists provide comprehensive rehabilitation
assessments and apply for entire rehabilitation programmes in
line with all phases of patients’ acute, sub-acute, and long-term
conditions (5).

China is a developing country with the second largest
economy worldwide and is facing multiple challenges, including
an aging population, high incidences of chronic diseases, and an
increased number of people with disabilities (PDs); therefore, the
need for rehabilitation services is rapidly increasing (6). At the
end of 2019, the population aged 60 years and above numbered
nearly 254 million in China, accounting for 18.1% (7) of the
world’s older adult population. According to the sixth National
Census and the second national sample survey of PDs, the actual
population of PDs was almost 85 million, of which three-fifths
had rehabilitation needs (8).

The Workload Indicators of Staffing Need (WISN) approach
could provide a device to discuss the staffing norms or plans
for rehabilitation therapists (9). The WISN is a workforce-
planning device that considers data when calculating staffing
requirements for health service supply. The methodology uses
the data available in health information systems and provides
options for closing gaps in workforce availability. The data
are analyzed using specific formulas (more details on this are
provided in the Methods section). The WISN method may be
able to determine the specific types of health workforce required
to provide services in a health institution as well as assign
new personnel or redeploy existing personnel dependent on
workload pressure and redistribution. In recent decades, the

WISN method has been proposed in some studies for staffing the
health workforce, including nurses (10), infection preventionists,
general practitioners, and specialists (11). The WISN is also a
dynamic tool that can be repeated on a regular basis to enhance
the adequacy and distribution of human resources for health
facilities. The tool has been used in many countries, including
Ghana (12), Kenya (13), India (14), and Bangladesh (15).

In 1998, the World Health Organization (WHO) proposed
a methodology for adjusting staffing levels to achieve equitable
and optimal distribution of health facility staff from local
to national levels (16). The WHO intends to broaden the
evidence from the application experiences of WISN studies
in diversifying contexts to assist human resource planning for
health. The aim of the study is to exploreWISN for rehabilitation
workforce management at the facility level, owing to the lack
of measurement tools for staffing requirements of rehabilitation
therapists. There is no consensus on rehabilitation therapist
staffing norms in China, and there is a lack of academic concern
regarding this issue. This study seeks to explore some of the
challenges encountered in assuring the quality of services, the
promotion of constant service delivery, and the productive
management of personnel at the hospital.

MATERIALS AND METHODS

Scope and Setting
This research was conducted from October to November 2020 in
the RD of a tertiary educational hospital in Shandong Province,
China. The RD is the keymunicipal department for rehabilitation
in Weifang City. There are 12 beds and 10 physicians (one
chief physician, two associate chief physicians, six attending
doctors, and one physician assistant), 22 staff nurses, and
13 rehabilitation therapists (including 11 who are focused on
physical rehabilitation, one on occupational rehabilitation, and
one on speech rehabilitation).

The RD activities comprised three main categories:
neurological rehabilitation, rehabilitation of osteoarthritis,
and other rehabilitation. Neurological rehabilitation, which
accounted for 60–70% of the total RD visits, included
rehabilitation for patients with conditions such as a stroke,
traumatic brain and spinal cord injury, peripheral nerve
injury, Parkinson’s disease, and cerebral palsy. Visits by older
patients with a stroke or traumatic brain and spinal cord injury
accounted for 50% of visits in this category. Rehabilitation
of osteoarthritis, which accounted for 30–40% of the total
RD visits, included various types of osteoarthritis, cervical
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spondylosis, periarthritis of the shoulder, lumbocrural pain,
scoliosis, post-fracture dysfunction, dysfunction after tendon
and joint injury, sports trauma, rheumatism and rheumatoid
arthritis, post-joint replacement, and so on. Other rehabilitation
included rehabilitation for chronic pain, physiotherapy
for acute and chronic inflammation (facial features, skin,
breathing), and sub-health consultations, rehabilitation, and
non-surgical treatments.

The annual number of patients who received rehabilitation
therapy for the year 2019 was 21,840. If the same therapists
perform the same activity multiple times throughout the day,
the number of times that specific activity is performed is used
to calculate the workload. We used the list of template tables
provided in theWISN user’s manual illustrated by theWHO (19)
to guide each step of the research.

Data Collection
Qualitative and quantitative data were collected. Qualitative data
were obtained from interviews with the human resources officer
and the head of the rehabilitation department (RD). Quantitative
data were obtained by surveying therapists in the RD using a
questionnaire with WISN indicators; namely, activity standard,
allowance factor, available working time (AWT), standard
workload, and workload component were chosen to determine
the staffing requirements of rehabilitation therapists for the
selected tertiary hospital in Shandong Province, China. The data
needed include the main activities by selected groups during
daily duties at the various levels of health service. Two types
of results—differences and ratios—are provided by the WISN
method. The former is the size of the staff shortage or surplus for
the particular staff category, and the latter represents the measure
of the workload pressure of the individual staff member.

A hospital administrator and experienced therapists who had
worked for at least 5 years administered structured individual
and group interviews with therapists to identify the health service
activities, support, and additional activities performed by each
therapist. The time taken by a therapist in the RD to perform each
drafted rehabilitation therapy service activity was calculated by
the head of rehabilitation therapy and a hospital administrator
from the department of human resources. The time taken for
each activity was observed by the research team and from self-
assessments of experienced therapists in the RD. Because direct
observation of support and additional activities was not possible,
the time spent performing each related activity was calculated
based on an approximation given by the therapist through online
interviews. Administrative records were used to access annual
service statistics by our team members.

Data Analysis
Analyses of the workload and the staffing requirements were
performed based on the WISN approach (Table 1).

RESULTS

The Available Working Time
Public holidays represent the days when almost everyone in
China is given time off from work. We accounted for 52

TABLE 1 | WISN steps.

Analysis

stage

Contents

STEP 1 Determining the priority group. China is an aging society; the need

for rehabilitation has increased dramatically; rehabilitation started

late and developed slowly, and a complete rehabilitation system

was not established.

STEP 2 Estimating AWT. AWT = [A–(B + C + D + E)] × F. Time per year

(365 days) minus [public holidays (13 days) + weekends (104

days) + average sick days (10 days) + others, such as training (16

days)]* working hours per day (8 hours)=222 days/1,776 h.

STEP 3 Defining workload components. Specialist consultation and clinical

observation were conducted based on the WISN user manual.

STEP 4 Setting activity standards. Consult ICF guidelines and use expert

consultation and clinical observation.

STEP 5 Establishing standard workloads. Standard workload = AWT in a

year divided by unit time. Using clinical observation of the time

required to serve one client per person* AWT.

STEP 6 Calculating allowance factors. CAF = 1 ÷ [1–(total CAS

percentage /100)] = 1 ÷ [1–(8.25/100)] = 1.10 The final category

allowance factor is 1.10.

STEP 7 Determining staff requirements based on WISN. Total required

number of staff based on WISN: (A x B + C) = 23.

STEP 8 Analyzing and interpreting WISN results. The actual number of RTs

is 13. Based on WISN’s result of 23, the gap can be concluded

as 10. Using the ratio of actual quantity to actual quantity, which is

0.57, it can be concluded that there is currently some

work pressure.

AWT, available working time; WISN, workload indicators of staffing needs.

TABLE 2 | Possible annual working days, non-working days, and AWT.

Items Staff category

Rehabilitation therapist

Possible working days in one year (A) 365

Public holidays (B) 13

Weekends (C) 104

Sick leave (D) 10

Other leave (training, personal leave, etc.) (E) 16

Number of working hours in one day (F) 8

AWT 222 days/1,776 h

weekends; sick leave, which is recorded by the head of the
rehabilitation therapist’s team, represents the therapist’s absence
due to sickness, and other leave includes training, vacation,
and personal leave. Using the formula, the predicted AWT
for rehabilitation therapists was 222 days or 1,776 hours in 1
year (Table 2).

Setting Activity Standards
The activity standard is a unit of time for a rehabilitation therapy
activity of a therapist, including period and average of time
performing admission assessment, pre-treatment evaluation,
rehabilitation therapy, and post-treatment evaluation. The
service standards and allowance standards were defined as
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TABLE 3 | Workload components and related time of rehabilitation therapists.

Workload group Workload components Unit of time of

working

Rehabilitation therapy

service activities of all

rehabilitation therapists

Admission assessment 20 min

Pre-treatment evaluation 9 min

Rehabilitation therapy 35 min

Post-treatment evaluation

Health education

for patients

14 min

20 min

Time spent

Support activities

conducted by all staff

therapists

Literature review 126min per month

Professional learning 134min per month

Case discussions 96min per month

Other departments’ ward

rounds

88min per month

Meetings 90min per month

Notes and reports 138min per month

Follow-ups 61min per month

IAS (actual working

time per person)

Additional activities of

certain staff therapists

Supervision and teaching of

therapist interns

0.92 h per day

Continuing education 0.33 h per day

General administration 0.25 h per day

follows: the standards of services and activities reported in the
annual service statistics were termed service standards, and the
allowance standards applied to activities that were not reported.
The unit of time for each rehabilitation therapy activity was
counted using the information collected from observations and
self-assessments by rehabilitation therapists to define the activity
standards (Table 3).

Calculating Allowance Factors
There are two sorts of allowance standards: category allowance
standards (CAS) and individual allowance standards (IAS)
(Table 4). The former is determined for support activities that
rehabilitation therapists perform, while the latter is for services
that are conducted only by a certain rehabilitation therapist in the
RD. CAS was counted as the percentage of working time spent on
a service as observed by the personnel. The category allowance
factor (CAF) was calculated using the following formula:

CAF = 1÷[1− (total CAS percentage/100)]

= 1÷[1− (8.25/100)] = 1.10

The time required to perform each additional activity was
calculated and multiplied by the number of rehabilitation
therapists (RTs) required to perform that therapy activity per
year. The time required for all rehabilitation-related activities
was then added to calculate the total IAS per year. Finally, the

TABLE 4 | Calculation of category allowance standard (CAS).

Activity Time spent CAS (% of

working time)

Support

activities

done by all

therapists

1 Literature review 126min per month 1.42

2 Professional learning 134min per month 1.51

3 Case discussions 96min per month 1.08

4 Other departments’

ward rounds

88min per month 0.99

5 Meetings 90min per month 1.01

6 Notes and reports 138min per month 1.55

7 Follow-ups 61min per month 0.69

Total 8.25

individual allowance factor was calculated by dividing the total
IAS by the total AWT of each therapist (Table 5).

Determining Staff Requirements
The total number of required RTs was calculated by multiplying
the total number of personnel obtained above by the category
allowance factor. Later, the individual allowance factor was
added to the result. The total number of therapists required was
calculated using the total required staff for rehabilitation therapist
activities×CAF+ year long total IAS/AWT. This is 20.12× 1.10
+ 0.65 = 22.78 = 23. Hence, 23 RTs are required for the RD in
this tertiary educational hospital.

WISN Difference and Ratio
The number of RTs at the hospital at the time of this study
was 13. According to the WISN approach, the total number
of RTs needed was 23; therefore, the gap was 10. In addition,
the WISN ratio was 0.57, indicating that the RD rehabilitation
therapist requirements were 57% fulfilled, leaving the RD 43%
understaffed, which demonstrates pressure on the RTs in this
situation. Based on the formula [1–WISN ratio] ∗ 100 and
the classification ranges “low” (1–29%), “high” (30–40%), “very
high” (41–60%), and “extremely high” (>60%) (17), the workload
pressure of the RD was very high (0.43).

DISCUSSION

In the aging context, the WISN tool was demonstrated to be
useful in setting facility-level norms for health workforce. This
WISN-based estimation did not consider other absences, such as
maternity leave and therapists’ participation in further learning
in other hospitals. The WISN tool was previously used to help
many countries develop evidenced-based staffing norms for
their nurses, doctors, pharmacists, laboratory staff, and medical
officers at the national, regional, or organizational level. When
the WISN ratio is one, there is a balance between department
needs and existing staffing; if it is higher than one, the department
is stress-free, while if it is lower than one, the department is
understaffed. Thus, the WISN ratio in this study showed that the
therapists in the department were under severe pressure.
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TABLE 5 | Calculation of individual allowance factor (IAF).

Workload group Workload components Number of staff members

performing the work

IAS (actual working time

per person)

Annual IAS (for all staff

conducting the activity)

Additional activities of staff

therapists

Supervision and teaching of

therapist interns

4 0.92 h per day 814 h

Continuing education 3 0.33 h per day 222 h

General administration 2 0.25 h per day 111 h

Total IAS in a year 1,147 h Individual Allowance Factor

(IAF)

0.65

Globally, the education and training of RTs began earlier
than in China. Physical therapists, occupational therapists,
and speech therapists all have their own educational systems
and job classifications. However, in China, there is only one
major—rehabilitation therapy. After graduation, the students are
assigned to different paths when they enter facilities such as
this studied hospital. Thus, in this research, RTs included all
categories of rehabilitation.

In the Evaluation Criteria for Rehabilitation Medical Service
Model Hospitals (Tertiary General Hospitals; Trial Version)
(18), produced by the Ministry of Health in 2012, the ratio
of the total number of RTs to the total number of beds in
the RD’s ward should not be <1:2; those with qualifications
for senior professional and technical positions should account
for more than 5% of the total number of RTs, and those
with qualifications for intermediate professional and technical
positions should account for more than 25% of the total
number of RTs. The hospital in this study has a ratio of
nearly 1:1 (12 beds vs. 13 therapists). However, there were no
therapists with qualifications for senior professional or technical
positions and only one with qualifications for an intermediate
professional and technical position. The actual number of
therapists with senior professional or technical qualifications
does not even reach the model criteria that were established
8 years ago. In this survey, we determined the estimation
benchmark for the total needed RTs in the study hospital.
Findings from this WISN survey showed that the RD in the
study hospital inWeifang suffered from some workload pressure.
This study provides a reference for the personnel allocation of
the RD.

Our study has several limitations. TheWISN approach adopts
year long service statistics to determine workload; thus, the
consequences depend on the veracity of the statistics. Based on
an undeveloped information system, data, such as the number of
patients, come from the head of RTs, where a bias could exist.
We interviewed participants via an online questionnaire, and
some questions were self-evaluated. Thus, data collection systems
should be improved in the future. In addition, the observation
times were limited because of the COVID-19 pandemic; it was
difficult to get long-term access to the hospital. Further, the
WISN approach uses the statistics of health services from the
prior year; accordingly, this approach counts the total needed
therapists for the previous year (19) and may not represent
current needs. Further, only one hospital affiliated with Weifang
Medical University was analyzed in this study, which makes it

difficult to generalize the results to other hospitals; however, as
this is a new concept, we hope that it can be used as a foundation
for further studies.

CONCLUSION

The workload pressure of therapists in the targeted tertiary
hospital’s RD is high in the context of aging. This department
needs to be staffed to ensure contentment for therapists. The
WISN approach is an uncomplicated, easy-to-use tool that can
eventually estimate therapy activities and transform workload
into rehabilitation therapy time substitutes for the RD. In the
future, the approachmay be applied to broaden the rehabilitation
therapy function and blueprint staffing to strengthen an RD’s
performance. In short, planning for rehabilitation therapy staff
can be performed utilizing the WISN approach for convenient
allocation and distribution. Human resource management is a
major challenge (20); with the vision of Healthy China 2030,
China needs to strive to optimize its existing human resources
for health, including RTs.
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Maxillofacial Surgery, West China Hospital of Stomatology, Sichuan University, Chengdu, China, 2 State Key Laboratory of

Oral Diseases & National Clinical Research Center for Oral Diseases, Department of Head and Neck Oncology, West China

Hospital of Stomatology, Sichuan University, Chengdu, China

Background: Aged people are maintaining many natural teeth due to improved oral

health. However, compromised general health and poor oral hygiene habits at earlier ages

resulted in poor status of preserved teeth. Therefore, tooth extraction is required in many

aged people. More knowledge is needed because there are many risk factors during

the surgery in frail aged adults. The aim of this study was to evaluate the cardiovascular

response of such a population during tooth extraction and analyze risk factors to provide

clinical guidance.

Methods: A retrospective study was performed on aged patients with systemic

diseases who underwent tooth extraction. Data regarding demographic profiles and

cardiovascular parameters of heart rate and blood pressure were collected preoperative,

when local anesthesia was administered, at the beginning of tooth extraction, 5min after

tooth extraction, and postoperative. The effects of risk factors, including age, sex, and

systemic diseases on these parameters were analyzed with a multilevel model.

Results: Heart rate (HR), systolic blood pressure (SBP), and diastolic blood pressure

(DBP) of aged patients increased significantly when performing local anesthesia and

tooth extraction. During the operation, the older patients (β = 2.011, P = 0.005) and

the diabetics (β = 3.902, P < 0.0001) were associated with higher SBP, while those with

more tooth extractions exhibited higher HR (β = 0.893, P = 0.007). Women patients

showed both significantly elevated HR (β = 1.687, P< 0.0001) and SBP (β = 2.268, P<

0.0001). However, for coronary artery disease patients, HR (β =−2.747,P< 0.0001) and

blood pressure [SBP (β = −4.094, P < 0.0001) and DBP (β = −0.87, P = 0.016)] were

markedly lower than those of patients without a diagnosis of coronary artery disease.

Conclusion: Cardiovascular response of aged outpatients with systemic diseases

during tooth extraction is quite significant. Age, sex, systemic diseases, and the

number of tooth extraction could be risk factors closely associated with cardiovascular

response. The findings might provide safety guidance for dentists on tooth extraction in

this population.

Keywords: tooth extraction, aged patients, heart rate, blood pressure, multilevel model, systemic diseases
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INTRODUCTION

In China, people aged 60 years and older account for ∼17.9%

of the total population according to the latest demographic

statistics (1). Among aged people, there is a high incidence

of systemic diseases, such as hypertension, diabetes mellitus

(DM), and coronary artery disease (CAD) (2–4). With the
steadily increasing aged population, the number of aged people

FIGURE 1 | (A) Number of older patients with different systemic diseases. (B) The proportion of older patients with different systemic diseases.

with systemic diseases is also increasing in dental visits. The
oral health of people has improved in recent years, and many
aged people still retain their natural teeth in old age (5, 6).
However, in such a population, the decreased general health and
dependence on care could easily lead to a poor oral condition
(7–9). Therefore, tooth extraction in aged people with systemic
diseases is becoming fairly common. Although tooth extraction
is a frequent minor surgical procedure, the sudden increase
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in blood pressure (BP) and heart rate (HR) may still lead to
severe complications and even death (10). Aged individuals
with systemic diseases are generally fragile and susceptible to
external stimuli, which inevitably increases their vulnerability to
adverse events (11). Therefore, how to perform tooth extraction
smoothly and safely in such patients is a great concern for
dental surgeons.

Previous studies have demonstrated that the increase in BP
during dental surgery cannot be predicted by the baseline BP
(12, 13). The increase is not only related to the general condition
of the target population but also to the mental stress and
difficulty of tooth extraction and the use of local anesthetics
(LA) during surgery (14–16). The monitoring of cardiovascular
parameters, including HR and BP, during surgery procedures
is an effective measure to assess risk and prevent adverse
outcomes (17). This method is non-invasive and could provide
a reliable valuable electrical activity index and guide the real-
time processing, which is very useful for the prevention of
severe cardiovascular complications, such as acute myocardial
infarction and arrhythmia (18). Consequently, we assumed that
the analysis of cardiovascular parameters in aged outpatients
with systemic diseases during tooth extraction in a large
sample could provide guidance for tooth extraction among
such a population.

In this study, we retrospectively analyzed the
changes in HR and BP during tooth extraction and the
possible influencing factors involved in age, sex, and
systemic diseases, aiming to determine risk factors and
provide clinical support for dental extraction in this
kind of patient.

MATERIALS AND METHODS

Study Design
This retrospective observational study was conducted by
collecting HR and BP data from aged patients with systemic
diseases during tooth extraction. On the basis of age, sex, systemic
diseases, and the number and difficulty of teeth extracted
per time, risk factors influencing the cardiovascular response
were assessed.

Patient Selection and Data Collection
This study enrolled 3,044 aged outpatients (≥60 years) who
received tooth extraction under electrocardiographic monitoring
at West China Hospital of Stomatology at Sichuan University
from January 2017 to December 2018. All patients signed the
same questionnaire and received physician examinations by
professional anesthesiologists. The questionnaire included
demographics, age, sex, and systemic diseases. Systemic
diseases included: (a) cardiovascular diseases: CAD, arrhythmia,
pulmonary heart disease (PHD), myocardial infarction, and
rheumatic heart disease; (b) hypertension: (SBP ≥140 mmHg
and/or DBP ≥90 mmHg); (c) DM: [fasting food-glucose ≥

7 mmol/L (more than 8 h) and/or 2-h postprandial blood
sugar ≥ 11.1 mmol/L]; (d) cerebrovascular diseases: cerebral
hemorrhage, cerebral infarction; (e) respiratory diseases:

chronic obstructive pulmonary disease, pneumonectasis, and
chronic bronchitis; (f) kidney diseases: nephritis and kidney
neoplasms. Systemic diseases were diagnosed in line with
guidelines for the prevention and treatment of corresponding
diseases in China (2010 edition). All patients took their
medications normally if needed. The criteria for inclusion
included the following: (1) aged 60 years old and above; (2)
experienced at least one tooth extraction; (3) complete medical
records. Exclusion criteria included contraindications for tooth
extraction and the absence of related medical data. Written
informed consent was obtained from all study participants
before dental extraction.

In view of the cardiovascular effects of epinephrine, the dental
surgeons used two percent lidocaine hydrochloride without
epinephrine for local anesthesia in all patients. The medical
records mainly provided information on the number of tooth
extraction, the reason for tooth extraction, the use of dental high-
speed turbine handpieces, and the prognosis of the wound. The
HR and BP were measured electronically by electrocardiograph
monitoring and collected preoperatively, when local anesthesia
was administered, at the beginning of tooth extraction, 5min
after the tooth extraction, and postoperative in all patients. An
Access database and Excel system were used for data entry
and sorting.

Statistical Analysis
For repeated measurement variables (HR and BP), the data are

shown as the mean± standard deviation (X ± S), and multilevel
linear model (MLM) data analysis was performed with SAS 9.4
software (19). We defined the patient as level 3, the number of
tooth extraction as level 2, and different time points as level 1.
The patient-level included the variables of age, sex, and systemic
diseases. The number of tooth extraction ranged from one to five.
The time points included preoperative, when local anesthesia was
administered, the beginning of tooth extraction, 5min after tooth
extraction, and postoperative. Data hierarchies were assessed
with a null model. To analyze the effect of multiple variables (age,
sex, the number of tooth extraction per time, high-speed turbine
handpieces, and systemic diseases) on the BP and HR during
dental surgery, three-level random coefficient models were fitted
in the study. The data were first analyzed with the univariate
analysis, and variables with a value of P < 0.05 were further
included in the multivariate analysis.

RESULTS

Demographic Characteristics
A total of 3,044 patients with a median age of 74 (68,
80) years were included in this study. There were 1,347men
(44.3%) and 1,697 women (55.7%). The number and proportion
of patients with different systemic diseases are shown in
Figures 1A,B. Among them, the most frequent systemic diseases
were hypertension, CAD, DM, and arrhythmia, with proportions
of 57.5, 25.3, 19.3, and 4.8%, respectively. According to age, the
subjects were divided into three age groups: 60–69 years, 70–79
years, and 80–101 years. Our results showed that most patients
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TABLE 1 | Multilevel model of HR.

Variable HR

Univariate analysis Multivariate analysis

β SE t 95% CI P-value β SE t 95% CI P-value

Intercept – – – – 67.213 0.701 95.85 <0.0001

Age

(60, 70) Ref – – – Ref – – –

(70, 80) −2.017 0.495 −4.08 −2.987,

−1.047

<0.0001 −1.972 0.492 −4.01 −2.936,

−1.00

<0.0001

(80, 101) −3.315 0.563 −5.89 −4.418,

−2.212

<0.0001 −3.083 0.563 −5.48 −4.186,

−1.980

<0.0001

Sex

Male Ref – – – Ref – – –

Female 2.321 0.421 5.52 1.496,

3.146

<0.0001 1.687 0.433 3.89 0.838,

2.536

<0.0001

Systemic diseases

No Ref – – – – – – –

1 −0.272 0.495 −0.551 −1.242,

0.697

0.5820

2 or

more

−0.615 0.512 −1.200 −1.619,

0.389

0.2301 – – – –

Hypertension

No Ref – – – – – – –

Yes 0.132 0.422 0.31 −0.695,

0.959

0.754 – – – –

CAD

No Ref – – – Ref – – –

Yes −2.365 0.474 −5 −3.294,

−1.436

<0.0001 −2.747 0.486 −5.65 −3.700,

−1.794

<0.0001

DM

No Ref – – – – – – –

Yes 0.394 0.533 0.74 −0.651,

1.439

0.46 – – – –

Arrhythmia

No Ref – – – Ref – – –

Yes −2.091 0.971 −2.15 −3.994,

−0.188

0.03 −2.524 0.962 −2.62 −4.410,

−0.638

0.009

Dental high-speed turbine handpieces

No Ref – – – – – – –

Yes −0.130 0.630 −0.21 −1.365,

1.105

0.84 - – – –

Number of tooth extraction per time

1 Ref – – – Ref – – –

2 and

more

0.803 0.330 2.43 0.156,

1.450

0.02 0.893 0.328 2.72 0.250,

1.536

0.007

PHD

No

Ref – – – – – – –

Yes 6.659 4.063 1.64 −1.304,

14.622

0.10 – – – –

Atrial fibrillation

No Ref – – – – – – –

Yes 3.426 2.123 1.61 −0.735,

7.587

0.107 – – – –

Kidney diseases

No Ref – – – – – – –

Yes 0.116 2.067 0.06 −3.935,

4.167

0.96 – – – –

HR, heart rates; CAD, coronary artery disease; DM, Diabetes mellitus; PHD, pulmonary heart disease; β, coefficient estimates; SE, standard error; 95%CI, 95% confidence interval.

Significant difference at P < 0.05, Ref, reference.
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were aged from 70 to 79 years old, accounting for 44.8% of the
patients. It was followed by patients aged 60–69 years at 29.6%.
These patients had a minimum of one tooth extracted and a
maximum of 12 teeth extracted with the following distribution
(1, 2.146, and 2, 12), where 2.146 represents the mean value and
2 represents the median value.

Influence of Tooth Extraction on the
Cardiovascular Response
In this study, the included patients underwent a total of 4,051
dental extractions. The reasons for tooth extraction were shown
in the Supplementary Table 1. According to the monitoring
records, the highest SBP was 243 mmHg, which was observed in

a woman patient with hypertension and DM when administered
local anesthesia. The highest DBP was 137 mmHg, which
appeared in a woman patient with hypertension and CAD at
the beginning of the operation. The highest HR, 166 beats/min,
was also observed at the beginning of the operation in a woman
patient with atrial fibrillation. Although some patients presented
abnormal HR and BP values during the perioperative period,
all the cases completed the surgery safely with the assistance
of professional anesthesiologists at last. One week later, all the
surgical wounds healed well.

The values of HR and BP in all patients at different
time points during dental surgery are summarized in the
Supplementary Tables 2–4. According to statistical analysis, the
null model results of HR and BP showed that the data had a

TABLE 2 | Multilevel model of SBP.

Variable SBP

Univariate analysis Multivariate analysis

β SE t 95%CI P-value β SE t 95%CI P-value

Intercept – – – – 120.580 0.779 154.86 <0.0001

Age

(60, 70) Ref – – – Ref – – –

(70, 80) 1.522 0.640 2.38 0.268, 2.776 0.018 1.139 0.616 1.85 −0.068, 2.346 0.065

(80, 101) 1.926 0.728 2.65 0.499, 3.353 0.008 2.011 0.707 2.84 0.625, 3.397 0.005

Sex

Male Ref – – – Ref – – –

Female 2.073 0.542 3.82 1.011, 3.135 0.000 2.268 0.523 4.34 1.243, 3.293 <0.0001

Systemic diseases

No Ref – – – Ref – – –

1 4.018 0.641 6.264 2.761, 5.275 <0.0001 −1.010 0.773 −1.306 −2.525, 0.505 0.1914

2 or

more

6.564 0.664 9.885 5.263, 7.865 <0.0001 −2.243 1.137 −1.972 −4.472, −0.013 0.0487

Hypertension

No Ref – – – Ref – – –

Yes 7.939 0.524 15.14 6.912, 8.966 <0.0001 9.941 0.820 12.13 8.334, 11.548 <0.0001

CAD

No Ref – – – Ref – – –

Yes −1.491 0.615 −2.42 −2.696, −0.286 0.015 −4.094 0.897 −4.56 −5.852, −2.336 <0.0001

DM

No Ref – – – Ref – – –

Yes 4.118 0.682 6.04 2.781, 5.455 <0.0001 3.902 0.710 5.5 2.510, 5.294 <0.0001

Dental high-speed turbine handpieces

No Ref – – – – – – –

Yes −0.859 0.886 −0.97 −2.596, 0.878 0.332 – – – –

Number of tooth extraction per time

1 Ref – – – – – – –

2 and

more

0.648 0.460 1.41 −0.254, 1.550 0.158 – – – –

Kidney diseases

No Ref – – – – – – –

Yes 2.298 2.661 0.86 −2.918, 7.514 0.388 – – – –

SBP, systolic blood pressure; CAD, coronary artery disease; DM, Diabetes mellitus; β, coefficient estimates; SE, standard error; 95%CI, 95% confidence interval. Significant difference

at P < 0.05, Ref, reference.
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hierarchy structure (P < 0.05) and should be analyzed with a
multilevel model (Supplementary Table 5). In the MLM results,
the values of β represented coefficient estimates. When the value

is more than zero, this means this kind of patient has higher HR

or BP levels.

Age, Sex and the Number of Tooth
Extraction per Time
For HR, as shown in Table 1, the HR of older patients (70–80
years β =−1.972, P< 0.0001 and 80–101 years β = −3.083, P<

0.0001) was lower than that of patients in their sixties. In contrast,

TABLE 3 | Multilevel model of DBP.

Variable DBP

Univariate analysis Multivariate analysis

β SE t 95%CI P-value β SE t 95%CI P-value

Intercept – – – – 73.511 0.813 90.41 <0.0001

Age

(60, 70) Ref – – – Ref – – –

(70, 80) −3.940 0.376 −10.48 −4.677,

−3.203

<0.0001 −4.064 0.373 −10.9 −4.795, −3.333 <0.0001

(80, 101) −6.899 0.428 −16.14 −7.738,

−6.060

<0.0001 −7.217 0.427 −16.92 −8.054, −6.380 <0.0001

Sex

Male Ref – – – Ref – – –

Female −1.346 0.332 −4.06 −1.997,

−0.695

<0.0001 −1.000 0.318 −6.24 0.377, 1.623 <0.0001

Systemic diseases

No Ref – – – Ref – – –

1 1.199 0.394 3.041 0.426,

1.972

0.0024 0.008 0.469 0.017 −0.911, 0.927 0.9862

2 or

more

0.235 0.408 0.576 −0.565,

1.035

0.5645 −0.142 0.690 −0.206 −1.494, 1.210 0.8369

Hypertension

No Ref – – – Ref – – –

Yes 0.691 0.333 2.08 0.038,

1.344

0.038 0.940 0.321 2.93 0.311, 1.569 0.003

CAD

No Ref – – – Ref – – –

Yes −0.737 0.376 −1.96 −1.474,

0.000

0.050 −0.870 0.360 −2.42 −1.576, −0.164 0.016

DM

No Ref – – – Ref – – –

Yes −1.586 0.419 −3.79 −2.407,

−0.765

0.000 −1.634 0.402 −4.06 −2.422, −0.846 <0.0001

Dental high-speed turbine handpieces

No Ref – – – – – – –

Yes 0.316 0.529 0.6 −0.721,

1.353

0.550 – – – –

Number of tooth extraction per time

1 Ref – – – – – – –

2 and

more

0.178 0.275 0.64 −0.361,

0.717

0.519 – – – –

Kidney diseases

No Ref – – – – – – –

Yes −0.583 1.628 −0.36 −3.774,

2.608

0.721 – – – –

DBP, diastolic blood pressures; CAD, coronary artery disease; DM, Diabetes mellitus; β, coefficient estimates; SE, standard error; 95%CI, 95% confidence interval. Significant difference

at P < 0.05, Ref, reference.

Frontiers in Public Health | www.frontiersin.org 6 July 2022 | Volume 10 | Article 93860921

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Li et al. Tooth Extraction in Aged Outpatients

women patients (β = 1.687, P < 0.0001) and patients with 2 or
more tooth extraction per time (β = 0.893, P= 0.007) had higher
HR levels.

For BP, the older patients showed significantly elevated SBP
(β = 2.011, P = 0.005) and decreased DBP (β = −7.217, P <

0.0001), which was consistent with the variation trend of SBP
(β = 2.268, P < 0.0001) and DBP (β = −1, P < 0.0001) in
women, but there was no obvious difference in the number of
tooth extraction at one time (Table 2).

Systemic Diseases
For HR, the multilevel model revealed that CAD (β = −2.747, P
< 0.0001) and arrhythmia (β = −2.524, P = 0.009) could cause
a decreased HR compared to the patients without a diagnosis of
CAD and arrhythmia during the dental surgery (Table 1).

For BP, hypertension patients showed higher SBP (β = 9.941,
P< 0.0001) andDBP (β = 0.94, P= 0.003) than nonhypertensive
patients. In contrast, patients with CAD had lower SBP (β =

−4.094, P < 0.0001) and DBP (β = −0.87, P = 0.016). In DM,
this population had higher SBP (β = 3.902, P< 0.0001) and lower
DBP (β =−1.634, P < 0.0001;3 Tables 2, 3).

DISCUSSION

In this retrospective study, we investigated the changes in HR
and BP during tooth extraction in aged people with systemic
diseases and analyzed some influencing factors. According to the
univariate results, we found that various systemic diseases and
other factors, including age, sex, and the number and difficulty
of tooth extraction per time exert different effects on HR and
BP during dental extraction in aged, medically compromised
patients. After performing the multivariate analysis, we observed
that women, diabetic patients, and older patients showed
significantly increased SBP. Patients with more tooth extraction
and women had a higher HR. In contrast, patients with CAD
exhibited lower HR and BP.

Control of HR and BP plays a vital role in preventing
cardiovascular complications during dental surgery in aged
patients with systemic diseases (20–23). In dental extraction,
many factors can affect HR and BP, particularly pain. LA
is a factor closely associated with pain control. Regarding
the LA, whether epinephrine, a vasoconstrictor, should be
used is a question that has been repeatedly discussed (24–
26). The adverse cardiovascular effects associated with the
epinephrine are unequivocal, especially in aged and or medically
comprised adults. Although many recent studies have reported
that epinephrine does not cause an increase in HR and BP, the
clinical application still needs to be combined with the actual
situation of the outpatients (10, 27). In our study, most of the
teeth that needed to be extracted were simple teeth, and the
surgery duration was short. Importantly, the included patients
were aged adults with various systemic diseases. Therefore,
LA was administered with two percent lidocaine hydrochloride
without epinephrine. Given the results regarding changes in HR
and BP without its use, it is no wonder that this is an issue worthy
of further study.

According to the reasons for tooth extraction, we found
periodontal disease, especially periodontitis was a common cause
of tooth extraction. It is well-known inflammation can also
alter the action of LA interfering with adequate anesthesia
(28). Although the extracted teeth in our study had no or
mild inflammation, the effect on LA should still be considered.
Petersilka et al. reported that applying local anesthesia may
offer a safe and effective way to achieve pain-free therapy
in periodontal patients (29). Additionally, according to the
clinical observation, the mild inflammation had no significant
effect on local anesthesia. However, this issue also needs
further investigation.

Dental anxiety and fear are common reactions to dental
treatment (30, 31). They can be described as an emotional
state of fear of dental stimuli. There are some studies that
have investigated the relationship between dental anxiety and
hemodynamic changes in dental patients, which indicated
that psychological and physical stress due to anxiety and
pain stimuli have some cardiovascular effects (14, 17, 32).
Regarding the influencing factors, injection pain and tooth
turbine vibration were considered the major source of anxiety.
Furthermore, sex has also been reported to be associated with
dental anxiety. Women are reported to be more anxious in
response to dental treatment than men (33, 34). In addition,
women had a lower pain threshold and tolerance. These
findings supported sex differences in the variations in HR
and SBP in our study. Interestingly, the rate-pressure product
(RPP) of HR and SBP is used to estimate myocardial oxygen
consumption. In our study, both the increase in HR and
SBP in women patients resulted in an elevation of RPP,
which probably means that women are more susceptible
to developing myocardial ischemia than men during tooth
extraction. Therefore, these results suggested that the attenuation
of anxiety and stress is essential and beneficial for dental patients,
especially women.

The risk relationship between systemic diseases and tooth
extraction has been explored in many dental practices. However,
the cardiovascular impact of each disease is not determined
clearly. In our study, the increase in BP was greater in
aged patients with hypertension, which is consistent with
previous reports (16, 35). However, patients with CAD
showed a significantly lower HR during dental extraction
than patients without a diagnosis of CAD. HR is often
considered a key risk factor for adverse outcomes in patients
with CAD. Its reduction is a recognized strategy to prevent
myocardial ischemia (36, 37). According to previous studies,
the functional mechanism of beta-blockers is decreasing HR
(38, 39). Therefore, medication may be one of the reasons
for the HR reduction during tooth extraction in patients
with CAD. The result needs to be validated prospectively.
DM is a disease closely related to dentistry. Although many
previous studies have discussed the relationship between tooth
loss and blood glucose levels, the variation in BP during
tooth extraction in aged patients with DM has not yet been
reported. According to our analysis, the elevation of SBP
is significantly higher in aged patients with DM than in
those without DM. It was reported that hypertension and
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DM were closely related due to similar pathophysiological
factors including obesity, dyslipidemia, and atherosclerosis (40).
Thus, DM could be exacerbated by hypertension to cause
cardiovascular mortality and morbidity. The obvious increase
in SBP during dental surgery in aged DM patients is likely
due to chronic cardiovascular damage caused by DM. Of
course, the impact of systemic disease is very complex, and
more studies with large sample sizes are needed to explore
this issue.

There are some strengths in our study. First, we included
a relatively large sample of aged people undergoing tooth
extraction. Second, five-time points for recording HR
and BP are also relatively reasonable and can basically
reflect intraoperative changes. Third, the use of multilevel
model analysis methods further enhances the reliability
and accuracy of the results. Furthermore, various risk
factors were explored in our study. Therefore, these
results can provide some guidance for clinical tooth
extraction in an older population. However, there are
also limitations in our study. First, the medications,
we did not obtain enough data to assess the effects of
these medications. Second, the ECG analysis was very
valuable, but this section was not fully recorded in our
available data.

CONCLUSION

Based on our results, the variations in HR and BP
during the tooth extraction showed significant differences
among different aged patients. The influencing risk
factors mainly included physical condition (systemic
diseases: hypertension, DM, and CAD) and clinical
characteristics (age, sex, the number of tooth extraction
per time). Our findings might aid clinicians in predicting
the possible variation in HR and BP and assessing the
risk of tooth extraction in the aged patients before
the surgery. However, further studies are needed to
verify our findings.
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Background: Previous studies have explored the relationship between body

fat percentage (BFP) and hypertension or homocysteine. However, evidence

on the constancy of the association remains inconclusive in postmenopausal

women. The aim of this study was to investigate the association between BFP

and H-type hypertension in postmenopausal women.

Methods: This cross-sectional study included 1,597 eligible female patients

with hypertension. Homocysteine levels ≥10 mmol/L were defined as H-type

hypertension. BFP was calculated by measuring patients’ physical parameters.

Subjects were divided into 4 groups according to quartiles of BFP (Q1: 33.4%

or lower, Q2: 33.4–36.1%, Q3: 36.1–39.1%, Q4: >39.1%). We used restricted

cubic spline regression models and logistic regression analysis to assess

the relationship between BFP and H-type hypertension. Additional subgroup

analysis was performed for this study.

Results: Among 1,597 hypertensive patients, 955 (59.8%) participants had

H-type hypertension. There were significant di�erences between the two

groups in age, BMI, educational background, marital status, exercise status,

drinking history, WC, TG, LDL, Scr, BUN, and eGFR (P < 0.05). The prevalence

of H-type hypertension in the Q1 to Q4 groups was 24.9, 25.1, 24.9, and

25.1%, respectively. After adjusting for relevant factors, we found that the risk

of H-type hypertension in the Q4 group had a significantly higher than the Q1

group (OR = 3.2, 95% CI: 1.3–7.5).

Conclusion: BFPwas positively associatedwith the risk of H-type hypertension

in postmenopausal women. Postmenopausal women should control body fat

to prevent hypertension.

KEYWORDS

H-type hypertension, body fat percentage, obesity, postmenopausal women, cross-

sectional study
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Introduction

H-type hypertension is essential hypertension associated

with serum homocysteine (Hcy) levels >10 umol/L (1). H-

type hypertension is found in 80.3% of hypertensive patients

in China. Epidemiological studies have indicated that when

hypertension and hyperhomocysteinemia (HHcy) coexist, the

risk of cardiovascular and cerebrovascular illness increase

(2). As a result, early intervention is critical in H-type

hypertension patients.

In recent years, obesity has increasingly become one of the

most prominent global health problems (3). A million-person

epidemiological survey in China reported that more than 50% of

the adult residents are overweight or obese (4). Recent evidence

has examined the relationship between obesity and H-type

hypertension, and being obese or overweight is associated with

an increased risk of H-type hypertension (5). Body mass index

(BMI) has been the most frequent indicator of obesity due to its

simplicity of measurement and low cost, but whether BMI can

explain obesity remains controversial (6). A possible explanation

is that BMI only takes into account height and weight, not fat

mass and lean body mass (7). Body fat percentage (BFP) is a

more accurate indicator of body fat composition than BMI.BFP

is defined as the ratio of body fat weight to total body weight and

offers a more precise view of body fat composition (8). There

is growing evidence that increased BFP is associated with an

increased risk of developing hypertension, even in individuals

with normal BMI (9). These findings suggest the possibility of

BFP being a risk factor for hypertension.

Postmenopausal women are more exposed to cardiovascular

diseases like hypertension and HHcy due to decreased estrogen

(10). Previous studies suggested that postmenopausal women

have a higher prevalence of H-type hypertension than both

premenopausal women and men of the same age (11, 12).

Furthermore, several studies have revealed that estrogen

deficiency significantly increases BFP, resulting in an increased

risk of hypertension in postmenopausal women (13). Although

previous researchers have investigated the relationship between

BFP and hypertension, this association remains unexplained

in postmenopausal women (14). Therefore, this cross-sectional

study aimed to investigate the relationship between BFP and

the risk of H-type hypertension in postmenopausal as well as to

provide the groundwork for protecting postmenopausal women

from H-type hypertension.

Materials and methods

Material

Study population

This cross-sectional study was conducted at Hunan

Provincial People’s Hospital, China, from December 2018 to

December 2020. Inclusion criteria:(1) postmenopausal women

(menstruation stopped for more than 1 year); (2) subjects

diagnosed with essential hypertension (5). Exclusion criteria:

(1) subjects who had recently taken medications that may

affect blood pressure and Hcy; (2) secondary hypertension

caused by pheochromocytoma, sleep apnea syndrome, and so

on; (3) subjects with language impairment, mental illness, etc.

who could not reflect the situation or did not cooperate with

the questionnaire.

The project plan got accredited by the medical ethics

committee of Hunan Normal University (No. 034/2017). All

participants signed informed consent before participating in

this study.

Data collection and anthropometric

The demographic characteristics of each individual were

collected by trained researchers through questionnaires.

The questionnaires included age, education level, marital

status, smoking history, alcohol consumption history, and

exercise status.

Blood pressure was measured by professionally trained

nurses. Patients were prohibited from strenuous exercise,

smoking and coffee half an hour prior to blood pressure

measurement, and 3 measurements were taken using an

electronic sphygmomanometer with at least 5min of rest

each time. The average of the 3 values was calculated and

documented. Five milliliter of fasting venous blood were

collected from all study subjects using an anticoagulation

tube. Triglycerides (TG), total cholesterol (TC), low-density

lipoprotein cholesterol (LDL), high-density lipoprotein

cholesterol (HDL), alanine aminotransferase (ALT), creatinine

(Scr), blood urea nitrogen (BUN), and glomerular filtration

rate (eGFR) were measured by using an automatic biochemical

analyzer at the Laboratory Department of Hunan Provincial

People’s Hospital.

Assessment of potential covariates

Education level was divided into four groups: elementary

school and below, middle school, high school, and college and

above. Marital status was classified as single married. Patients

were judged to be exercising regularly based on the number of

times they exercised in a week: 0 as no exercise, 1–3 as irregular

exercise, and>3 as regular exercise.We defined current smoking

as smoking one or more cigarettes per day consecutively or

cumulatively for a period of 6months; Alcohol consumption was

currently defined as at least 2 drinks per week.

Body composition assessment

The height, weight and waist circumference (WC) of the

study subjects were measured by speziell researchers using a
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height-weight scale while the patients wore light clothing and

were barefoot. The average readings after three measurements

were used for analysis. BMI= weight (kg)/height (m2).

BFP=−44.988+ (0.503× age)+ (10.689× sex)+ (3.172×

BMI) - (0.026× BMI2)+ (0.181× BMI× sex) - (0.02× BMI×

age) - (0.005 × BMI2 × sex) + (0.00021 × BMI2 × age), where

sex represented 1 for women (8).

We divided the study population into four groups based on

the quartiles of BFP: 33.4% or lower (Q1), 33.4–36.1% (Q2),

36.1–39.1% (Q3), and >39.1% (Q4).

Definition of H-type hypertension

Patients with H-type hypertension were defined as having a

diagnosis of essential hypertension with Hcy≥10 umol/L.

Statistical methods

Categorical variables were expressed as numbers and

percentages (%), and theχ2 test was used to compare differences

between groups. Data for continuous variables were expressed

as means ± standard deviations (SD), and t-test was used to

compare differences between groups. A restricted cubic spline

was used to examine the relationship between continuous BFP

levels and H-type hypertension in postmenopausal women.

Multivariate logistic regression models were used to assess

the association between BFP quartile subgroups and the

risk of H-type hypertension. The logistic regression models

included known potential confounders between BFP andH-type

hypertension, as well as covariates with P < 0.05 in univariate

analysis. We constructed three models: model 1 was unadjusted;

in model 2, we adjusted for age, BMI, WC, educational

background, marital status, exercise, smoking history, and

drinking history. Model 3: TG, LDL, Scr, BUN, and eGFR was

added to model 2. Stratified analysis was performed for BMI,

smoking and drinking history, and exercise.

All statistical analyses were performed using SPSS

26.0 and R 4.2.1, and P-values < 0.05 were considered

statistically significant.

Results

Basic information

This study pooled 1,597 postmenopausal women with

essential hypertension. The average age of all subjects was

63.1 ± 9.5 years. A total of 955 (59.8%) H-type hypertensive

patients were identified in this research. The average BFP of all

individuals was 36.3 ± 4.2%, with 397 (24.9%), 401 (25.1%),

399 (24.9%), and 400 (25.1%) in each group following quartile

grouping (Table 1). We discovered that the prevalence of H-type

hypertension was also highest in the fourth quartile group of

BFP (P < 0.05). Table 1 also showed a comparison of baseline

information between postmenopausal women with and without

H-type hypertension events. Obesity, low education, marriage,

less exercise, smoking, and drinking were all associated with

an increased risk of H-type hypertension compared to the

control group. In addition, WC, TG, LDL, Scr, and BUN

increased significantly in HHcy patients, while eGFR decreased

significantly (P < 0.05).

Dose-response relationship between BFP
and H-type hypertension

Figure 1 displays a restricted cubic spline model with knots

placed at the 5th, 50th, and 90th percentiles to examine the

relationship between continuous BFP and the risk of H-type

hypertension. The results indicate a significant non-linear dose-

response association between BFP and the risk of H-type

hypertension after adjusting for confounders. The risk of H-

type hypertension in postmenopausal women increased with a

continuous increase in BFP.

Association between BFP and H-type
hypertension

Table 2 shows the results of the association between BFP

and the risk of H-type hypertension. In the univariate analysis,

the OR of BFP and H-type hypertension increased significantly

with increasing quartiles of BFP. The OR of quartile 4 was

significantly higher than quartile 1 (OR= 7.8, 95% CI: 5.5–11.0;

P < 0.001). After correction for some confounders in model 3

(age, BMI,WC, educational background, marital status, exercise,

history of smoking, history of alcohol consumption, TG,

LDL, Scr, BUN, eGFR), the multivariate corrected dominance

ratios (95% CI) for the association between BFP and H-type

hypertension in the other three groups compared with quartile 1

were 1.2 (0.8–1.7), 1.8 (1.1–3.2), and 3.2 (1.3–7.5), respectively.

We also analyzed BFP as a continuous variable. In model 1, each

unit increase in BFPwas associated with a 0.2-fold increase in the

risk of H-type hypertension in postmenopausal women (95%CI:

1.1–1.2; P < 0.001). Adjusting for confounders had no effect on

this relationship.

Subgroup analysis

The association between BFP and H-type hypertension was

analyzed in a predetermined manner according to the following

factors: age, BMI, smoking, drinking, and exercise. Table 3

showed that the positive association between BFP and H-type

hypertension was maintained across all stratified subgroups (P

> 0.05 for all interactions).
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TABLE 1 Baseline characteristics of study participants according to H-type hypertension status.

Characteristics Total Essential

hypertension

H-type

hypertension

χ²/Z P–value

BMI, n (%) 75.6 <0.001

<18.5 kg/m2 85 (5.3) 45 (7.0) 40 (4.1)

18.5–23.9 kg/m2 915 (57.3) 439 (68.4) 476 (49.8)

≥24.0 kg/m2 597 (37.4) 158 (24.6) 439 (45.9)

Education background, n (%) 17.9 <0.001

Primary school and below 454 (28.4) 147 (22.9) 307 (32.2)

Junior school 526 (32.9) 224 (34.9) 302 (31.6)

Senior school 421 (26.4) 192 (29.9) 229 (23.9)

College and above 196 (12.3) 79 (12.3) 117 (12.3)

Marital status, n (%) 68.3 <0.001

Single 228 (14.3) 35 (5.4) 193 (20.2)

Married 1,369 (85.7) 607 (94.5) 762 (79.8)

Exercise, n (%) 48.9 <0.001

No exercise 672 (42.1) 210 (32.7) 462 (48.4)

Irregular exercise 482 (30.2) 249 (38.8) 233 (24.4)

Regular exercise 443 (27.7) 183 (28.5) 260 (27.2)

Smoking history, n (%) 4.5 0.037

Never smokes 1,506 (94.0) 615 (95.8) 891 (93.3)

Current or former smokers 91 (6.0) 27 (4.2) 64 (6.7)

Drinking history, n (%) 5.1 0.023

No 1,542 (96.6) 628 (97.8) 914 (95.7)

Yes 55 (3.4) 14 (2.2) 41 (4.3)

BFP, n (%) 192.5 <0.001

Q1 397 (24.9) 247 (38.5) 150 (15.7)

Q2 401 (25.1) 197 (30.7) 204 (21.4)

Q3 399 (24.9) 130 (20.3) 269 (28.2)

Q4 400 (25.1) 68 (10.5) 332 (34.7)

Age (years) 63.1± 9.5 58.5± 7.2 66.2± 9.6 −18.2 <0.001

WC (cm), mean± SD 85.0± 27.3 83.3± 9.7 86.2± 34.5 −2.4 0.016

TG (mmol/L), mean± SD 1.6± 0.7 1.5± 0.7 1.6± 0.7 −2.8 0.004

TC (mmol/L), mean± SD 4.6± 1.0 4.5± 1.0 4.5± 1.0 −0.4 0.719

LDL (mmol/L), mean± SD 2.7± 0.9 2.6± 0. 2.7± 0.8 −2.2 0.026

HDL (mmol/L), mean± SD 1.2± 0.3 1.2± 0.3 1.2± 0.3 −0.5 0.625

ALT (U/L), mean± SD 19.2± 10.7 19.2± 10.4 19.1± 10.8 0.02 0.987

Scr (µmol/L), mean± SD 60.9± 13.7 55.5± 11.7 64.4± 13.8 −13.8 <0.001

BUN (mmol/L), mean± SD 5.5± 1.7 5.2± 1.2 5.71± 1.8 −6.2 <0.001

eGFR (ml/min), mean± SD 89.3± 18.5 96.7± 13.5 84.4± 19.7 −17.7 <0.001

Discussion

The association between BFP and H-type hypertension in

postmenopausal women was investigated in this cross-sectional

study. The hazard of H-type hypertension in postmenopausal

women was found to be associated with BFP by logistic

regression, and higher BFP was more closely associated with

H-type hypertension. After reconciling possible confounding

factors, we obtained the same results. The positive correlation

between BFP and H-type hypertension was constant across all

stratified groupings.

H-type hypertension has become a common chronic

condition in China in recent years, and it plays a pivotal role

in cardiovascular, brain, and renal problems. Patients with H-

type hypertension had a 5-fold increase in cardiovascular events

compared to hypertension alone (15). A considerable amount of
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FIGURE 1

The restricted cubic spline for the relationship between BFP and H-type hypertension in postmenopausal women. The reference value for BFP

was set as a cut-o� value for the first quartile. Three nodes were selected for the model and adjusted for age, BMI, WC, educational background,

marital status, exercise, smoking history and drinking history, TG, LDL, Scr, BUN, and eGFR.

TABLE 2 Association between BFP and H-type hypertension in di�erent models.

BFP (%) Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Per 1 unit increase (%) 1.2 (1.1–1.2) <0.001 1.4 (1.1–1.6) <0.001 1.3 (1.1–1.6) 0.003

Quartile (%)

Q1 (<33.4) Reference Reference Reference

Q2 (33.4–36.1) 1.6 (1.2–2.2) <0.001 1.3 (0.9–1.9) 0.188 1.2 (0.8–1.7) 0.444

Q3 (36.1–39.1) 3.5 (2.6–4.7) <0.001 1.9 (1.2–3.4) 0.013 1.8 (1. 1–3.2) 0.029

Q4 (>39.1) 7.8 (5.5–11.0) <0.001 3.2 (1.4–7.8) 0.008 3.2 (1.3–7.5) <0.001

Model 1: we did not adjust any confounding factors.

Model 2: we adjusted age, BMI, WC, educational background, marital status, exercise, smoking history and drinking history.

Model 3: we adjusted for model 2 plus TG, LDL, Scr, BUN, eGFR.

literature has been demonstrated that HHcy and hypertension

have a synergistic impact that raises the risk of cardiovascular

events (2, 16). Therefore, early prevention is extremely necessary

for H-type hypertension. Obesity has been identified as an

independent risk factor for H-type hypertension in previous

investigations. It has been proposed that the association between

hcy and hypertension was influenced by BMI from a meta-

analysis (17). However, in another cross-sectional study, a

significant association was only observed between BMI and Hcy,

but not with hypertension (18). Some researchers speculated that

this discrepancy may be since BMI is not accurate as a measure

of obesity (19). In Asian populations, BMI may underestimate

the role of body fat content BMI (20). Therefore, it may be

more reliable to use BFP as an indicator of obesity (21). Takase

has demonstrated that it is BFP rather than BMI that affects

blood pressure (22). A Korean cohort study similarly showed

that increased body fat was a predictor of hypertension (23).

Furthermore, BFP played an paramount role in the identification

of hypertension in women (24).

Menopause is a life process that every woman must go

through, when ovarian function declines and estrogen in the

body decreases, resulting in a series of pathophysiological

changes in the organism (25). In addition to menopausal-

related symptoms, psychiatric and neurological symptoms,
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TABLE 3 Association between BFP and H-type hypertension in di�erent subgroups.

Subgroups All participants OR (95%CI) P-value P for interaction

Age, n (%) 0.970

<60 years old 702 1.1 (1.0–1.2) 0.044

≥60 years old 895 1.2 (1.1–1.3) 0.003

BMI, n (%) 0.480

<18.5 kg/m2 85 1.8 (1.2–2.7) 0.005

18.5–23.9 kg/m2 915 1.1 (1.0–1.2) 0.006

≥24.0 kg/m2 597 1.2 (1.1–1.3) <0.001

Smoking history, n (%) 0.807

Never smokes 1,506 1.2 (1.1–1.3) <0.001

Current or former smokers 91 1.2 (1.0–1.3) <0.001

Drinking history, n (%) 0.752

No 1,542 1.2 (1.1–1.3) 0.039

Yes 55 1.3 (1.0–1.4) <0.001

Exercise, n (%) 0.342

No exercise 672 1.5 (1.3–1.8) <0.001

Irregular exercise 482 2.1 (1.5–2.7) <0.001

Regular exercise 443 1.6 (1.2–2.3) <0.001

Data are adjusted for age, BMI, WC, educational background, marital status, exercise, smoking history, drinking history, education background, TG, LDL, Scr, BUN, eGFR.

postmenopausal women also experience significant changes

in the cardiovascular system, especially hypertension (26).

Menopause has become an independent risk factor for increased

morbidity and mortality of hypertension in women (14).

Current studies have also found elevated Hcy in postmenopausal

women compared to premenopausal women (27). Relevant

epidemiological surveys have indicated that the prevalence of H-

type hypertension in postmenopausal women is higher than that

in men of the same age and in non-menopausal women, and it

tends to increase with age (28). Therefore, H-type hypertension

can seriously affect the amount of life dwelling and health level of

menopausal women. Also, BFP in women increased at a similar

annual rate with age (29). Similar findings were reported in our

investigation, demonstrating that BFP is a risk factor for H-type

hypertension in postmenopausal women.

The pathogenesis of obesity and H-type hypertension in

postmenopausal women is still unclear. A decrease in E2

levels may also cause an increase in Hcy levels, leading

to endothelial dysfunction in postmenopausal women and

increasing the risk of hypertension (30). Furthermore, leptin

levels have been observed to be higher in postmenopausal

women with hypertension, and obesity has been attributed

to alterations in the leptin-activated melano cortical pathway.

Meanwhile, bioactive substances secreted by adipose tissue,

such as angiotensinogen, IL-6 and TNF-α, are associated with

changes in vascular inflammation and arteriosclerosis, leading

to increased blood pressure (31, 32).

However, some limitations should be noted. First, the

cross-sectional design was not able to accurately assess the

causality between BFP and H-type hypertension, and some

recall bias possibly existed. Second, we merely evaluated

at postmenopausal women, and the findings of our work

cannot be extended to other populations. Finally, although we

performed multivariate adjustment, we did not exclude other

potential confounders.
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Background: Self-rated health has been widely used as a useful screening

tool to subjectively evaluate individuals’ health status. Under the context of

the rapid growth of aging, there was a dramatic rapid expansion in internal

older migrants in China. Serious concerns on the issues of health status

continue to attract quite a lot of attention over the past decades. Public health

education is one of the most important health care services and methods to

improve individuals’ health status. However, most previous studies focus on

the utilization of public health services such as visiting to doctors, physical

examination, and hospitalization. There was limited evidence on the self-rated

health and public health education of older migrants.

Objectives: The study aimed to evaluate self-rated health and the associated

determinants in older migrants, as well as to gain a deeper insight into the

current status of public health education received by older migrants.

Methods: We derived the data from the National Migrants Population

Health and Family Planning Dynamic Monitor Survey 2018, a cross-sectional

study, for secondary analysis. Internal migrants aged 60 years old or over

were included in the study. Self-rated health was the dependent variable,

while sociodemographic characteristics were the independent variable. The

univariate and multivariate analyses were performed by Stata 15.1.

Results: A total of 5,589 older migrants were included in the study. Eighty-two

percentage of older migrants reported healthy self-rated health. There was a

significant association between age, gender, minzu, education level, monthly

income, public health education, and self-rated health (P < 0.5). However, the

proportion of older migrants that received specific public health education

was <50%. The most common approach to receiving public health education

was through the leaflet, while <20% of older migrants received public

health education through public consultation and one-to-one education.
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Conclusions: It was necessary to promote the publicity of public health

education in older migrants through easy access and diverse approaches in

order to e�ectively spread health-related knowledge to older migrants to

satisfy their health needs and maintain their health.

KEYWORDS

health status, older migrants, public health education, public health services, self-

rated health

Introduction

Self-rated health has been widely used as a screening tool

in an abundance of studies (1). Self-rated health is used by

individuals to subjectively evaluate their own health status, and it

was also proved to be a useful indicator of lifestyle-related health

status (2). Previous studies indicate that self-rated health might

be a predictor of functional ability, adverse health outcomes such

as mental disorders (3) and cardiovascular diseases (4), death

risk (5) as well as health-related quality of life (6). To the best of

our knowledge, research on self-rated health has been studied on

pregnant women (7), working population (8), middle-aged and

elderly (9), or migrant workers (10, 11). However, evidence on

the self-rated health in older migrants in China is quite limited.

Under the context of globalization and pluralistic

development, migration becomes a worldwide phenomenon

(12). China has become one of the main countries where there

is a large number of internal migrants (13) which is considered

as a key driver to change the national socioeconomic and

demo-graphical characteristics (14). According to a national

survey, the total number of internal migrants was 236 million

in 2019 in China (15). Notably, under the impact of the rapid

growth of aging (16) and traditional Chinese culture of family

union (17), there was a dramatic rapid expansion in the elder

migrants whose age was 60 and over, and the total number of

such a group had raised from 5.03 million in 2000 up to 13.4

million in 2015 (16). Compared to younger migrants, on one

hand, older migrants are facing a higher risk of health-related

issues such as physiological dysfunction, resistance reduction,

and a higher rate of mortality and morbidity, which leads to a

much higher demand for health care (17). On the other hand,

the aged migrants tend to be less educated than the younger

ones, they might experience more barriers to adapting to a

new environment and receiving social or medical support

(18). Therefore, serious concerns on the issues of health status

continue to attract quite a lot of attention over the past decades

since the rapid growth of internal elder migrants (18).

A considerable body of literature has focused on the

health-related issues in older migrants. Significantly, plenty

of studies accentuated public health services utilization in

internal migrants (13, 19–29). One of the main findings of

those studies provides preliminary evidence that migrants had

higher health care needs than native residents (13). In terms

of health care services, however, there is a lack of consensus

in the utilization of health care services among older migrants

since different studies define health care services in different

ways or conducted in various target populations. Generally,

health care services in most of those studies were related to

medical services such as visits to doctors, physical exams, or

the establishment of healthcare records. For example, Zheng et

al. (13) found that there were no differences in the health care

services utilization between rural-to-urban migrants and the

urban residents. In their study, health care services were referred

to visiting doctors. While in the study conducted by Wen et al.

(22), hospitalization represented the health care services, and

they found the utilization of health care services was significantly

different between female migrants and native residents. Xi et

al. (18) referred health care services to medical care such as

outpatient care, emergency room admission, inpatient care,

preventive care, dental care, and medication use, and the results

of their study suggested that there were local-migrant gaps in the

utilization of those health care services.

Public health education is one of the most important

health care services and methods to improve individuals’

health literacy and health status. Interestingly, research on

public health education has been quite limited dated. In early

2014, the Chinese government pronounced a National Health

Literacy Promotion Action Plan (2014–2020) (30). The National

Health Literacy Promotion Action Plan (2014–2020) clearly

pointed out that health-related government departments and

institutes should take measures with multiple forms to deliver

health education related to chronic diseases, infectious diseases,

occupational diseases, mental health, reproductive, maternal &

child health care, and public emergency in order to improve

public’s health literacy and their health status. Particularly, the

National Health Literacy Promotion Action Plan (2014–2020)

states clearly that public health education programs should

focus on women, children, the aged, the disabled, and migrants.

Despite strong policies recommendation, less is known about the

public health education received by older migrants at a national

level. Although the research by Zeng and Chen (21) estimated

the odds of public health education received by migrants, their
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study compared the difference of public health education in

young generation migrants and older migrants. Another study

on health education explored some related determinants of

public health education received in migrants (19). Besides,

the association between public health education and self-rated

health has been overlooked.

Thus, the aim of the current study was to better understand

the self-rated health status and health education in internal

migrants aged over 60 in the inland of China, also we aimed

to explore some determinants related to self-rated health. Based

on the results of the current study, we aimed to provide some

insights for health policies makers into consideration in order

to improve older migrants’ access to receive public health

education as well as to improve their health status.

The main research questions in the current study were as

follows: (1) Do Older migrants have a low level of self-rated

health? (2) What were determinants of self-rated health in

internal older migrants? (3) Was the access to public health

education for older migrants inadequate?

Materials and methods

Design, setting and participants

The current study was a secondary analysis. We derived

the data from the National Migrants Population Health and

Family Planning Dynamic Monitor Survey 2018 which was

conducted by theNational Health Commission of China in 2018.

The survey is a cross-sectional study that used a probability

proportionate to size (PPS) samplingmethod to do such a survey

in 31 provinces and the Xinjiang Production and Construction

Corps in the inland of China. The target population in the survey

was nationally representative and was aged 15 years old and

over. In addition, the target population had been living in the

current city for at least 1 month or above, but did not get the

household registration of the host city. In total, the sample of

the National Migrants Population Health and Family Planning

Dynamic Monitor Survey 2018 contained 152,000 persons.

The aim of the current study was to estimate the self-rated

health status and its’ determinants in the older internal migrants.

Internal migrants are defined as individuals who separate from

the town or street of their household residence for more than

half a year, excluding those living in a different town/district

in the same city as their household residence. While the older

internal migrants refer to internal migrants aged 60 years old or

over (16).

Dependent variables

Self-rated health was selected to be the dependent variable.

In the survey, participants were asked “How is your health state.”

The answer would be “1 = healthy,” “2 = generally healthy,”

“3 = unhealthy but with self-care ability,” “4 = unhealthy

without self-care ability.” In our study, we classified self-rated

health into a binary variable. In other words, the answer if

the participants chose “healthy” or “generally healthy” would

be classified as “healthy,” otherwise, it would be classified

as “unhealthy.”

Independent variables

In the current study, sociodemographic characteristics such

as age, gender, minzu (ethnicity), education level, marital

status, migrating region, monthly income, the establishment

of the health record, signing family doctor service contracts,

and medical insurance were the independent variables. Public

health education was assessed by those questions “Have you

ever received public health education related to chronic

diseases, infectious diseases, occupational diseases, mental

health, reproductive, maternal & child health care, public

emergency or other health-related education?” The answer

was “yes” or “no.” In the final analysis process, we classified

it into “yes” if the participants chose any “yes,” while

it would be classified into “no” if all of the answers

were “no.”

Data analysis

We used Stata 15.1 to perform the data analysis.

When describing the continuous data, the mean and

standard deviation would be used. The categorical variables

were demonstrated as frequency and percentages. The

Chi-square test was used to assess the difference of

distribution in sociodemographic variables between the

healthy group and the unhealthy group. At the stage of

multi-factor analysis, a generalized linear model, Poisson

regression with robust variance estimate, was used to

analyze the association between independent variables

and self-rated health. The significance level was set at P

< 0.05.

Results

Sociodemographic characteristics of the
participants

Totally, there were 5,589 older migrants included in this

study. The median age was 64 years old. More than 57% of

subjects were male, and the majority ethic of individuals was

Han (nearly 92%). Most older migrants were less educated,

and more than 75% of the older migrants graduated from
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middle school or below, and 16.5% from high school, while

<8% from junior college or above. Most of the older

migrants were married (84.52%). In terms of migrating regions,

approximately 45% of older migrants floated cross-province.

The median monthly income was 4,500 Yuan (RMB). Only

32.39% of subjects established health records, while more

than 50% were without health records. Regarding making

family doctor service contracts, <18% of older migrants

signed such a primary health care program. Approximately

94% of older migrants had medical insurance. Although most

older migrants believed themselves healthy, 18% of whom

reported unhealthy.

Determinants of self-rated health in older
migrants

In order to explore the distribution difference of self-rated

health in older migrants, we performed a Chi-square test.

Demonstrated in Table 1, there was a significantly different

distribution in factors including age, gender, minzu, education

level, marital status, migrating area, average monthly income,

the establishment of the health record, public health education

received between healthy group and unhealthy group (P <

0.05). However, we did not find a difference of distribution

in making family doctor service contracts or having medical

insurance between the healthy and unhealthy groups (P >

0.05). In order to determine the influencing factors of self-

rated health in older migrants, we included all the independent

variables in the generalized linear model. Shown in Table 2,

the results of generalized linear model indicated that there

was a significant association between age, gender, minzu,

education level, migrating region, monthly income, public

health education, and self-rated health. Specifically, compared

with youngest-old (31) migrants whose age was between 60 and

69 years old, the incidence rate ration (IRR) of being unhealthy

was 1.56 (95% CI: 1.37, 1.77; P < 0.001) in those of middle-

old aged from 70 to 79 years old, while the IRR was 2.53

(95% CI: 2.01, 3.18; P < 0.001) in those of oldest-old aged 80

years old and over. The IRR was 1.34 (95% CI: 1.20, 1.50; P <

0.001) in female older migrants when compared with male ones.

Regarding the education level, older migrants who graduated

from primary school or below got a higher risk to be unhealthy

(IRR = 1.81; 95% CI: 1.30, 2.54; P < 0.001) than that from

junior college and above. As for monthly income, the IRR of

those who had a monthly income of 4,501–7,800 Yuan, 2,501–

4,500 Yuan, <2,500 Yuan was, namely, 1.26 (P = 0.029), 1.53 (P

< 0.001), 2.46 (P < 0.001) when compared with those of more

than 7,801 Yuan. Demonstrated from Table 2, individuals who

did not receive public health education got a higher likelihood

of being unhealthy (IRR = 1.46, P < 0.001) than those who

received public health education.

TABLE 1 Distribution di�erence between healthy and unhealthy

group.

Unhealthy (%) Healthy (%) χ² P

Age (year)

60–69 709 (12.69) 3,838 (68.67) 117.2 <0.001

70–79 242 (4.33) 673 (12.04)

≥80 55 (0.98) 72 (1.29)

Gender

Male 477 (8.53) 2,728 (48.81) 49.45 <0.001

Female 529 (9.47) 1,855 (33.19)

Minzu

Han 893 (15.98) 4,245 (75.95) 16.55 <0.001

Minority 113 (2.02) 338 (6.05)

Education level

Diploma or above 34 (0.61) 373 (6.67) 170.42 <0.001

High school 101 (1.81) 821 (14.69)

Middle school 226 (4.04) 1,469 (26.28)

Primary school or below 645 (11.54) 1,920 (34.35)

Marriage status

Widowed 171 (3.06) 495 (8.86) 32.23 <0.001

Divorced 17 (0.30) 108 (1.93)

Unmarried 16 (0.29) 58 (1.04)

Married 802 (14.35) 3,922 (70.17)

Migrating region

Within city 268 (4.80) 867 (15.51) 47.48 <0.001

Cross-city 375 (6.71) 1,571 (28.11)

Cross-province 363 (6.49) 2,145 (38.38)

Monthly income (Yuan)

≥7,801 135 (2.42) 1,253 (22.42) 259.11 <0.001

4,501–7,800 184 (3.29) 1,213 (21.70)

2,501–4,500 245 (4.38) 1,154 (20.65)

≤2,500 442 (7.91) 963 (17.23)

Health document

Yes 363 (6.49) 1,447 (25.89) 11.01 0.004

No 534 (9.55) 2,694 (48.20)

Unclear 109 (1.95) 442 (7.91)

Family doctor service contracts

Yes 200 (3.58) 783 (14.01) 4.55 0.103

No 711 (12.72) 3,367 (60.24)

Unclear 95 (1.70) 433 (7.75)

Health-related education

Yes 653 (11.68) 3,390 (60.65) 33.83 <0.001

No 353 (6.32) 1,193 (21.35)

Medical insurance

Yes 941 (16.84) 4,310 (77.12) 0.88 0.646

No 61 (1.09) 249 (4.46)

Unclear 4 (0.07) 24 (0.43)
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TABLE 2 Outcome of generalized linear model.

IRR Robust Std. Err. Z P 95% CI

Age

60–69 1.00 (base)

70–79 1.56 0.10 6.8 <0.001 (1.37, 1.77)

≥80 2.53 0.30 7.89 <0.001 (2.01, 3.18)

Gender

Male 1.00 (base)

Female 1.34 0.08 5.13 <0.001 (1.20, 1.50)

Minzu

Han 1.00 (base)

Minority 1.28 0.11 2.9 0.004 (1.08, 1.51)

Education level

Diploma or above 1.00 (base)

High school 1.17 0.22 0.84 0.403 (0.81, 1.68)

Middle school 1.23 0.22 1.2 0.230 (0.88, 1.74)

Primary school or below 1.81 0.31 3.48 0.001 (1.30, 2.54)

Marital status

Widowed 1.00 (base)

Divorced 0.81 0.19 −0.87 0.383 (0.51, 1.29)

Unmarried 0.87 0.20 −0.61 0.544 (0.56, 1.36)

Married 1.03 0.08 0.4 0.687 (0.89, 1.20)

Migrating regions

Within city 1.00 (base)

Cross-city 0.94 0.06 −0.83 0.404 (0.83, 1.08)

Cross-province 0.8 0.06 −3.21 0.001 (0.69, 0.91)

Monthly income (Yuan)

≥7801 1.00 (base)

4501-7800 1.26 0.13 2.18 0.029 (1.02, 1.55)

2501-4500 1.53 0.16 4.13 <0.001 (1.25, 1.86)

≤2500 2.46 0.24 9.32 <0.001 (2.04, 2.97)

Health records

Yes 1.00 (base)

No 0.9 0.07 −1.39 0.165 (0.78, 1.04)

Unclear 1.0 0.12 0.01 0.991 (0.8, 1.26)

Family doctor service contracts

Yes 1.00 (base)

No 0.97 0.08 −0.41 0.680 (0.82, 1.14)

Unclear 0.81 0.11 −1.59 0.112 (0.62, 1.05)

Health-related education

Yes 1.00 (base)

No 1.47 0.09 6.60 <0.001 (1.31, 1.65)

Medical insurance

Yes 1.00 (base)

No 1.05 0.12 0.43 0.670 (0.84, 1.32)

Unclear 0.75 0.34 −0.62 0.534 (0.31, 1.84)

_cons 0.06 0.01 −13.95 <0.001 (0.04, 0.09)

IRR, incidence rate ratio; Robust Std. Err: Robust standard error; CI, confidence interval.
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TABLE 3 Public health education received in older migrants.

Yes No

Occupational diseases 1,227 (21.95%) 4,362 (78.05%)

Infectious diseases 1,716 (30.70%) 3,873 (69.30%)

Reproductive, maternal & child health care 1,119 (20.02%) 4,470 (79.98%)

Chronic diseases 2,374 (42.48%) 3,215 (57.52%)

Mental health 941 (16.84 %) 4,648 (83.16%)

Public emergency 1,123 (20.09%) 4,466 (79.91%)

Other health care 957 (17.12%) 4,632 (82.88 %)

TABLE 4 Approaches of public health education delivered in older

migrants.

Frequency Percentage (%)

Health lectures 1,877 33.58

Leaflets 2,427 43.42

Public science galleries 2,090 37.39

Public consultation 995 17.8

Text messages 790 14.13

One-to-one education 551 9.86

Other forms 912 16.32

Access to public health education in
older migrants

In total, 72.34% of older migrants received health-related

education. However, as presented in Table 3, the rate of receiving

specific public health education in older migrants were rather

low. As can be seen from Table 3, the proportion of older

migrants without receiving public health education related

to occupational diseases, infectious diseases, reproductive,

maternal & child health care, chronic diseases, public emergency

and other health care was, namely, 78.05%, 69.30%, 79.98%,

57.52%, 83.16%, 79.91%, and 82.88%. Table 4 showed the forms

of public health education delivered in older migrants. The

most common form was leaflet (43.42%), which followed by

public science gallery (37.39%), health lecture (33.58%), public

consultation (17.80%), text message (14.13%), while only 9.86%

of older migrants received one-to-one health education.

Discussion

In the current study, we estimated the self-rated health status

of 5,589 older migrants. Interestingly, we found that 82% of the

older migrants in the current study felt they were healthy, which

was higher than we had expected. However, such a finding was

similar to that in the study of Wei et al. (32). We also found that

there was a significant relationship between age, gender, minzu,

education level, monthly income, public health education and

self-rated health in older migrants.

To be specific, older migrants with older age got a higher

relative risk to be unhealthy. Our results provided additional

support to the conclusion that age predicted self-rated health

of older migrants (33). With the increase of age, individuals’

physical function declines gradually which leads to higher

prevalence rates of the ability of daily living disability, other daily

function disorders, or mortality (34). As a result, the oldest older

migrants had more likelihood of having poor self-rated health.

Unsurprisingly, in the present study, monthly income was

observed as one of the predictors of self-rated health in older

migrants. In other words, a significant positive association

between monthly income and self-rated health was detected.

More specifically, older migrants with lower income had a

higher likelihood to report poor self-rated health, which was in

line with findings in previous research (35). One main possible

reason would be that people with a higher monthly income

had more sufficient abilities and resources to live healthier

lifestyles, to take an active part in screening programs, and

deal with unexpected medical events (35). Thus, older migrants

with higher economic status were more likely to report good

self-rated health.

There was an ongoing debate on the relationship between

gender and self-rated health. Li et al. (36) pointed out that

male migrants were more likely to report poor self-rated health.

However, our study showed that females had a higher risk of

bad self-rated health. We supposed that the target subjects were

different which might lead to such a difference. In the study

of Li et al. (36), the age of the participants was from 19 to 65

years old, while that of our study was over 60 years old. In terms

of gender difference in self-rated health, female older migrants

in our study had lower monthly income (mean: 6,284.18) than

male ones (mean: 6,384.95), which might impact their self-

rated health. To some degree, such a difference confirmed our

finding that monthly income predicted self-rated health of older

migrants. Another possible reason might be that female older

migrants might be much more sensitive and have less tolerance

to suffering such as pain or other disordered symptoms (37).

Thus, female older migrants might report poor self-rated health.

Additionally, minzu was detected as a determinant of self-

rated health in internal older migrants. Compared with those

of Han ethnicity, older migrants with ethnic minorities had

a higher risk to report unhealthy. To our best knowledge, in

China, there was a big gap of inequalities in the social economy,

access to health care resources, employment status, and social

connections between ethnic minorities and Han ethnicity (38).

Such health inequalities might lead to poor health outcomes in

ethnic minority migrants.

Notably, as mentioned above, our findings revealed that

there was a significant positive relationship between public

health education and self-rated health. Compared to older

migrants who received public health education, those without
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receiving any public health education got a higher likelihood of

reporting unhealthy. Empirical studies suggest that the elderly

have a higher demand for health-related services with the

increase of age. Additionally, their demand for such services

tends to be urgent and diverse to maintain their health (33).

Public health education, as one of the most basic public health

services, is believed to be an effective and fair way to improve

individuals’ health knowledge and health literacy, which leads to

improving their health behaviors to maintain health status (33,

38). Overall, we found that the proportion of older migrants who

received public health education was as high as 72.34%, which

was a little higher than the findings in the research conducted

by Wang et al. (39). We defined the public health education

receiving as receiving any kind of public health education, and

we suppose such a broad definition led to a high proportion

of public health education receiving detected. However, when

analyzing the proportion of public health education related to

a specific kind of disease, the finding was not as positive as

the overall result. To be specific, <50% of older migrants in

the study received public health education related to chronic

diseases, although it made the highest rate among all kinds

of public health education received by older migrants in our

study. What’s worse, only 16.84% of older migrants received

public health education about mental health. To some degree,

the finding of our study reflected that the availability and access

to public health education in older migrants was at a rather low

level. Notably, the Chinese government has stressed building a

national healthy society since 2016. According to Healthy China

2030, public health is placed in a national strategic position and

it is listed as a precondition of economic and social development

(40). To be dated, there was a considerable body of studies

stressing the importance of policies to improve the access to

public health services for migrants. Unfortunately, those policies

mainly focused on younger migrant workers and their children,

while the older migrants are largely left behind by those policies

to protect the rights and benefits to enjoy those public health

services (16, 24). As a result, the public health education services

could not finally expand for the whole population.

As for the approach of receiving public health education,

leaflet was the most common way. 43.42% of older migrants

in the survey received public health education through the

leaflet, followed by public science gallery, health lecture.

Surprisingly, the proportion of older migrants who received

public health education through public consultation and

one-to-one education was only 17.8 and 9.86%. On one hand,

our results indicated that public health education did not get

much publicity. On the other hand, public health education

providers did not clearly take older migrants’ preferences and

abilities to receive health-related knowledge. In our study, over

80% of older migrants were with the education of middle

school or below. Compared to younger migrants, older migrants

had a lower education background. Therefore, it might be

much easier to receive health knowledge through traditional

educationalmethods such as health lectures, public consultation,

or one-to-one education rather than through leaflets or public

science galleries that required older migrants with higher self-

learning abilities (41).

Under the context of the rapid increase of the older internal

migrants, it highly deserves to continue to attract attention

to services and management capacity for such a huge group

(16). Strategies on public health care education should be

emphasized in order to ensure older migrants could easily be

accessed to health-related services. Based on the findings of our

study, we suggest that government and public health education

providers should clearly take older migrants’ sociodemographic

characteristics and their abilities into consideration so that they

could easily receive such kinds of knowledge. Especially, primary

care providers, who play a core role in health maintenance

and promotion in communities, are responsible for the effective

delivery of public health education. It is necessary and urgent

to develop and provide public health education programs with

lower costs andmore diverse ways (41) in order to improve older

migrants’ health status.

Limitations and recommendations for
future studies

One of the main limitations in our study was that we could

only gain an insight into the health status at a precise moment,

but could not get a deeper insight into that over time due

to the nature of the cross-sectional design. Another limitation

was that the current study derived data from a national survey

for a secondary analysis, which prevented us from exploring

the interlinkages between factors such as life events, life course

trajectories, cross-cultural adjustment, social integration, social

support and self-rated health in older migrants. We suggest that

future research could do further explore with more variables

in order to get better understand the determinants of self-

rated health, which would help policymakers and primary health

care providers to develop more precise and easier accepted

health strategies to help older migrants realize healthy and

positive aging.

Conclusions

The current study estimated the self-rated health status and

explored some possible influencing factors in older migrants.

In conclusion, most older migrants reported good self-rated

health. Factors such as age, gender, monthly income, minority,

and public health education predicted self-rated health in older

migrants. Despite the positive results on self-rated health, the

proportion of public health education related to a specific kind of

disease was rather small. Moreover, the approaches of receiving

public health education seemed to be less easy and diverse. Based

on the findings of our study, we suggest that it is necessary

for policymakers and primary health care providers to develop
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and deliver more precise and easier accepted public health

education programs to help older migrants realize healthy and

positive aging.
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Health shocks and changes in
preventive behaviors: Results
from the China Health and
Retirement Longitudinal Study

Peng Zhang, Hongli Jiang and Wen Chen*

School of Public Health, Fudan University, Shanghai, China

Background:China is facing the challenge of rising prevalence and ballooning

burden of chronic non-communicable diseases (NCDs); however, the Chinese

middle- and older-aged population considerably lack preventive behaviors.

Health shocks (HS), widely defined as sudden health deterioration brought on

by diseases or accidents, bring a “teachable moment” to motivate changes in

preventive behaviors.

Objective: This study aims to examine the e�ect of HS on changes in

preventive behaviors, including personal health practices and preventive

care utilization.

Methods: HS was defined as any five chronic disease diagnoses (cancer,

heart disease, stroke, diabetes, and hypertension). The impacts of HS on

smoking, drinking, and exercise, physical examination were estimated. The

panel data of 13,705 respondents were obtained from the latest two waves

of the China Health and Retirement Longitudinal Study (CHARLS) in 2015 and

2018. A multilevel propensity score match di�erence-in-di�erence (multilevel

PSM-DID) model was constructed.

Results: HS significantly decreased smoking (OR= 0.59, p< 0.05) and drinking

(OR = 0.62, p < 0.01) and increased the utilization of auxiliary inspection

in physical examination (OR = 1.19, p < 0.1). Major HS had significantly

considerable and specific e�ects on reducing smoking and drinking (OR = 0.37

and 0.56, p < 0.01), while minor HS had relatively small e�ects on reducing

smoking (OR= 0.74, p < 0.05) and drinking (OR= 0.69, p < 0.01), but extensive

e�ects on initiating exercise (OR = 1.32, p < 0.05), physical examination

(OR = 1.18, p < 0.1), and auxiliary inspection (OR = 1.30, p < 0.05).

Conclusion: After HS, there is a teachable moment to promote positive

changes in preventive behaviors. Guided by the 5A’s brief intervention model

(Ask, Advise, Assess, Assist, Arrange), tailored interventions should be targeted

at these populations to reduce the risk of the progression and complications

of existing diseases, prevent the related comorbidity, and prolong the

expected life-span.

KEYWORDS

health shocks, preventive behaviors, the China Health and Retirement Longitudinal

Study, longitudinal studies, China
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Introduction

China is facing the challenge of rising prevalence and

ballooning burden of chronic non-communicable diseases

(NCDs) due to epidemiological transition and the fast growth

of the elderly population with a much longer life expectancy (1).

The top four leading causes of poor health and major disease

burdens in China are cardiovascular disease, chronic obstructive

pulmonary disease, cancer, and diabetes (2). It was estimated

that in people aged over 40 years old, the rate of these diseases

would double or even triple over the next two decades (3). The

report from the World Bank also suggested that these diseases

could be potentially prevented and managed with changes in

unhealthy behaviors for aging people (4). These approaches to

NCDs prevention and control include abstaining from tobacco

smoking and alcohol drinking, promoting physical activity and

early detection and treatment of diseases (5).

However, the Chinese middle- and older-aged population

considerably lack preventive behaviors. In 2011, it was

estimated that over 580 million Chinese have at least one

modifiable behavior related to NCDs (3). Over 54% of

Chinese men are current smokers, especially older people,

which is among the highest in the world (3, 6). The

high-average alcohol intake among Chinese people also

indicates harmful alcohol abuse (4). Also, due to physical

inactivity and fat intake, over 200 million people in China

are overweight or obese, which ranks first globally (7).

Additionally, preventive care services are still underutilized

because people have low awareness of the importance of physical

examinations, cancer screenings, etc., or have limited resources

and accessibility.

China recognizes that it is a critical time to prevent

and control NCDs and improve public health. Since the

healthcare reform in 2009, China has been striving to launch

major projects to promote basic public health services and

manage NCDs (8). As one of the Basic Public Health

Services, free basic physical examination is provided annually

for Chinese elderly residents and delivered in community

health centers to ensure they have access to general check-

ups, basic surgical and internal medicine tests, and sense

organ tests across the country. According to the health

resources available in different areas, auxiliary inspection is

available for free or with a small extra fee for residents.

These exams include routine blood tests, urine tests, liver

function tests, kidney function tests, lipids profile tests, blood

glucose tests, electrocardiogram, chest fluoroscopy, etc. In

2016, the “Healthy China 2030 Scheme” was released with

effective prevention and control strategies, such as extensively

controlling smoking, reducing alcohol abuse, launching fitness

programs, and promoting physical examinations and screenings

(9). According to the 14th Five-Year Plan (2021–2025), China

encourages personal health practices and prioritizes preventive

care utilization (10).

Health shocks (HS) bring an important opportunity to

motivate changes in preventive behaviors and promote strategy

implementation. Health shock is widely defined as sudden health

deterioration brought on by diseases or accidents (11). There

are mainly six kinds of indicators to measure the occurrence

of health shocks: newly diagnosed chronic disease diagnosis,

the self-reported decline in health, limitation of daily activities,

sudden increase in healthcare services utilization, catastrophic

health expenditure, or abnormal change in body weight. Newly

chronic disease diagnosis is more commonly recommended

and used considering the exogeneity and suddenness of health

shock in definition (12–15). Preventive behaviors are mostly

defined as behaviors with the purpose of disease prevention

and health promotion, for example, smoking cessation, alcohol

use reduction, exercise, and active involvement in physical

examination (16). In Andersen’s health behavior model, health

behaviors are divided into personal health practice, and health

services use (17). Guided by this model, in this study, preventive

behaviors were furtherly classified into two types: personal

health practices, including tobacco and alcohol use, and exercise,

and preventive care utilization, including utilization of physical

examination, basic examination, and auxiliary inspection.

Preventive care utilization is different from personal health

practices because it requires the involvement of healthcare

providers to provide preventive services, and is also affected

by other factors, such as time constraints or accessibility (16).

Health shock influences preventive behaviors as a wake-up call

to warn people of the risk of potential diseases or complications

and the importance of preventive behaviors. Then, health shock

raises their attention to health and triggers changes in preventive

behaviors (18, 19).

Recent research has indicated that health shock has a

positive impact on changes in preventive behaviors in middle

and older age. For personal health practices, global studies

have proved that health shocks influenced smoking decisions

and significantly decreased the probability of smoking and

daily consumption of cigarettes (14, 18, 20–25). Only one

research in China focused on the positive impact of health

shocks on decreasing the likelihood of smoking (26). It is

universally suggested that health shocks have a positive impact

on controlling alcohol use. After health shocks of newly

diagnosed chronic diseases, such as heart disease, diabetes,

cancer, stroke, and lung disease, people changed their drinking

habits with a significant decline in the probability of drinking

and less alcohol consumption (24). Similarly, van Gool’s study

found significant associations between heart disease, as a health

shock, with reduced alcohol use (23). The results of the effect

of health shocks on engaging in exercise are mixed. Some

studies indicated that after a new diagnosis of diabetes, people

initiated more exercise, however other studies found people had

no significant increase in participating exercise and oppositely

even tended to be more sedentary after a new diagnosis of

cancer or stroke. However, in China, personal health practices
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after HS are not well-studied. Local studies make no attempt

to introduce multiple preventive behaviors at the same time to

comprehensively estimate the overall effect of HS, so the changes

in alcohol use and physical activity are unknown.

For preventive care utilization, little research recognized

that compared to non-health-shock people, health-shock people

utilize more preventive care services. Health shocks motivated

people to participate in cholesterol tests and prompted women to

take mammograms and men to take pap smears (27). Although

following very serious health shocks, one-third of patients might

temporarily suspend cancer screenings, the rates of screenings

returned to normal within a year (28). Nevertheless, there is still

a research gap between health shocks and changes in preventive

care utilization in developing countries. Due to the limited

accessibility of screening programs, physical examination is

a more representative measure to reflect the utilization of

preventive care services in China at this stage. As far as we

know, no study analyzed the change of physical examination

utilization with the further classification by its detailed items

after health shocks.

This study aims to estimate the impact of health shocks

on changes in preventive behaviors based on a nationally

representative survey of the over 45-years-old population

in China. HS was categorized into major HS and minor

HS and further subdivided into multiple newly diagnosed

diseases, including cancer, heart disease, stroke, diabetes,

and hypertension to capture the heterogeneity. A multilevel

propensity score match difference-in-difference (multilevel

PSM-DID) model was constructed, and we examined the

changes in a series of preventive behaviors, including personal

health practices (smoking prevention, drinking reduction, and

exercise) and preventive care utilization (physical examination,

basic examination, and auxiliary inspection) after controlling

related covariates. The main hypothesis is that health shocks

trigger positive changes in preventive behaviors of the late

middle- and older-aged population in China.

Materials and methods

Sample

The China Health and Retirement Longitudinal Study

(CHARLS) is a nationally representative survey of the late

middle- and older-aged population in China. Study samples

were randomly selected from 28 provinces in mainland China

through multistage probability-proportional-to-size sampling

(29). The baseline survey was conducted in 2011, and 17,708

individuals from 10,026 communities were interviewed. The

latest two follow-up waves were conducted in 2015 and

2018 and 21,095 and 19,816 individuals were followed up,

respectively. Participants who dropped out because of migration

or death were replaced with new respondents within the

same family. Around 70% of the original 2011 sample

were followed up through these waves, and the response

rate was over 86%. CHARLS is designed and conducted

complying with other related international studies (e.g.,

the Health and Retirement Study in America). The survey

contains abundant information on demographic background,

family information, health status, health care and insurance,

employment, and economic conditions. The CHARLS is

approved by the Ethical Review Committee of Peking University

(29). Detailed information on the study design, sampling,

survey content and process, data, and coding is available

online (30).

The data in this study were obtained from the forward

prior 2015 and 2018 waves of the CHARLS because more

detailed items of physical examination were added after 2015,

so we can distinguish between basic examination and auxiliary

inspection (30). Data cleaning was conducted to ensure the raw

data applicable to this study, including checking the logic of

data and key measures, dealing with missing variables, and so

on. The respondents who were 45 years old and above were

chosen (N = 18,771). Seven hundred fifty-eight respondents

were excluded because they only participated in the survey in

the 2015 wave and their preventive behaviors could not be

analyzed. Due tomissing values of chronic disease diagnosis, 894

respondents were excluded. Finally, to reduce the confounding

effects because of the prior diagnosis, we excluded chronic

disease patients at baseline (N = 3,414). The final sample was

comprised of 13,705 respondents.

Measures

Health shocks

The key independent variables, health shocks, major HS,

and minor HS, were whether there were any self-reported newly

diagnosed chronic diseases between 2015 and 2018. The five

most common chronic diseases selected were: cancer, stroke,

heart disease, diabetes, and hypertension. Chronic diseases were

assessed with the question “Have you been diagnosed with. . . ”

for the following list of conditions: “Cancer or malignant

tumor (excluding minor skin cancers)?”; “Stroke?”; “Heart

attack, coronary heart disease, angina, congestive heart failure,

or other heart problems?”; “diabetes or high blood sugar?”;

and “hypertension?”. Respondents who said “yes” in 2018

but previously said “no” in 2015 were identified as having

experienced health shocks from 2015 to 2018. We examined

health shocks for any one of five diseases, which are measured

as a discrete indicator (1 if shocks occurred and 0 if not).

Furthermore, two categories of variables were divided to

capture the heterogeneity. These classifications for major vs.

minor shocks were adopted from literature (6, 27). Major HS

included cancer, stroke, and heart disease, which are generally

serious or even fatal diseases. Minor HS included diabetes
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and hypertension, which are normally long-term and not life-

threatening. Then we coded major HS and minor HS for

having any disease of three or two diseases listed above as

discrete indicators (1 if shocks occurred and 0 if not). Lastly, we

analyzed each disease of cancer, stroke, heart disease, diabetes,

and hypertension to interpret the results. To identify the

occurrence of health shock, if respondents were diagnosed with

any six chronic diseases, they were included as the HS group.

Individuals with multiple diseases were included in different

models separately.

Preventive behaviors

The dependent variables were two sets of preventive

behaviors: personal health practices and preventive care

utilization, which were adopted fromAndersen’s health behavior

model (17).

In this study, personal health practices reflected whether

respondents performed health-related activities for a healthy

lifestyle and better health status, such as smoking, drinking,

and exercise. Three dependent variables were ascertained from

questions asked for respondents at every wave: First, “Have

you ever chewed tobacco, smoked a pipe, smoked self-rolled

cigarettes, or smoked cigarettes/cigars?” and “Do you still smoke

or have you totally quit?” were coded into a binomial variable of

smoking defined by whether the non-smokers in 2015 started

smoking in 2018 and whether the smokers in 2015 stopped

smoking in 2018 (1 if smoking and 0 if not). Second, “Did you

drink any alcoholic beverages, such as beer, wine, or liquor in

the past year?” and a binomial variable of quitting drinking was

conducted if the non-drinkers in 2015 started drinking in 2018

and the drinkers in 2015 stopped drinking in 2018 (1 if drinking

and 0 if not). Lastly, questions of “Have you taken part in

vigorous or moderate or mild activities at least 10min every time

in a week?” and “the purpose for doing these physical activities

including for entertainment, job demand or exercise?” were used

and a binomial variable of exercise generated as respondents

took part in any kind of activities only for the purpose of the

exercise (1 if exercise and 0 if not).

Preventive care utilization implied whether respondents

used preventive care services. In our study, physical examination

was further classified into two kinds: basic examination and

auxiliary inspection. At every wave, participants were asked:

“whether they take any physical examination not for the

treatment purpose and which items do they take in this physical

examination.” According to the National Code of Basic Public

Health Services in China, the basic examination was defined as

free tests not involvingmedical devices, including general check-

ups, surgical tests, internal medicine tests, and sense organ tests.

Auxiliary inspection was defined as laboratory tests requiring

the support of medical devices, including routine blood tests,

routine urine tests, liver function tests, kidney function tests,

lipids profile tests, blood glucose tests, electrocardiogram, chest

fluoroscopy, etc. We coded these into three binomial variables

defined by whether they utilized any physical examination, basic

examination, or auxiliary inspection within a year before the

interview in 2015 and 2018 (1 if used and 0 if not).

Covariates

According to contextual and individual characteristics in

Andersen’s health behavior model, we included the four sets of

covariates associated with preventive behaviors in our model

(17). First, individual predisposing variables included age,

gender, minority, marital status, education level, occupation,

and urban/rural location. Second, enabling variables consisted

of health insurance type and annual household expenditure

level. Household expenditure level was more accurate than

self-reported income in this survey and was coded into

three quartiles due to skewness. Third, the need variable was

represented by self-reported health status, which was measured

by the question, “Would you say your health is very good, good,

fair, poor or very poor?”. The results were coded into three levels

by keeping “fair” as the middle level, and combining “very good”

and “good” into the high level, and “very poor” and “poor” into

the low level. Lastly, contextual variables were controlled by

regional location (East, Mid, and West areas of China) to reflect

some unobserved factors. All these covariates in 2015 were used

as matching factors at baseline and covariates in 2015 and 2018

were controlled in multivariate models.

Statistical analysis

A descriptive analysis was employed to report preventive

behaviors in 2015 and 2018 and covariates at baseline. To

estimate the effects of health shocks on preventive behaviors,

a multilevel PSM-DID model was constructed (31, 32). Before

constructing the multilevel DID model, we inspected the

assumption of “parallel trends.” However, due to the limited data

with the short time span of two waves available of CHARLS

in our study, the preliminary analysis cannot be conducted

because of collinearity. To better solve this issue, the PSM

method was applied to balance the two groups at baseline,

as well as possible to make this assumption plausible (33).

After PSM, because of the similarity of other characteristics, it

was assumed that determinants of outcomes remained stable

in the two groups over time. The matching variables used in

PSM were age, gender, ethnicity, marital status, education level,

occupation, household expenditure, self-reported health status,

and regional location, which were suggested by the Andersen’s

health behavior model and associated with preventive behaviors.

After comparing the matching results of four different methods

by the reduced bias and t-test of each variable before and

after matching (see Appendices A–D), kernel matching with

logit regression was selected as the best method with a
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TABLE 1 Individual characteristics of the study sample from CHARLS after kernel matching.

Total Health-shocks Non-health-shocks

N % N % N %

13,705 100.00 9,004 100.00 4,701 100.00

Individual predisposing variables

Age (yrs)

45–59 6,550 47.79 3,646 40.49 2,904 61.77

60–74 5,932 43.28 4,408 48.96 1,524 32.42

75–89 1,206 8.80 943 10.47 263 5.59

90+ 17 0.12 7 0.08 10 0.21

Gender

Male 6,670 48.67 4,238 47.07 2,432 51.73

Female 7,035 51.33 4,766 52.93 2,269 48.27

Han population

Yes 12,751 93.04 4,438 49.29 8,313 176.83

No 954 6.96 263 2.92 691 14.70

Married

No 1,635 11.93 1,180 13.11 455 9.68

Yes 12,070 88.07 7,824 86.89 4,246 90.32

Education level

No formal education 5,749 41.95 4,023 44.68 1,726 36.72

Elementary school 3,047 22.23 2,010 22.32 1,037 22.06

Secondary school 3,179 23.20 1,903 21.14 1,276 27.14

High school 1,488 10.86 912 10.13 576 12.25

College and above 242 1.77 156 1.73 86 1.83

Occupation

Others 1,130 8.25 740 8.22 390 8.30

Farmer 10,206 74.47 6,578 73.06 3,628 77.18

Civil servant 487 3.55 290 3.22 197 4.19

Retired 1,882 13.73 1,396 15.50 486 10.34

Urban/rural location

Rural 10,874 79.34 7,011 77.87 3,863 82.17

Urban 2,831 20.66 1,993 22.13 838 17.83

Individual enabling variables

Health insurance type

No insurance 312 2.28 198 2.20 114 2.43

UEBMI 11,334 82.70 7,368 81.83 3,966 84.37

URRBMI 2,059 15.02 1,438 15.97 621 13.21

Household expenditure

Lowest quantile 4,027 29.38 2,690 29.88 1,337 28.44

Middle quantile 4,853 35.41 3,176 35.27 1,677 35.67

Highest quantile 4,825 35.21 3,138 34.85 1,687 35.89

Individual need variable

Self-reported health status

Lowest level 5,107 37.26 4,282 47.56 825 17.55

Middle level 5,279 38.52 3,428 38.07 1,851 39.37

Highest level 3,319 24.22 1,294 14.37 2,025 43.08

Contextual variables

(Continued)
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TABLE 1 Continued

Total Health-shocks Non-health-shocks

N % N % N %

Regional location

East area 4,911 35.83 2,949 32.75 1,962 41.74

Mid area 4,616 33.68 3,164 35.14 1,452 30.89

West area 4,178 30.49 2,891 32.11 1,287 27.38

Urban and rural resident medical insurance (UEBMI) integrates previous urban resident medical insurance and new rural cooperative medical insurance for informal employees and

residents in China. UEBMI, urban and rural resident medical insurance. URRBMI, urban employee medical insurance.

bandwidth of 0.06. In the sensitivity analysis, we used the

1:3 nearest matching, the second-best method, as the PSM

method combined with the multilevel DID model to estimate

the effects.

Then, the DID model was adopted using the following

model in Equation (1) and estimated using the logit method

(19, 34). The basic DIDmodel is a rigorous approach, as a quasi-

experimental design, to simulate the counterfactual scenario

of how preventive behaviors would have been if HS had not

occurred and compared the changes in preventive behaviors

between the HS group and the non-HS group to estimate the

effect of HS. Indicated by the dummy variable “HSijk,” individual

i was classified as the treatment group or the control group.

For example, the treatment group of HS implied health-shocks

individuals who had any five diseases for “1” and the control

group of HS included the non-health-shocks individuals who

were free of any diseases for “0.” The year 2015 was defined

as the pre-treatment period and 2018 as the post-treatment

period when the dummy variable “timeijk” equals to “1” and

“0”, respectively. For six outcomes (Yijk), the average treatment

effect was estimated by comparing the probability change of the

treatment groupwith the probability change of the control group

from 2015 to 2018. The parameter of interest was the coefficient

of the interaction term, β1, which would capture the different

probability changes in Yijk among patients in two groups if

health shocks had an impact. Xijk consisted of covariates listed

in Table 1.

The national survey of the cohort with multistage sampling

contains information about the respondents, who were

repeatedly observed in different periods and simultaneously

clustered at different levels. As a result, the dependence on

data often, appears and the outcomes of individuals within

the same level could have more similarities than those from

the different levels. To capture the unmeasured variations

within every level and correctly estimate the standard errors,

a multilevel model was widely constructed and combined

with the basic DID model (35, 36). We conducted multilevel

random intercept analyses with the three-level structure

of individual-wave-level, individual-level, and community-

level, because similar studies based on multistage sampling

stressed the random effects attributed to context effects of

different waves and communities (35, 36). Subscripts i, j,

and k corresponded, respectively, to individual-wave-level,

individual-level, and community-level of the model. This

multilevel DID model estimates not only the fixed effects

reflecting the relationship between observed variables and the

outcomes, but also the random effects representing effects

from variations among waves, individuals, and communities

(31, 35).

ln(
PYijk

1− PYijk
) = αijk + β1(HS

∗time)ijk + β
2
(HS)ijk

+β3(time)ijk + β4(X)ijk (1)

αijk = α + vk + ujk + eijk (2)

vk ∼ N
(

0, σ 2
v

)

, ujk ∼ N
(

0, σ 2
u

)

, eijk ∼ N(0, σ 2
e ) (3)

cov
(

vk, ujk, eijk

)

= 0 (4)

var
(

Yijk

)

= σ 2
v + σ 2

u + σ 2
e (5)

The multilevel PSM-DID models were estimated in Stata

15.0 SE (StataCorp LLC, College Station, TX, USA) using

melogit command with robust standard errors, as well as

descriptive analysis. The threshold of statistical significance was

at P < 0.05 (two-tailed).

Results

Sample characteristics

The individual characteristics of the study sample

from CHARLS after kernel matching are presented in

Table 1. Before matching, the difference between these

characteristics at baseline was statistically significant,
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whereas after kernel matching with logit regression, the

two groups were statistically well-balanced except for two

variables (see Appendix A). A total of 13,750 respondents

were included. At baseline, the average age of our sample

was 60.78, with a majority of females (51.33%), the Han

populations (93.04%), and married people (88.07%). A

total of 41.95% of respondents lacked formal education,

most of them worked in agriculture (74.47%) and lived

in rural areas (79.34%). Only 2.28% were uninsured, the

other 82.70% of respondents had urban and rural resident

medical insurance (UEBMI) for informal employees and

residents, and 15.02% of respondents had urban employee

medical insurance (URRBMI) for formal employees, including

retirees. Self-reported household expenditure was divided

into three quartiles: lowest, middle, and highest. A total

of 37.26% of participants self-reported having poor or

very poor health as the lowest level, while 24.22% self-

reported having good or very good health as the highest

level. The regional location of our sample was evenly

distributed, with a slightly higher proportion in the East

area (35.83%).

There were 9,004 respondents in the health-shocks group

and 4,701 respondents in the non-health-shocks group. As

compared to the non-health-shocks respondents, the health-

shocks respondents were more likely to be elderly people with

worse health status. More of the health-shocks respondents were

married females and minority populations. They also tended to

be without formal education and already retired. Additionally,

more health-shocks respondents had insurance with a lower

level of household expenditure and lived in Mid or West

urban areas.

Health shocks and preventive behaviors

The occurrence of health shocks during follow-up in this

study sample is presented in Table 2. From 2015 to 2018, health

shocks occurred to 9,004 (65.70%) among 13,705 respondents.

A total of 27.61% of our sample suffered from major HS

and 35.05% experienced minor HS. To be specific, 25.88% of

the respondents reported hypertension diagnosis, followed by

heart disease (16.73%), diabetes (12.11%), stroke (10.15%), and

cancer (2.71%).

Table 2 also shows the prevalence of engagement in

preventive behaviors before and after health shocks in the

health-shocks and the non-health-shocks groups. Generally,

from 2015 to 2018, the over 45-years-old population in China

slightly decreased smoking and drinking and increased exercise.

Also, they participated in more physical examinations, both

basic examinations and auxiliary inspections. In the different

classifications of health shocks, the patterns of change in

preventive behaviors after HS were similar. For participants

with health shocks, the rates of smoking declined after health

shocks, with a range of 1.76% in diabetes to 13.84% in cancer.

Similarly, the rates of drinking in the HS group also declined

after health shocks, with a range of 2.07% in any HS to 5.80%

in cancer. The rates of exercise in HS participants and the rates

of utilization of physical examination, basic examination, and

auxiliary inspection increased in 2018, with the biggest rise of

13.11, 10.18, 15.02, and 13.18% in diabetes. For participants

without health shocks, the personal practices were worse than

participants with HS. The rates of smoking remained almost

the same in 2015 as in 2018, and the rates of drinking were

1.15% higher in 2018. 6.85% more non-HS participants engaged

TABLE 2 The occurrence of HS during 2015 to 2018 and preventive behaviors before and after HS in di�erent groups.

The occurrence

of HS

Preventive behaviors

Smoking Drinking Exercise Physical

examination

Basic

examination

Auxiliary

inspection

Groups N % 2015 2018 2015 2018 2015 2018 2015 2018 2015 2018 2015 2018

Total 13,70 100.0 28.6 27.0 27.2 26.4 26.8 36.0 40.6 47.5 27.8 37.7 36.5 45.8

Non-HS 4,701 34.30 32.8 32.40 30.5 32.0 21.8 28.6 30.7 35.7 20.7 28.2 27.4 33.7

HS 9,004 65.70 26.5 24.2 25.5 23.5 29.3 39.8 45.8 53.8 31.5 42.8 41.3 52.1

Major HS 3,784 27.61 24.3 20.6 22.5 19.5 31.0 41.5 47.4 55.1 32.5 43.0 43.2 53.3

Cancer 372 2.71 26.6 12.7 21.5 15.7 32.5 39.5 48.7 56.3 34.2 45.4 46.1 55.1

Stroke 2,293 16.73 24.6 21.6 21.9 17.4 35.4 47.4 50.2 58.4 35.8 45.0 44.1 56.6

Heart disease 1,391 10.15 23.7 21.2 23.1 20.5 28.4 38.5 46.9 54.1 31.0 42.6 43.1 52.1

Minor HS 4,803 35.05 28.2 25.9 27.6 25.3 26.3 38.5 43.8 52.7 30.0 42.4 39.1 51.2

Diabetes 1,660 12.11 24.5 22.7 24.8 21.7 30.4 43.5 48.2 58.4 31.3 46.3 44.1 57.3

Hypertension 3,547 25.88 29.5 27.0 28.8 26.7 24.6 37.3 41.7 51.0 29.3 41.7 36.8 49.4

HS, health shocks; Non-HS, non health shocks.
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in an exercise in 2018 than in 2015, and 4.98, 7.45, and 6.32%

more non-HS participants used preventive care. The rises in

the percentage of exercise and utilizing preventive care in

the non-health-shocks group were smaller than in the health-

shocks group.

Multilevel PSM-DID regression

The results of multilevel PSM-DID regressions are shown in

Table 3. After propensity matching using the kernel matching

method with logit regression, the characteristics of the two

groups were quietly balanced at baseline (see Appendix A). Six

multilevel DID regressions were conducted, and the net effect

of HS on changes in preventive behaviors was presented by the

interaction terms of the first row corresponding to different

shocks. From logistic regression after adjusting for individual

characteristics, the odds ratios were displayed to reflect the odds

of involving in a particular preventive behavior. An odds ratio

>1 indicates an increased likelihood of preventive behaviors,

whereas an odds ratio <1 suggests a decreased likelihood of

preventive behaviors after HS. The stars show different levels of

statistical significance.

Compared to non-HS participants, participants with HS

ceased harmful behaviors and prompted exercise and utilized

more preventive care. After health shocks, people significantly

decreased smoking, and the odds ratio was 0.59 times less in HS

people than in non-HS people. Similarly, people in the HS group

were more likely to cease drinking habits, and the difference

was significant (OR = 0.62). More people exercised regularly

and took the physical examinations, and the odds ratio was

significant in the increase of auxiliary inspection (OR= 1.19).

The difference appeared in the change of preventive

behaviors after major health shocks and minor health shocks.

Both major HS and minor HS significantly decreased smoking

and drinking, but major HS had a bigger effect on behavior

changes. The odds ratios of smoking and drinking were 0.37

and 0.56 after major HS, and 0.74 and 0.69 after minor

HS. Nevertheless, after minor HS the probability of exercise

significantly increased compared with the non-health-shocks

TABLE 3 Odds ratios frommultilevel PSM-DID regression models predicting the e�ect of health shocks on preventive behaviors.

Health shocks Smoking Drinking Exercise Physical examination Basic examination Auxiliary inspection

HS×Time 0.59** 0.62*** 1.18 1.12 1.11 1.19*

HS 0.06*** 0.84** 1.43*** 2.01*** 1.82*** 2.03***

Time 0.80 1.11 1.50*** 1.28*** 1.60*** 1.44***

Major HS×Time 0.37*** 0.56*** 1.20 1.11 1.07 1.14

Major HS 0.10*** 0.64*** 1.47*** 2.31*** 2.02*** 2.34***

Time 0.84 1.11 1.50*** 1.25*** 1.59*** 1.41***

Minor HS×Time 0.74** 0.69*** 1.32** 1.18* 1.21 1.30**

Minor HS 0.43 0.91 1.29* 1.86*** 1.69*** 1.85***

Time 0.86 1.17 1.48*** 1.27*** 1.62*** 1.43***

Cancer×Time 0.03** 0.41 0.82 1.08 1.13 1.06

Cancer 0.02*** 0.44* 1.76 2.29*** 2.12*** 2.59***

Time 0.89 1.14 1.51*** 1.22*** 1.61*** 1.392***

Stroke×Time 0.54*** 0.41*** 1.28 1.16 0.97 1.32*

Stroke 0.05*** 0.38*** 1.90*** 2.82*** 2.45*** 2.54***

Time 0.93 1.09 1.47*** 1.22*** 1.58*** 1.39***

Heart disease×Time 0.60** 0.56*** 1.26 1.10 1.16 1.09*

Heart disease 0.35*** 0.81 1.24 2.31*** 1.99*** 2.43***

Time 0.86 1.15 1.46*** 1.25** 1.60*** 1.42***

Diabetes×Time 0.67 0.72*** 1.32** 1.28* 1.39* 1.37**

Diabetes 0.14*** 0.69 1.59** 2.48*** 1.84*** 2.58***

Time 0.94 1.17 1.47*** 1.22*** 1.58*** 1.39***

Hypertension×Time 0.63** 0.59*** 1.40*** 1.24* 1.25* 1.37**

Hypertension 0.18*** 0.99 1.17 1.68*** 1.66*** 1.63***

Time 0.87 1.17 1.49*** 1.27*** 1.64*** 1.44***

The multilevel PSM-DID model was conducted by adjusting age, gender, ethnicity, marital status, education level, occupation, household expenditure, self-reported health status, and

regional location, and estimated at individual-wave-level, individual-level, and community-level. HS, health shocks.
*p < 0.05. **p < 0.01. ***p < 0.001.

The bold values show the parameters of interest in every multilevel PSM-DID model, which is the coefficient of the interaction term β3 in every first line.
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group (OR = 1.30), but no significant increase in exercise

was observed after major HS. After major HS or minor HS,

more physical examinations, including basic examinations and

auxiliary inspections, were used than in the non-shocks group;

however, only after minor HS the increases in a physical

examination and auxiliary inspection utilization were significant

(OR= 1.18 and 1.30).

To be specific, we analyzed preventive behaviors change

after different diagnosed disease diagnosis. Cancer significantly

and dramatically decreased smoking (OR = 0.03) but had no

influence on other preventive behaviors. Participants diagnosed

with stroke and heart disease had a significantly lower

probability of smoking (OR = 0.54 and 0.60) and drinking

(OR = 0.41 and 0.56). After a stroke diagnosis, they also

utilized more auxiliary inspection (OR = 1.32). A diabetes

diagnosis was associated with less drinking (OR = 0.72),

more exercise (OR = 1.32), and more utilization of physical

examination, basic examination, and auxiliary inspection (OR

= 1.28, 1.39, and 1.37), which were all statistically significant.

No significant decline in smoking was associated with the

occurrence of diabetes. The changes in preventive behaviors

were most extensive after a hypertension diagnosis. After a

hypertension diagnosis, patients not only reduced smoking and

drinking (OR = 0.63 and 0.59), but also increased physical

examination, basic examination, and auxiliary inspection (OR=

1.24, 1.25, and 1.37). Significantly, HS participants began regular

physical activity after being diagnosed with hypertension (OR

= 1.40).

For the sensitivity analysis (see Appendix E), after the 1:3

nearest matching, the odds ratios from multilevel PSM-DID

regression models predicting the effect of health shocks on

preventive behaviors indicated slightly bigger and still significant

estimates for all the outcome measures, so the main results

withstood the sensitivity test and showed robust results.

Discussion

This is a plausible study to prove that in China, HS initiates

positive changes in multiple preventive behaviors in the late

middle- and older-aged population with outcome measures of

personal health practices and preventive care utilization. It adds

to global literature that HS promotes preventive care utilization

like basic physical examination and reveals the heterogeneity in

the impact of major HS and minor HS.

In summary, health shocks from any of the five chronic

disease diagnoses (cancer, heart disease, stroke, diabetes, and

hypertension) significantly decreased the probability of smoking

and drinking, and alsoincreased the probability of involving

in the auxiliary inspection. The high occurrence of HS in the

Chinese late middle- and older-aged population stressed the

importance to consider HS as a wake-up call to study its effect

on positive preventive behaviors. The role of HS in preventive

behavior changes could be explained by the following reasons.

For internal reasons, after health shocks, people perceived

more risk of disease and noticed the importance of preventive

behaviors to maintain health (37). Health shocks occurred

as “a trigger” to motivate people to change their lifestyles

and utilize preventive services, which were more targeted

and effective than learning from health shocks on others

or related educational materials (18). For external reasons,

healthcare providers and social networks play significant roles

to ensure behavior changes. There is a “teachable moment”

after a new disease diagnosis when patients are more concerned

about their health and receptive to health information. At

the same time, the frequency of communicating with health

care providers increased for people with health shocks. It

is a valuable opportunity for providers to advise and assist

patients to optimize their preventive behaviors (24, 38, 39).

Also, social networks like family members, friends, or even

colleagues support and supervise people with health-shocks to

start preventive behaviors (18, 23, 27, 37).

Health shocks have a positive effect on changes in

personal health practices. In consistence with former studies,

HS significantly decreased the probability of smoking and

drinking (14, 22–24, 40). In our study, all specific disease

diagnoses reduced smoking habits except for diabetes diagnosis.

It suggested that people were more familiar with the risk of

smoking and paid more attention to their smoking habits,

because the correlation between smoking and health damage is

more solid and well-known (24, 40). As for drinking habits, our

study also suggested that health shocks reduced the probability

of drinking in China as former global studies (23, 24). In contrast

to earlier findings, however, no evidence of a reduction in

drinking after cancer diagnosis was detected (24). There is a

reasonable explanation that due to the discomfort and stress

related to diseases, such as cancer in our case, patients may

distract themselves by maintaining some addictive habits (38).

We found that a new diagnosis of hypertension, besides diabetes

in a former study, initiated significantly more involvement in

exercise (41). These two diseases may be more closely related

to sedentary lifestyles, and complications could be prevented

by exercise.

It is also newly discovered that after HS, people utilized

more preventive care services, especially auxiliary inspection.

Scarce evidence suggests that HS initiates people to use

preventive services, and this study mainly focused on the

positive change in cancer screenings in the US (27). However,

in developing countries like China, the more common and

accessible preventive service is physical examination rather than

cancer screenings. Our results first indicated a positive change of

involvement in more physical examinations after HS. In general,

people with HS significantly used more auxiliary inspection

with laboratory tests, rather than a basic examination with

free tests like general check-ups. The late middle- and old-

aged adults with newly diagnosed diseases interacted more with
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healthcare providers and were educated with more professional

health information during HS. At the same time, healthcare

providers may suggest HS people to take specific tests for follow-

up care for the purpose of managing diseases. As a result,

they updated their knowledge of the necessity of taking related

preventive services and were effectively spurred to use services

recommended by providers (27).

There was heterogeneity in the impact of major health

shocks and minor health shocks. Major health shocks (cancer,

heart disease, and stroke) only decreased the probability of

smoking and drinking with significantly considerable effect,

while did not influence the change of exercise or preventive care

utilization. In consistence with other studies, major HS seriously

hit people with the urgency to change behaviors (23, 24, 39). For

example, a new diagnosis of cancer, stroke, and heart disease had

amuch bigger effect than hypertension or diabetes on decreasing

smoking. In other words, the effect on preventive behaviors may

be positively correlated with the severity of the disease so that

people who suffer from major diseases, tend to perceive more

risks of harmful lifestyles and a stronger connection between

disease diagnosis and health practices. However, after major

HS, people tend to perceive limited benefits so they make

less effort to prolong their life by comprehensively changing

multiple behaviors. This circumstance might be interpreted

by people’s life expectancy, which was heavily deteriorated by

serious health events (28). Additionally, people with major

diseases like cancer and strokemainly receive rigorous treatment

rather than preventive care, so they have restricted time to

prevent other diseases.

Although minor health shocks were mainly long term

and not life-threatening chronic diseases (diabetes and

hypertension), it had a more extensive impact on multiple

preventive behaviors. Minor HS had significant but relatively

small effects on reducing smoking and drinking; it also

significantly triggered participating in exercise, physical

examination, and auxiliary inspection. Analyzing each disease,

we found that hypertension triggered the widest change of all

six preventive behaviors. After hypertension diagnosis, patients

not only decreased smoking and drinking and increased

exercise, but also participated in more physical examinations

and utilized more basic examinations and auxiliary inspections.

This indicates people with minor HS have a higher level of

self-efficacy to prevent complications and other diseases by

adopting better lifestyles (42).

This study has some strengths. First, based on the

nationally representative survey with the panel data of 13,705

respondents, this study newly proved that in China, health

shocks aroused over 45-years-old population to improve their

preventive behaviors. Second, our study also demonstrated the

heterogeneity in the impacts of major health shocks and minor

health shocks by classifying and analyzing different diseases.

Last but not the least, besides the usual outcome measures of

personal health practices, we introduced physical examination

and its two kinds as more suitable measures to represent the

most widespread preventive services in developing countries.

The results make a novel contribution to proving the significant

increase in the utilization of physical examination, especially

auxiliary inspection after health shocks.

The limitations of this study should be mentioned. Only

follow-up data after the 2015 waves of CHARLS added the

detailed physical examination items, so the observation period

is limited, and the preliminary analysis cannot be conducted.

We applied the PSM method to balance two groups to solve this

problem and ensure the balance between two groups. Then, we

could only observe the change of behaviors after health shock

in the short term, while the maintenance of these behaviors

should be observed in the future. Additionally, the self-reported

preventive behaviors might have recall bias, and participants

tend to overreport their positive preventive behaviors.

These results also have some policy implications. Our

results proved there is a teachable moment after health

shocks when patients are informed by health risks and are

more receptive to health information. They are not only

threatened by the complications and recurrences of health

shock caused by the present diseases, but also susceptible

to other chronic diseases in the future. To reduce the risk

of the progression and complications of existing diseases,

prevent the related comorbidity, and prolong the expected

life-span, health shocks provide healthcare providers a great

chance to better adopt the 5A’s brief intervention model

(Ask, Advise, Assess, Assist, and Arrange) as guidelines for

initiating preventive behaviors (43, 44). Specifically, when

health shocks occur, providers should ask patients about

their preventive behaviors and provide more targeted health

information. Then, shortly after newly diagnosed diseases,

providers should seize this opportunity to propose health

advice to trigger preventive behavior changes. At the same

time, they should make an assessment of patients’ motivation

and barriers. Furthermore, based on the specific chronic

diseases and assessment results, more tailored assistance and

customized arrangements should be promoted for newly health-

shock patients.

Conclusion

To evaluate the impact of health shocks on changes in

preventive behaviors among the over 45-years-old population

in China, this article focused on a multilevel propensity score

match difference-in-difference model based on a nationally

representative survey, CHARLS. It is proved that health

shocks trigger positive changes in preventive behaviors by

significantly decreasing the probability of smoking and

drinking and increasing the probability of taking auxiliary

inspection in physical examination. After health shocks,

interventions should be targeted at these populations during
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the teachable moment to promote preventive behaviors and

improve health.
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Background: To identify gender di�erences in factors associated with the

health literacy of hospitalized older patients with chronic diseases.

Methods: A total of 471 hospitalized older patients with chronic

diseases in four hospitals were investigated from May 2019 to June

2020. The self-developed demographic information questionnaire, the

“Health Literacy Scale for Patients with Chronic Diseases” and the “Self-

E�cacy for Managing Chronic Diseases 6-item Scale” were applied in

this study. Multiple linear regression was used to assess the factors

influencing health literacy among older patients with chronic diseases

by gender.

Results: The factors influencing health literacy di�ered by gender. Male

health literacy was related to education background, number of children,

monthly income, duration of chronic disease and chronic disease self-

e�cacy. For females, health literacy was associated with age, education

background, monthly income, duration of chronic disease and chronic

disease treatment.

Conclusion: Healthcare providers should focus on the above-mentioned

factors that could help identify those with low health literacy di�er base on

gender. Gender-specific strategies should be developed to improve the health

literacy of older patients with chronic diseases and strengthen their chronic

disease management.
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Introduction

Nowadays, the population is growing older. The United

Nations reported that 1/6 of the population in the world

will be over 65 (16%) by 2050, up from 1/11 in 2019 (9%)

(1). In China, there are 264.02 million people aged 60 years

or older, accounting for 18.70% (2). Chronic diseases are

becoming a predominant public health issue for this population

because of their high prevalence (3). In China, the prevalence

rate for older adults with chronic diseases was reported to

be 75% (4). According to the World Health Organization

(WHO) (5), chronic diseases are responsible for almost 71%

of deaths worldwide, equivalent to 41 million deaths per year.

Therefore, there is an urgent need for healthcare providers to

take preventive measures against chronic diseases to alleviate

their harm and to enhance the management of chronic diseases

in older adults.

Health literacy (HL) is defined as “an individual’s ability to

obtain, understand, appraise and use basic health information

and services to make informed health choices” (6, 7). That is,

patients with poor HL tend to be less responsive to health

education messages, have difficulty accessing and utilizing

health-related information, and are less able to successfully

manage chronic diseases (6, 8). Several studies have stated that

limited HL may have poor outcomes, including low knowledge,

poor chronic disease management, low use of preventive health

services and high-risk mortality (9–11). Currently, low HL

is a typical occurrence among older patients with chronic

diseases (12). In a survey of 264 individuals with heart failure

conducted by Cox et al. (13), 33.7% of cases (an average

age of 66) had poor HL. Another study found that 76%

of 160 older patients with hypertension had inadequate HL

(14). Notably, HL is a modifiable determinant of health that

can be an effective educational and preventive measure of

chronic disease self-management (6, 7, 9, 15). Increasing HL can

optimize health outcomes for patients with chronic diseases (16).

Thus, to promote healthy aging and strengthen chronic disease

management (17, 18), HL of older patients with chronic diseases

needs further attention.

As pointed out in the previous studies, there may be physical

and sociocultural differences in the health of males and females

(19). Individuals tend to differ in their access to, use of health

care, and help-seeking behaviors by gender (20). Equally large

variability exists among the older population, even more so as

they age (19). Hence, HL, which can be identified as a key

determinant of health, may vary by gender among the older

with chronic diseases (21). Mashi et al. (22) discovered that

females with diabetes have lower levels of HL thanmales. A study

toward older patients with heart failure showed that females had

a higher prevalence of limited HL than males (15). In addition,

Sun (23) assessed the four dimensions of HL (information

acquisition ability, communicative interaction ability, health

improvement willingness, economic support willingness) in

older patients with chronic diseases of both genders. He found

that males scored higher in information acquisition ability, and

were more adept at understanding and processing information

than females. Contrarily, females had better communicative

interaction ability than males.

The HL of older patients with chronic diseases is influenced

by many factors. Several studies have reported that limited HL

was associated with age, low education, family income and

chronic disease self-efficacy (24–27). There were also some

studies examining the factors that influence HL of males or

females with chronic diseases. Research has shown that HL

in males was related to age, education, family income and

treatment duration (21, 28), while HL in females was associated

with age and education (8, 15). However, data on differences

in factors influencing HL among older chronic patients from a

gender perspective are limited.

Based on the gender perspective, a differentiated strategy will

be possible for each gender if the HL’s factors can be identified.

Thus, this paper attempts to examine gender differences in

factors associated with HL, which will identify those with low

HL base on gender and provide a basis for developing health

education programs to promote the HL of older patients with

chronic diseases.

Materials and methods

Study design

This research was conducted as a cross-sectional study.

The guidelines of Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) were utilized in reporting

this study (see Supplementary material).

The ethics committee of the First Affiliated Hospital of

Wenzhou Medical University approved the study (approval

number: KY2021-104). Informed consent was obtained from all

study participants, and they were kept anonymous.

Sampling methods

A convenience sampling was used for this study. Participants

were hospitalized older patients with chronic diseases recruited

from four hospitals in Zhejiang Province, China, between May

2019 and June 2020. The inclusion criteria were as follows: (a)

having a confirmed diagnosis of one or more chronic diseases

(such as chronic obstructive pulmonary disease, hypertension,

diabetes, coronary heart disease, peptic ulcer, liver cirrhosis,

chronic kidney disease, cerebrovascular disease, etc.); (b) aged

60 years or older; (c) conscious; (d) no neuropsychiatric problem

and (e) voluntary participation in this study.

According to Tinsley and Tinsley (29), the sample size

should be determined taking into account the number of

variables, usually between 1:5 and 10. Therefore, the sample size

of this study was estimated based on a sample size of at least 10

times the number of variables. A minimum sample of 122 was
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FIGURE 1

Flowchart of the study population.

calculated using to the following parameters: first, the number

of variables in this study was 11; second, an attrition rate of

the questionnaires was assumed at 10% and last, the calculation

formula was (11∗10) / (1–10%). Besides, we used GPower 3.1.9.7

(30), an automated sample size calculating software. T-tests

and the mean difference between two independent means (two

groups) were selected. To ensure adequate test power (1-β =

0.95, α = 0.05) and moderate effect size (d = 0.5), a sample size

of 210 was suggested for this study. Then, considering a 10%, the

sample size was inflated to 233 cases. In conclusion, the larger

one was selected and at least 233 participants were included.

Study measures

Demographic characteristics

According to the research purpose, demographic variables

including gender, age, marital status, education, number of

children, living type, monthly income, number of chronic

diseases, duration of chronic diseases, and chronic disease

treatment, were collected. Monthly income (Chinese Yuan) was

reported as the per capita monthly income of households. The

duration of chronic diseases was divided into <10 years and

≥10 years. This grading standard is mainly based on the high

incidence time of complications from common chronic diseases

(31, 32).

Health literacy scale for patients with chronic
diseases

The “Health Literacy Scale for Patients with Chronic

Diseases,” developed by Jordan et al. (33) and translated by Sun

(23), was applied to assess HL. The instrument is a 24-item

self-report questionnaire with four domains: information

acquisition ability, communicative interaction ability, health

improvement willingness and economic support willingness.

Each item is scored on a 5-point scale (1= absolutely impossible

to 5 = no problem), with a total score of 120. The higher the

total score, the higher the patient’s HL. It is the first HL scale

for chronic disease patients in China, which comprehensively

reflects the content of HL. The Cronbach’s α for each dimension

of the scale ranged from 0.885 to 0.925, and the test-retest

reliability was 0.683. In this study, the Cronbach’s α of the scale

was 0.815, and the test-retest reliability was 0.734.

Self-e�cacy for managing chronic diseases
6-item scale

This research drew on the Self-Efficacy for Managing

Chronic Diseases 6-item Scale developed by Lorig et al. (34),

which consists of six items. Scores for each item range from 1

(no confidence) to 10 (the highest self-confidence). The average

score of the six items represents the patient’s self-efficacy level,

with higher scores indicating greater self-efficacy.
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TABLE 1 Descriptive statistical analysis in demographic

characteristics.

Variables Total

(n=

471)

Male

(n=

231)

Female

(n=

240)

P

n (%) n (%) n (%)

Age (year)

60–69 183 (38.9) 78 (33.8) 105 (43.8) 0.043

70–79 195 (41.4) 99 (42.9) 96 (40.0)

≥80 93 (19.7) 54 (23.4) 39 (16.3)

Marriage

Married 399 (84.7) 207 (89.6) 192 (80.0) 0.004

Divorced or widowed 72 (15.3) 24 (10.4) 48 (20.0)

Education

Illiterate 165 (35.0) 66 (28.6) 99 (41.3) 0.001

Elementary school 189 (40.1) 102 (44.2) 87 (36.3)

Middle school 42 (8.9) 15 (6.5) 27 (11.3)

High school or above 75 (15.9) 48 (20.8) 27 (11.3)

Number of children

≤2 children 162 (34.4) 78 (33.8) 84 (35.0) 0.778

>3 children 309 (65.6) 153 (66.2) 156 (65.0)

Living type

Live with family members 399 (84.7) 204 (88.3) 195 (81.3) 0.033

Live alone 72 (15.3) 27 (11.7) 45 (18.8)

Monthly income (CNY)*

<1,500 54 (11.5) 21 (9.1) 33 (13.8) 0.001

1,501–3,000 168 (35.7) 78 (33.8) 90 (37.5)

3,001–5,000 171 (36.3) 78 (33.8) 93 (38.8)

>5,000 78 (16.6) 54 (23.4) 24 (10.0)

Number of chronic diseases

1 198 (42.0) 99 (42.9) 99 (41.3) 0.724

≥2 273 (58.0) 132 (57.1) 141 (58.8)

Duration of chronic disease (years)

<10 252 (53.5) 108 (46.8) 144 (60.0) 0.004

≥10 219 (46.5) 123 (53.2) 96 (40.0)

Chronic disease treatment

All-Western medicine 336 (71.3) 159 (68.8) 177 (73.8) 0.238

Chinese and western medicine 135 (28.7) 72 (31.2) 63 (26.3)

*1000 CNY= 147.40 EUR / 149.12 USD.

The bold values indicated P < 0.05.

According to the index rating, self-efficacy is classified into

three levels: low (<5 points), medium (5–7 points), and high (≥7

points) (35). The Cronbach’s α of each dimension was 0.77–0.92,

and the test-retest reliability was 0.72–0.89. In this study, the

Cronbach’s α was 0.938, and the test-retest reliability was 0.855.

Data collection

Before the investigation, informed consent was obtained

from the nursing department of the four hospitals, and

the interviewers had received uniform training to ensure

homogeneity of survey skills. During the formal survey, the

interviewers first explained the purpose, significance, content,

and anonymity of the research to all eligible patients to

obtain their consent. Next, information was collected through

face-to-face interviews. For those patients who had difficulty or

were unable to complete the questionnaire by themselves, the

interviewers would give neutral word explanations or write on

their behalf to ensure that the records were consistent with the

patients’ options.

In this study, a total of 520 questionnaires were distributed,

and 15 cases were lost due to conflicts with daily work or

disinterest in the study, with an attrition rate of 2.88%. The

remaining 505 patients completed the questionnaire, and a

total of 34 cases were excluded from the on-site examination

because the information omissions in the questionnaires more

than 15% (N = 20) or in the same order (N = 14), which

the researchers believe may have been perfunctory on the part

of the respondents. Finally, 471 completed questionnaires were

obtained, with an efficiency rate of 90.58% (Figure 1).

Statistical analyses

All statistical analyses were performed using SPSS

25.0. Numerical variables were computed as mean and

standard deviation, and categorical variables were calculated

as number and percentages (%). Gender differences in

patient characteristics and HL were investigated by using

independent samples t-test (numerical variables), one-way

analysis of variance (numerical variables), and chi-squared

tests (categorical variables). Subsequently, we used multiple

linear regression models to assess gender differences in factors

associated with HL among older patients with chronic diseases.

The inspection level was set at α = 0.05. Missing quantitative

information was replaced by the mean, and missing categorical

data were replaced by the mode (36).

Results

Demographic characteristics of older
patients

The demographic characteristics are listed in Table 1. Of the

471 hospitalized older patients with chronic diseases, 240 (51%)

were females. The average age was 73.22 (SD = 8.534). Most

patients (84.7%) were married, while 15.3% were divorced or

widowed. Concerning educational level, 75 (15.9%) received a

high school education or above. In terms of living type, most

patients (84.7%) lived with family members, and 65.6% had

more than three children. Furthermore, 83.5% of the sample

had a monthly income of <5,000 Chinese Yuan. A total of
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TABLE 2 Gender di�erences in health literacy (M ± SD).

Variables Male (n= 231) Female (n= 240) P

Total score of health literacy 82.05± 24.72 81.45± 20.73 0.774

Information acquisition ability 27.51± 10.63 26.71± 9.04 0.377

Communicative interaction ability 31.04± 10.03 31.30± 8.40 0.759

Health improvement willingness 16.31± 4.16 16.04± 4.10 0.471

Economic support willingness 7.01± 2.71 7.19± 2.50 0.467

273 (58%) had two or more chronic diseases, and 219 (46.5%)

had chronic diseases for more than 10 years. Regarding chronic

disease treatment, 336 (71.3%) chose all-Western medicine.

Gender di�erences in health literacy

As shown in Table 2, there was no difference in the total

scores of HL and the four dimensions between male and female

older patients (P > 0.05).

Di�erences in health literacy among
older patients with di�erent
characteristics

Through univariate analysis, significant differences in HL

were found among patients in terms of education, number

of children, monthly income, chronic disease treatment, and

chronic disease self-efficacy (P < 0.05). Specifically, patients

with higher educational level, ≤2 children, higher monthly

income, all-Western medicine and patients with higher chronic

disease self-efficacy had higher HL score. Additionally, there

were marginal statistical significance in the aspects of age and

the duration of chronic disease (P < 0.10). The result showed

patients who were older and had chronic conditions ≥10 years

had lower HL scores (see Table 3).

Gender di�erences in influencing factors
of patients’ health literacy

Taking the HL scores of males and females as the dependent

variables, all independent variables were incorporated into the

model, regardless of their statistical significance in univariate

analysis (37). The enter method was used for regression analysis

(αin = 0.05, αout = 0.10). After adjusting for covariates,

the results showed that HL was closely related to education

background, number of children, monthly income, duration

of chronic disease and chronic disease self-efficacy for males.

The details were as follows: First, educational background has

a positive impact on HL, among which the HL levels of older

males with elementary school, middle school, high school and

above degrees were significantly higher than those of illiterate

males (B = 14.122, SE = 3.358, p-value = 0.000; B = 22.760,

SE = 5.648, p-value = 0.000; B = 18.939, SE = 4.559, p-value

= 0.000). Second, the HL scores of the males with more than

3 children were significantly lower than those with ≤2 children

(B = −7.277, SE = 2.859, p-value = 0.012). Third, monthly

income had a positive effect onHL, that is, the higher the income

was, the higher the HL level. In particular, those with incomes

of 3,001–5,000 and >5,000 had significantly higher HL scores

than those with incomes below 1,500 (B= 18.591, SE= 4.605,

p-value= 0.000; B= 26.293, SE = 5.195, p-value= 0.000).

Fourth, those with chronic disease duration ≥10 years had

significantly higher HL scores compared with those with a

duration <10 years (B= 6.132, SE= 2.646, p-value= 0.021).

Fifth, chronic disease self-efficacy has a positive impact on HL,

especially the HL score of males with high self-efficacy, which is

significantly higher than that of males with low self-efficacy (B

= 17.652, SE = 4.539, p-value = 0.000). The model explained

50.6% (R2 = 0.506, adjusted R2 = 0.476) of the variance in the

total HL score of males.

Among older females, HL was strongly associated with age,

education background, monthly income, duration of chronic

disease and chronic disease treatment. The details were as

follows: First, compared to patients aged 60–69 years, females

aged ≥80 years had significantly lower literacy scores (B =

−22.949, SE = 3.206, p-value = 0.000). Second, educational

background has a positive impact on HL, among which the HL

levels of older females with high school and above degrees were

significantly higher than those of illiterate (B = 24.278, SE =

3.772, p-value = 0.000). Third, monthly income had a positive

effect on HL; that is, the higher the income was, the higher

the HL level. Those with incomes of 1,501–3,000, 3,001–5,000

and >5,000 had significantly higher HL scores than those with

incomes below 1,500 (B =7.538, SE = 3.101, p-value = 0.015; B

= 20.203, SE = 3.312, p-value = 0.000; B = 12.916, SE = 4.494,

p-value = 0.004). Fourth, those with chronic disease duration

≥10 years had significantly lower literacy scores compared to

those with chronic disease duration <10 years (B = −4.829,

SE = 2.041, p-value = 0.019). Fifth, the HL scores of the

females treated with all-Western medicine were significantly

higher than those treated with a combination of Western and
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TABLE 3 Di�erence in health literacy among older patients with

di�erent characteristics.

Variables M± SD F/t P

Age (year)

60–69 84.66± 18.78 2.918 0.055

70–79 80.77± 23.06

≥80 78.06± 28.14

Marriage

Married 82.41± 22.57 1.486 0.138

Divorced or widowed 78.08± 23.56

Education

Illiterate 69.73± 23.36 45.269 <0.001

Elementary school 82.75± 16.61

Middle school 90.00± 25.79

High school or above 101.04± 16.39

Number of children

≤2 children 91.28± 19.66 6.903 <0.001

>3 children 76.75± 22.69

Living type

Live with family members 81.48± 23.18 −0.592 0.554

Live alone 83.21± 20.31

Monthly income (CNY)

<1,500 68.83± 13.10 55.459 <0.001

1,501–3,000 70.34± 20.22

3,001–5,000 89.04± 20.95

>5,000 99.27± 18.86

Number of chronic diseases

1 82.41± 21.61 0.539 0.590

≥2 81.26± 23.57

Chronic disease duration (years)

<10 83.57± 20.84 1.852 0.065

≥10 79.64± 24.65

Chronic disease treatment

All-Western medicine 85.38± 20.10 5.054 <0.001

Chinese and western medicine 72.69± 26.26

Chronic disease self-efficacy

Low 58.25± 27.29 31.679 <0.001

Medium 77.79± 20.37

High 86.61± 21.08

The bold values indicated P < 0.05.

Chinese medicine (B = −9.459, SE = 2.568, p-value = 0.000).

The model explained 53.7% (R2 = 0.537, adjusted R2 = 0.510) of

the variance in the total score of female HL (see Table 4).

Discussion

The study illuminated the HL and affecting factors among

hospitalized older patients with chronic diseases of different

genders. Our results suggested that education background,

number of children, monthly income, duration of chronic

disease and chronic disease self-efficacy were significant factors

associated with HL in men. The factors affecting HL in

women included age, education background, monthly income,

duration of chronic disease and chronic disease treatment. The

above findings could lay the groundwork gender-based HL

interventions in the future.

In this study, the HL of older patients with chronic diseases

generally at a lower level, which indicates the HL needs to

be improved. Although the HL scores of males were slightly

higher than those of females, the difference was not statistically

significant, in line with the results of Peterson et al. (24) and Lin

and Xiao (38). However, the finding was inconsistent with the

results of Lee and Son (8), which suggested that older female

patients have lower HL than males. The possible explanation

for the difference lies in the demographic characteristics and

disease-related information of the two research samples.

Notably, this study revealed that there are similarities and

differences in the influencing factors of HL by gender. Education

background, monthly income, and chronic disease duration

were associated with HL in both males and females. Education

background had a significant positive predictive effect on HL,

independent of gender. Several studies have arrived at similar

conclusions (8, 25, 39). The possible reason is that education

is the foundation for HL (40) and educated older patients

have strong learning and comprehension skills (26). They will

actively absorb and use relevant information in interaction

with doctors in order to better promote the rehabilitation of

chronic diseases (38). Therefore, the results may suggest there

is a need for easy-to-understand health education for low-

educated patients to improve their HL. In terms of monthly

income, this finding was in agreement with Lin and Xiao (38)

and Schaeffer et al. (39), who found that it was correlated

with HL. Older patients with higher income expressed a strong

willingness to health improvement after meeting their daily

basic needs (23). They tend to invest more money into their

own health management and access primary care earlier, which

might explain their better HL (23). Instead, to guarantee

material lives, patients with less income barely have time and

extra money to take care of their own health, which limits

patients’ contact with health information (41). Additionally,

this study discovered that the duration of chronic diseases

was one of the influencing factors, similar to prior studies

(39, 42). Different from the above two papers, which showed

that the duration of chronic diseases was positively correlated

with HL, we found that chronic disease duration has a positive

effect on HL in males but a negative effect on HL in females.

The reason for this might be that males usually have higher

information acquisition ability, and are better at understanding

and processing information than females (23). As the duration of

disease prolonged, men may accumulate more knowledge about

disease management and be more experienced in coping with
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TABLE 4 Gender di�erences in influencing factors of patients’ health literacy using multiple linear regression.

Male† Female‡

B SE P B SE P

(Constant) 47.036 10.228 0.000 88.779 8.742 0.000

Age (year)

60–69 Ref Ref Ref Ref Ref Ref

70–79 3.981 2.909 0.173 −2.959 2.156 0.171

≥80 5.723 3.793 0.133 −22.949 3.206 0.000

Education

Illiterate Ref Ref Ref Ref Ref Ref

Elementary school 14.122 3.358 0.000 3.144 2.265 0.166

Middle school 22.760 5.648 0.000 6.534 3.778 0.085

High school or above 18.939 4.559 0.000 24.278 3.772 0.000

Number of children

>3 (Ref: ≤2 ) −7.277 2.859 0.012 −3.781 2.646 0.154

Monthly income (CNY)

<1,500 Ref Ref Ref Ref Ref Ref

1,501–3,000 7.375 4.639 0.113 7.583 3.101 0.015

3,001–5,000 18.591 4.605 0.000 20.203 3.312 0.000

>5,000 26.293 5.195 0.000 12.916 4.494 0.004

Chronic disease duration (years)

≥10 (Ref: <10) 6.131 2.646 0.021 −4.829 2.041 0.019

Chronic disease treatment

All-Western medicine (Ref: Chinese and western medicine) −4.400 2.946 0.137 −9.459 2.568 0.000

Chronic disease self-efficacy

Low Ref Ref Ref Ref Ref Ref

Medium 8.876 5.083 0.082 7.055 4.765 0.140

High 17.652 4.539 0.000 5.908 4.834 0.223

†R2 = 0.506, Adjusted R2
= 0.476.

‡R2 = 0.537, Adjusted R2
= 0.510.

The bold values indicated P < 0.05.

disease. For older women, their ability to access, appraise and

utilize health information becomes increasingly inadequate as

the disease progresses and may worsen, thereby weakening their

HL levels.

The study also confirmed that the number of children

and chronic disease self-efficacy had a significant impact on

older males’ HL (P < 0.05). However, the above two factors

had no influence on HL for females. Specifically, males with

> 3 children had lower HL than those with ≤ 2 children.

This finding differs from Yuan et al. ’s (26) research but is

somewhat similar to that of Hu et al. (43), who found that a

family size of more than 4 was a risk factor for HL among

older adults. The increase in the number of children results

in high economic pressure and resource strain on families.

Considering traditional Chinese society, men still follow the

pattern that men play a key role in society while women are

confined to family chores (44). Males are the main workforce

of a family during their youth and maturity, while women

mostly rely on family income (44, 45). Accordingly, males

with more children may encounter higher professional pressure

than females, which limits their access to critical health-

promoting resources in the long run. Furthermore, chronic

disease self-efficacy was more likely to positively affect males’

HL. This result was in discordance with previous studies,

which have shown that HL was positively correlated with

chronic disease self-efficacy independent of gender (25, 46). It

has been reported that education can positively predict self-

efficacy (47). This may be related to the mediating effect of

education on the path of self-efficacy to HL. In this study,

a higher proportion of males than females had high school

and above education, so males with high chronic disease self-

efficacy may have better HL. However, there remains insufficient

argument to explain this result, which needs to be further

verified. Given the factors involved, more attention should be

paid to older chronic disease males with many children and low

self-efficacy.
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For females, age and chronic disease treatment were the

main factors for HL. This result found that low HL occurred

in older females, which was similar to previous studies (48,

49). In view of unique historical reasons and the Chinese

cultural context, there has been a considerable gender difference

in educational attainment between males and females, and

older females’ educational attainment is generally limited (50).

Higher educational attainment is linked to adequate HL (51).

Therefore, this can undermine the ability of older women to

understand and adhere health information, such as barriers

to communication with physicians (52). In contrast, younger

female patients tend to have a higher education level, as well

as superior communication and comprehension skills. As a

result, they respond effectively to health education messages and

fully comply with physician recommendations. However, the

impact of different eras on males’ receipt of education was not

immediately obvious. Thus, our findings indicate that age has no

influence on males’ HL. It is important to assess the age of older

females with chronic diseases while offering health education.

Simultaneously, educational equity may be an important factor

in promoting the HL of females with chronic diseases and

narrowing the gender gap. Besides, the study suggested that

chronic disease treatment was an independent risk factor for HL

in female patients. Females treated with all-Western medicine

had a greater degree of HL than those treated with a mix

of traditional Chinese and Western medicine. Local patients

who preferred herbal medicine as an adjuvant therapy tended

to be older and less educated. Consequently, their overall HL

levels, such as the ability to obtain health resources, may have

been skewed.

Limitations

There are several limitations in this paper. First, convenience

sampling was conducted to select participants in this study,

which may have a certain impact on the representativeness of

the sample. Second, the HL and self-efficacy were based on

participants’ self-reported data, which might have self-reported

bias. Finally, because it is a cross-sectional study, HL and

influencing factors among older patients with chronic diseases of

different genders should be demonstrated as association rather

than causation.

Conclusion

An aging society and the growing prevalence of chronic

diseases have led to increasing health concerns. The study

highlights the importance of gender in improving HL among

older patients with chronic diseases. TheHL ofmale hospitalized

patients with chronic diseases was linked to education

background, number of children, monthly income, duration of

chronic disease and chronic disease self-efficacy. Female HL was

correlated with age, education background, monthly income,

duration of chronic disease and chronic disease treatment.

This paper can help healthcare providers realize that gender

differences cannot be ignored in improving the HL of older

patients with chronic diseases. When assessing HL of older

patients with chronic diseases, healthcare providers should focus

on the above-mentioned factors that could help identify those

with low HL differ base on gender. Gender-specific strategies

should be developed and appropriate measures should be taken

to maximize their HL and promote healthy aging. Moreover, all

education delivery should be delivered in a manner appropriate

to individual HL (16).

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 authors.

Ethics statement

Written informed consent was obtained from the

individual(s) for the publication of any potentially identifiable

images or data included in this article.

Author contributions

HX, XL, and SS: study design. SS, JL, YaW, XL, and XZ:

data collection. JL, YawW, and SZ: data analysis. HX, XL,

and XZ: study supervision. SS, JL, LW, and HX: manuscript

writing. All authors contributed to the article and approved the

submitted version.

Funding

This research was supported by Humanities and

Social Science Project of Chinese Ministry of Education

(15YJCZH196).

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

Frontiers in PublicHealth 08 frontiersin.org

61

https://doi.org/10.3389/fpubh.2022.944103
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2022.944103

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.

2022.944103/full#supplementary-material

References

1. United Nations. Aging. United Nations. (2020). Available online at: https://
www.un.org/en/global-issues/ageing (accessed December 28, 2020).

2. The State Council of the People’s Republic of China. China’s Aging
Population a Challenge, Also an Opportunity. (2021). Available online at:
www.gov.cn/archive/statistics/202105/11/content_WS609a4a57c6d0df57f98d957b.
html (accessed May 11, 2021).

3. Bauer UE, Briss PA, Goodman RA, Bowman BA. Prevention of chronic
disease in the 21st century: elimination of the leading preventable causes
of premature death and disability in the USA. Lancet. (2014) 384:45–
52. doi: 10.1016/S0140-6736(14)60648-6

4. The State Council of the People’s Republic of China. China Urges Community-
Level Hospitals to Improve Services for Elderly People. (2020). Available online at:
www.gov.cn/statecouncil/ministries/202007/13/content_WS5f0c4767c6d06c4091
250e52.html (accessed July 13, 2020).

5. World Health Organization. Noncommunicable Diseases. (2021). Available
online at: https://www.who.int/news-room/fact-sheets/detail/noncommunicable-
diseases (accessed April 13, 2021).

6. Nutbeam D, Lloyd JE. Understanding and responding to health literacy
as a social determinant of health. Annu Rev Public Health. (2021) 42:159–
73. doi: 10.1146/annurev-publhealth-090419-102529

7. van der Heide I, Poureslami I, Mitic W, Shum J, Rootman I, FitzGerald JM.
Health literacy in chronic disease management: a matter of interaction. J Clin
Epidemiol. (2018) 102:134–8. doi: 10.1016/j.jclinepi.2018.05.010

8. Lee JK, Son YJ. Gender differences in the impact of cognitive function on
health literacy among older adults with heart failure. Int J Environ Res Public
Health. (2018) 15:122711. doi: 10.3390/ijerph15122711

9. Miller TA. Health literacy and adherence to medical treatment in chronic
and acute illness: a meta-analysis. Patient Educ Couns. (2016) 99:1079–
86. doi: 10.1016/j.pec.2016.01.020

10. León-González R, García-Esquinas E, Paredes-Galán E, Ferrero-Martínez
AI, González-Guerrero JL, Hornillos-Calvo M, et al. Health literacy and health
outcomes in very old patients with heart failure. Rev Esp Cardiol. (2018) 71:178–
84. doi: 10.1016/j.rec.2017.06.010

11. Kobayashi LC, Wardle J, Wolf MS, von Wagner C. Aging and functional
health literacy: a systematic review and meta-analysis. J Gerontol B Psychol Sci Soc
Sci. (2016) 71:445–57. doi: 10.1093/geronb/gbu161

12. Huang SF, Shi GF, Gong GM Li H, Chen LX, Chen J. Research
progress of health literacy in chronic diseases. Chin Nurs Res. (2017) 31:3901–4.
doi: 10.3969/j.issn.1009-6493.2017.31.001

13. Cox SR, Liebl MG, McComb MN, Chau JQ, Wilson AA, Achi M, et al.
Association between health literacy and 30-day healthcare use after hospital
discharge in the heart failure population. Res Social Adm Pharm. (2017) 13:754–
8. doi: 10.1016/j.sapharm.2016.09.003

14. Park NH, Song MS, Shin SY, Jeong JH, Lee HY. The effects of medication
adherence and health literacy on health-related quality of life in older people
with hypertension. Int J Older People Nurs. (2018) 13:e12196. doi: 10.1111/opn.
12196

15. Son YJ, Won MH. Gender differences in the impact of health literacy on
hospital readmission among older heart failure patients: a prospective cohort study.
J Adv Nurs. (2020) 76:1345–54. doi: 10.1111/jan.14328

16. Dinh HTT, Nguyen NT, Bonner A. Health literacy profiles of adults
with multiple chronic diseases: a cross-sectional study using the Health Literacy
Questionnaire. Nurs Health Sci. (2020) 22:1153–60. doi: 10.1111/nhs.12785

17. Nguyen TNM, Whitehead L, Saunders R, Dermody G. Systematic review of
perception of barriers and facilitators to chronic disease self-management among
older adults: Implications for evidence-based practice. Worldviews Evid Based
Nurs. (2022) 2022:wvn.12563. doi: 10.1111/wvn.12563

18. Eronen J, Paakkari L, Portegijs E, Saajanaho M, Rantanen
T. Health literacy supports active aging. Prev Med. (2021)
143:106330. doi: 10.1016/j.ypmed.2020.106330

19. Kiely KM, Brady B, Byles J. Gender, mental health and ageing. Maturitas.
(2019) 129:76–84. doi: 10.1016/j.maturitas.2019.09.004

20. Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero JJ, DeMeo
DL, et al. Sex and gender: modifiers of health, disease, andmedicine. Lancet. (2020)
396:565–82. doi: 10.1016/S0140-6736(20)31561-0

21. Davey J, Holden CA, Smith BJ. The correlates of chronic disease-related
health literacy and its components among men: a systematic review. BMC Public
Health. (2015) 15:589. doi: 10.1186/s12889-015-1900-5

22. Mashi AH, Aleid D, Almutairi S, Khattab F, AlMuqawed AN, Khan S, et al.
The association of health literacy with glycemic control in Saudi patients with type
2 diabetes. Saudi Med J. (2019) 40:675–80. doi: 10.15537/smj.2019.7.24277

23. Sun HL.Development and Preliminary Application of Scale on Health Literacy
for Patients With Chronic Disease. (Master’s thesis), Fudan University, Shanghai,
China. (2012). p. 55–6.

24. Peterson PN, Shetterly SM, Clarke CL, Bekelman DB, Chan PS,
Allen LA, et al. Health literacy and outcomes among patients with
heart failure. J Am Med Assoc. (2011) 305:1695–701. doi: 10.1001/jama.
2011.512

25. Guo XM, Zhai X, Hou BR. Adequacy of health literacy and its effect on
diabetes self-management: a meta-analysis. Aust J Prim Health. (2020) 26:458–
65. doi: 10.1071/PY20079

26. Yuan T, Wang CZ, Li XD, Liu H, Zheng PP. Study on health
literacy status and Influencing factors of elderly patients with chronic
diseases in Anhui Province. J ChangZhi MedicaI College. (2019) 33:263–7.
doi: 10.3969/j.issn.1006-0588.2019.04.007

27. Ishikawa H, Yano E. The relationship of patient participation and diabetes
outcomes for patients with high vs. low health literacy. Patient Educ Couns. (2011)
84:393–7. doi: 10.1016/j.pec.2011.01.029

28. Murata GH, Shah JH, Adam KD, Wendel CS, Bokhari SU, Solvas PA, et al.
Factors affecting diabetes knowledge in type 2 diabetic veterans. Diabetologia.
(2003) 46:1170–8. doi: 10.1007/s00125-003-1161-1

29. Tinsley HE, Tinsley DJ. Uses of factor analysis in counseling psychology
research. J Couns Psychol. (1987) 34:414–24. doi: 10.1037/0022-0167.34.4.414

30. Erdfelder E, Faul F, Buchner A. GPOWER. A general power analysis program.
Behav Res Methods Instr Comput. (1996) 28:1–11. doi: 10.3758/BF03203630

31. Kong LM. Clinical analysis of complication of senile diabetic:
a report of 150 cases. Chin J Gen Practic. (2012) 10:847–9.
doi: 10.16766/j.cnki.issn.1674-4152.2012.06.050

32. Jorge-Galarza E, Martínez-Sánchez FD, Javier-Montiel CI, Medina-Urrutia
AX, Posadas-Romero C, González-Salazar MC, et al. Control of blood pressure
levels in patients with premature coronary artery disease: Results from the Genetics
of Atherosclerotic Disease study. J Clin Hypertens (Greenwich). (2020) 22:1253–62.
doi: 10.1111/jch.13942

33. Jordan JE, Buchbinder R, Osborne RH. Conceptualising health
literacy from the patient perspective. Patient Educ Couns. (2010)
79:36–42. doi: 10.1016/j.pec.2009.10.001

34. Lorig K, Stewart A, Ritter P, Gonzalez V, Lynch J. Outcome Measures for
Health Education and Other Health Care Interventions. Thousand Osks, CA: Sage
(1996). doi: 10.4135/9781452232966

35. Zhang PJ, Tan J, Wang J. Sense of coherence and associated factors in elderly
patients with maintenance hemodialysis. Chinese General Practice. (2017) 20:3026–
31. doi: 10.3969/j.issn.1007-9572.2017.06.y41

36. Pang XS. Comparative study on interpolation processing method of missing
data. Stat Decis. (2012) 18–22. doi: 10.13546/j.cnki.tjyjc.2012.24.003

Frontiers in PublicHealth 09 frontiersin.org

62

https://doi.org/10.3389/fpubh.2022.944103
https://www.frontiersin.org/articles/10.3389/fpubh.2022.944103/full#supplementary-material
https://www.un.org/en/global-issues/ageing
https://www.un.org/en/global-issues/ageing
https://www.gov.cn/archive/statistics/202105/11/content_WS609a4a57c6d0df57f98d957b.html
https://www.gov.cn/archive/statistics/202105/11/content_WS609a4a57c6d0df57f98d957b.html
https://doi.org/10.1016/S0140-6736(14)60648-6
https://www.gov.cn/statecouncil/ministries/202007/13/content_WS5f0c4767c6d06c4091250e52.html
https://www.gov.cn/statecouncil/ministries/202007/13/content_WS5f0c4767c6d06c4091250e52.html
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.1146/annurev-publhealth-090419-102529
https://doi.org/10.1016/j.jclinepi.2018.05.010
https://doi.org/10.3390/ijerph15122711
https://doi.org/10.1016/j.pec.2016.01.020
https://doi.org/10.1016/j.rec.2017.06.010
https://doi.org/10.1093/geronb/gbu161
https://doi.org/10.3969/j.issn.1009-6493.2017.31.001
https://doi.org/10.1016/j.sapharm.2016.09.003
https://doi.org/10.1111/opn.12196
https://doi.org/10.1111/jan.14328
https://doi.org/10.1111/nhs.12785
https://doi.org/10.1111/wvn.12563
https://doi.org/10.1016/j.ypmed.2020.106330
https://doi.org/10.1016/j.maturitas.2019.09.004
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1186/s12889-015-1900-5
https://doi.org/10.15537/smj.2019.7.24277
https://doi.org/10.1001/jama.2011.512
https://doi.org/10.1071/PY20079
https://doi.org/10.3969/j.issn.1006-0588.2019.04.007
https://doi.org/10.1016/j.pec.2011.01.029
https://doi.org/10.1007/s00125-003-1161-1
https://doi.org/10.1037/0022-0167.34.4.414
https://doi.org/10.3758/BF03203630
https://doi.org/10.16766/j.cnki.issn.1674-4152.2012.06.050
https://doi.org/10.1111/jch.13942
https://doi.org/10.1016/j.pec.2009.10.001
https://doi.org/10.4135/9781452232966
https://doi.org/10.3969/j.issn.1007-9572.2017.06.y41
https://doi.org/10.13546/j.cnki.tjyjc.2012.24.003
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2022.944103

37. Lakatos E, Szigeti JF, Ujma PP, Sexty R, Balog P. Anxiety and depression
among infertile women: a cross-sectional survey from Hungary. BMC Womens
Health. (2017) 17:48. doi: 10.1186/s12905-017-0410-2

38. Lin ST, Xiao YJ. Study on the present situation and influencing factors of
health literacy of middle-aged and elderly patients with chronic diseases admitted
repeatedly.Modern Prev Med. (2020) 47:3382–5.

39. Schaeffer D, Griese L, Berens EM. Health literacy among people with chronic
illness. Gesundheitswesen. (2020) 82:836–43. doi: 10.1055/a-1276-0418

40. Khosravi A, Ahmadzadeh K, Zareivenovel M. Evaluating the health literacy
level among diabetic patients referring to Shiraz Health Centers. Int J Inform Sci
Manag. (2018) 16:137–51.

41. Sang T, Ding SZ, Wang JR. Analysis on current status of health literacy
of middle and old age hypertension patients and its influential factors. Nursing
Practice Res. (2017) 14:1–4. doi: 10.3969/j.issn.1672-9676.2017.13.001

42. Dai YL, Liu WN, Li JZ, Li ML. Study on the correlation between health
literacy and self-management ability in type 2 diabetic patients. J Guangxi Univ
Chinese Med. (2017) 20:15–20. doi: 10.3969/j.issn.2095-4441.2017.03.008

43. Hu J, Guo HJ, Li Y, Qu C, Chen Y, Li XM, et al. Health literacy and its
influencing factors among residents aged 60-69 years in Jiangsu Province. Chin J
Public Health. (2016) 32:1156–8. doi: 10.11847/zgggws2016-32-09-06

44. Li GY. Dilemma and solution for male participation in family
care under two-child policy. J Shenzhen Univ. (2018) 35:114–22.
doi: 10.3969/j.issn.1000-260X.2018.03.014

45. Du P, Xie LL. Chinese elderly’s main economic resource and cohort change.
Popul Econ. (2014) 2014:3–11. doi: 10.3969/j.issn.1000-4149.2014.06.001

46. Stock S, Altin S, Nawabi F, Civello D, Shukri A, Redaèlli M, et al. A
cross-sectional analysis of health literacy: patient- versus family doctor-reported
and associations with self-efficacy and chronic disease. BMC Fam Pract. (2021)
22:187. doi: 10.1186/s12875-021-01527-4

47. Khairy S, Aslan A, Samara AM, Mousa I, Alkaiyat AS, Zyoud SH. Factors
associated with self-efficacy in patients with hypertension: a cross-sectional study
from Palestine. J Health Popul Nutr. (2021) 40:1. doi: 10.1186/s41043-021-
00225-2

48. Harsch S, Jawid A, Jawid E, Saboga-Nunes L, Sørensen K, Sahrai D, et al.
Health literacy and health behavior among women in Ghazni, Afghanistan. Front
Public Health. (2021) 9:629334. doi: 10.3389/fpubh.2021.629334

49. Ivanov LL, Wallace DC, Hernández C, Hyde Y. Diabetes risks
and health literacy in southern African American and Latino women.
J Community Health Nurs. (2015) 32:12–23. doi: 10.1080/07370016.2015.
991664

50. Wang XH, Peng C. A study on the trends of the characteristics
of the elderly population in China. Popul Soc. (2020) 36:29–45.
doi: 10.14132/j.2095-7963.2020.04.003

51. Wu JR, Moser DK, DeWalt DA, Rayens MK, Dracup K. Health literacy
mediates the relationship between age and health outcomes in patients with heart
failure.Circ Heart Fail. (2016) 9:e002250. doi: 10.1161/CIRCHEARTFAILURE.115.
002250

52. Ganguli M, Hughes TF, Jia Y, Lingler J, Jacobsen E, Chang
CH. Aging and functional health literacy: a population-based study.
Am J Geriatr Psychiatry. (2021) 29:972–81. doi: 10.1016/j.jagp.2020.
12.007

Frontiers in PublicHealth 10 frontiersin.org

63

https://doi.org/10.3389/fpubh.2022.944103
https://doi.org/10.1186/s12905-017-0410-2
https://doi.org/10.1055/a-1276-0418
https://doi.org/10.3969/j.issn.1672-9676.2017.13.001
https://doi.org/10.3969/j.issn.2095-4441.2017.03.008
https://doi.org/10.11847/zgggws2016-32-09-06
https://doi.org/10.3969/j.issn.1000-260X.2018.03.014
https://doi.org/10.3969/j.issn.1000-4149.2014.06.001
https://doi.org/10.1186/s12875-021-01527-4
https://doi.org/10.1186/s41043-021-00225-2
https://doi.org/10.3389/fpubh.2021.629334
https://doi.org/10.1080/07370016.2015.991664
https://doi.org/10.14132/j.2095-7963.2020.04.003
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002250
https://doi.org/10.1016/j.jagp.2020.12.007
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 25 August 2022

DOI 10.3389/fpubh.2022.921038

OPEN ACCESS

EDITED BY

Xiaodong Sun,

A�liated Hospital of Weifang Medical

University, China

REVIEWED BY

Valery Bocquet,

Luxembourg Institute of

Health, Luxembourg

Poobalan Naidoo,

King Edward VIII Hospital, South Africa

*CORRESPONDENCE

Zhi-Rong Liu

liuzhirong66@126.com

Sha-Sha Tao

taoshasha1212@126.com

†These authors have contributed

equally to this work and share first

authorship

SPECIALTY SECTION

This article was submitted to

Public Health Education and

Promotion,

a section of the journal

Frontiers in Public Health

RECEIVED 15 April 2022

ACCEPTED 11 August 2022

PUBLISHED 25 August 2022

CITATION

Xing X-Y, Wang Z-X, Cao Y-W,

Wang X-Y, Zhang L, Chen Y-J,

Wang H-D, Xu J-Q, Niu M-X, Liu Z-R

and Tao S-S (2022) The detection rate

and influencing factors of high-risk

groups of cardiovascular disease in

Anhui, China: A cross-sectional study

of 99,821 residents.

Front. Public Health 10:921038.

doi: 10.3389/fpubh.2022.921038

COPYRIGHT

© 2022 Xing, Wang, Cao, Wang,

Zhang, Chen, Wang, Xu, Niu, Liu and

Tao. 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 detection rate and
influencing factors of high-risk
groups of cardiovascular disease
in Anhui, China: A
cross-sectional study of 99,821
residents
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Luan Zhang1, Ye-Ji Chen1, Hua-Dong Wang1,

Jing-Qiao Xu1, Mi-Xue Niu1, Zhi-Rong Liu1* and

Sha-Sha Tao6*
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and Immunology, The First A�liated Hospital of Anhui Medical University, Hefei, China, 3Major of

Preventive Medicine, School of Public Health, Anhui Medical University, Hefei, China, 4Department

of Radiation Oncology, The First A�liated Hospital of Anhui Medical University, Hefei, China, 5First

Clinical Medical College, Anhui Medical University, Hefei, China, 6Department of Epidemiology and

Biostatistics, School of Public Health, Anhui Medical University, Hefei, China

Objective: To investigate the detection rate and influencing factors of high-risk

population of cardiovascular disease in Anhui province.

Methods: From March 2017 to August 2019, the residents aged 35–75

years old were selected using the multi-stage stratified cluster sampling

method in 8 counties and districts of Anhui Province, and questionnaire

survey, anthropometric measurement, and collection of biological samples

were carried out among them.

Results: A total of 99,821 residents in Anhui Province were finally investigated,

and among them 21,426 residents were detected to be high-risk groups of

cardiovascular disease. The detection rate of high-risk groups was 21.46%.

According to the high-risk types, the high-risk groups can be clustered.

74.57% of them had only one high-risk type, 22.57% of them had two

high-risk types, and 2.86% had three or more high-risk types. The results of

Generalized Linear Mixed Model (GLMM) showed that male, age ≥45 years

old, not married, occupation as a farmer, annual family income <25,000

yuan, drinking, overweight and obesity, pre-central obesity and central

obesity, snoring, feeling fatigued, sleepiness, and self-reported history of

diabetes were more likely to be risk factors of cardiovascular disease (all

P value < 0.05).
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Conclusion: The detection rate of high-risk groups of cardiovascular disease in

Anhui Province is relatively high. Individualized interventionmeasures aswell as

comprehensive prevention and control strategies should be adopted focusing

on the distribution characteristics of risk factors of high-risk groups.

KEYWORDS

cardiovascular disease, high-risk groups, epidemiological characteristics, influencing

factors, health education and promotion

Introduction

Cardiovascular disease (CVD) is one of the most important

public health issues in the world, which is the leading

global cause of mortality, being responsible for 46% of non-

communicable disease deaths (1). In China, the CVD mortality

ranks first among all causes, accounting for more than 40% of

resident disease deaths and the morbidity and mortality of CVD

are still on the rise (2–4). China is also one of the countries

with the heaviest CVD burden (5). In recent decades, CVD has

been a serious health problem in China and the situation has

not been alleviated (6). As we all know, people at high risk of

CVD are very susceptible to CVD. Increasing evidences showed

that early identification of high-risk groups and reasonable

intervention and management for their corresponding risk

factors can reduce the occurrence of cardiovascular events and

premature the death caused by them (7). CVD is also the first

cause of deaths in Anhui Province, and the crude mortality rate

is still on the rise from 2013 to 2018 (8). However, there are

few large-scale epidemiological studies on the investigation of

high-risk groups of CVD in Anhui Province. The morbidity

and mortality of CVD also vary among provinces or regions

due to differences in geographical environment and dietary

habits (9). This study organized the early screening of high-risk

groups of CVD among community residents in Anhui Province

from 2017 to 2019, and analyzed the current situation and

related risk factors of high-risk groups, so as to detect high-

risk groups in time, take corresponding intervention measures

to reduce the occurrence of cardiovascular events in high-risk

groups, and provide a basis for the prevention and control

of CVD.

Objects and methods

Objects

When selecting samples, our investigation employed a

convenience sampling approach with a four-level quality

control (10). In addition, factors such as geographic location,

economy, urban and rural resident population ratio, quality of

disease and death registration, and local capacity to support

programs were also considered. Ultimately, 8 out of 104

counties/districts in Anhui Province were selected between

March 2017 and August 2019 (Figure 1). Among these 8

counties/districts, 4 counties/districts are in southern Anhui

(Dongzhi County, Huashan District, Wanzhi County, Ningguo

City), 2 counties/districts are in central Anhui (Feixi County,

Yu’an District), and 2 counties/districts are in northern

Anhui (Taihe County, Huaiyuan County). Among them, 2

counties/districts are urban areas (referring to prefecture-

level cities) and six are rural areas. Secondly, we selected

2 to 8 townships or sub-districts from each county/district

according to the size and the stability of local residents.

Thirdly, the permanent residents aged 35–75 years old in these

counties/districts were investigated. Written informed consent

was obtained from all participants on entry into the project

based on the principle of voluntary.

Methods

Face-to-face investigations were conducted in a centralized

post-appointment manner using an electronic data collection

system. The main process and content of the primary screening

included object identification, informed consent, information

registration (collecting basic information such as name,

gender, age, education level, occupation, marital status and

so on), blood pressure, height, weight, waist circumference

measurement, biological sample collection and biochemical

indicator detection (detection of blood sugar and lipids and

so on), questionnaire survey (collect information on smoking,

drinking, hypertension, diabetes and so on). Cardiovascular

risk calculation is based on WHO/ISH Cardiovascular

Risk Prediction Charts for the Western Pacific Region

B (11).

Since any personal identifiable information was not

interviewed in this study, participants were informed that their

participation was totally voluntarily and they can withdraw

from the research during the investigation process without

providing any reason, and it had no any adverse effects on the

study subjects, thus only verbal informed consent was obtained

from the research subjects prior to study commencement. All

procedures were undertaken following the ethical standards

of the Helsinki Declaration. Verbal informed consents were
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FIGURE 1

Eight counties/districts participating in the study.

recorded and the study protocol was approved by The

Committee on Medical Ethics of The First Affiliated Hospital of

Anhui Medical University.

Indicators and definitions

According to the criteria of high-risk subjects of CVD

(12–14), since some survey objects can meet two or more

high-risk types at the same time, there is overlap among

objects of the four high-risk types, and high-risk subjects

can be defined as one, two or more of the following four

types at the same time: (1) CVD history: at least one disease

history of myocardial infarction (MI), percutaneous coronary

intervention (PCI), coronary artery bypass grafting (CABG),

and stroke (ischemic or hemorrhagic); (2) hypertension: systolic

blood pressure (SBP) ≥160 mmHg or diastolic blood pressure

(DBP) ≥100 mmHg; (3)dyslipidemia: low-density lipoprotein

cholesterol (LDL-C)≥160mg/dL (4.14mmol/L) or high-density

lipoprotein cholesterol (HDL-C) <30 mg/dL (0.78 mmol/L);

and (4) high risk: using the information of age, gender, SBP and

total cholesterol, smoking status and diabetes or not, the risk of

CVD can be determined by a predetermined algorithm derived

from the WHO/ISH Cardiovascular Risk Prediction Charts for

the Western Pacific Region B (11). Individuals with a 10-years

risk of CVD ≥20% are defined as high-risk subjects (10).

In this study, some survey objects can meet two or

more high-risk types at the same time, so there is overlap

among objects of the four high-risk types. The body mass

index (BMI) (15) was used to determine overweight and

obesity, and the standard adopted the National Health and

Family Planning Commission of China (NHFPC) for Chinese

adults, among which low weight: BMI <18.5 kg/m2, normal

weight: 18.5 kg/m2
≤ BMI <24.0 kg/m2, overweight: 24.0

kg/m2
≤ BMI <28.0 kg/m2, obesity: BMI ≥ 28.0 kg/m2

(10). Using waist circumference to judge central obesity, waist

circumference (WC) can be classified as normal (men: waist

circumference <85 cm, women: waist circumference <80 cm),
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pre-central obesity (men: 85 cm ≤ waist circumference <90 cm,

women: 80 cm ≤ waist circumference <85 cm), central obesity

(men: waist circumference≥90cm, women: waist circumference

≥85cm). The BMI categories ofWHO for adults were as follows,

low weight: BMI <18.5 kg/m2, normal weight: 18.5 kg/m2
≤

BMI <24.9 kg/m2, overweight: 25.0 kg/m2
≤ BMI <29.9 kg/m2

and obesity: BMI ≥ 30.0 kg/m2. Internationally, WC values

>102 cm for men and>88 cm for women are generally classified

as abdominal obesity (16). Person that self-reported current

smoking and those who had smoked at least 1 day within the past

30 days was defined as smoker. Self-reported drinking alcohol

within the past year when surveying was defined as drinker. A

person with an affirmative answer of “Over the past 30 days, do

you often feel tired, fatigued and sleepy?” would be classified as

the person with fatigued and tired (10).

Quality control

The procedures and the methods of investigation were

uniform and strictly controlled. The investigators were all

doctors or nurses, and they must undergo uniform training

and pass the assessment before they participated in this

survey. Moreover, we established a four-levels quality control

system of province, city, county (district) and individuals

in our survey. Quality control teams were set up at each

level and professional quality supervisors were trained for

quality control. Electronic questionnaires were used in our

survey, so the data can be uploaded and updated in a

timely manner.

Statistical analysis

Socio-demographic characteristics were described using

frequencies for categorical variables, mean and standard

deviation (SD) for continuous variables. The χ2 test was

used to compare the rate of residents at high risk of

CVD in populations with different characteristics. Statistical

analysis above all were performed using SPSS 23.0 software.

Furthermore, since the sample in this study has a multi-

level structure (urban vs. rural, 3 regions of Anhui province),

Generalized Linear Mixed Model (GLMM) was used to further

analyze the relationship between potential influencing factors of

the high-risk groups of CVD, which were found in univariate

analysis (P < 0.20), and the high-risk groups of CVD. In

GLMM analysis, the two factors, “Urban or rural” and “Region”

were analyzed as random intercepts. GLMM analysis were

carried out with R 4.1.1 statistical analysis software. The

significance tests are two-sided, with a P value≤ 0.05 considered

statistically significant.

Results

Socio-demographic characteristics of
participants

In this study, a total of 99,821 residents in 8 counties

(districts) were surveyed. There were 41,152 males (41.23%)

and 58,669 females (58.77%), aged between 35 and 75

years, with an average age of (57.72 ± 9.91) years. The

majority educational level of the residents was illiterate/semi-

literate (47.80%). Among the residents, 66.19% of them were

farmers, 91.74% of them were married, 40.27% of them

had annual family income > 25,000 yuan, 70.56% of them

lived in rural areas, 31.69% of them lived in middle Anhui,

46.37% of them lived in southern Anhui, 20.54% of them

were smokers, 16.79% of them were drinkers, 53.70% of

them were overweight and obese, and 38.31% of them were

central obesity; 30.40% of them felt fatigue/asthenia/drowsiness,

8.85% of them had a self-reported history of diabetes. The

demographic characteristics of all participants were shown in

Table 1.

Rate and classification of high-risk
groups of CVD

Among the 99,821 participants, the detection rate of

high-risk groups was 21.46%. Among high-risk groups,

the proportions of CVD history type, hypertension type,

dyslipidemia type and high-risk type were 20.33%, 67.37%,

18.94%, and 21.74%, respectively (Table 2). According to the

high-risk types, the high-risk groups can be clustered. 74.57%

of them had only one high-risk type, 22.57% of them had

two high-risk types, and 2.86% had three or more high-

risk types.

Detection rate of high-risk groups of
CVD among residents with di�erent
characteristics

Regarding the detection rate of high-risk groups of CVD,

men was higher than women, farmers were higher than other

occupational groups, rural areas were higher than urban areas,

smokers were higher than non-smokers, drinkers were higher

than non-drinkers, and married residents was lower than those

of other marital status (all P < 0.05). There were significant

differences in detection rates among residents with different

BMI, waist circumference, region, different snoring status, and

different fatigue and sleepiness status (all P < 0.05). The

detection rate of high-risk groups increased with age, and
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TABLE 1 Demographic characteristics of participants.

Characteristics Number Percentage (%)

Gender

Male 41,152 41.23

Female 58,669 58.77

Age (years)

35–44 10,042 10.06

45–54 31,183 31.24

55–64 27,466 27.52

65–75 31,130 31.19

Educational level

Illiterate/semi-literate 47,712 47.80

Primary school 21,566 21.60

Junior high school and above 30,543 30.60

Profession

Non-farmer 33,753 33.81

Farmer 66,068 66.19

Marital status

Married 91,577 91.74

Unmarried 8,244 8.26

Annual household income (yuan)

<10,000 18,176 18.21

10,001 25,000 32,696 32.75

>25,000 40,197 40.27

Not sure/refused to answer 8,752 8.77

Urban or rural

Urban 29,389 29.44

Rural 70,432 70.56

Region

Northern Anhui 21,902 21.94

Central Anhui 31,631 31.69

Southern Anhui 46,288 46.37

Smoking

No 79,320 79.46

Yes 20,501 20.54

Drinking

No 83,065 83.21

Yes 16,756 16.79

BMI(NHFPC)

Normal 43,691 43.77

Low body weight 2,523 2.53

Overweight 38,804 38.87

Obesity 14,803 14.83

BMI (International standard)

Normal 56,091 56.19

Low body weight 2,523 2.53

Overweight 34,862 34.92

Obesity 6,284 6.30

(Continued)

TABLE 1 (Continued)

Characteristics Number Percentage (%)

Waistline (NHFPC)

Normal 39,870 39.94

Central obesity prophase 21,708 21.75

Central obesity 38,243 38.31

Waistline (International standard)

Normal 82,609 82.76

Abdominal obesity 17,212 17.24

Snoring while sleeping

No 40,157 40.23

Yes 50,923 51.01

Not sure 8,741 8.76

Fatigue and tiredness

No 64,073 64.19

Yes 30,346 30.40

Not sure 5,402 5.41

History of diabetes

No 90,982 91.15

Yes 8,839 8.85

Total 99,821 100.00

TABLE 2 Classification of high-risk groups for CVD.

Type Number Percentage (%)

CVD history type 4,356 20.33

Hypertension type 14,435 67.37

Dyslipidemia type 4,058 18.94

High risk type 4,658 21.74

decreased with educational level and annual family income (all

P < 0.05). The detection rates of high-risk groups are listed in

Table 3.

The interaction analysis

Given that gender may interact with other factors, the

interaction between gender and other influencing factors

was analyzed and interactions between gender and marital

status, educational level, profession, drinking, snoring and

history of diabetes were observed (Supplementary Table 1).

Considering the correlation between BMI and waistline,

we have analyzed the interaction of BMI and waistline

as well. However, no interaction between BMI and

waistline was found in the result (Supplementary

Table 1).
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TABLE 3 Comparison of the detection of high-risk groups of CVD

among residents with di�erent characteristics.

Characteristics Number of

high-risk

groups

Detection

rate (%)

χ2 value P value

Gender 45.98 <0.001

Male 9,266 22.52

Female 12,160 20.73

Age (years) 3,206.12 <0.001

35–44 941 9.37

45–54 4,698 15.07

55–64 6,236 22.70

65–75 9,551 30.68

Educational level 480.53 <0.001

Illiterate/semi-literate 11,557 24.22

Primary school 4,467 20.71

Junior high school and

above

5,402 17.69

Profession 71.22 <0.001

Non-farmer 6,727 19.93

Farmer 14,699 22.25

Marital status 245.51 <0.001

Married 19,097 20.85

Unmarried 2,329 28.25

Annual household

income (yuan)

425.44 <0.001

<10,000 4,690 25.8

10,001∼25,000 7,450 22.79

>25,000 7,527 18.73

Not sure/refused to

answer

1,759 20.1

Urban or rural 13.25 <0.001

Urban 6,093 20.73

Rural 15,333 21.77

Region 23.71 <0.001

Northern Anhui 4,484 20.47

Central Anhui 6,725 21.26

Southern Anhui 10,217 22.07

Smoking 6.40 0.011

No 16,893 21.3

Yes 4,533 22.11

Drinking 113.03 <0.001

No 17,314 20.84

Yes 4,112 24.54

BMI 1,022.04 <0.001

Normal 7,665 17.54

Low body weight 334 13.24

Overweight 9,050 23.32

Obesity 4,377 29.57

(Continued)

TABLE 3 (Continued)

Characteristics Number of

high-risk

groups

Detection

rate (%)

χ2 value P value

Waistline 1,177.05 <0.001

Normal 6,612 16.58

Central obesity

prophase

4,615 21.26

Central obesity 10,199 26.67

Snoring while sleeping 765.50 <0.001

No 7,043 17.54

Yes 12,712 24.96

Not sure 1,671 19.12

Fatigue and tiredness 370.21 <0.001

No 12,561 19.6

Yes 7,573 24.96

Not sure 1,292 23.92

History of diabetes 799.12 <0.001

No 18,487 20.32

Yes 2,939 33.25

Total 21,426 21.46

The stratified analysis by gender

Due to the interaction between gender and some factors,

GLMM analysis was conducted separately in male and female

(Tables 4, 5). The result in male indicated that age ≥ 45 years

old, not married, obtained primary school educational level,

annual family income> 25,000 yuan, drinking, low body weight,

overweight and obesity, pre-central obesity and central obesity,

snoring, feeling fatigued, sleepiness, and self-reported history of

diabetes are statistically related to the risk of CVD (Table 4).

While in female, age≥ 45 years old, obtained junior high school

and above educational level, occupation as a farmer, annual

family income >25,000 yuan, low body weight, overweight and

obesity, pre-central obesity and central obesity, snoring, feeling

fatigued, sleepiness, and self-reported history of diabetes may be

influencing factors of CVD (Table 5).

Discussion

The impact of location and environmental conditions, and

the differences in socioeconomic development, geographical

environment, dietary habits, health resources, and health

services among different provinces in China lead to a complex

geographic distribution of CVD risk in China. The risk levels

of the population in each region are significantly different (9).

Anhui Province has a relatively high CVD mortality rate among

provinces in China (17, 18). In our study, the detection rate

Frontiers in PublicHealth 06 frontiersin.org

69

https://doi.org/10.3389/fpubh.2022.921038
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xing et al. 10.3389/fpubh.2022.921038

TABLE 4 Generalized Linear Mixed Model analysis of influencing

factors among high-risk groups of CVD in male.

Characteristics Generalized Linear Mixed Model

analysis

β Z value P value

Age (years)

35–44

45–54 0.215 3.95 <0.001

55–64 0.580 10.70 <0.001

65–75 0.981 18.13 <0.001

Marital status

Married

Unmarried −0.269 −5.98 <0.001

Educational level

Illiterate/semi-literate

Primary school 0.074 2.28 0.023

Junior high school and above 0.013 0.39 0.697

Profession

Non-farmer

Farmer 0.023 0.75 0.451

Annual household income (yuan)

<10,000

10,001∼25,000 −0.025 −0.70 0.486

>25,000 −0.083 −2.16 0.031

Not sure/refused to answer −0.135 −2.56 0.010

Smoking

No

Yes −0.028 −1.13 0.259

Drinking

No

Yes 0.175 6.79 <0.001

BMI

Normal

Low body weight −0.304 −3.40 <0.001

Overweight 0.232 7.06 <0.001

Obesity 0.524 11.21 <0.001

Waistline

Normal

Central obesity prophase 0.175 4.83 <0.001

Central obesity 0.308 8.22 <0.001

Snoring while sleeping

No

Yes −0.178 −6.35 <0.001

Not sure −0.129 −2.66 0.008

Fatigue and tiredness

No

Yes −0.155 −5.73 <0.001

Not sure −0.022 −0.40 0.693

History of diabetes

No

Yes 0.514 13.13 <0.001

TABLE 5 Generalized Linear Mixed Model analysis of influencing

factors among high-risk groups of CVD in female.

Characteristics Generalized linear mixed model

analysis

β Z value P value

Age (years)

35–44

45–54 0.629 11.39 <0.001

55–64 1.151 20.70 <0.001

65–75 1.578 27.96 <0.001

Marital status

Married

Unmarried −0.059 −1.68 0.092

Educational level

Illiterate/semi-literate

Primary school −0.030 −1.01 0.314

Junior high school and above −0.096 −2.80 0.005

Profession

Non-farmer

Farmer 0.156 5.85 <0.001

Annual household income (yuan)

<10000

10001∼25000 0.014 0.48 0.632

>25000 −0.141 −4.47 <0.001

Not sure/refused to answer −0.100 −2.33 0.020

Smoking

No

Yes −0.050 −0.64 0.523

Drinking

No

Yes −0.008 −0.15 0.885

BMI

Normal

Low body weight −0.526 −6.22 <0.001

Overweight 0.226 8.03 <0.001

Obesity 0.458 12.27 <0.001

Waistline

Normal

Central obesity prophase 0.173 5.48 <0.001

Central obesity 0.199 6.02 <0.001

Snoring while sleeping

No

Yes −0.258 −10.91 <0.001

Not sure −0.297 −7.58 <0.001

Fatigue and tiredness

No

Yes −0.208 −9.04 <0.001

Not sure −0.076 1.62 0.105

History of diabetes

No

Yes 0.354 10.85 <0.001
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of high-risk groups was 21.46% among 8 counties (districts) of

Anhui Province.

It was found that the detection rate of high-risk groups

of CVD among male and female was significant different

in this survey, which has been suggested to be related to

higher tobacco consumption, higher drinking frequency and

alcohol consumption in men (19, 20). The result of this

study also confirmed that drinking was the influencing factor

of CVD in male while no significance in female. However,

in this study we did not observe any interaction between

gender and smoking, which may be because that the data

of smoking we used was qualitative and did not perform

quantitative analysis on smoking. It has been reported that

heavy drinking has a dose-dependent effect on the increasing

of blood pressure, and can increase the risk of diabetes,

which all contribute to the increased risk of CVD (20–22).

Excessive drinking can also trigger ventricular arrhythmias

and sudden cardiac arrest by prolongating QT interval and

shortening the atrial effective refractory period (23). Similar

evidences were also observed in this study, that the most

common type of high-risk groups of CVD was the high blood

pressure type (67.37%), suggesting that high blood pressure

may be a primary risk factor for CVD. Ettehad D et al.

(24) have pointed out that every 10 mmHg decrease in

systolic blood pressure is associated with a reduced risk of

CVD events, and hypertension is associated with a continuous

and graded risk of CVD (25). These all suggest us that

through early graded intervention, improving the behavioral

habits of high-risk groups and controlling the blood pressure

level of hypertensive people, the incidence of CVD may

be reduced.

In this study, stratified analysis showed that with primary

school level in male and with junior high school or above

educational level in female may be protective factors for CVD,

which was consistent with the results of previous studies (26,

27). This may be attribute to the fact that people with higher

education levels tend to pay more attention to their health and

willing to adopt a healthy lifestyle to reduce the risk of CVD.

The study found that farmers are more likely to be a high-risk

group of CVD than non-farmers in female, but not in male. It

has also been indicated that women who worked in agriculture

trend to have a higher risk of cerebral infarction, while man

did not (28). The specific reason for the difference between

male and female needed to be further explored. According

to GLMM analysis, it was also found that people with lower

annual family income are more likely to become a high-risk

group of CVD, suggesting a relationship between the level

of income and CVD. This result was similar to a previous

result in China (29) and was explained that may be related

to the imbalanced distribution of educational and medical

resources in their region (30). The univariate analysis showed

that the detection rate of high-risk groups of CVD among rural

population were higher compared with urban population, which

is consistent with the results of previous study (31). The reasons

may be related to the rapid urbanization of rural areas in recent

years, economic development, changes in consumption levels

and lifestyles, lower education levels and the level of medical

services in the region. These results suggest that we should

strengthen the intervention on the controllable risk factors of

CVD in rural populations, especially farmers. Above evidences

indicated that targeted measures should be taken to prevent

CVD according to the distribution of medical and educational

resources in different regions, and more medical resources

should be devoted to individuals living in rural areas and with

low education levels.

This survey found that sleep snoring is a risk factor for

high-risk groups of CVD. Previous study also found that the

reduction of sleep time and sleep quality caused by sleep

snoring can lead to an increased risk of CVD, possibly by

accelerating the metabolism of glucose and lipids, accelerating

obesity, causing metabolic disorders, and triggering type 2

diabetes (32). In this survey, it was also found that the detection

rate of high-risk groups of CVD is elevated accompanied

with the increase of BMI and waistline. It might be result

from that individual with higher BMI have higher circulating

blood volume, which in turn increases cardiac output, leading

to increased burden on the heart, and resulting in a series

of CVD events (33, 34). As we all know, obesity is one of

the most important public health problems with increasing

trend worldwide (35). Obesity is not only an independent

risk factor for CVD, but also closely associated with several

other risk factors, such as hypertension and diabetes. People

with a self-report history of diabetes were observed to be

at a higher risk of CVD than those without the history in

this survey. Studies reported that diabetes increases the risk

of CVD three to four–fold in female and two to three–

fold in male (36) and CVD is also the main death reason

in diabetic patients (37). In conclusion, the prevention of

obesity and diabetes is a key link in the prevention of

cardiovascular disease. Although population-wide strategies

have been adopted to educate people of all ages, especially

children, pregnant women and the elderly (38), with the aging

of the population, changes in lifestyle, reduction in physical

activity and changes in dietary habits, leading to the increasing

incidence of obesity and the prevalence of diabetes year by year

(39). Therefore, for high-risk groups, it is necessary to actively

take primary and secondary preventive measures to prevent

obesity and diabetes, so as to further reduce the incidence of

cardiovascular disease, and provide targeted dietary guidance

and behavioral interventions.

There are some limitations in the study. Firstly, a

convenience sampling approach was employed to recruit

amounts of participants in this study, so the representativity

and generalizability of our study for the whole Anhui province

are limited. Secondly, as a kind of observational study, the

ability of confirming the causal relationship between these
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influencing factors and CVD is restricted. We make up for

these limitations through the following aspects. Firstly, the

sample of our study is considerable huge to reflect the

detection rate and influencing factors of high-risk groups

of CVD in Anhui to some extent. Second, the interaction

between multiple influencing factors was analyzed to reduce

the influence of confounding factors on the results. In

addition, GLMM analysis was conducted separately in different

gender populations.

Conclusions

The results of this study suggest that the detection rate of

high-risk groups of cardiovascular disease in Anhui Province

is relatively high, the high risk-groups of CVD in different

regions of Anhui Province have different epidemiological

characteristics. Therefore, in the future, we should combine the

high-risk group strategy with the whole population strategy and

take targeted preventive strategies and measures. We should

strengthen publicity and education to promote healthy lifestyles,

such as no smoking or drinking, strengthening exercise,

preventing obesity, etc. We also can identify high-risk groups

through early screening in areas with high incidence of CVD,

especially those who are already at high risk of hypertension

or diabetes.
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Purpose: Falls are a major public health problem, especially for older people.

This research aimed to provide a direct illustration of fall risks among the

homebound older people with dementia in China, and to identify the risk

factors associated with it.

Methods: In 2020, a questionnaire-based field survey was used to assess

1,042 people aged over 60 years in Ningbo, Eastern China. The Morse Fall

Risk Scale’s result was employed as the dependent variable, while the basic

health problems, living environment di�culties, social support problems,

and behavioral awareness issues were utilized as the independent variables;

subsequently, chi-squared tests and fourmultivariate ordinarily ordered logistic

regression models were performed.

Results: Overall, nine hundred and thirty-one older people with dementia

were included in this study (the e�ective rate was 89.34%), with the majority

of them having severe dementia (27.9%). Furthermore, 16.2% had fallen in

the past 3 months, and 16.8% were at a high risk of falling. The risk factors

for the older people’s cognitive function included 80–90 years old, vascular

dementia, marital status, and history of falls (P < 0.05); the kinds of chronic

diseases, the activities of daily living, living environment, caregiver burden,

caregiver knowledge, the Cohen Mansfield Agitation Inventory results, and

the Clinical Dementia Rating were the protective factors for the risk of falls

in them (P < 0.05).

Conclusion: The risk of falling of the Chinese homebound older people with

dementia was high. Their caregivers, such as relatives, need to pay attention to

these risk factors and perform appropriate measures to prevent falls.
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fall risk, older people, dementia, homebound care, community, morse fall risk scale
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Introduction

There are over 55 million people living with dementia

worldwide; further, this number is predicted to reach 78 million

in 2030 (1). Dementia not only manifests as the weakening

of physical function, but also the gradual loss of neurological

functions, such as memory and orientation, accompanied

several mental and behavioral symptoms (2). Notably, home

care remains the dominant care mode internationally for the

older people with dementia (OPWD). According to the statistics

released by the Alzheimer’s Disease International, over 70% of

the OPWD live at home, and also wish to remain there (3).

Specifically, in China, more than 80% of them are cared for

at home (4).

However, the homebound OPWD are subject to several

safety issues. For example, it has been reported that 30–50% of

them have experienced falls (5, 6). Herein, a high rate of falling

is related to a poor self-care ability and the overall orientation

that are common among the OPWD (6); additionally, an

unreasonable room layout renders their living environment

unsafe (7). According to the World Health Organization

(WHO), a fall is defined as an event that results in a person

coming to rest inadvertently on the ground, the floor, or other

lower levels. Globally, falls are a major public health problem.

An estimated 684,000 fatal falls occur yearly, making it the

second leading cause of an unintentional injury death, with

the greatest number occurring in the adults aged above 60

years (8). According to the data analysis of China’s disease

surveillance system, falls have become the first direct cause of

death in the Chinese people aged over 65 years (9). In addition,

those individuals who fall and suffer a disability, particularly

the elderly, are at a major risk of requiring subsequent long-

term care and institutionalization. The OPWD often experience

contusion bleeding, joint dislocation, or sprained ligaments after

falling; additionally, in severe cases, the lower limbs and the

hip may be fractured. If a fracture occurs, due to long-term

bed rest, it would also lead to the local skin compression,

pressure sores, and even risks such as deep vein thrombosis,

hypoproteinemia, and sepsis of infection that seriously threaten

the older people’s health (10).

In the 21st century, population aging has become a chief

problem experienced globally; it entails a corresponding surge

in the proportion of the older people in the total population

due to a decrease and/or an increase in the number of the

younger and older individuals, respectively. According to the

data of the seventh national census in 2020, the number of

older people aged 65 years and above in China has reached

190.64 million, accounting for 13.5% of the total population.

Furthermore, 38.9% of the elderly aged 65 years and over have

an unsound cognition (11). China is experiencing an accelerated

period of population aging (12). It has increased the number

of older people needing life care, thus growing the demand

for the medical and health services as well as the burden of

family pensions and the social old-age and medical security.

Regarding the trend of population aging, such as the increase in

the prevalence of chronic diseases in the elderly, problems such

as life self-care disorders and a loss of cognitive function have

become common social phenomena; moreover, a considerable

number of older people still have different degrees of depression

and a reduced social support (13).

To cope with the population aging, countries have made

several attempts worldwide. The United Kingdom (UK) is one

of the earliest countries globally to enter an aging society;

the education for older people began earlier and developed

relatively well, with rich educational resources and several

informative channels, including the higher education, local

education, and volunteer group organization systems. The

elderly can participate in education in the higher and local

government education systems together with the individuals

of other ages as ordinary adults, as well as in the education

specifically organized for them by voluntary groups. The UK’s

third-age universities have an extremely significant impact on

the older persons’ global education (14). China’s older people

industry started late compared with the foreign countries;

moreover, most of it has been directly managed by the

government agencies. Currently, home care provided by spouse

and offspring is the most important source of care for the

older people with functional disabilities in China. Due to

various objective reasons, the proportion of home care for

the Alzheimer’s patients in China is high. They are prone to

accidents such as falls, aspiration, burns, and losses; further, the

care burden is substantial.

In the United States, falls are the foremost cause of accidental

deaths and the 7th leading reason for deaths among people

aged more than 65 years. Currently, some studies have been

conducted to prevent falls in nursing homes, however, few have

focused on the safety risks of the OPWD receiving home care. In

reality, 30–40% and 50% of the seniors living in the community

and the nursing homes, respectively, fall yearly (15). The damage

of the older people falling at home is equally great. Assessing the

risk factors associated with falls in the patients with dementia

can prevent them and also reduce the burden. Therefore,

this study analyzed the homebound OPWD, evaluated the

risk factors of their falls, and aimed to improve their health

and safety.

Methods

Study design

In 2020, a randomly selected field survey was carried out

in three communities in the Ningbo City, Zhejiang Province,

Eastern China to investigate the risk of home-based falls

regarding the OPWD. It was conducted by the medical students

and the staff who worked in the community health service
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centers after receiving a systematic training. The research was

certified by the local ethics committee.

According to the truncated statistics, the elderly’s population

in the province has continued to grow in recent years. From the

end of 2010 to that of 2020, the total number of older people

increased from 7.8903 to 11.8752 million, a net increase of

3.9849 million in 10 years, with an average annual growth rate of

4.17%; further, the proportion of this population increased from

16.6 to 23.43%. The total number of older people aged 80 years

and above grew from 1.2109 to 1.7765 million, a net increase of

565,600 in 10 years, with an average annual growth of 3.91%. The

Zhejiang Province pays great attention to the elderly’s quality

of life; moreover, 2,674 medical institutions in the province

provide door-to-door medical and health services for such

individuals at home, and 9 units practices have been selected as

the “National Typical Experience in the Integration of Medical

and Nursing Care.” As of the end of 2020, 66,800 online nursing

specialist clinics and 7,348 home nursing services have been

conducted, thus solving the urgent needs of numerous patients.

Simultaneously, 683 township home care service centers have

been built (16).

Inclusion criteria

The inclusion criteria for the respondents were as follows: a.

Local Census over 60 years old; b. Conforms with the Diagnostic

and Statistical Manual for Mental Disorders Fifth Edition

diagnostic criteria for dementia (DSM-V) and is diagnosed by

psychiatrists; c. Mainly receiving care at home; d. The main

caregivers are family members; e. The caregivers understand the

older people’s condition and daily behavior; f. The caregivers can

communicate normally; g. Willing to participate in the survey.

Sampling

We conducted a survey on the needs of the homebound

older people in the Ningbo City, from which the relevant

persons with a clear diagnosis or self-complaint of dementia

were screened. The sample size was calculated according to the

survey sample size estimation formula of the current survey rate,

which was as follows:

n =

Z2
α/2P(1− P)

δ2

Here, P represents the sample rate; Zα is the Z boundary

value of the normal variable corresponding to the bilateral tail

area under the standard normal distribution. The significance

level was set at 0.05, and thus, Zα/2 =1.96. The allowable error δ

was set to 0.15 P.

According to the existing literature, the fall incidence in

the home care for the OPWD in China in recent years is 30–

50%. In order to ensure the sample’s representativeness as far

as possible, this study calculated the sample size according to

the risk incidence of 30% (P), and concluded it to be 398

OPWD and caregivers. Considering the existence of the invalid

questionnaires, the total number of samples required was at

least 443 OPWD at a 10% missing rate. Finally, there were

1,042 questionnaires in total, excluding more than 10% of

those with missing information (98 questionnaires) and with

obvious inconsistencies (13 questionnaires); subsequently, 931

valid questionnaires remained. The effective rate was 89.34%.

Variables

This study was conducted using a self-made questionnaire

based on the maturity scales. The questionnaire included four

parts: the basic situation of the older people, the assessment

of risk factors, the evaluation of social support, and the

basic information of the main caregiver. We introduced some

internationally accepted scales to assess the risk factors, such as

the activities of daily living (ADL), the Clinical Dementia Rating

(CDR), the Morse Fall Risk Scale (MFS), the Cohen Mansfield

Agitation Inventory (CMAI), the Zarit Burden Interview (ZBI),

and more. We divided these variables into four aspects. The

overall questionnaire had a Cronbach’s α value of 0.907.

The MFS consists of six entries; the entries and the scoring

criteria are as follows: (1) History of falling; immediate or within

3 months (no = 0 points, yes = 25 points); (2) Secondary

diagnosis (no = 0 points, yes = 15 points); (3) Ambulatory

aid (Bed rest/nurse assist = 0 points, Crutches/cane/walker

= 15 points, Furniture = 30 points); (4) IV/Heparin Lock

(no = 0 points, yes = 20 points); (5) Gait/Transferring

(Normal/bedrest/immobile = 0 points, Weak = 10 points,

Impaired = 20 points); (6) Mental status (Oriented to own

ability = 0 points, Forgets limitations = 15 points). With an

overall score of 125, the higher the score, the greater risk of

falls (17). The Chinese version of the MFS was feasible; the

Cronbach’s α was 0.086 (18).

Basic health issues

The basic situation of the patients included gender, age,

whether they have been diagnosed with dementia, types of

dementia, anti-dementia drugs, and the number of chronic

diseases. ADL has 10 items (Feeding, taking a bath, decorating,

dressing, control stool, control urination, toileting, bed and chair

transfer, walking on the ground for 45 meters, going up and

down stairs). According to the independent completion’s degree

of the respondents, it could be divided into no complications;

difficulties, however, can still be completed, problems that need

help; and those that cannot be completed, counted as one to four
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points, respectively. According to the Barthel index score, the

ability to perform the ADL was divided into three levels: good,

medium, and poor. More than 60 points represent good ability;

specifically, there is a mild dysfunction, and the individual can

independently complete part of the daily activities and needs

partial assistance. Further, 41 to 60 points denote moderate

dysfunction; in particular, the people need considerable help to

complete the ADL. Lastly, equal to or < 40 points indicate poor

ability; there is severe dysfunction, and most ADL cannot be

completed or require the service of others (19).

Living environment issues

The living environment questionnaire consists of eight

entries, eight entries, each of which is rated on a five-point

Likert scale ranging from completely incapable to completely

able. This is used to assess whether the home environment can

provide the basic living conditions for the OPWD and reduce

the safety risks (20).

Social support assessment

The social support assessment comprised the marital status,

the education level, the average monthly income, whether

they live alone, the type of medical insurance, the number of

children, the education level of the caregiver, and the caregiver’s

knowledge of dementia.

The ZBI has 4 dimensions, including caregiver health,

mental state, and economic and social life. There are a total of 22

items, each of which is scored from 0 to 4 points; a score of 21 to

40 and 41 to 60 points indicate no or mild burden and moderate

or heavy burden, respectively (21).

Behavioral awareness issues

The CMAI has 3 factors and 36 entries. According to the

number of symptoms, it is divided into 7 grades (no, less than

once weekly, once or twice weekly, several times weekly, once or

twice daily, several times daily, and many times hourly= 1, 2, 3,

4, 5, 6, and 7 points, respectively) (22).

The CDR includes skills regarding memory, orientation,

judgment and problem-solving, work and social interaction

abilities, family life and personal hobbies, and independent life

capabilities. All aspects of these six functions are assessed from

no to serious injury; although the scores of each function are

not superimposed, their assessment is synthesized into a total

score according to the overall scoring criteria. The results are

expressed as 0, 0.5, 1, 2, and 3 points, judging as normal,

suspicious, mild, moderate, and severe dementia, respectively

(23). In addition, we assessed if there was a history of falling,

aspiration by mistake (24), scalding, and falling from the bed in

the past 3 months.

Quality control

A relevant training was conducted before and during

the project, with a cumulative duration of 3 h. In the

training, professionals were invited to explain the problems

involved in the questionnaire and the content as well as

the scale’s precautions and survey skills; additionally, the

investigators who participated in the training were invited

to demonstrate. A face-to-face approach was employed to

explain this survey’s purpose and precautions to the older

people and their families. The survey emphasized the principle

of confidentiality and was conducted in the form of oral

questions; the investigators filled out the questionnaires and

two people in each group conducted the survey. Attention

was paid to checking when the questionnaire was recycled.

The questionnaires were entered by the investigators using

the SPSS software. Before the statistical analysis, the data

was organized and the invalid questionnaires were eliminated;

after the data entry, the double-check method was adopted

to verify the data for a second time to ensure the data

entry’s accuracy.

Statistical methods

After the data collection was completed, the SPSS database

was established; the SPSS 25.0 software was used for the

statistical description and data analysis. The basic descriptive

statistical values for all variables were provided. The t-

test/chi-squared test was employed to determine whether

each variable affected the fall risk score of the older

people in China (P < 0.05). Subsequently, taking the

relevant factors screened out as the independent variables

and the fall risk score scale (“low,” “medium,” and “high

risk of falls”) as the dependent variable, the variables were

successively grouped into four models. The four multivariate

ordinarily ordered logistic regression models were established

to assess the correlation with the falls. The odds ratio

(OR) was calculated from the model results. The test level

was α = 0.05.

Results

Basic information about the risk of falls
among OPWD

The risk of falls in the older people was measured using

the MFS, with a minimum and a maximum of 0 and 100,

respectively, with an average score of 23.97 ± 23.54. The basic

information on the fall risk score for the elderly is shown

in Table 1.

Frontiers in PublicHealth 04 frontiersin.org

77

https://doi.org/10.3389/fpubh.2022.946097
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Dong et al. 10.3389/fpubh.2022.946097

TABLE 1 Basic information on the risk of falls in the older people.

Frequency Percentage (%)

Low risk 488 52.42

Medium risk 287 30.83

High risk 156 16.76

Total 931 100

Associated factors of fall risk among
OPWD

The results of the one-factor analysis (Table 2) show that the

differences between the risk groups in terms of the basic health

problems, living environment problems, social support issues,

and behavioral awareness problems were statistically significant

(p < 0.05) (Table 2).

Logistic regression analysis of factors
related to fall risk among OPWD

Taking the risk level of the falls in old age (1, 2, and 3= low,

medium, and high risk of falls, respectively) as the dependent

variable, and the theory of health ecology as the framework,

four models were established by adding the factors at various

levels; model one, two, and three contained factors at the level

of basic health problems, at the level of basic health issues and

living environment problems, and the basic health problems,

living environment difficulties, and social support problems,

respectively; model four encompassed all levels of the factors.

The regression analysis results (Table 3) showed that 80–90

years old, vascular dementia, marital status, and history of falls

were risk factors for the elderly’s cognitive function; the number

of chronic diseases, ADL, living environment, ZBI, Caregiver

knowledge, CMAI, and CDR were the protective factors for the

risk of falls in the older adults.

Discussion

Analysis of the current situation of the
risk of dementia among OPWD

This study’s results indicated that the homebound OPWD in

China have a high risk of falling, which is consistent with the

previous studies (25). In this research, 16.2% of the older adults

had fallen in the last 3 months. According to the MFS, 30.80

and 16.80% of the elderly were at an intermediate and a high

risk of falling, respectively. This demonstrated that the current

situation of the fall risks among the older people in China is

unoptimistic. In the context of the increasing aging, attention

should be paid to the intervention regarding the fall risk factors

for the older people, improving their quality of life, and reducing

the burden of the old-age and medical care in the society.

E�ects of underlying health problems on
the risk of falls among OPWD

This study found that age, type of dementia, number of

chronic diseases, and the ADL in the basic health problems

had a significant impact on the risk of falls in the older people.

Moreover, women had a greater risk of falls than men; however,

this was not significant in the regression models. In some

countries, males were found to be more likely to die from a fall

(26), while females suffered more non-fatal falls. Older women

were especially prone to falls and an increased injury severity

(27). Age has been indicated as a key risk factor for falls (28).

The elderly have the highest risk of death or serious injury due

to a fall; further this risk increases with age. Older adults aged

80–90 years are at the highest risk of falling. This risk level

may be partially due to physical, sensory, and cognitive changes

associated with aging, in combination with the environments

that are not adapted for an aging population. The reason for the

reduced risk in the older people aged over 90 years might be

limited daily activities. Kim reported that age was significantly

associated with the cognitive frailty-related falls (29).

In this study, vascular dementia was identified as the greatest

risk of falls. The cardiovascular and cerebrovascular diseases

can cause palpitations, headaches, hemiplegia, and more; if

the older people experience sickness while walking, it would

easily lead to falls. Ting found that accidental falls in patients

with cardiovascular disease usually occur during the winter

months and between 12 and 9 a.m. (30). During this period, the

incidence of cardiovascular disease is also high.

Multimorbidity was defined as the coexistence of two or

more chronic non-communicable diseases in one patient (31).

According to this survey data, more than 80% of the elderly have

chronic diseases, of which over half of those with diseases have

two species and more chronic diseases. Moreover, prior studies

have found that the number of people with chronic diseases is a

risk factor for falls. The more types of chronic diseases there are,

the higher the fall risk score obtained. It could be considered

that having more than one chronic disease is a fall risk factor

for the older persons. Numerous studies have confirmed that an

increased types of chronic diseases may increase the risk of falls

(28, 32).It was suggested that strengthening the management

of chronic diseases in the elderly community is an important

part of home care; furthermore, communities with more older

people could often hold the corresponding health management

activities to provide nursing services for those with chronic

diseases. In the process of home care for the Alzheimer’s patients,

it is not only necessary to pay attention to the situation of
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TABLE 2 Basic demographic characteristics and health status.

Frequency Percentage Fall risk score F P-Value

Basic health issues

Gender Males 429 46.08% 22.27± 22.35 2.048 0.041

Female 502 53.92% 25.44± 24.45

Age (in years) 60–70 145 15.57% 18.24± 21.01 10.694 <0.001

70–79 326 35.02% 21.00± 22.89

80–89 359 38.56% 29.14± 24.50

90–99 101 10.85% 23.51± 22.23

Types of dementia Alzheimer’s disease 560 72.35% 22.06± 23.06 6.668 <0.001

Vascular dementia 50 6.46% 36.20± 27.06

Mixed dementia 103 13.31% 27.57± 24.31

Others 61 7.88% 23.11± 20.44

Number of chronic diseases No 186 19.98% 15.16± 18.60 25.323 <0.001

A type 249 26.75% 21.39± 21.69

Various kinds 496 53.28% 28.59± 24.95

Activities of daily living Life self-care 140 15.09% 5.25± 10.98 64.046 <0.001

Mild dysfunction 279 30.06% 19.01± 21.97

Moderate dysfunction 143 15.41% 29.30± 21.13

Severe dysfunction 366 39.44% 32.79± 24.04

Social support issues

Marital status Spouse present 433 46.51% 23.35± 23.95 3.845 0.009

Divorced 37 3.97% 21.49± 24.86

Widowed 395 42.43% 26.20± 23.51

Never married 66 7.09% 16.21± 18.08

Average monthly income 0–1,000 275 29.54% 21.11± 22.13 3.231 0.012

1,000–3,000 206 22.13% 25.22± 23.86

3,000–5,000 287 30.83% 27.37± 23.68

5,000–7,000 117 12.57% 21.58± 24.10

Above 7,000 46 4.94% 20.54± 25.65

Number of children 0 81 8.97% 17.96± 19.54 3.291 0.020

1 202 22.37% 21.51± 21.09

2 296 32.78% 25.42± 24.77

Above 3 324 35.88% 26.33± 24.51

Zarit burden interview <=22.00 25 2.69% 10.20± 16.10 11.085 <0.001

23.00–44.00 239 25.73% 17.64± 20.43

45.00–66.00 427 45.96% 25.68± 24.09

67.00–88.00 212 22.82% 27.31± 23.58

Above 89.00 26 2.80% 38.65± 28.72

The educational level of the caregiver Illiteracy 52 5.70% 22.31± 21.29 4.305 0.005

Primary school 314 34.43% 23.47± 23.58

Middle school 433 47.48% 26.77± 24.43

University and above 113 12.39% 17.88± 20.22

Caregiver knowledge Not understood 248 27.56% 24.40± 24.76 3.869 0.021

General 347 38.56% 26.56± 25.02

See 305 33.89% 22.34± 20.81

Behavioral awareness issues

Clinical dementia rating 0 52 5.59% 4.81± 12.40 28.652 <0.001

0.5 193 20.73% 13.91± 19.50

(Continued)
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TABLE 2 (Continued)

Frequency Percentage Fall risk score F P-Value

1 230 24.70% 24.67± 23.91

2 196 21.05% 28.34± 22.56

3 260 27.93% 31.38± 23.87

Fall No 780 83.78% 17.44± 17.95 615.994 <0.001

Yes 151 16.22% 57.75± 19.80

Aspiration No 824 88.51% 21.24± 21.83 108.469 <0.001

Yes 107 11.49% 45.09± 25.61

Scald No 876 94.09% 22.99± 22.85 26.880 <0.001

Yes 55 5.91% 39.73± 28.57

Falling out of the bed No 877 94.20% 22.53± 22.53 61.411 <0.001

Yes 54 5.80% 47.59± 27.03

dementia, but also treat and prevent chronic diseases and

improve the elderly’s physical fitness.

Regarding the patients with dementia, due to memory,

learning, thinking, mental, and other obstacles, the condition

is often accompanied by the loss of self-care ability in life.

They need to have a good balance function in the process

of completing daily sitting, standing, transferring, and other

actions. The functional limitations, as measured by the ADL

scale, might identify considerably higher levels of disability

that might explain the protective finding of the multivariate

model, contrary to the predictive effect found generally (28);

it is marginally protective in the multivariate model. Similarly,

Woo identified the relationship between sarcopenia and fall-

related injuries in the community-dwelling older adults living

in South Korea (33).

The impact of living environment
problems on the risk of falls among
OPWD

The living environment is a protective factor against the risk

of falls, prompting us to arrange a reasonable home environment

for the older people, reduce their safety risks, improve their sense

of security, and avoid them from feeling stressed due to the

environmental stimulation. Additionally, Neslihan assessed the

risk factors for falls in the home environment (34).

The impact of social support issues on
the risk of falls among OPWD

In the establishment of the logistic model, the independent

variable of the average monthly income was not significant.

This might be because certain economic support could make

life convenient; however, under the premise that the pension

medical insurance system is more perfect and the basic living

needs of older people are guaranteed, the demand for their

economic conditions is relatively low.

The elderly with spouses are at a lesser risk of falling than

those who are divorced or widowed, however, at a higher risk

than those who have never been married. There are some

inconsistencies with previous studies (27). Considering the

results, the greater the number of children, the higher the risk

of falling. Nevertheless, additional research may better explain

these anomalous relationships.

Consequently, the caregivers’ literacy level has less influence

on the fall risk than their actual dementia knowledge level. Yu

surveyed the knowledge, attitudes, behaviors, and the related

factors of fall prevention among the relatives of the elderly in

the community; only 30.4% of the nursing staff scored A in

the fall prevention knowledge (35). This indicates that the older

people and the nursing staff should actively learn the relevant

knowledge and improve the level of care.

The e�ect of behavioral awareness
problems on the risk of falls among
OPWD

The results showed a significant positive correlation between

the fall risk and the CMAI. The older adults with dementia

exhibited agitated behaviors that could harm patients, others,

and their surroundings. The most difficult challenge faced by

the caregivers was the OPWD’s agitation behaviors, which was

observed in nearly 89% of the cases. Improper handling of

these behaviors could result in self-injury or harm to others.

These agitation behaviors of the OPWD are not only related to

the disease factors, but can also be triggered by the caregivers’

negative communication styles or by adverse environmental

stimuli (36, 37). Furthermore, because the Alzheimer’s patients

have weak perception and thinking skills, they are susceptible
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TABLE 3 Multiple orderly regression of the risk factors associated with falls (OR).

Variable Model one Model two Model three Model four

Basic health issues

Males 0.858 0.959 1.125 1.142

60–69 years old 0.969 0.880 1.099 1.125

70–79 years old 1.394 1.294 1.332 1.215

80–89 years old 1.954* 1.840* 1.831* 2.094**

Alzheimer’s disease 1.036 0.983 0.839 0.583

Vascular dementia 2.230* 2.219* 1.904 0.968

Mixed dementia 1.428 1.537 1.480 1.103

No chronic diseases 0.466*** 0.475** 0.440*** 0.448**

A type of chronic diseases 0.685* 0.676* 0.643* 0.680

Activities of daily living= 1.00 0.064*** 0.074*** 0.046*** 0.112***

Activities of daily living= 2.00 0.447*** 0.470*** 0.400*** 0.291***

Activities of daily living= 3.00 1.051 1.000 0.811 0.587

Living environment issues

Residential environment score 0.963*** 0.971* 0.985

Social support issues

<1,000 0.477 0.660

1,000–3,000 0.678 0.726

3,000–5,000 0.440 0.542

5,000–7,000 0.500 0.494

Spouse present 3.251 4.238*

Divorced 5.912** 4.641

Widowed 2.474 3.323

Childless 0.845 1.756

A child 0.614 0.743

Two children 0.979 0.870

Zarit burden interview= 1 0.237 1.534

Zarit burden interview= 2 0.266** 0.774

Zarit burden interview= 3 0.530 1.186

Zarit burden interview= 4 0.457 0.891

Caregivers are illiterate 0.818 0.859

Primary school education level of the caregivers 1.166 1.551

Caregiver’s college education 1.464 1.381

Caregivers are unaware of dementia 1.866** 1.603*

Caregivers generally know about dementia 1.428 1.502

Behavioral awareness issues

Cohen Mansfield agitation inventory 1.019***

Clinical dementia rating= 0 0.000

Clinical dementia rating= 0.5 1.002

Clinical dementia rating= 1.0 1.893*

Clinical dementia rating= 2.0 1.784*

Fall 0.024***

Aspiration 0.667

Scald 1.029

Falling out of the bed 1.553

−2 LL 660.756 1224.272 1203.329 884.644

Cox and nell R2 0.210 0.232 0.292 0.517

Nagelkerke R2 0.243 0.267 0.336 0.594

* p < 0.05, ** p < 0.01, *** p < 0.001.
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to falling and having other accidents. In this process, we are

reminded not only to pay attention to the environmental

factors, but also to the psychological state of the older people

receiving home care. Those patients with unconsciousness and

mental mania can be protected by restraint belts that can

effectively avoid them from falling. With the degree of cognitive

dysfunction in the patients with the CDR responses, the risk

of falls increases with the disease severity, which has also been

widely reported (38).

This study’s findings suggested that the older adults with a

history of falls are at a greater risk of falling. Soyano showed

that the fall history may predict future falls (39). This may be

because the elderly with a history of falls are more likely to have

the fall-related risk factors. If effective precautions are not taken,

the likelihood of falling again is greater in such older adults, as

compared to those without a history of falls. In addition, whether

the patient has experienced aspiration, burns, or falling out of

bed also reflects the severity of the fall risk to some extent.
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Background: Post-retirement migrants are rapidly increasing in China, but the

impact of internal migration on hospitalization among older adults remains

under-researched. Understanding this impact is essential for health policies

development and improvement. This study aims to identify themost vulnerable

population, evaluate the association between migration and hospitalization,

and discuss potential causes of the association.

Methods: 14,478 older adults were extracted from the 2018 to 2019

Chinese Longitudinal Healthy Longevity Survey (CLHLS) database and divided

into four groups according to migration experience and age at migration:

non-migrants, pre-adulthood migrants, pre-retirement migrants, and post-

retirement migrants. Post-retirement migrants were key research subjects.

We employed Pearson’s chi-square test to compare group di�erences in

outcome and covariates, and multivariate logistic regression analysis to

examine the association betweenmigration and hospitalization by regions and

chronic conditions.

Results: Significant intergroup di�erences were observed in demographic

characteristics, socioeconomic factors, health habits, and health-related

factors. Post-retirement migrants displayed following characteristics: female

predominance (61.6%; 1,472/2,391), tending toward urban areas (80.9%;

1,935/2,391), and the highest prevalence rate of chronic disease (46.7%;

1,116/2,391). Urban migrants in eastern China were more likely to be

hospitalized (OR = 1.65; 95% CI: 1.27–2.15), especially those who were

diagnosed with chronic disease (OR = 1.51; 95% CI: 1.04–2.19) or with

unconfirmed chronic conditions (OR = 1.98; 95% CI: 1.36–2.89).

Conclusions: Internal migration is associated with the hospitalization of

post-retirement migrants moving to eastern China. Improved chronic disease
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management and early interventions might lower the hospitalization. E�ective

policies should be formulated to reduce the disparity in primary care services

across China, thereby facilitating the access of migrants to these services.

KEYWORDS

older adults, migration, inpatient services, primary care, chronic disease

Introduction

Internal migration, the movement within countries, has

become a common occurrence in China. Motivated by

caring for the younger generation, elderly care or reunion

with family and jobs (1), older adults out of the migrant

population have been increasing. According to the report

on China’s migrant population development 2015 issued by

the National Health Commission of the People’s Republic of

China (2), the older migrants had accounted for 5.3 percent

(13,040,000/247,000,000) of the total migrants. Given the older

migrants’ annual growth rate (6.6 percent) and the extended life

expectancy since 2016 (3, 4), older migrants are expected to rise

steadily in China.

Older adults’ redistribution in space necessitates the

redistribution of health resource (5). Since primary care and

health insurance in China are intimately tied to the household

registration system (6, 7), migration unavoidably decreases

the migrants’ access to health services (8, 9). Thus far the

declining access has been demonstrated in many aspects except

inpatient services. However, hospitalization provides both vital

evidence for the effectiveness of primary care services and

reliable indication of the impact ofmigration onmigrants’ health

(10, 11). As such, clarifying the association between migration

and hospitalization is critical for identifying at-risk groups, and

then enabling policy makers to develop or improve subsequent

healthcare policy.

Elderly population over 65 years old in China has reached

191 million in 2020 (12), three-quarters of whom has at least one

chronic disease (13). Aiming to provide the same basic public

health services (BPHS) to all citizens, the Chinese government

has been implementing BPHS equalization program from

2009 onwards (14). By BPHS, every Chinese older adult

should have had access to free health management services,

and chronic disease health management for those who suffer

from hypertension and diabetes mellitus. Nonetheless, older

migrants’ utilization of BPHS has been found insufficient (15–

17). Considerable migrants receive deficient chronic disease

management (18). In addition, previous research has discovered

a strong substitution element between outpatient services and

inpatient services (19). Owing to the non-portability of health

insurance (20), Chinese migrants are unable to meet the

expenses at the location where they receive outpatient services,

thereby reducing outpatient visits and preferring treatment

delay (21, 22). Inadequate access to care has been linked to

physical disability, cognitive impairment, and an increased risk

of mortality (23).

In light of the above, it is reasonable to conjecture that older

migrants would use more inpatient services in the context of

the limited effectiveness of primary care and the reduction in

outpatient care. As yet this assumption has not been confirmed

in China, and to some extent this will be tested in this study.

China exhibits an uneven distribution of medical resources

and a wide variation in medical standards between urban and

rural areas, as well as across provinces (24, 25). In this regard, the

association between migration and hospitalization is presumed

to be significant in certain areas. To identify these areas will

allow for more targeted interventions.

This study describes the characteristics of post-retirement

migrants and evaluates the association between migration

and hospitalization by comparing them with non-migrants.

Considering the regional heterogeneity of migrants, the

association would be evaluated stratified by urban-rural

distribution and geographical region, and then further stratified

by chronic disease so as to study the effectiveness of health

management for migrants with chronic conditions.

Materials and methods

Data source and participants

Data were extracted from the Eighth Chinese Longitudinal

Healthy Longevity Survey (CLHLS) conducted between 2018

and 2019, which extended its scope of the investigation into

23 mainland provinces to represent approximately 85% of

the Chinese elderly population (≥65 years) (26). The CLHLS

adopted several measures to provide comparative, accurate,

and representative information, including the development of

internationally accepted questionnaires, face-to-face interviews,

and double data entry (27). All CLHLS data are available at

Peking University Open Research Data Platform.

A total of 15,874 individuals aged 65 years or older,

having lived in their current address for at least 2 years, were

selected from the 2018 CLHLS database (Figure 1). Individuals

with missing outcome were excluded. For some variables with

missing data, we performed multiple imputation instead of
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FIGURE 1

Flowchart of sample selection based on 2018–2019 CLHLS data.

deleting (28). A total of 14,478 participants were included in

the analysis.

Migration

Internal migration could be defined by the respondents’ age

and the following questions: (1) “How many years did you live

in the current address?” and (2) “Do you currently live in the

city you were born?”. Migrants were defined as the respondents

who answered “more than 2 years” to the first question and “no”

to the second question; and non-migrants were defined as the

respondents who answered the years same as age to the first

question and “yes” to the second question. For the convenience

of expression, internal migration is denoted as migration in the

following paragraphs.

Age at migration was the core explanatory variables.

As several research have highlighted the importance of

seeing migration within a life course context with certain life

course events such as employment or retirement (29), we divided

age at migration into three categories: pre-adulthood (1–17

years), pre-retirement (18–59 years for male, 18–54 years for

female), and post-retirement (60 years and above for male,

55 years and above for female). The post-retirement migrants

would be focused on in this study. By directly comparing with

non-migrants and indirectly comparing with pre-adulthood and

pre-retirementmigrants, more characteristics of post-retirement

migrants which associate with hospitalization are expected to

be discovered.

Migrants whose destination located in urban areas were

referred to as urban migrants, while others were rural migrants.

Outcome variable

The outcome variable was hospitalization. A questionnaire

was applied to determine the number of patients hospitalized

in the past 2 years using a dichotomous response, in which

“yes” corresponded to “hospitalized at least once” and “no”

corresponded to “not hospitalized.”

Covariates

As shown in Table 1, Demographic variables included

gender (male, female), age (65–79, 80–94,≥95 years), education

attainment (never educated, primary school, middle school,

college and above), residential area (urban, rural), and

geographical region (north, northeast, east, central-south, and

west). The classification of geographical region was based on

CLHLS guidelines. The study cohort lived in the following cities:

Tianjin, Hebei, Shanxi, and Beijing (north), Liaoning, Jilin,

and Heilongjiang (northeast), Jiangsu, Zhejiang, Anhui, Fujian,

Jiangxi, and Shanghai (east), Hainan, Henan, Hunan, Hubei,

Guangdong, and Guangxi (central-south), Sichuan, Shanxi, and

Chongqing (west).

Socioeconomic variables included former occupation

(agriculture, professional and managerial, others), monthly

pension (including retirement and insurance pension, measured

in RMB; 0, 0–2,000, >2,000), financial supporter (owner,

family, others), and health care payer (insurance company,

household member, or others). Former occupation came from

the question “what is your occupation before the age of 60

years?”. For ease of comparison, several options were combined,

and agriculture, forestry, animal husbandry, and fishery workers

were included in the “agriculture” category, professional and

technical personnel and governmental, institutional, and

managerial personnel were included in the “professional and

managerial” category, whereas other occupations were assigned

to the “others” category. Similar combination occurred in

the topic “health care payer,” and “owner” remains “owner,”

“urban employee/resident medical insurance,” “cooperative”

and “private” were aggregated into “insurance,” “spouse” and

“children” were aggregated into “household members,” and

other payers were aggregated into “others.”

Health habits were smoking (yes, no), alcohol use (yes, no),

exercise (yes, no), and physical examination (yes, no).

Health-related factors were health status (good, average,

bad), change in health status (better, no change, worse), chronic

disease (yes, unconfirmed, no), loneliness (yes, no) and anxiety

(yes, no). Both health status and change in health status were

self-reported, and derived from the questions “how do you rate

your health at present?” and “how do you rate your health at

present compared with one year ago?”, respectively.

Statistical analysis

Group differences in outcome and covariates were compared

using the Pearson’s chi-square test. The association between
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TABLE 1 Profile of the study cohort according to covariates.

Demographic variables Socioeconomic factors Health habits Health-related factors

1. Gender 1. Former occupation 1. Smoking 1. Health status

2. Age 2. Monthly pension 2. Alcohol use 2. Change in health status

3. Education attainment 3. Financial supporter 3. Exercise 3. Chronic disease

4. Residential area 4. Health care payer 4. Physical examination 4. Loneliness

5. Geographical region 5. Anxiety

age at migration, covariates and hospitalization was assessed

by univariate logistic regression analysis before constructing

multivariate regression models. Multivariate binary logistic

regression analysis with LR forward-stepwise method, of

which put in criteria is p < 0.05 and removed in p >

0.10, were performed to determine the variables significantly

associated with hospitalization. The LR forward-stepwise

method guarantees the absence of multicollinearity between

variables entering the models. The reliability of the multivariate

regressionmodel was analyzed using theHosmer and Lemeshow

goodness-of-fit test (30), and the goodness-of-fit was considered

acceptable if the value of the chi-square statistic was low

accompanied by p > 0.05 in this test. Statistical significance

in this study was defined at a p-value which <0.05. Statistical

analysis was conducted using SPSS version 25.0 (IBM, SPSS Inc,

Chicago, IL, USA).

Results

Descriptive statistics

Sample characteristics

Table 2 summarizes sample characteristics by age at

migration. 25.6% of the post-retirement migrants had been

hospitalized within 2 years, and the proportion was significantly

higher than other subgroups.

A total of 55.9% of the respondents were females, and the

male-to-female ratios of migrants and that of non-migrants

were completely contrary. 2,391 older adults migrated to their

current residence after retirement, accounting for 16.5% of

total participants, and 80.9% (1,351/2,391) of them migrated

across urban areas; in contrast, migration before adulthood or

retirement were more likely to happen in rural areas, 52.4%

(920/1,750) and 42.9% (2,150/5,012), respectively. Migrants who

migrated after retirement showed two characteristics compared

with other subsets, the lowest illiteracy rate (44.5%; 1,063/2,391)

and the most dispersed geographical distribution.

With regard to socioeconomic status, agricultural

practitioners dominated a prime position, except for those

who migrated after retirement. 48.7% of the respondents did not

receive pensions; accordingly, 49.7% relied on family for living

expenses. 54.5% had health insurance paid by the insurance

company. An upward trend in socioeconomic status was clear

as the age of migration increased.

Comparing health habits revealed that those who migrated

later were more likely to develop positive health habits.

43.7% of the participants reported a good health status

while 13.0% reported bad, 33.2% deemed their health status

worsened, and 63.3% were diagnosed with chronic disease.

Loneliness and anxiety were more commonly reported by post-

retirement migrants. It’s noteworthy that the highest health

satisfaction degree (43.4%; 1,038/2,391), prevalence rate of

chronic disease (46.7%; 1,116/2,391) occurred simultaneously in

the post-retirement migration group.

There were significant intergroup differences in migration-

related variables, demographic variables, socioeconomic factors,

health habits, health-related factors and outcome variable.

Regression analyses

E�ect of age at migration and covariates on
hospitalization

From Table 3, it could be found that age at migration and

all the covariates were positively associated with hospitalization.

The effect of age at migration on hospitalization slightly

decreased when adjusting for all the covariates [Model 1;

Hosmer and Lemeshow goodness-of-fit χ2 (8df) =5.813, p

= 0.668], still, older adults who migrated after retirement

remained the most likely to be hospitalized. As the positive

association occurred in urban area [Model 2; Hosmer and

Lemeshow goodness-of-fit χ2 (8df) =4.655, p = 0.794]

rather than in rural area [Model 3; Hosmer and Lemeshow

goodness-of-fit χ2 (8df) =5.270, p = 0.728], participants

settled in rural area would be excluded in the following

hierarchical analyses.

In terms of the risk factors of hospitalization, there were

obvious urban-rural disparities, as only half of the covariates

(gender, age, monthly pension, health care payer, smoking,

alcohol use, health status, change in health status, and chronic

disease) appeared both in Model 2 and Model 3. Among

these common risk factors, chronic disease presented the most

noticeable effect.
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TABLE 2 Profile of the study cohort.

Variable Item Total

cohort

(n, %)

Non-

migrants

(n, %)

Age at migration (n, %) χ2
p-Value

Pre-

adulthood

Pre-

retirement

Post-

retirement

Total 14,478 (100.0) 5,318 (36.7) 1,757 (12.1) 5,012 (34.6) 2,391 (16.5)

Gender Male 6,385 (44.1) 3,640 (68.4) 575 (32.7) 1,251 (25.0) 919 (38.4) 2,146.841 <0.001

Female 8,093 (55.9) 1,678 (31.6) 1,182 (67.3) 3,761 (75.0) 1,472 (61.6)

Age 65–79 4,969 (34.3) 2,126 (40.0) 493 (28.1) 1,877 (37.5) 473 (19.8) 477.287 <0.001

80–94 5,663 (39.1) 2,099 (39.5) 762 (43.4) 1,830 (36.5) 972 (40.7)

≥95 3,846 (26.6) 1,093 (20.6) 502 (28.6) 1,305 (26.0) 946 (39.6)

Education attainment Never

educated

7,012 (48.4) 2,288 (43.0) 1,055 (60.0) 2,606 (52.0) 1,063 (44.5) 434.468 <0.001

Primary school 5,024 (34.7) 2,232 (42.0) 530 (30.2) 1,477 (29.5) 785 (32.8)

Middle school 2,053 (14.2) 737 (13.9) 143 (8.1) 763 (15.2) 410 (17.1)

College and

above

389 (2.7) 61 (1.1) 29 (1.7) 166 (3.3) 133 (5.6)

Residential area Urban 7,950 (54.9) 2,392 (45.0) 815 (46.4) 2,808 (56.0) 1,935 (80.9) 919.660 <0.001

Rural 6,528 (45.1) 2.926 (55.0) 942 (53.6) 2,204 (44.0) 456 (19.1)

Geographical region North 839 (5.8) 151 (2.8) 59 (3.4) 339 (6.8) 290 (12.1) 753.696 <0.001

Northeast 605 (4.2) 87 (1.6) 51 (2.9) 276 (5.5) 191 (8.0)

East 5,922 (40.9) 2,443 (45.9) 669 (38.1) 2,040 (40.7) 770 (32.2)

Center-South 5,246 (36.2) 2,055 (38.6) 738 (42.0) 1,799 (35.9) 654 (27.4)

West 1,866 (12.9) 582 (10.9) 240 (13.7) 558 (11.1) 486 (20.3)

Former occupation Agriculture 7,704 (53.2) 3,360 (63.2) 1,009 (57.4) 2,539 (50.7) 796 (33.3) 889.303 <0.001

Professional

and

managerial

3,441 (23.8) 837 (15.7) 260 (14.8) 1,328 (26.5) 1,016 (42.5)

Others 3,333 (23.0) 1,121 (21.1) 488 (27.8) 1,145 (22.8) 579 (24.2)

Monthly pension

(RMB)

0 7,047 (48.7) 2,903 (54.6) 966 (55.0) 2,324 (46.4) 854 (35.7) 958.234 <0.001

1–2,000 4,355 (30.1) 1,811 (34.1) 561 (31.9) 1,410 (28.1) 573 (24.0)

>2,000 3,076 (21.2) 604 (11.4) 230 (13.1) 1,278 (25.5) 964 (40.3)

Financial supporter Owner 4,699 (32.5) 1,577 (29.7) 392 (22.3) 1,697 (33.9) 1,033 (43.2) 276.337 <0.001

Family 7,205 (49.8) 2,767 (52.0) 1,056 (60.1) 2,480 (49.5) 902 (37.7)

Others 2,574 (17.8) 974 (18.3) 309 (17.6) 835 (16.7) 456 (19.1)

Health care payer Owner 1,851 (12.8) 792 (14.9) 179 (10.2) 603 (12.0) 277 (11.6) 70.506 <0.001

Medical

insurance

7,885 (54.5) 2,787 (52.4) 948 (54.0) 2,739 (54.6) 1,411 (59.0)

Family 4,030 (27.8) 1,474 (27.7) 554 (31.5) 1,428 (28.5) 574 (24.0)

Others 712 (4.9) 265 (5.0) 76 (4.3) 242 (4.8) 129 (5.4)

Smoking Yes 2,171 (15.0) 1,238 (23.3) 219 (12.5) 450 (9.0) 264 (11.0) 466.82 <0.001

No 12,307 (85.0) 4,080 (76.7) 1,538 (87.5) 4,562 (91.0) 2,127 (89)

Alcohol use Yes 2,074 (14.3) 1,048 (19.7) 230 (13.1) 531 (10.6) 265 (11.1) 204.98 <0.001

No 12,404 (85.7) 4,270 (80.3) 1,527 (86.9) 4,481 (89.4) 2,126 (88.9)

Exercise Yes 4,318 (29.8) 1,499 (28.2) 454 (25.8) 1,559 (31.1) 806 (33.7) 41.315 <0.001

No 10,160 (70.2) 3,819 (71.8) 1,303 (74.2) 3,453 (68.9) 1,585 (66.3)

Physical examination Yes 9,807 (67.7) 3,870 (72.8) 1,172 (66.7) 3,425 (68.3) 1,340 (56.0) 212.966 <0.001

No 4,671 (32.3) 1,448 (27.2) 585 (33.3) 1,587 (31.7) 1,051 (44.0)

(Continued)
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TABLE 2 Continued

Variable Item Total

cohort

(n, %)

Non-

migrants

(n, %)

Age at migration (n, %) χ2
p-Value

Pre-

adulthood

Pre-

retirement

Post-

retirement

Health status Good 6,266 (43.3) 2,407 (45.3) 688 (39.2) 2,133 (42.6) 1,038 (43.4) 29.188 <0.001

Average 6,333 (43.7) 2,240 (42.1) 793 (45.1) 2,244 (44.8) 1,056 (44.2)

Bad 1,879 (13.0) 671 (12.6) 276 (15.7) 635 (12.7) 297 (12.4)

Change in health status Better 1,733 (12.0) 604 (11.4) 182 (10.4) 644 (12.8) 303 (12.7) 19.531 0.003

no change 7,934 (54.8) 3,006 (56.5) 949 (54.0) 2,698 (53.8) 1,281 (53.6)

Worse 4,811 (33.2) 1,708 (32.1) 626 (35.6) 1,670 (33.3) 807 (33.8)

Chronic disease Yes 5,999 (41.4) 2,123 (39.9) 692 (39.4) 2,068 (41.3) 1,116 (46.7) 70.217 <0.001

Unconfirmed 5,754 (39.7) 2,060 (38.7) 706 (40.2) 2,079 (41.5) 909 (38.0)

No 2,725 (18.8) 1,135 (21.3) 359 (20.4) 865 (17.3) 366 (15.3)

Loneliness Yes 5,071 (35.0) 1,745 (32.8) 647 (36.8) 1,768 (35.3) 911 (38.1) 24.012 <0.001

No 9,407 (65.0) 3,573 (67.2) 1,110 (63.2) 3.244 (64.7) 1,480 (61.9)

Anxiety Yes 4,547 (31.4) 1,481 (27.8) 611 (34.8) 1,638 (32.7) 817 (34.2) 52.758 <0.001

No 9.931 (68.6) 3,837 (72.2) 1,146 (65.2) 3,374 (67.3) 1,574 (65.8)

Hospitalization Yes 3,100 (21.4) 1,029 (19.3) 387 (22.0) 1,073 (21.4) 611 (25.6) 38.219 <0.001

No 11,378 (78.6) 4,289 (80.7) 1,370 (78.0) 3,939 (78.6) 1,780 (74.4)

Risk factors of hospitalization by geographical
region among urban migrants

With a view to regional economic and health disparities,

multivariate logistic regression models with urban residents

included were constructed for each geographical region in

China. The results in Table 4 show that migration significantly

increased the risk of post-retirement migrants’ hospitalization in

the eastern region only (OR= 1.65; 95% CI: 1.27–2.15).

Impacts of age at migration on hospitalization
by chronic disease among urban migrants in
Eastern China

For determining whether the risk of hospitalization

among eastern China’s migrants was associated with chronic

conditions, we grouped the urban residents based on their

chronic conditions and constructed separate multivariate

logistic regression models. As presented in Table 5, after

controlling for gender, age, financial supporter, health status,

and change in health status, we found that age at migration

had no impact on hospitalization by comparing migrants

without chronic disease with native counterparts. With respect

to migrants diagnosed with chronic disease, pre-adulthood

migration and pre-retirement migration were found irrelevant

to hospitalization, whereas post-retirement migrants were at a

higher risk of hospitalization (OR = 1.51; 95% CI: 1.04–2.19).

Notably, the highest OR (1.98; 95% CI: 1.36–2.89) in the study

reveals the population groupmost susceptible to hospitalization,

the post-retirement urban migrants with unconfirmed chronic

conditions living in eastern China. The above results have

strongly suggested that the migrants with chronic conditions

might receive inadequate health management.

Discussion

This study investigated the distribution of older migrants

across China and the association between migration and

hospitalization whereby the population most at-risk could

be identified. The large sample size increased the reliability

of the results. Moreover, the definite chronological order

that migration occurred before hospitalization in this study

has provided an irreplaceable condition for determining

causality further.

Characteristics of post-retirement
migrants

Post-retirement migrants, whether from urban areas or rural

areas, were more likely to settle in urban areas. On one hand,

the convenient traffic conditions and advanced medical care

services in urban areas hold irresistible attraction for older adults

in pursuit of better living quality (1). On the other hand, the

urbanization process in China has been expanding dramatically,

and the urbanization rate was lifted to 63.89% according to the
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TABLE 3 Results of logistic regressions on hospitalization in the study cohort.

Variable Item Univariate

analysis

Multivariate analysis OR (95% CI)

OR (95% CI) Model 1 Model 2 Model 3

Age at migration (ref:

non-migrants)

Pre-adulthood 1.18 (1.03, 1.34)* 1.19 (1.04, 1.38)* 1.25 (1.02, 1.53)*

Pre-retirement 1.14 (1.03, 1.25)** 1.16 (1.04, 1.30)** 1.17 (1.01, 1.36)*

Post-retirement 1.43 (1.28, 1.60)*** 1.31 (1.15, 1.50)*** 1.33 (1.13, 1.57)***

Gender (ref: female) Male 1.21 (1.12, 1.31)*** 1.41 (1.27, 1.55)*** 1.39 (1.23, 1.58)*** 1.27 (1.10, 1.47)***

Age (ref:65–79) 80–94 1.19 (1.09, 1.31)*** 1.12 (1.01, 1.24)* 1.19 (1.04, 1.37)* 1.06 (0.91, 1.23)

≥95 0.83 (0.75, 0.93)*** 0.92 (0.81, 1.05) 1.09 (0.92, 1.28) 0.75 (0.62, 0.90)*

Education attainment

(ref: never educated)

Primary school 1.14 (1.04, 1.24)*** 0.97 (0.88, 1.08) 1.04 (0.90, 1.19)

Middle school 1.12 (1.00, 1.26) 0.80 (0.68, 0.92)** 0.80 (0.67, 0.97)*

College and above 1.29 (1.02, 1.63)* 0.69 (0.53, 0.90)** 0.74 (0.56, 0.99)*

Geographical region (ref:

west)

North 0.82 (0.68, 0.99)* 0.71 (0.58, 0.88)** 0.63 (0.50, 0.80)***

Northeast 0.80 (0.64, 1.00)* 0.80 (0.63, 1.01) 0.75 (0.57, 0.99)*

East 0.75 (0.67, 0.85)*** 0.83 (0.73, 0.94)** 0.72 (0.61, 0.84)***

Center-South 0.75 (0.66, 0.85)*** 0.85 (0.74, 0.97)* 0.78 (0.66, 0.92)**

Former occupation (ref:

agriculture)

Professional and managerial 1.46 (1.33, 1.61)***

Others 1.13 (1.02, 1.25)*

Monthly pension (ref:0) 1–2,000 1.32 (1.20, 1.45)*** 1.25 (1.13, 1.38)*** 1.15 (0.99, 1.34) 1.35 (1.18, 1.55)***

>2,000 1.75 (1.59, 1.94)*** 1.61 (1.38, 1.88)*** 1.51 (1.24, 1.84)*** 1.73 (1.30, 2.31)***

Financial supporter (ref:

owner)

Family 0.76 (0.69, 0.83)*** 1.01 (0.88, 1.16) 0.94 (0.78, 1.13)

Others 1.04 (0.93, 1.16) 1.21 (1.05, 1.39)** 1.25 (1.05, 1.49)*

Health care payer (ref:

owner)

Medical insurance 1.46 (1.28, 1.66)*** 1.53 (1.33, 1.76)*** 1.41 (1.18, 1.70)*** 1.76 (1.42, 2.17)***

Family 1.25 (1.08, 1.44)*** 1.52 (1.30, 1.78)*** 1.34 (1.08, 1.67)** 1.79 (1.43, 2.25)***

Other 0.79 (0.62, 1.01) 0.92 (0.71, 1.19) 1.04 (0.75, 1.43) 0.74 (0.48, 1.14)

Smoking (ref: no) Yes 0.85 (0.76, 0.95)*** 0.81 (0.66, 0.99)*

Alcohol use (ref: no) Yes 0.71 (0.63, 0.80)*** 0.74 (0.65, 0.85)*** 0.78 (0.65, 0.93)** 0.74 (0.59, 0.91)***

Exercise (ref: no) Yes 1.18 (1.09, 1.29)*** 1.11 (1.00, 1.22)* 1.33 (1.14, 1.55)***

Physical examination

(ref: no)

Yes 1.05 (0.97, 1.15)

Health status (ref: good) Average 1.55 (1.42, 1.70)*** 1.41 (1.28, 1.56)*** 1.44 (1.27, 1.64)*** 1.39 (1.20, 1.62)***

Bad 3.13 (2.79, 3.52)*** 2.35 (2.05, 2.7)*** 2.18 (1.82, 2.61)*** 2.69 (2.19, 3.29)***

Change in health status

(ref: better)

No change 0.68 (0.60, 0.78)*** 0.72 (0.63, 0.82)*** 0.74 (0.62, 0.88)*** 0.66 (0.54, 0.82)***

Worse 1.31 (1.15, 1.49)*** 1.00 (0.87, 1.15) 1.08 (0.90, 1.29) 0.89 (0.71, 1.11)

Chronic disease (ref: no) Yes 7.81 (6.49, 9.35)*** 6.45 (5.36, 7.77)*** 6.73 (5.17, 8.76)*** 6.37 (4.90, 8.28)***

Unconfirmed 5.41 (4.50, 6.54)*** 4.48 (3.71, 5.40)*** 5.08 (3.89, 6.63)*** 3.94 (3.02, 5.14)***

Loneliness (ref: no) Yes 1.06 (0.98, 1.16) 0.90 (0.82, 0.99)*

Anxiety (ref: no) Yes 1.35 (1.24, 1.47)*** 1.16 (1.05, 1.28) 1.13 (1.00, 1.28)*

*p < 0.05.

**p < 0.01.

***p < 0.01.

OR, odds ratio; 95% CI, 95% confidence interval; ref, reference; Model 1, both urban residents and rural residents were include in the model; Model 2, only urban residents were include;

Model 3, only rural residents were included.
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TABLE 4 Risk factors of hospitalization by geographical region among urban migrants in China.

Variable Item OR (95% CI)

North Northeast East Center-South West

Age at migration (ref:

non-migrants)

Pre-adulthood 1.48 (1. 08, 2.04)*

Pre-retirement 1.13 (0.89, 1.43)

Post-retirement 1.65 (1.27, 2.15)***

Gender (ref: female) Male 1.55 (1.06, 2.26)* 1.25 (1. 02, 1.53)* 1.46 (1.10, 1.93) **

Age (ref:65–79) 80–94 1.34 (1.08, 1.67)*

≥95 1.26 (0.97, 1.64)

Monthly pension (ref:0

RMB)

1–2,000 1.06 (0.83, 1.36) 1.14 (0.90, 1.45) 1.17 (0.84, 1.62)***

>2,000 1.69 (1.23, 2.32) *** 1.50 (1.17, 1.92)** 1.67 (1.17, 2.40)***

Financial supporter (ref:

owner)

Family 0.30 (0.14, 0.65)* 1.02 (0.75, 1.38)

Others 0.37 (0.17, 0.78)* 1.62 (1.22, 2.16)***

Health care payer (ref:

owner)

Medical insurance 2.06 (0.95, 4.44) 1.87 (1.22, 2.86)**

Family 4.34 (1.56, 12.07) 1.32 (0.78, 2.25)

Other 1.16 (0.36, 3.73) 1.63 (0.79, 3.38)

Smoking (ref: no) Yes 0.41 (0.20, 0.84)*

Alcohol use (ref: no) Yes 0.41 (0.17, 0.98) 0.62 (0.41, 0.93)*

Exercise (ref: no) Yes

Physical examination

(ref: no)

Yes

Health status (ref: good) Average 1.65 (1.34, 2.03)** 1.69 (1.35, 2.13)*** 1.38 (1.02, 1.86)*

Bad 2.22 (1.68, 2.94)*** 2.96 (2.20, 3.98)*** 2.85 (1.84, 4.42)***

Change in health status

(ref: better)

No change 0.71 (0.40, 1.26) 0.61 (0.46, 0.81)*** 0.82 (0.56, 1.20)

Worse 2.52 (1.41, 4.52)** 0.87 (0.64, 1.18) 1.21 (0.80, 1.82)

Chronic disease (ref: no) Yes 5.55 (2.16, 14.25)** 9.74 (2.92, 32.46)*** 6.63 (4.22, 10.43)*** 6.45 (4.26, 9.76)*** 10.27 (4.89, 21.57)***

Unconfirmed 9.51 (3.57, 25.33)*** 8.38 (2.38, 29.50)** 4.66 (2.95, 7.35)*** 4.44 (2.91, 6.76)*** 7.44 (3.55, 15.59)***

Anxiety (ref: no) Yes 2.72 (1.61, 4.59) ***

*p < 0.05.

**p < 0.01.

***p < 0.01.

OR, odds ratio; 95% CI, 95% confidence interval; ref, reference.

Seventh National Population Census of the People’s Republic of

China (12).

Females comprised a dominant proportion of migrants.

In China, in case of children’s migration and resettlement,

older women tend to migrate in virtue of strong family

ties and a strong sense of responsibility for caring for

grandchildren (31).

It seems to be contradictory that post-retirement migrants

who reported the highest prevalence rate of chronic disease also

declared the best health status. Notwithstanding, the perception

of health status varies with each individual and is outside of

objective evaluation criteria. The defect of self-assessed health

status would be the prime cause of the discrepancy.

Association between migration and
hospitalization

Despite the confounding effect caused by covariates, the

risk of hospitalization among all migrants was higher than

that among the native population, suggesting the activity of

migration did associate with hospitalization.
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TABLE 5 OR and 95% CI by chronic disease among urban migrants in eastern China.

Variable Item Chronic disease

No Yes Unconfirmed

Age at migration (ref: non-migrants) Pre-adulthood 1.39 (0.88, 2.20) 1.58 (0.97, 2.56)

Pre-retirement 0.90 (0.65, 1.25) 1.56 (1.11, 2.21)*

Post-retirement 1.51 (1.04, 2.19)* 1.98 (1.36, 2.89)***

Control variables YES YES YES

Constant 9.21 3.92 17.35

Total (n) 770 1,844 1,854

*p < 0.05.

**p < 0.01.

***p < 0.01.

OR, odds ratio; 95% CI, 95% confidence interval; ref, reference.

Prior research has found that early experiences related to

migration may have consequences for late-life disease, and

the relation is not mitigated by the higher socioeconomic

status achieved by early migrants (32). Partially corresponding

with this discovery, the risk of being hospitalized among

total pre-adulthood migrants ranked higher than that among

pre-retirement migrants. Nevertheless, pre-adulthood and pre-

retirement migrants with chronic diseases showed insignificant

trend toward hospitalization. These two groups of older

migrants generally attain indigenous health insurance as natives,

hence the better health management in contrast to post-

retirement migrants.

Post-retirement migrants who migrated to eastern China

was more likely to be hospitalized. Furthermore, the older

migrants in unconfirmed chronic conditions displayed the

maximum possibility of hospitalization. Given this, improving

chronic disease management for post-retirement migrants in

eastern China would help to yield a lower hospitalization rate.

These findings shed light on the high rate of hospitalization

among older migrants in China. Post-retirement migrants were

in need of effective chronic disease management, and a health

surveillance system applied to them would be conducive to

health promotion and medical resource saving (20).

Potential reasons for the association and
policy implication

The adaptation process regarding daily life, social

relationships, and obtaining social support is difficult for

older urban migrants (33), who are liable to fall into a state of

social isolation and loneliness (34, 35). Migrating in later life

is therefore associated with mental health problems, such as

depression, anxiety and stress symptoms (32, 36–40). The high

association between migration and mental illness may explain

why mental illness was excluded in multivariate analyses, as

two highly associated variables do not simultaneously exist in

regression models. However, previous studies has proved that

mental illness indirectly links to physical health impairment

and accelerating progression of pre-existing diseases (41), and

then cause hospitalization. The mental illness among migrants

should be a concern. In order to eliminate social inequalities in

mental health outcomes among migrants, more public policies

related to mental health services should be established, and

community intervention should be prioritized (42).

Patient migration is becoming globally common (43). The

eastern region is the most economically developed area in

China, and possesses more high-quality medical resources than

other regions (24, 44). As a result, patients who could not

be diagnosed or cured migrated to eastern China to seek for

appropriate treatment. Additionally, eastern China has paced

the whole country in providing settlement services for non-local

inpatients, hence greatly facilitating hospitalization procedures

for migrants. This progress particularly occurs in the Yangtze

River Delta region. The combination of regional advantages

partly explains why post-retirement migrants in eastern China

more inclined to be admitted to hospitals.

However, economic development and improvement of

health resources rarely improve access to primary services

for Chinese older migrants (15). Migration has significantly

reduced migrants’ probabilities of hypertension awareness and

receiving physician advice (45). The lack of primary care would

undoubtedly accelerate the process of health deterioration,

consequently leading to hospitalization. The founding that

the post-retirement migrants with chronic diseases used

more inpatient services is a powerful indicator of potentially

insufficient health management, which suggests an efficient

system is needed to ensure equal primary care in China.

In view of the above, the authorities in eastern China

should develop measures as quickly as possible to guarantee

adequate primary health services for migrants. Professional

medical examination should be promptly provided to older

migrants with unconfirmed chronic conditions. The diagnosed

patients should be included in the local system of health

management. Moreover, the local-migrant gaps in primary care

and outpatient services utilization are normally attributable to

Frontiers in PublicHealth 09 frontiersin.org

92

https://doi.org/10.3389/fpubh.2022.977563
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhong et al. 10.3389/fpubh.2022.977563

the place of insurance participation as well as the categories of

health insurance (46). It is essential to perfect the instrument

of settlement services for non-local medical treatment and to

promote the transfer of migrants’ social medical insurance

across different regions.

Limitations

This study has some limitations. First, limited by the

content of the questionnaire based on CLHLS, we were able to

distinguish the migrants but unable to assess the reasons for

migration and the past medical history of this population. The

results of regression analysis indicate the content of association

as it may not be scientific enough to draw a causal connection by

merely clarifying the chronological order. Second, the impact of

short-term migration on hospitalization cannot be determined,

for merely the older adults who had lived in their current

residence for not<2 years were involved in this study. Third, the

obtainment of primary care and outpatient services could not be

acquired, thus rendering it difficult to directly verify the extent to

which the deficiency of these services contributed to the increase

in hospitalization. Lastly, the specific causes of hospitalization

have not been determined yet, preventing identification of the

main diseases affecting the migrant population. A follow-up

study is underway to address these limitations.

Conclusions

Migration is associated with hospitalization among older

adults in China. Despite the best socioeconomic status and

health habits, the post-retirement urban migrant population

is segmented into unique susceptibilities to hospitalization,

especially by those with chronic diseases and unconfirmed

chronic conditions in eastern China. It is required to supply

this vulnerable population with high-quality chronic disease

management. Effective policies should be formulated to improve

the access of migrants to primary care services, and to narrow

the gap in health care services across China. Nevertheless,

further studies are necessary to investigate the reasons for

migration, and the causal relationships between migration

and hospitalization.
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Fudan University, Shanghai, China, 3Key Laboratory of Health Technology Assessment, National
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Background: As one of the countries with the most serious degree of aging,

the incidence of potentially inappropriate drug use among the elderly is as

high as 30. 4% in Chinese communities, and the lack of e�ective medication

management and poor medication compliance at home are the main factors.

Given these situations, we constructed a Rational Medication Management

Mode based on family physician service, carried out an empirical research and

evaluated the implementation e�ect.

Methods: A prospective cohort study was conducted from September

to December 2021 to analyze the implementation e�ect of the Rational

Medication Management Mode by comparing the outcome indicators

between the intervention group and control group. The primary outcome

of this study was medication number and polypharmacy (taking 5 or more

medications) at 90 days. The secondary outcomes included the situation

for behavioral self-management and knowledge-belief-behavior of rational

medication use.

Results: A total of 618 elderly patients (309 in the intervention group and

309 in the control group) with multimorbidity were included in this study,

those were all available at follow-up at 90 days. At 90 days, the number of

medications was achieved by 3.88 (1.48), and patients with polypharmacy

were reduced by 59.55% in the intervention group, having a significant

di�erence compared with the control group (P < 0.001). Patients with

medication reminders, intermittent medication and adverse drug reactions

were achieved in 294 (95.15%), 47 (15.21%), and 51 (16.51%) respectively in

the intervention group (P < 0.001). The knowledge, belief, behavior security

and behavior compliance of rational medication use of elderly patients were

all greatly improved in the intervention group at 90 days (P < 0.0001).
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Conclusion: The Rational Medication Management Mode based family

physician service, which provides the support of manuals and pillboxes,

can decrease the elderly patients’ number of drugs with multimorbidity,

reduce the incidence of polypharmacy, enhance behavioral self-management,

increase the knowledge and belief of rational medication use, and improve the

security and compliance of medication usage behavior. In order to provide

a practical basis for rational medication management of elderly patients with

multimorbidity under the background of long-term prescriptions in China.

KEYWORDS

elderly, chronic disease, medication management, health education, family

physicians, public health challenge

Introduction

The elderly have a high prevalence of chronic diseases,

and often suffer from multimorbidity, requiring long-term

medication (1). As the elderly often repeat treatment in multiple

departments and hospitals, in this process of medical transfer

and transition, several specialists may prescribe repetitive

medicines using disease-specific guidelines due to the lack

of information interconnection, resulting in patients’ repeated

medication. Relevant studies have found that the elderly visit 4

different medical institutions and 8 different doctors each year

on average, and the average dosage is more than 5 times that

of young people (2, 3). The combined use of these medicines

may cause harm to patients if there is no professional drug

integration (4, 5). In addition, irrational use of medications can

stimulate inappropriate patient demand, and may lead to a loss

of patient confidence in the health system (6).

The World Health Organization (WHO) put forward the

concept of rational medication use in 1985, which refers to

patients receiving medications appropriate to their clinical

needs, in doses that meet their requirements, for an adequate

period, and at the lowest cost to them and their community (6).

Irrational use of medications in a way that is not compliant with

rational use as defined above, which included polypharmacy,

inappropriate use of antimicrobials, over-use of injections,

inappropriate self-medication, etc. Worldwide, more than 50%

of all medications are inappropriately prescribed, dispensed,

or sold, while 50% of patients fail to take them correctly

(6). Technology tools, such as electronic personal health

records, mobile applications, paper versions of medication

record forms, etc, could improve both patient experience and

medication adherence, and potentially enable patients to be

active participants in medication reviews (7). Some studies have

revealed that technology/tool-based medication management

modes (8–10), such as the doctor-patient participatory mode

and the pharmacist-leading home-dwellingmode, have achieved

good results in the management of hypertension, diabetes,

osteoporosis and other chronic diseases (11, 12), which helps

to standardize the prescription behavior of medical service

providers and improve patients’ medication compliance and

health outcomes. Moreover, studies estimated that a total of

USD$18 billion, 0.3% of the global total health expenditure,

could be avoided by appropriate medication management (13).

As one of the countries with the most serious degree of

aging, there are 182.17 million elderly people aged 65 and

over who suffer from at least one chronic disease in China,

with an average of 3.1 diseases per capita (14, 15). Relevant

study shows that the incidence of potentially inappropriate

drug use among the elderly is as high as 30.4% in Chinese

communities, and the lack of effective medication management

and poor medication compliance at home are the main factors

(16). A study demonstrates that <50% of patients with chronic

diseases can still strictly take medications at home according

to doctor’s advice 1 year after discharge (17). Since more

than 90% of the elderly always live at home, and the family

physician system has been developed in China for more than

10 years, community healthcare centers have become a key

link and an important way to strengthen rational medication

management at home for the elderly (18). However, previous

studies have shown that primary medical institutions in China

are incompetence of pharmaceutical personnel and weak in

pharmaceutical care, making it difficult to realize whole-process

pharmaceutical care for elderly patients with chronic diseases

at home. The elderly themselves also have problems, such as

lack of drug knowledge, incorrect drug concepts, poor drug

compliance, and lack of supervision from doctors in-home

medication, which emphasizes the problem of irrational drug

use (19).

Given these situations, we constructed a rational medication

management mode based on family physician service, carried

out empirical research and evaluated the implementation effect,

improving elderly patients’ health outcomes and providing

a reference for the policy-making of rational medication

management for the elderly in China.
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FIGURE 1

Operation process of Rational Medication Management Mode. Based on family physician service, the mode in this current study specifically

refers to the joint participation of family physicians, pharmacists, family physician assistants, nurses, elderly and their family members to carry

out medication reconciliation and drug use guidance through medication management manual and pillbox.

Materials and methods

Rational medication management mode
in this current study

Based on family physician service, the Rational Medication

Management Mode in this current study specifically refers to

the joint participation of family physicians, pharmacists, family

physician assistants, nurses, elderly and their family members

to carry out medication reconciliation and drug use guidance

through medication management manual and pillbox.

The medication management manual (tool) in this study

contained “Basic information”, “Diagnosis and treatment”,

“Medications list”, “Health care products list”, “Medications

record weekly table”, “Health-related index record weekly

table”, “Self-evaluation of medication use compliance” and

“Medication management evaluation from family physician”

eight functional modules, which are jointly recorded by the

family physician team, elderly patients and their families (see

Supplementary Table 1 for framework and content).

The operation process of Rational Medication Management

Mode in this current study is shown in Figure 1.

Empirical study design

In this study, two community healthcare centers were

respectively selected in the central-city and countryside areas

of Shanghai, divided into an intervention group and a control

group. A prospective cohort study was conducted from

September to December 2021 to analyze the implementation

effect of the Rational Medication Management Mode by

comparing the outcome indicators between the two groups.

Shanghai is a typical megacity in China, with developed

economy and deep aging population. In 2011, Shanghai

began to pilot the family physician system in community

healthcare centers. In 2015, the “1+1+1” contract service

mode was established, proposing to add pharmacists to the

family physician team. In 2016, Shanghai took the lead in
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FIGURE 2

The flow chart of implementation e�ect research. A prospective cohort study was conducted from September to December 2021 to analyze the

implementation e�ect of the Rational Medication Management Mode by comparing the outcome indicators between the intervention group

and control group. The primary outcome of this study was medication number and polypharmacy (taking 5 or more medications) at 90 days.

The secondary outcomes included the situation for behavioral self-management and knowledge-belief-behavior of rational medication use.

piloting the training of community clinical pharmacists. This

series of explorations have provided a guarantee for the

development of Rational Medication Management Mode for

the elderly.

The selected community healthcare centers have the

following characteristics: (i) complete functions with

medication management, health monitoring, health

education, etc; (ii) the family physician signing rate of

the elderly aged 65 years old is more than 90%; and (iii)

the family physician team organized well, equipping with

general practitioners, nurses, pharmacists, family physician

assistants, etc.

The target sample size is based on the calculation formula

which compares 2 means with two groups:

n =
(Zα + Zβ )

2
∗2σ 2

δ2

where α is 0.05, Z value is two-sided, so Zα = 1.96; power

of test is 0.9, so Zβ = 1.28. According to the pre-survey, the

standard deviation (SD) of an average number of drugs was
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1.71 (σ), and the difference value between the two groups was

0.49 (δ), so the calculated sample size was 256 per group. In

this study, convenience sampling was used to select contracted

elderly patients with comorbidity by family physician, and the

propensity score matching was used to perform 1:1 matching

on the baseline data of age, gender, living areas, marital status,

education, living pattern, monthly income, insurance type,

number of diseases and number of medication. Ultimately, 618

elderly patients with multimorbidity were enrolled in this study

(309 in the intervention group and 309 in the control group)

after propensity score matching. Considering the drop-out rates

of 10%, the sample size still meets the calculation requirements.

The flow chart of implementation effect research of the Rational

Medication Management Mode is illustrated in Figure 2.

This study was approved by the Ethics Committee of

School of Public Health, Fudan University (International

Registration Number: IRB00002408 & FWA00002399; approval

number: IRB#2021-11-0931).

TABLE 1 Baseline characteristics of elderly patients with multimorbidity.

Variable Total (n = 618) Intervention group (n = 309) Control group (n = 309) P value

Age (year)* 70.26 (4.23) 70.33 (4.28) 70.18 (4.19) 0.67

Sex 1.00

Male 306 (49.51) 153 (49.52) 153 (49.52)

Female 312 (50.49) 156 (50.48) 156 (50.48)

Living areas 0.47

Central-city 296 (47.90) 153 (49.52) 143 (46.28)

Countryside 322 (52.10) 156 (50.48) 166 (53.72)

Marital status 0.79

Married 557 (90.13) 280 (90.62) 277 (89.64)

Unmarried 61 (9.87) 29 (9.38) 32 (10.36)

Education 0.44

Primary school or lower 239 (38.67) 124 (40.13) 115 (37.22)

Middle school 162 (26.21) 72 (23.30) 90 (29.12)

High school 160 (25.89) 83 (26.86) 77 (24.92)

University or higher 57 (9.22) 30 (9.71) 27 (8.74)

Living pattern 0.64

Living alone 47 (7.61) 20 (6.47) 27 (8.74)

Living with spouse 399 (64.56) 198 (64.08) 201 (65.05)

Living with children 80 (12.95) 43 (13.92) 37 (11.97)

Living with spouse and children 92 (14.89) 48 (15.53) 44 (14.24)

Household income per capita monthly (USD$) 0.55

< 150 2 (0.32) 0 (0.00 ) 2 (0.65)

150∼ 449 176 (28.48) 88 (28.48) 88 (28.48)

450∼ 749 220 (35.60) 109 (35.27) 111 (35.92)

≥ 750 220 (35.60) 112 (36.25) 108 (34.95)

Basic medical insurance type 0.01

For urban workers 240 (38.83) 136 (44.01) 104 (33.66)

For residents 378 (61.17) 173 (55.99) 205 (66.34)

Number of disease* 2.80 (0.93) 2.73 (0.85) 2.87 (1.00) 0.06

Main disease

Hypertension 531 (85.92) 265 (85.76) 266 (86.08) 1.00

Diabetes 329 (53.24) 165 (53.40) 164 (53.07) 1.00

Coronary heart disease 178 (28.80) 92 (29.77) 86 (27.83) 0.66

Hyperlipidemia 138 (22.33) 66 (21.36) 72 (23.30) 0.63

Cerebral infarction 110 (17.80) 55 (17.80) 55 (17.80) 1.00

Number of medication* 4.25 (1.66) 4.17 (1.68) 4.33 (1.64) 0.23

*The data in this marked part are presented as mean (SD), and the others as frequencies (%).
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Patients

Inclusion criteria

Referring to the screening criteria of relevant modes (20),

this study included elderly patients with high demand for

medication management services and the ability to collaborate

in the implementation process. The inclusion criteria are as

follows: (i) aged 65 ∼ 75 years old; (ii) suffering from 2

or more common chronic diseases currently (hypertension,

coronary heart disease, stroke, diabetes, chronic obstructive

pulmonary disease, osteoporosis, etc.,); (iii) taking 2 or more

drugs (including over-the-counter drugs); iv) require long-term

medication; v) the condition is stable without acute symptoms;

(vi) having health records in the community healthcare center

and continuously visiting and prescribing drugs for more than 3

months; (vii) voluntarily participate in intervention projects and

obtain informed consent.

Exclusion criteria

Patients with the following conditions were excluded: (i)

consciousness disorders or communication difficulties; (ii)

currently using medication reminder software; (iii) unstable

condition; (iv) those who have plans to go out in the last 3

months, and the time of going out is more than 1 month; (v)

not suitable to participate in this study from a specialist point of

view (such as incapacity).

Elimination criteria

Those participants who dropped out and lost follow-up

were excluded. If the subjects did not arrive at the community

healthcare center within 3 months and could not be contacted,

they were regarded as lost to follow-up.

Outcomes

The primary outcome of this study was medication number

and polypharmacy (taking 5 or more medications) at 90 days.

The secondary outcomes included the situation for

behavioral self-management and knowledge-belief-behavior

of rational medication use. The behavioral self-management

included the indicators of (i) medication reminders and its

methods, (ii) intermittent medication and its reasons, and (iii)

occurrence and handling of adverse drug reactions (ADRs).

The adapted scales were used for the evaluation of

knowledge-belief-behavior for the rational medication (see

Supplementary Table 2) (21, 22). According to the pre-survey,

the rational medication knowledge scale and the medication

behavior security scale optimized the expressions of the existing

scales questions based on the opinions of the respondents. The

rational medication belief scale and the medication behavior

compliance scale were adapted from the existing scales, and

the reliability and validity were tested based on the pre-survey.

Cronbach’s α coefficient was used to test the reliability of

the scale, which demonstrated good consistency and reliability

(Cronbach’s α values were all > 0.7). Factorial analysis was

used to test the validity of the scale (Kaiser-Meyer-Olkin value

= 0.672; Bartlett’s test of sphericity P value < 0.001), the

cumulative variance interpretation rate was 67.30% when the

eigenvalue is > 1, indicating good validity.

Statistical analysis

IBM SPSS Statistics 23.0 was used for data analysis. The

data normality test was performed on the measurement data;

the mean ± standard deviation was used to describe the

measurement data with normal distribution; the quartiles were

used to describe the measurement data with non-normal

distribution; the composition ratio (%) was used to describe

the count data. The differences between groups were analyzed

by t-test for normally distributed measures, non-parametric

tests for non-normally distributed measures, and chi-square test

and Fisher exact probability method for counting data. A P

value < 0.05 was considered significant.

Results

Baseline characteristics for elderly
patients with multimorbidity

A total of 618 elderly patients (309 in the intervention

group and 309 in the control group) with multimorbidity were

included in this study, those were all available at follow-up at 90

days. Baseline characteristics of demographic and health status

of the study participants are presented in Table 1.

There was no significant difference between the intervention

group and the control group in age, gender, living area, marital

status, education, living pattern, household income per capita

monthly, the number of diseases, and the number ofmedications

(P > 0.05). There was a statistical difference in the type of

medical insurance between the two groups (P = 0.01). The

homogeneity of baseline characteristics for the two groups is

strong, especially the indicators of disease and medication,

which were comparable.

Primary outcome: Medication number
and polypharmacy at 90 days

At 90 days, the number of medications was achieved by 3.88

(1.48) in the intervention group, while 4.32 (1.87) in the control

group, which had a significant difference between the two groups
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TABLE 2 The number of medication and polypharmacy of elderly

patients with multimorbidity.

Primary

outcome

Intervention group

(n = 309)

Control group

(n = 309)

P

value*

Number of medication

Baseline 4.17 (1.68) 4.33 (1.64) 0.23

At 90 days 3.88 (1.48) 4.32 (1.87) 0.001

Absolute

change

−0.29 (0.87) −0.02 (1.17) 0.001

Percent

change (%)

−0.05 (0.17) 0.01 (0.29) 0.001

P value† 0.024 0.91 -

Polypharmacy (taking 5 or more medications) (%)

Baseline 269 (87.06) 105 (33.98) <0.0001

At 90 days 85 (27.51) 112 (36.25) 0.025

P value† <0.0001 0.61 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.

(P = 0.001) (Table 2). And patients with polypharmacy were

reduced by 59.55% in the intervention group at 90 days, having

a significant difference compared with the control group (P

< 0.001). The Rational Medication Management Mode had a

positive effect on medication reconciliation (P = 0.024), while

the conventional medication management was less effective (P

= 0.91). Data on indicators are presented as the absolute change

and percent change at 90 days from the baseline in each table.

Secondary outcomes: Behavioral
self-management

At 90 days, patients with medication reminders were

achieved in 294 (95.15%) and 182 (58.90%) in the intervention

group and control group respectively, which had a significant

difference between the two groups (P < 0.001) (Table 3).

For the methods of medication reminders, the main way

in the intervention group was to use a pillbox (75.41%),

while in the control group was to put drugs in conspicuous

positions (42.72%).

Patients with intermittent medication were reduced to 47

(15.21%) from 148 (47.90%) in the intervention group at 90

days, having a significant difference compared with the control

group (P < 0.001) (Table 4). For the reason of reduction in

intermittent medication, there were better improvements in

poor memory, variety of drugs, withdrawal on their own, etc. in

the experimental group (P < 0.05).

At 90 days, patients who occurred on ADRs were reduced to

51 (16.51%) from 88 (28.48%) in the intervention group, having

a significant difference compared with the control group (P =

TABLE 3 Medication reminders and its methods for elderly patients

with multimorbidity.

Measures (%) Intervention group

(n = 309)

Control group

(n = 309)

P

value*

Medication reminders

Baseline 145 (46.93) 171 (55.34) 0.04

At 90 days 294 (95.15) 182 (58.90) <0.0001

P value† <0.0001 0.42 -

Methods of medication reminders

Follow daily activities

Baseline 43 (13.92) 58 (18.77) 0.13

At 90 days 8 (2.59) 25 (8.09) 0.004

P value† <0.0001 <0.0001 -

Put drugs in conspicuous positions

Baseline 70 (22.65) 89 (28.80) 0.10

At 90 days 169 (54.69) 132 (42.72) 0.004

P value† <0.0001 <0.0001 -

Mobile phone alarm clock

Baseline 5 (1.62) 12 (3.88) 0.14

At 90 days 17 (5.50) 16 (5.18) 1.00

P value† 0.02 0.56 -

Family members help remind

Baseline 27 (8.74) 43 (13.92) 0.06

At 90 days 81 (26.21) 26 (8.41) <0.0001

P value† <0.0001 0.04 -

Using pillbox

Baseline 20 (6.47) 8 (2.59) 0.03

At 90 days 233 (75.41) 35 (11.33) <0.0001

P value† <0.0001 <0.0001 -

Medication notes

Baseline 9 (2.91) 5 (1.62) 0.42

At 90 days 92 (29.77) 9 (2.91) <0.0001

P value† <0.0001 0.42 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.

0.01) (Table 5). For the handling of ADRs, the way to ask family

physicians increased remarkably in the intervention group (P

< 0.0001).

Secondary outcomes:
Knowledge-belief-behavior evaluation

The knowledge, belief, behavior security and behavior

compliance of rational medication use of elderly patients were

all greatly improved in the intervention group at 90 days (P

< 0.0001), which was statistically different compared with the

control group (P < 0.0001), explaining the Rational Medication

Management Mode had a positive effect on health education for
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TABLE 4 Intermittent medication and its reasons for elderly patients

with multimorbidity.

Measures (%) Intervention group

(n = 309)

Control group

(n = 309)

P

value*

Intermittent medication

Baseline 148 (47.90) 150 (48.54) 0.94

At 90 days 47 (15.21) 131 (42.40) <0.0001

P value† <0.0001 0.15 -

Reason for intermittent medication

Poor memory

Baseline 82 (26.54) 73 (23.63) 0.46

At 90 days 30 (9.71) 65 (21.04) <0.0001

P value† <0.0001 0.50 -

Variety of medications

Baseline 58 (18.77) 50 (16.18) 0.46

At 90 days 24 (7.77) 51 (16.51) 0.001

P value† <0.0001 1.00 -

Going out without drugs

Baseline 38 (12.30) 31 (10.03) 0.44

At 90 days 12 (3.88) 41 (13.27) <0.0001

P value† <0.0001 0.26 -

Not renewing the prescription in time

Baseline 33 (10.68) 37 (11.97) 0.70

At 90 days 10 (3.24) 45 (14.56) <0.0001

P value† <0.0001 0.41 -

Withdrawal on their own

Baseline 25 (8.09) 25 (8.09) 1.00

At 90 days 10 (3.24) 18 (5.83) 0.17

P value† 0.01 0.34 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.

elderly patients. Data on these measures are presented as the

absolute change and percent change at 90 days from the baseline

in Tables 6–9.

Discussion

With the acceleration of population aging and the changing

in disease spectrum, the long-term medication demand of

patients with chronic diseases is increasing (23). More practical

research is required to evaluate the implementation effect

of technology/tool-based mode and ensure they meet their

potential and value in improving chronic disease management

and rational medication use for patients (24).

The medication administration mode, which was widely

used in countries with mature medication administration

experience, comprised of drug administration tools, such

as medication record form in the United States, the drug

administration manual in Japan, etc., The effectiveness of

medication management tools in improving patient compliance

TABLE 5 Occurrence and handing of adverse drug reactions (ADR) of

elderly patients with multimorbidity.

Measures (%) Intervention group

(n = 309)

Control group

(n = 309)

P

value*

ADRs occurred

Baseline 88 (28.48) 93 (30.10) 0.72

At 90 days 51 (16.51) 78 (25.24) 0.01

P value† <0.0001 0.21 -

Handling of ADRs

Asking the family physician as soon as possible

Baseline 144 (46.60) 161 (52.10) 0.20

At 90 days 194 (62.78) 145 (46.93) <0.0001

P value† <0.0001 0.23 -

Asking the family physician on next visit

Baseline 178 (57.61) 188 (60.84) 0.46

At 90 days 238 (77.02) 220 (71.20) 0.12

P value† <0.0001 0.008 -

Asking family members

Baseline 75 (24.27) 78 (25.24) 0.85

At 90 days 120 (38.84) 125 (40.45) 0.74

P value† <0.0001 <0.0001 -

Reading the instructions and handling them on their own

Baseline 50 (16.18) 73 (23.63) 0.03

At 90 days 37 (11.97) 91 (29.45) <0.0001

P value† 0.16 0.12 -

Checking the experience online

Baseline 11 (3.56) 12 (3.88) 1.00

At 90 days 4 (1.29) 13 (4.21) 0.04

P value† 0.11 1.00 -

No handling

Baseline 8 (2.59) 11 (3.56) 0.64

At 90 days 0 (0.00) 6 (1.94) 0.03

P value† 0.007 0.33 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.

and health outcomes has been confirmed in relevant studies.

A survey conducted by the Japanese Ministry of Health, Labor

and Welfare showed that 50 ∼ 90% of citizens of different ages

were using the drug administration manual (25). A study has

shown that the protocol-based pharmacotherapy management

(PBPM) mode can effectively reduce the burden of doctors and

nurses, and improve the safety of drug therapy for patients

(26). Nevertheless, in the practice of medication management in

China, there is a lack of tools to integrate patients’ medication

information. The existing medical records, health records,

information systems, etc. are mostly used by medical staff,

which is difficult to achieve joint records between doctors and

patients, especially lacking ways for patients to report home

medication situations. Based on the framework of medication
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TABLE 6 The rational medication knowledge evaluation of elderly

patients with multimorbidity.

Measures Intervention group

(n = 309)

Control group

(n = 309)

P

value*

Total points

Baseline# 19.61 (7.73) 20.21 (8.23) 0.35

At 90 days# 28.33 (6.42) 22.18 (7.70) <0.0001

Absolute

change#

8.72 (8.67) 1.97 (8.67) <0.0001

Percent

change (%)

0.68 (0.85) 0.39 (1.34) <0.0001

P value† <0.0001 0.002 -

Ranking points (%)

High level (29–36 points)

Baseline 36 (11.65) 57 (18.45) 0.02

At 90 days 175 (56.63) 73 (23.63) <0.0001

P value† <0.0001 0.14 -

Medium level (20–28 points)

Baseline 118 (38.19) 112 (36.25) 0.68

At 90 days 109 (35.28) 131 (42.40) 0.08

P value† 0.50 0.14 -

Low level (0–19 points)

Baseline 155 (50.16) 140 (45.31) 0.26

At 90 days 25 (8.09) 105 (33.98) <0.0001

P value† <0.0001 0.005 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.
#The data in this marked part are presented as mean (SD), and the others as

frequencies (%).

record tools in the United States and Japan, and the medication

management needs of the elderly, this study designed a tool

of medication management manual for the elderly, which

became the core technical support for the Rational Medication

Management Mode.

Ensuring medication safety in polypharmacy is one of the

key challenges for medication safety today. All stakeholders,

including physicians, nurses, pharmacists, and even patients

and their families, could have a vital role to play in driving

change for the management of multiple drugs. Patients should

be viewed as shared decision-makers on the use of medication,

and health care professionals need to encourage and support

patients and their families to disclose all the medications

they are taking, including over-the-counter, traditional and

complementary medicines, especially if they are suffering from

multiple conditions and are being treated with polypharmacy

(27–29). Family physicians and pharmacists should conduct

medication reviews and medication reconciliation whenever

possible in collaboration with the patient and their families,

which has a positive impact on optimizing medicine use and

improving health outcomes (30–32). The effect evaluation of

TABLE 7 The rational medication belief evaluation of elderly patients

with multimorbidity.

Measures Intervention group

(n = 309)

Control group

(n = 309)

P

value*

Total points

Baseline# 3.98 (1.80) 4.00 (1.67) 0.87

At 90 days# 4.77 (1.89) 3.82 (1.63) <0.0001

Absolute

change#

0.79 (2.15) −0.18 (2.03) <0.0001

Percent

change (%)

0.39 (0.97) 0.13 (0.77) <0.0001

P value† <0.0001 0.18 -

Ranking points (%)

High level (6–7 points)

Baseline 55 (17.80) 62 (20.07) 0.54

At 90 days 131 (42.40) 57 (18.45) <0.0001

P value† <0.0001 0.68 -

Medium level (4–5 points)

Baseline 135 (43.69) 126 (40.78) 0.52

At 90 days 107 (34.63) 112 (36.25) 0.74

P value† 0.03 0.28 -

Low level (0–3 points)

Baseline 119 (38.51) 121 (39.16) 0.93

At 90 days 71 (22.98) 140 (45.31) <0.0001

P value† <0.0001 0.14 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.
#The data in this marked part are presented as mean (SD), and the others as

frequencies (%).

this study found that after the implementation of Rational

Medication Management Mode, the number of medications

and the proportion of polypharmacy in the intervention group

decreased significantly at 90 days, having a significant difference

compared with the control group (P < 0.001).

Elderly chronic diseases and medication management need

to pay attention to the establishment of an efficient interactive

relationship with patients, strengthening the persistence of drug

records and the self-management ability of patients (33–35). For

example, family physicians and pharmacists help patients with

complex medication regimens to clarify the usage and dosage

of all kinds of drugs, reducing the occurrence of intermittent

medication due to a variety of medications; patients are required

to check the corresponding position after taking medication

every day, helping to establishmedication habits; dispensing into

the pillbox can help patients take their medicines with them

when they go out. The effect evaluation that, the proportion

of elderly patients with medication reminders increased

significantly, and the numbers of intermittent medication and

ADR decreased significantly (P < 0.05).
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TABLE 8 The medication behavior security evaluation of elderly

patients with multimorbidity.

Measures Intervention group

(n = 309)

Control group

(n = 309)

P

value*

Total points

Baseline# 7.60 (2.45) 7.17 (2.14) 0.02

At 90 days# 8.80 (1.95) 7.53 (2.17) <0.0001

Absolute

change#

1.20 (2.47) 0.37 (2.05) <0.0001

Percent

change (%)

0.39 (1.12) 0.12 (0.47) <0.0001

P value† <0.0001 0.03 -

Ranking points (%)

Relatively safe (10–11 points)

Baseline 82 (26.54) 41 (13.27) <0.0001

At 90 days 165 (53.40) 63 (20.39) <0.0001

P value† <0.0001 0.02 -

Inappropriate use (7–9 points)

Baseline 150 (48.54) 154 (49.84) 0.81

At 90 days 112 (36.25) 166 (53.72) <0.0001

P value† 0.003 0.38 -

Dangers (0–6 points)

Baseline 77 (24.92) 114 (36.89) 0.002

At 90 days 32 (10.36) 80 (25.89) <0.0001

P value† <0.0001 0.004 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.
#The data in this marked part are presented as mean (SD), and the others as

frequencies (%).

If the elderly have weak awareness of rational drug use, it

is hard to fully realize the value of medication management to

improve their health status. Health education for patients plays

a key role in the prevention and early detection of medication

use and related health problems by raising their awareness of

irrational drug use (4, 36–38). The knowledge-belief-behavior

evaluation of rational medication use for patients can reflect

the practical effect of the mode in health education (39).

This study found that this mode can better improve patients’

knowledge and belief in rational medication, and improve the

security and compliance of medication behavior (P < 0.0001).

It is worth noting that, for the evaluation of knowledge and

behavior compliance, the proportion of low levels in the control

group is significantly reduced compared with the baseline (P

< 0.05), while there is no statistical difference in high levels.

The evaluation of medication behavior security also showed

a similar situation, the reduction degree of dangers level was

greater than the improvement degree of the relatively safe level.

This indicates that with the improvement of living standards

and various health education, elderly patients began to enhance

their awareness level of medication use, paying attention to

TABLE 9 The medication behavior compliance evaluation of elderly

patients with multimorbidity.

Measures Intervention group

(n = 309)

Control group

(n = 309)

P

value*

Total points

Baseline# 8.60 (2.84) 8.35 (2.68) 0.27

At 90 days# 10.82 (1.90) 8.83 (2.42) <0.0001

Absolute

change#

2.22 (2.86) 0.48 (2.54) <0.0001

Percent

change (%)

0.39 (0.55) 0.16 (0.57) <0.0001

P value† <0.0001 0.02 -

Ranking points (%)

High level (10–12 points)

Baseline 121 (39.16) 106 (34.30) 0.24

At 90 days 240 (77.67) 118 (38.19) <0.0001

P value† <0.0001 0.36 -

Medium level (8–9 points)

Baseline 103 (33.33) 107 (34.63) 0.80

At 90 days 50 (16.18) 131 (42.40) <0.0001

P value† <0.0001 0.06 -

Low level (0–7 points)

Baseline 85 (27.51) 96 (31.07) 0.38

At 90 days 19 (6.15) 60 (19.42) <0.0001

P value† <0.0001 0.001 -

*P value means the differences between two groups.
†P value means the differences between before baseline and after follow-up.
#The data in this marked part are presented as mean (SD), and the others as

frequencies (%).

knowledge learning and behavior improvement. However, in

this process, it is difficult for elderly patients to find a scientific

path of improvement by relying on their own experience

and learning. Rational Medication Management Mode based

on family physician services can help the elderly to learn

drug use knowledge and adopt healthy behavior scientifically,

and improve the long-term management efficiency of family

physician teams, to maximize health effect gain and reduce the

disease burden.

This study still has some limitations. First, some information

on secondary outcomes was obtained through the self-reported

questionnaire, which may constitute a reporting bias. However,

this is likely to be an undifferentiated bias. Second, the

experimental time of this study is short. And the mode

needs certain application conditions, such as economically

developed areas, mature family physician services, pharmacist

equipment. However, after the effectiveness of this mode has

been confirmed, we have begun to pilot promotion, and started

to optimize the applicability of the mode, attempting to promote

and apply it to other regions and key populations.
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Conclusion

To sum up, this study constructed a Rational Medication

Management Mode and carried out an empirical research to

evaluate the implementation effect. The mode-based family

physician service, which provides the support of manuals and

pillboxes, can decrease the drug numbers of elderly patients

with multimorbidity, reduce the incidence of polypharmacy,

enhance behavioral self-management, increase the knowledge

and belief of rational medication use, and improve the security

and compliance of medication use behavior. In order to provide

a practical basis for rational medication management of elderly

patients with multimorbidity under the background of long-

term prescriptions in China.
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Rehabilitation services: A key player in the public
health

The increase in life expectancy is linked, among other factors such as genetic

factors, environmental factors, factors of medical conditions, socio-demographic factors,

self-management, and access to care, to an increase in non-communicable diseases

(NCDs) (1), which puts huge pressure on the health care systems. Cardiovascular

diseases are, by far, the most common NCD in low- to middle-income countries

(LMICs) (2); among these diseases, stroke is the most frequent (3). To face the

huge public health challenge of NCDs and to lower their associated burden for

patients and their families and caregivers, rehabilitation services are an essential

part of management of these diseases (4). Rehabilitation is a set of interventions

designed to optimize functioning and reduce disability in individuals with health

conditions in interaction with their environment. Rehabilitation can be provided

in many different settings, from the conventional inpatient or outpatient hospital

setting to private clinics or in community settings, such as an individual’s home.

The rehabilitation workforce is made up of different health workers, including but

not limited to physiotherapists, occupational therapists, speech/language therapists,

audiologists, orthotists, and prosthetists, clinical psychologists, physical medicine and

rehabilitation doctors, and rehabilitation nurses (5). Evidence-based practice (EBP)

in rehabilitation has been defined by Novak et al. as “the cornerstone of care to

maximize client outcomes through the application of best available interventions” (6).
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It must be noted that interventions are not limited to care

but also included promotion, prevention, and diagnosis (7).

According to theWHO, managing disability should be a priority

in healthcare [i.e., Rehabilitation Action Plan 2030 (4)]. Verily,

the demand for rehabilitation care is increasing, but there are

human and financial constraints in the delivery of rehabilitation

services. This situation is particularly true for patients living

in LMICs (8). Health is a human right and if human rights

are “rights held by individuals simply because they are part of

the human species,” then all people, regardless of geography,

should be entitled to the same collective efforts that can protect

or improve their health (9). Unfortunately, there are huge

disparities in access to rehabilitation services in LMICs.

Benin is currently facing the double burden of acute and

chronic diseases with only limited resources allocated to the

healthcare system (10). However, the clinical management and

healthcare policy are still mainly oriented to treat infectious

disorders. NCDs result in significant disability and decreased

function and the quality of life of patients. The UN Human

Development Program categorizes Benin as a “low human

development” country, with a ranking of 158 out of 189

countries on the list. It is paramount to allocate sufficient

resources for rehabilitation care in Benin to reduce the burden

of disability after NCDs and to maximize the benefit of the

neurorehabilitation program (11). It is therefore crucial to use

EBP to strive for efficient use of resources.

According to the WHO, one of the most significant

constraints on the rehabilitation process is lack of access to

specialist facilities or healthcare personnel (5). The use of

mobile technologies and eHealth may provide an alternative

to the above-mentioned restrictions of rehabilitation or

may supplement the present rehabilitation programs. The

development and deployment of mHealth expands the

healthcare sector’s views and potential, at least in high-income

countries (12–16). mHealth has opportunities for being a

low-cost option with the potential to overcome the need for

rapid access to healthcare clinics. Especially in LMICs, we think

that this technology might contribute to reduce the lack of

healthcare professionals, advance rehabilitation, and minimize

health inequalities by improving the access to rehabilitation

either remotely (due to scarcity of facilities particularly in rural

regions) or financially.

In the remainder of this article, we highlight our

strategy and collaborative efforts regarding the implementation

of affordable technology-supported rehabilitation services,

includingmHealth, in the region of Parakou, Benin, with the aim

to improve individual and public health.

The main challenges of EBP in LMICs

Despite the obvious need for EBP in LMICs, the

development and implementation of EBP are currently

applied more in HICs (17). This disparity is due to multiple

barriers that limit its application in LMICs.

The first challenge is the lack of training programs. In fact,

the only university-level education of physiotherapy (PT) in all

of French-speaking western Africa is in Benin (bachelor and

master levels). This physiotherapy program was established in

2000 in Cotonou (Ecole Supérieure de Kinésithérapie) thanks

to the support of the so-called B4 initiative (collaboration of

Belgium with Benin, Burundi, and Burkina Faso). However,

since there is a lack of training in other French-speaking

African countries, more than half of students who graduated

(approximately 20 students are graduating every year) are

international students who return to practice in their country

after their training; therefore, the number of graduates, as

reported by the Benin Physiotherapy Association, is still very

low approximately 220 PT are working in Benin, among them

97 are member of the association (18). The workforce of

physiotherapy specializing in neurorehabilitation is only a very

low fraction of that (n = 6). There is thus an urgent need to

develop more training facilities in western African countries

to catch up to the level of training offered in Benin. It is also

of utmost importance to create a training program for other

rehabilitation discipline, as the number of other specialists is

poor, i.e., there is no educational program for occupational

therapy (19) or occupational therapists in the country or for

speech therapists (20). There is also a lack of neuropsychologists

(21) and medical doctors specializing in physical medicine and

rehabilitation, although they play an important role in the

management of stroke. Another limitation is the paucity of

knowledge (i.e., health literacy) of the population about the

content of rehabilitation (22).

The second limitation that may explain a relatively

low implementation of EBP–in LMICs–is the difficulty

of translation of the research and the evidence from the

well-developed rehabilitation services (e.g., infrastructure,

reimbursement, integration in the care) in high income

countries (HICs) to the local specificities and realities of

LMICs. This is a highly multidimensional problem starting

from the limited support and integration of the rehabilitation

services within the healthcare system, leading to suboptimal

infrastructure and facilities and lack of integration within

the cares (i.e., short hospitalization, lack of reimbursement

of the rehabilitation sessions, lack of rehabilitation centers

for outpatients rehabilitation). This problem is particularly

relevant for patients suffering from neurological diseases,

representing, however, a growing part of the patients

and is responsible for the majority of the burden of the

disability in LMICs (23). Here, specific neurorehabilitation

services may be present in only two cities (Cotonou

and Parakou).

Another limitation is the lack of information on EBP

from health professionals themselves. Among the numerous

barriers to EBP, the lack of specific academic training, which

prevents rehabilitation specialists from comprehending the
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research language, is indeed one of the most significant obstacles

in implementation of EBP in LMICs. Other factors currently

limiting the knowledge translation include the lack of skills

and the English language, motivation, and the ability to make

decisions. Positive attitudes and motivation served as facilitators

of transfers. Lack of time, lack of financial resources, limited

access to scientific journals (despite program to support free

access to publications), and applicability of research to rural

settings were identified as organizational barriers (24).

Call for action: The development of
high-quality scientific evidence in
rehabilitation in Benin

Different directions need to be taken simultaneously to drive

sustainable changes.

Educational programs and dedicated workshops should be

developed to inform the local healthcare professionals about

the concept of level of evidence and clinical recommendations.

The utilization of new affordable technologies (e.g., mHealth)

may provide an alternative to the above-mentioned restrictions

of rehabilitation or may supplement the present rehabilitation

programs (13). mHealth has the potential to significantly benefit

LMICs by overcoming a shortage of healthcare professionals,

advancing rehabilitation, and reducing health inequalities

through increased access to rehabilitation. Educational

programs for rehabilitation professionals should be present in

different regions of the country. In this context, the University

of Parakou will launch a second educational program in

physiotherapy (bachelor level) in Benin with the support of

UHasselt. For neurorehabilitation particularly, a “summer

school” has been established in Parakou, Benin, offering 12

courses and 2 weeks of workshop on mHealth and technology-

supported solutions. In addition to this, a clinical internship of 3

months has also been initiated in collaboration with the Hasselt

University, Belgium.

Despite these educational efforts, the lack of direct and easy

translation of the validating studies performed in HIC may

currently limit the applicability of EBP in LMICs. It is therefore

necessary that evidence be developed locally by researchers in

the country collaborating directly with researchers from HICs.

Current collaborative activities

The Hasselt University and the University of Parakou signed

a memorandum of understanding to strengthen the cooperation

between the two institutions. The project is supported by both

the rector and the vice rector of the University of Parakou for the

cooperation between universities in Benin. Besides individual

institutions, the collaboration is supported by the Ministry of

Health and the Ministry of Education, thus showing the strong

commitment of the country to further develop the quality of

rehabilitation services. The bilateral collaboration also aims to

expand the educational programs to include inland regions, such

as central Benin in this sphere, too.

Based on collaborative research between UHasselt and

UParakou in recent years, different axes of research and

development have been identified to ease the implementation

of the rehabilitation services in Benin. After mutual visits of

(assistant) professors of both universities, 3 doctoral students

were enrolled in a bilateral program including a 3-month

research stay in Belgium yearly. The stay was focused to cover

scientific training with the aim to perform data collection and

interpretation in Benin. These activities could potentially lead to

internationally respected results along with direct impact in the

regional clinical and academic services as well.

In an attempt to further develop EBP in Benin, various

research projects are currently underway. The first set of

research are patient centric and focus on running qualitative

studies to document the current (lack of) rehabilitation services

that were attended during and after hospital discharge (14-

day maximal inpatient stay). These studies were run in the

subacute and chronic phases after an event of stroke. Patients’

requirements and expectations about the rehabilitation were

also evaluated, after which further studies need to investigate

the level of acceptance of the different types of interventions

(e.g., conventional rehabilitation sessions, group sessions, home

exercises, and technological aids). As key players in the process,

the healthcare professionals should be involved in this process,

and therefore interviews, questionnaires, and focus groups

also need to be performed to fully understand the needs of

the clinicians. Currently, the modalities (i.e., types, volume,

frequency, intensity, and supervision) and formats (individual

or in group) of supervised exercise therapy as well as physical

activity (PA) practice in community-dwelling chronic stroke

survivors in Parakou are being explored. The patients’ perceived

barriers and facilitators to PA practice are also assessed. The

content of physical therapy (PT) practice within inpatient

rehabilitation facilities for stroke survivors in Benin, at the

acute and sub-acute stages, is described using a standardized

taxonomy (length of stay and total therapy time). These insights

are believed to contribute to opening the “black-box” of stroke

inpatient rehabilitation in Benin (25).

The initial results of these research lines will determine

the extent to which interventions need to be adapted

(e.g., infrastructure, equipment, professional education level,

duration, intensity, patients’ education, and cultural aspect)

before being tested in the field (26). For example, the results

of this first set of studies will be used to design interventions

that are perfectly adapted to the situation of hospitalized

and community-based subacute and chronic stroke survivors

in Benin.

Other research focuses on the validation of the (modified)

intervention. Pilot and feasibility studies are envisioned first, and
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later on validation is done in bigger studies (i.e., multicentric

RCTs). At this moment, a feasibility and effectiveness study

of an intensive rehabilitation exercise program at the acute

stage of stroke is being prepared. The outcomes of this pilot

study should guide the design of a randomized controlled

trial comparing conventional care and an intensive exercise

program at the acute phase of stroke on their clinical outcomes.

Additionally, the feasibility and effects of a 10-week community-

based PA program using the WalkWithMe app (mHealth) on

walking performance in stroke survivors in Benin are also being

investigated. WalkWithMe is a personalized mobile application

that has been previously tested in Belgium in persons with

multiple sclerosis to motivate patients to walk more during the

rehabilitation process (27). In the future, a knowledge center

for technology-supported rehabilitation is envisioned, including

affordable technology and mHealth solutions that are not only

applied in expertise centers but also allow independent use in

community-located primary care centers, or even at home. In

the future, Apps developed in UHasselt for neurorehabilitation,

gait training, upper limb function, and cognitive-motor dual

tasks will be transferred to Benin for cultural adaptation.

New solutions for identified needs will be elaborated by

local researchers from both the disciplines of human-machine

interaction and rehabilitation (28).

It is strongly suggested that the discussion with the

policymakers should start in parallel with the development of

the scientific evidence to determine the best way to integrate this

intervention in the care paths (and public health system). It is

also significant to ensure the accessibility of these interventions

to as many patients as possible, despite the limited budget.

The consortium already had several meetings with the Beninese

Ministry of Health to prepare this next step and to integrate

technologies and mHealth solutions in the provision of care.

Conclusion

Despite the level of evidence supporting various

rehabilitation interventions still being sparse in HIC, developing

strong local research capacity and knowledge in LMICs is the

best solution to increase the availability of rehabilitation services

and their implementation in the long term.

By developing local research and using culturally and locally

adapted interventions, scientific evidence can be progressively

built, thanks to the collaborations between the universities of

Parakou and Hasselt. The ultimate result of this collaboration

is expected to not only increase the availability of rehabilitation

services, including technology-supported interventions, but also

increase the quality of such services.
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Jianying Niu5, Wei Ding6, Suhua Zhang7* and Qi Guo1,3*
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7Suzhou Kowloon Hospital, Shanghai Jiao Tong University School of Medicine, Suzhou, China

Objective:The purpose of this studywas to determine the association between

di�erent stages of chronic kidney disease (CKD) and sarcopenia and its

components in the Chinese older population.

Methods: The study comprised of 2,213 participants aged ≥ 60 years (1,025

men; mean age: 70.7 years) recruited from Shanghai who were invited to

participate in a comprehensive geriatric assessment. Sarcopenia was defined

according to the AWGS 2019 consensus update on sarcopenia diagnosis

criteria. The glomerular filtration rate (GFR) was estimated using the equation

that originated from the CKD-EPI equation, the stages of CKD are classified

according to the Kidney Disease—Improving Global Outcomes (KDIGO).

Results: The overall prevalence of sarcopenia was 19.0%, which increasedwith

the severity of CKD. The prevalence of sarcopenia in patients with CKD 3–4

and kidney failure was significantly higher than that in normal and CKD 1–2

(p < 0.05). In logistic regression analysis model, compared with normal and

CKD 1 patients, kidney failure was significantly associated with the increased

risk of sarcopenia and low grip strength (p < 0.05); CKD 2, CKD 3–4 and

kidney failure groups were significantly associated with an increased risk of

low walking speed (p < 0.05), respectively; while the association between CKD

and muscle mass was not shown.

Conclusions: In our study, only decreased physical performance, as

represented by walking speed, was significantly associated with increased CKD

severity. This may improve the evidence for the prevention and intervention of

sarcopenia in patients with CKD.
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Introduction

Sarcopenia is an age-related loss of muscle mass, strength

and physical performance that reduces mobility and quality of

life, is significantly associated with a poor prognosis of disability

and death, and can lead to fall-related injuries requiring

costly hospitalization and long-term rehabilitation (1, 2). Many

epidemiological studies have shown that the prevalence of

sarcopenia in the Asian older adult population ranges from

7.3 to 12.0% (3). Aging is a serious challenge in China, where

the population aged 60 or older reached 230 million in 2016.

This number continues to increase and is expected to reach

approximately 418 million by 2035 (4). With the rapid rise of the

elderly population, the number of patients with sarcopenia will

increase greatly, which will bring a great burden to the society

and economy.

Chronic kidney disease (CKD) is a catabolic state known

to be associated with protein depletion and multiple metabolic

disorders, and muscle synthesis may also be reduced (5).

Epidemiological studies have shown that muscle wasting is

prevalent in patients with CKD, that muscle mass loss is more

severe and occurs earlier than in the same age group, and that

these changes in body composition may be associated with

long-term prognosis in this population (6, 7). Although some

studies have shown that there is an association between CKD

and sarcopenia, and sarcopenia is more common in patients

with kidney failure (8). However, due to sample size and other

reasons, the association with sarcopenia according to different

stages of kidney disease patients was not included in the study,

especially the lack of CKD stage 5 and dialysis patients (9,

10). The diagnosis of sarcopenia includes the reduction of

skeletal muscle mass, strength and physical performance, and

muscle function as an important component of sarcopenia has

been included as a diagnostic prerequisite in the European

consensus on sarcopenia, however, most of the current studies

have gathered on the association between muscle mass and

CKD, and the association between the components of sarcopenia

in different stages of CKD has not been further shown in

studies (9, 11).

Considering the increasing prevalence of CKD, the aim of

this study was to determine the association between different

stages of chronic kidney disease and sarcopenia in the Chinese

older population. In addition, associations between the stages of

CKD and sarcopenia and its components were compared.

Methods

Study participants

This cross-sectional study recruited older adults ≥60 years

of age living in Shanghai, China who had joined China’s national

free physical examination program between 2019 and 2021.

This study included two population cohorts, the community-

based elderly population of the Adult Physical Fitness and

Health Cohort Study (APFHCS) (ChiCTR1900024880)

and kidney failure population of seven hemodialysis units

(ChiCTR1900027039). Participants with the following

conditions were excluded from the study: (1) unable to

communicate with interviewers or to grant informed consent,

(2) no blood samples were collected, (3) major neurological

disorders including dementia, malignancies, (4) serious physical

illness (joint replacement, amputation) that hampered their

completion of the functional fitness tests. Following these

exclusions, the final analyzed population comprised 2,213

subjects (men 1,025). The older adults of normal and CKD1-4

groups (n = 1844) were from the community, and patients

with kidney failure (n = 369) were from seven hemodialysis

centers and had undergone stable hemodialysis for at least 3

months. The study was approved by the Ethics Committee of

Shanghai University of Medicine and Health Sciences and the

methods were carried out in accordance with the principles of

the Declaration of Helsinki. All participants were informed and

signed consent prior to enrollment in the study.

Baseline variable

All the participants were invited to a face-to-face interview

to answer a standardized questionnaire after they completed

their medical examination and performance-based assessments

(12). The questionnaire regarding their lifestyle and disease

history included questions about age, sex, occupation,

educational level, marital status, family income, smoking habits

(current smoker or not), drinking habits (drinking alcohol

once a week, drinking in the past, and never drinking were

all considered as no drinking) and physical activity level.

Anthropometric parameters (including height and weight)

were measured by trained personnel using standardized

protocols. Physical activity was assessed using the short

form of the International Physical Activity Questionnaire

(IPAQ) (13). Medical history was also recorded, including

diabetes, hypertension, stroke, dyslipidemia, and coronary heart

disease (CHD).

Assessment of sarcopenia

Sarcopenia was defined according to the AWGS 2019

consensus update on sarcopenia diagnosis criteria (3), in which

a person who has low muscle mass, low muscle strength, and/or

low physical performance was identified as having sarcopenia.

Low muscle mass was defined as relative skeletal muscle mass

index [appendicular skeletal muscle mass (ASM)/height (Ht)2]

< 7.0 kg/m2 and 5.7 kg/m2 for men and women, respectively.

Low muscle strength was defined as grip strength <28 kg
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or <18 kg in men and women, respectively. Low physical

performance was defined as walking speed <1.0 m/s for both

men and women.

Muscle mass was measured using a direct segmental multi-

frequency bioelectrical impedance analysis (BIA) (In-Body 770;

Biospace Co., Ltd, Seoul, Korea). Muscle strength was quantified

using a handheld dynamometer (GRIP-D; Takei Ltd, Niigata,

Japan). Grip strength is measured by the standard method of

dominant hand in the elderly population, and it is measured

by the side without fistula in patients with kidney failure.

Participants were asked to exert their maximum effort twice and

the strongest grip strength was recorded. To measure walking

speed, two photocells connected to a recording chronometer

were placed at the beginning and the end of a 4-meter course

at the site clinic. Participants were instructed to stand with both

feet touching the starting line and to begin walking at their

usual pace after a verbal command was given. The time between

activation of the first and the second photocell wasmeasured and

the average speed of two walks was recorded.

Analysis of blood samples

A blood sample was obtained from the antecubital vein

from patients who fasted overnight for at least 10 h. Blood

sample analysis and blood pressure collection methods have

been explained in our previous studies (14).

Glomerular filtration rate assessment

The glomerular filtration rate (GFR) was estimated using the

equation that originated from the CKD-EPI equation, which is

more accurate than the equation from the MDRD Study group

equation (15).

CKD stage

According to the Kidney Disease—Improving Global

Outcomes (KDIGO) classification, patients with eGFR ≥ 90

mL/min/1.73 m2 were classified as normal and CKD 1, eGFR

between 60 and 89 mL/min/1.73 m2 as CKD 2, eGFR between

15 and 59 mL/min/1.73 m2 as CKD 3–4, and eGFR <15

mL/min/1.73 m2 as CKD 5, kidney failure (16).

Statistical analyses

Characteristics of individuals at baseline were reported

as medians (25–75th) percentiles for IPAQ; other continuous

variables were presented as the means and standard deviation

(SD), and categorical variables were expressed as percentages.

We compared baseline patients’ characteristics according to

eGFR categories by Chi-Squared tests for categorical variables

and one-way analysis of variance for continuous variables.

Logistic regression analyses were used to assess the association

between sarcopenia along with its individual components and

CKD. Model 1 was adjusted for age and sex. Model 2 was

adjusted for model 1 covariates plus BMI, widowed, farming,

illiteracy, smoking, drinking, IPAQ, diabetes, hypertension,

dyslipidemia, stroke and CHD. All statistical analyses were

performed using SPSS v 26.0 (SPSS Inc, Chicago, IL), and

P-values of < 0.05 were considered statistically significant.

Results

Baseline characteristics of subjects were presented in Table 1

(1,025 men, mean age: 70.7± 6.5 years). Patients were classified

into four groups according to CKD stages, and the number

of patients in each group was 235 (10.6%), 1,380 (62.4%), 229

(10.3%), and 369 (16.7%), respectively. In the overall population,

age, gender, BMI, education level, occupation, eGFR, smoking,

drinking, grip strength, walking speed, body fat mass, body fat

ratio, hypertension, diabetes, dyslipidemia, stroke and physical

activity level were significantly different between the four groups

(p < 0.05). The age and muscle mass of CKD 3–4 group and

kidney failure subjects were significantly larger than those of

normal and CKD 1 group subjects, while the grip strength was

the opposite. Current drinkers and farmers’ occupation were

significantly lower in kidney failure than in the other three

groups, and the prevalence of hypertension, diabetes and stroke

was significantly higher than in the other three groups (p< 0.05).

The prevalence of sarcopenia and its components classified

by CKD stages was shown in Figure 1. The prevalence of

sarcopenia, low walking speed and low grip strength generally

increased with the severity of CKD, with the prevalence of

sarcopenia significantly higher in patients with CKD 3–4 group

than in normal and CKD 1–2 group patients, and the prevalence

of sarcopenia significantly higher in kidney failure patients than

in the other three groups. The prevalence of low SMI in kidney

failure group were significantly higher than that in normal and

CKD 1–4 group patients; the prevalence of low walking speed

in CKD 3–4 and kidney failure groups was significantly higher

than that in normal and CKD 1–2 group patients; patients with

CKD 3–4 had a higher prevalence of low grip strength than

normal and CKD 1–2, and patients with kidney failure had a

significantly higher prevalence of low grip strength than normal

and CKD 1 group (p < 0.05).

The association between different CKD stages and

sarcopenia and its components is shown in Figure 2. In the

adjusted logistic models, in patients with different CKD stages,

compared with normal and CKD 1 group patients, kidney

failure was significantly associated with the increased risk

of sarcopenia and low grip strength. The odds ratio (OR)
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TABLE 1 Baseline data classified by CKD stage.

Normal and CKD 1 CKD 2 CKD 3-4 Kidney failure P-value

(n = 235) (n = 1380) (n = 229) (n = 369)

Age (years) 68.1± 4.7 70.3± 6.6 72.4± 7.1a 72.4± 5.8a <0.001

Gender, n(%) <0.001

Male 23(9.8) 759(55.0) 29(12.7) 214(58.0)

Female 212(90.2) 621(45.0) 200(87.3) 155(42.0)

BMI(kg/m2) 24.0± 3.6 24.4± 3.5 25.3± 4.0a 23.4± 3.6ab <0.001

Widowed (%) 51(21.7) 253(18.3) 43(18.8) 55(14.9) 0.195

Illiteracy, n(%) 39(16.6) 347(25.1) 78(34.1) 33(8.9)abc <0.001

Farmer, n(%) 157(66.8) 923(66.9) 167(72.9) 42(11.4)abc <0.001

eGFR(ml/min per 1.73 m2) 94.4± 4.0 76.3± 8.2 53.2± 8.4a 4.4± 1.5ab <0.001

Smoking, n(%) 8(3.4) 361(26.2) 59(25.8)a 54(14.6) <0.001

Drinking, n(%) 35(14.9) 409(29.6)a 75(32.8)a 30(8.1)abc <0.001

SMI (kg/m2) 6.32± 0.91 7.00± 1.10 6.49± 1.12a 6.64± 1.15a 0.260

WS (m/s) 1.09± 0.18 1.04± 0.23 0.95± 0.21a 0.85± 0.31ab <0.001

Grip (kg) 22.0± 7.3 26.7± 9.1 20.7± 6.4a 21.2± 7.2a <0.001

Body fat mass (kg) 18.3± 6.5 18.9± 7.3 22.4± 8.1ab 20.6± 7.4abc <0.001

Body fat percentage(%) 30.8± 7.5 28.9± 8.5a 35.1± 8.0ab 32.4± 8.6abc <0.001

Diseases, n(%)

diabetes 46(19.6) 238(17.2) 51(22.3) 138(37.4)abc <0.001

hypertension 143(60.9) 795(57.6) 149(65.1)b 342(92.7)abc <0.001

dyslipidemia 44(18.7) 283(20.5) 65(28.4)ab 133(36.0)ab <0.001

stroke 54(23.0) 244(17.7) 35(15.3) 122(33.1) <.0.001

CHD 82(34.9) 409(29.6) 67(29.3) 120(32.5) 0.607

IPAQ(Met/wk) 5502(2688–10986) 3360(1386–7143) 2543(734–5779) 1245(347–2772)ab <0.001

BMI, body mass index; SMI, skeletal muscle mass index; WS, 4 meters walking speed; IPAQ, International Physical Activity Questionnaire; eGFR, estimated glomerular filtration rate; Data

are presented as mean± SD or n (%). a Compared with normal and CKD 1 groups, P < 0.05; b Compared with CKD 2 groups, P < 0.05; c Compared with CKD 3–4 groups, P < 0.05.

values (95% CI) were 2.22 (1.29–3.84) and 3.18 (2.08–4.86)

respectively; compared with normal and CKD 1 patients,

CKD 2, CKD 3–4 and kidney failure groups were significantly

associated with an increased risk of low walking speed, with OR

values (95% CI) of 2.21 (1.56–3.12), 3.20 (2.08–4.93) and 6.61

(4.26–10.26), respectively. There was no significant association

between low muscle mass and different CKD stages.

Discussion

This study examined the association of CKD of varying

severity with sarcopenia and its components in a larger

population. We found that the prevalence of sarcopenia

increased with the severity of CKD, especially in patients with

kidney failure. However, after multivariate adjustment, the risk

of decreased physical performance represented by walking speed

increased gradually with the increase of the severity of CKD. The

risk of sarcopenia and low grip strength increased significantly

only in kidney failure, and lowmuscle mass was not significantly

associated with different stages of CKD.

Sarcopenia is a geriatric disease that has gained widespread

attention for its significant impact on activity limitation,

disability and even death in the older adults (3). In recent years,

sarcopenia has gained attention in patients with CKD due to

the accelerated protein catabolism of the disease process itself

and low energy and protein intake in this population (17).

However, in a study of sarcopenia in patients with CKD, there

was no significant association between continuous eGFR and

sarcopenia (18), this suggests that observing the correlation

between CKD and sarcopenia may need to be observed in detail

according to different stages of renal function. In the latest

study to observe the association between sarcopenia and CKD at

different stages, according to the grouping of eGFR, it was found

that the risk of sarcopenia was significantly increased in male

patients with CKD 3–5, and no significant association was found

in female patients (11). Another study further characterized

the staging of CKD and found that the risk of sarcopenia was

significantly higher in patients with eGFR < 45 mL/min/1.73

m2 (19). These studies suggest that the degree of association

of sarcopenia may not be consistent across different stages of

CKD, however, due to sample size and inclusion criteria, the

number of patients with different stages of CKD in these studies

was small, particularly in patients with CKD of higher severity.

In our study, two population-based cohorts of older adults and

CKD were combined and divided into four groups according
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FIGURE 1

Prevalence of sarcopenia and its components according to chronic kidney disease stage. N, normal; CKD, chronic kidney disease; SMI, skeletal

muscle mass index; WS, walking speed. a Compared with normal and CKD 1 groups, P < 0.05; b Compared with CKD 2 groups, P < 0.05; c

Compared with CKD 3–4 groups, P < 0.05.

to their renal function status. After multifactor adjustment, the

risk of sarcopenia increased significantly only in patients with

kidney failure, whichmay be related to the way that patients with

kidney failure often need dialysis treatment (20), which provides

further evidence for the prevention and treatment of sarcopenia

in patients with chronic renal disease.

Patients with CKD exhibit a catabolic state, which is

associated with protein depletion and multiple metabolic

imbalances, hence the age-related decline in skeletal muscle

mass confounded with the CKD disease state. Several studies

have shown that muscle wasting in CKD is progressive and

frequently observed (21). However, studies on CKD and low

muscle mass found that lowmuscle mass was not associated with

the risk of CKD in men, but with the reduced risk of CKD in

women, and had no correlation with the onset and progression

of CKD (22). Another longitudinal study, which lasted for 16

years, showed that there was no significant difference in the

risk of muscle atrophy by simple CKD, and the risk of muscle

atrophy increased significantly after combined diabetes (32).

Therefore, the association between muscle mass and CKD may

be inconsistent in different gender and complication status. In

our study, there was no significant association between different

stages of chronic kidney disease and low muscle mass. This may

be because when our elderly patients with CKD and kidney

failure were recruited, the selected patients had no obvious

symptoms and were in good functional condition, which may

have missed the coverage of the population. Secondly, we use

bioelectrical impedance method to evaluate muscle mass. There

is still no algorithm for accurate whole-body estimation in

patients with obesity or changes in body fluid state (these two

cases exist in CKD), which may also be an important reason

why there is no significant difference in muscle mass in patients

with CKD at different stages in our study. Future studies need

to be extended to patients with symptomatic CKD to further

reveal the association between different stages of CKD and

muscle mass.
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FIGURE 2

Association of di�erent CKD stages with sarcopenia and its components. (A) crude model. (B) adjusted with age, sex, BMI, smoking, drinking,

occupation, widowed, education, physical activity level, hypertension, diabetes, dyslipidemia, CHD and stroke. N, normal; CKD, chronic kidney

disease; SMI, skeletal muscle mass index; WS, walking speed; CI, confidence interval; OR, odds ratio.

Sarcopenia is a common disease in the elderly, the most

significant change is the decline of muscle mass and function

(2). Muscle function includes muscle strength and physical

performance (23). In a large study, the risk of low grip strength

was significantly higher in patients with CKD, however, the

association between grip strength and eGFR in the scatter

plot analysis was not simply a linear positive correlation.

Furthermore, only the mean grip strength and prevalence of

low grip strength in patients with different stages of CKD were

presented, and no statistical inferences were made about the

association between low grip strength and different stages of

CKD (33). In our study, after further subdividing the stages

of CKD, the risk of low grip strength in patients with kidney

failure is significantly increased, which may be due to the higher

impact on muscle strength in more severe CKD, while other

studies combined CKD after stage 3, in our study, the risk of

low grip strength was also significantly increased in patients

after CKD 3 (adjusted OR value 1.78, P < 0.001), thus the

specific effects of different stages are not reflected. Secondly,

in our study, patients with kidney failure were treated with

hemodialysis, and some studies have shown that hemodialysis is

an independent risk factor of muscle weakness (24). Therefore,

in patients with high severity of CKD and hemodialysis, the risk

of low muscle strength is significantly increased, which may be a

further supplement to the current study.

Interestingly, the risk of poor physical performance

represented by walking speed is gradually increasing in different

stages of CKD. This is basically consistent with the association

between different stages of CKD and physical performance

observed in previous studies. Compared with normal and CKD

1–2, patients with CKD 3 and CKD 4–5 have an increased risk

of low walking speed (OR values of 1.13 and 3.39, p < 0.05,

respectively) (25). On the contrary, a cross-sectional study

showed there were no significant association between low

walking speed and CKD (26). The discrepancy may mainly

be due to the age of participants. The prevalence of slow

walking speed increases with age, and the average age of the

above study (50.9 years) was lower than our study (70.7 years).

The explanation for the association between CKD and low

walking speed could be the direct impact of kidney function

on walking speed. Even though in early-stage, impairments in

kidney function were also associated with the accumulation of

neurotoxins that have been shown to cause axonal loss with

secondary or predominant demyelination, b2-microglobulin

deposition in joints and connective tissue, and increased levels

of inflammatory cytokines, which can all result in physical

function loss (27, 28). Walking speed assessment has the

important advantages of brevity, simplicity and reproducible

(29). Therefore, we suggested walking speed test might be seen

as a screening tool for early detection of functional limitations,
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providing an informative and potentially actionable functional

status in the CKD population.

It is worth noting that in our study, the prevalence of CKD in

different genders has different trends. In CKD3-4 stage, women

are much higher than men. However, in the stage of kidney

failure, the prevalence of men is higher than women. These data

are consistent with the trend of the results of the current study.

The incidence rate of women in CKD is higher than that of men,

and lower than that of men in renal replacement therapy (30).

The effect of prolonged life expectancy on the natural decline of

GFRwith age, and the improper use of GFR equationmay lead to

over diagnosis of CKD, which may be part of the reason for the

increase in the prevalence of CKD in women. Among patients

with kidney failure, elderly women seem to prefer conservative

treatment rather than renal replacement therapy, which also

reflects that men are higher than women in dialysis patients.

However, it is worth considering that there is a large difference

in the ratio between men and women in patients with CKD,

which may be due to the estimation of GFR or the defect in

our definition of normal GFR, resulting in the over diagnosis

of female CKD. Studies have shown that even the current more

accurate CKD-EPI equation has a large error in estimating

the glomerular filtration rate of women (31). Therefore, more

accurate estimation of GFR may have great clinical significance

for correct classification in the future.

Our study has several strengths. We combined two

independent population cohorts to supplement the samples of

patients with different stages of CKD and comprehensively show

the relationship between CKD and sarcopenia at each stage. Our

results can supplement evidence on the relationship between

physical performance and kidney function among older adults,

which could contribute to providing appropriate treatment for

the prevention of CKD. Although this study has its advantages,

it still has some limitations. First, this is a cross-sectional study,

so we cannot determine the causal relationship between CKD

and sarcopenia. Secondly, our population are all participants

with good functional status, who can participate in functional

evaluation and have no obvious symptoms. Third, bioelectrical

impedance method is used to evaluate muscle mass. Due to the

large change of hydration state, this method may have errors

in CKD patients. Future studies should expand the number

of participants, add more relevant data and carry out more

accurate and comprehensive assessments to further determine

and enhance our understanding of the relationship between

sarcopenia and CKD.

Conclusion

In conclusion, we found that the prevalence of sarcopenia

increased significantly with the development of CKD severity.

With regard to its components, only the decrease in physical

performance, represented by walking speed, was significantly

associated with increased CKD severity, while the association

with muscle mass is not shown. These findings inform clinical

decision making and facilitate the development of therapies to

prevent sarcopenia in older patients with CKD. Future studies

should test the effectiveness of relevant interventions in older

patients with CKD.
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Background: Due to an increasing aging population, China has experienced

a rapid expansion in its internal older migrant population who face greater

health risks and who have a relatively high demand for health education. Public

health education is an important means of preventing diseases and promoting

health. However, many studies have focused on the utilization, with few studies

examining the impact of public health education on the health of the older

migrant population in China.

Objectives: This study analyzed the impact of public health education on the

health of the older migrant population in China.

Methods: Based on data obtained from the National Migrant Population

Health and Family Planning Dynamic Monitor Survey (2018), logistic models

and propensity score matching were used to analyze the impact of public

health education on the health of the older migrant population.

Results: The self-assessed health of China’s older migrant population was

good, and the acceptance rate of public health education was 40.81%. The

public health status of the older migrant population receiving public health

education significantly improved (p < 0.05). After correcting for endogeneity

among the variables, public health education increased the probability of

improving the oldermigrant population’s self-assessed health by 5.4–6.1% (p<

0.01). Heterogeneity analysis found that public health education had a greater

impact on the health of older men with an education level of middle school

and below, and especially on the oldermigrant population in the eastern region

of China.

Conclusions: Public health education positively a�ected the health status of

the older migrant population. The characteristics and preferences of the older

migrant population involving di�erent genders, regions, and educational levels

need to be considered, public health education needs to be standardized, and

appropriate education methods need to be adopted that suit the older migrant

population. Reference suggestions are provided for improving the health level

of the older migrant population.
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Introduction

In China, a “migrant population” refers to adults of

reproductive age who leave their hometown where their

household registration is located and live in different places

for the purpose of work and life. This phenomenon is also

called population flow. With the rise in population aging in

China and the comprehensive introduction of the two-child

policy, more older people will enter the migrant population for

reasons such as family relocation, reunion, and employment

(1). The “China Migrant Population Development Report 2018”

found that the older migrant population in China had continued

to increase and that, by 2015, the older migrant population

had reached 5.03 million, with an annual growth rate of

6.6% (2).

In addition to the dual challenges of “old age” and being

a “migrant” (3), the older migrant population faces greater

health risks. Relevant literature shows that mobility affects

the health status of migrants. The older migrant population

has a relatively high demand for health education (4), which

highlights their vulnerability. Thus, determining how to ensure

the quality of life of the older migrant population and

improve their health level is an issue worthy of attention.

Public health education is an important means of preventing

diseases and promoting health, and it is a world-recognized

strategic measure of health care (5). Effective public health

education is conducive to enhancing the self-health awareness

of older people, improving their health-related behaviors, and

establishing a correct concept of health (6). However, for the

older migrant population, inadequate economic support and

educational level, physiological function decline, and cognitive

decline have led to insufficient provision and utilization of public

health education. Studies have shown that nearly one-third

of the migrant population has not received any public health

education (7).

Relevant studies have mainly focused on the working-age

migrant population, with few studies undertaken on the older

migrant population (8–12). Previous studies have focused on

the health of the migrant population in terms of three aspects:

the migrant population’s health status and influence factor,

health knowledge level, and receipt of health education (13–16).

Most studies have focused on the utilization of public health

services, such as visiting doctors, physical examinations, and

hospitalizations, but with research on this population’s public

health education being relatively limited.

Thus, based on the China’s National Health Commission’s

National Migrant Population Health and Family Planning

DynamicMonitor Survey (2018), this study empirically analyzed

the impact of receiving public health education on the health of

the older migrant population and assessed differences between

various groups. The goal was to provide a reference to improve

public health education and the health status of the older

migrant population.

Materials and methods

Data sources

Data on the older migrant population were obtained

from personal questionnaires used in relation to the migrant

population in the National Migrant Population Health and

Family Planning Dynamic Monitor Survey (2018). The data

were based on the sampling frame of the 2017 annual report

database of the total migrant population in China’s 31 provinces

and of the Xinjiang Production and Construction Corps

(An important part of Xinjiang Uygur Autonomous Region).

Probability Proportionate to Size Sampling (PPS) was adopted.

The personal questionnaire mainly included information on: (1)

family members, and income and expenditure; (2) employment

situation; and (3) use of health and public services.

The older migrant population are defined as individuals who

have lived away from the town or street of their household

residence for more than half a year, excluding those living in

a different town/district in the same city as their household

residence. After screening the data, this study included a total

of 5,589 migrant older people, all of whom were 60-years old

and above.

Variable selection and description

Self-assessed health status has been reported to be consistent

with the actual health level of the individual (17, 18). The

explained variable in this study was the self-assessed health

status of the older migrant population. The two items “healthy”

and “basically healthy” in the questionnaire were combined into

one item “relatively healthy,” and the two items “unhealthy,

but able to take care of oneself ” and “not able to take

care of oneself ” were combined into one item “less healthy.”

The core explanatory variable was the migrant population

receiving public health education, as assessed through the

questionnaire in terms of “in the past year, whether the

migrant population has received the seven items of public

health education, including occupational disease prevention and

control, reproductive health and women’s and children’s health,

infectious disease prevention and control, chronic disease

prevention, prevention and treatment of chronic diseases,

mental health, and others.” If the older migrant population had

received public health education at least twice, their status of

receiving public health education was considered good whereas

if they had received it less than twice a year, their receiving

status was considered poor. We also considered personal

characteristics like gender, age, ethnicity, and education level;

family characteristics like average monthly income, duration of

migration, scope of migration, and number of children; and

participation in medical insurance and establishment of health

records. These characteristics and conditions were included
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in the regression model as control variables affecting health

status (19, 20).

Statistical processing

SPSS 25.0 software was used for statistical analysis.

The situation of health education received by the older

migrant population was described using descriptive analysis,

and a χ2 test was used to analyze differences in health

education in relation to different population characteristics.

Using binary logistic regression, the indicators with statistically

significant differences in the univariate analysis were included

as independent variables in the regression model. The effects

of health education on health were further assessed using a

robustness test and heterogeneity analysis. Propensity score

matching (PSM) was used to further verify the impact of public

health education on the health of the older migrant population.

The test level was two-sided α = 0.05.

Results

Health education received by older
migrant population with di�erent
characteristics

In total, there were 5,589 older migrants included in this

study. The surveyed older migrant population included 3,205

men (57.34%) and 2,384 women (42.66%). The majority were

60–69-years old, accounting for 81.36%. Their education level

was mainly primary school and below (45.89%) and junior

high school (30.33%). Their marital status was mainly married

(85.28%), and the average monthly household income was below

3,500 yuan (38.53%). The range of this population included

1,135 people (20.31%) within cities and across counties, 1,946

people (34.82%) within provinces and across cities, and 2,508

people (40.87%) across provinces. The duration of the flow was

mainly ≤5 years, accounting for 40.46%. There were 1,810 local

people (32.39%) with established health records, 3,228 people

(57.76%) without established health records, and 551 people

(9.86%) who did not know about their health records. Further,

94.04% of the older migrants had at least one medical insurance.

Finally, 66.56% had two or more children. Table 1 presents

the results.

Situation of the older migrant population
with di�erent characteristics receiving
public health education

From the perspective of health status, 82% of the older

migrant population believed their health status was good

and basically healthy. In terms of receiving public health

education, 40.81% of the older migrant population had

received public health education at least twice. The analysis

found that the acceptance rate among the older migrant

population of public health education differed by gender,

education level, average monthly family income, duration

of migration, reasons of migration, range of migration,

number of children, establishment of health records,

and medical insurance (p < 0.05). Table 1 presents the

detailed results.

Analysis of the impact of receiving public
health education on the health of the
older migrant population

Logistic regression analysis of the influence
factor of health status of the older migrant
population

When controlling for regional fixed effects, the single

variable of receiving public health education added to model

(1) was found to have a significant positive correlation with

the health status of the migrant population. In model (2),

individual characteristic control variables were added, and it

was found that receiving public health education significantly

improved the health level of the migrant population (β =

0.455). In model (3), family characteristic variables were further

added and similar results obtained. In model (4), all the

control variables were added, and it was shown that the

migrant population receiving public health education had

significantly improved health levels (β = 0.482). Therefore,

public health education of older migrant groups can promote

the public health knowledge of these groups to a certain

extent and, at the same time, improve health awareness,

which is helpful for disease prevention and improvement of

health status.

In terms of personal characteristics, men’s health status

was better than that of women’s health status. The migrant

population with higher education levels also showed a

corresponding increase in health awareness. The regression

results showed that health status was positively correlated with

education level. In terms of family characteristics, groups with

higher family income had a relatively high overall quality of life,

and a close family life also had a positive effect on health and

wellbeing. The range and duration of the flow were negatively

correlated with health status, suggesting that a long-term flow

affects the health status of older people. The number of children

was negatively correlated with health status, which might be

explained in terms of somemigrants needing to spendmore time

and energy in taking care of their children due to their long-term

separation from their children, which would likely affect their

psychological status and health. Table 2 presents the results.
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TABLE 1 Health education received by the older migrant population with di�erent characteristics (N = 5,589).

Variable heading Number of people

surveyed

Number of people

receiving health education

(more than twice)

Acceptance rate χ2 value p-value

Gender

Men 3,205 1,360 42.43% 8.177 0.004

Women 2,384 921 38.63%

Age (years)

60–69 4,547 1,872 41.17% 3.033 0.219

70–79 915 366 40.00%

≥80 127 43 33.86%

Marital status

Single 823 189 22.96% 0.007 0.932

Not single 4,766 2,092 43.89%

Nationality

Han nationality 5,138 1,847 35.95% 0.243 0.622

Other nationalities 451 161 35.70%

Educational level

Elementary school and below 2,565 1,001 39.03% 8.790 0.032

Junior high school 1,695 731 43.13%

High school/secondary school 922 391 42.41%

University and above (including specialist) 407 158 38.82%

Average monthly household income (yuan)

3,500 and below 2,034 819 40.27% 13.271 0.004

3,500–6,000 1,426 634 44.46%

6,000–10,000 1,202 482 40.10%

10,000 and above 924 344 37.23%

Duration of migration

5 years and below 2,261 917 40.56% 10.404 0.006

5–10 years 1,495 658 44.01%

10 years and above 1,833 706 38.52%

Reasons of migration

Work and business 2,271 642 28.27% 8.156 0.017

Care for children, grandchildren 1,324 1,212 91.54%

Pension or other 1,994 427 21.41%

Range of migration

Cross province 2,508 889 35.45% 56.723 0.000

Cross city 1,946 900 46.25%

Within city 1,135 492 43.35%

Number of children

1 child 1,869 799 42.75% 4.365 0.037

2 or more 3,720 1,483 39.87%

Health record

Yes 1,810 1,073 59.28% 384.988 0.000

No 3,228 1,060 32.84%

Unclear 551 148 26.86%

Medical insurance

At least one 5,256 2,716 51.67% 12.626 0.000

None or not clear 333 105 31.53%

Family doctor contract

Yes 983 644 65.51% 301.290 0.000

No or unclear 4,606 1,637 35.54%
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TABLE 2 Impact of receiving public health education on the health of the older migrant population.

Variable Self-assessed health status

Model (1) Model (2) Model (3) Model (4)

Receipt of public health education 0.385** 0.455* 0.444** 0.482**

(0.073) (0.076) (0.077) 0.081

Gender −0.372** −0.353** −0.349**

0.072 (0.075) 0.075

Education level 0.431** 0.299** 0.302**

(0.046) (0.049) 0.050

Average monthly household income (yuan) 0.353** 0.349**

(0.039) 0.039

Duration of migration (years) −0.216** −0.209**

(0.043) 0.043

Reasons of migration 0.300** −0.296**

(0.056) 0.056

Range of migration −0.118** −0.120**

0.048 0.049

Number of children −0.472** −0.473**

0.089 0.089

Whether participated in medical insurance 0.141**

0.151

Whether established health record locally 0.080

0.069

Whether family doctor service contracted −0.078

0.109

Regional fixed effects Control Control Control Control

Constant term 1.370** 1.687** 3.012** 2.707**

Sample size 5,589 5,589 5,589 5,589

Hosmer-Lemeshow p-value 0.000 0.150 0.181 0.718

R2 0.008 0.071 0.125 0.126

Omnibus test 28.424** 248.284** 444.122** 448.257**

*p < 0.05; **p < 0.01. The results reported by all models are β values, standard error in parentheses.

TABLE 3 Robustness test results.

Variable Model (1) Model (2)

Self-assessed health Illness (injury) or physical discomfort

Receive public health education (at least two) 1.386** 1.513**

0.060 0.066

Other control variables Control Control

Regional fixed effects Control Control

Sample size 5,589 5,589

Likelihood-ratio statistics 7,316.349** 6,533.181**

Pseudo R2 0.092 0.059

Hosmer-Lemeshow p-value 0.737 0.613

Omnibus test 399.960** 236.641**

**p < 0.01. Binary Logistic regression was used for model (1) and model (2). All models reported results as OR values.

Frontiers in PublicHealth 05 frontiersin.org

125

https://doi.org/10.3389/fpubh.2022.993534
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yan et al. 10.3389/fpubh.2022.993534

TABLE 4 Heterogeneity test results.

Variable Gender Region Education level

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)

Subgroup Male Female East area Midwest Junior high school and below High school and above

Public health education 0.364* 0.580** 0.508** 0.445** 0.519** 0.239

Other control variables Control Control Control Control Control Control

Regional fixed effects Control Control – – Control Control

Sample size 3,205 2,384 2,271 3,318 4,260 1,326

**p < 0.01; *p < 0.05.

TABLE 5 Variable error reduction.

Variable Sample Average value Standardized

deviation (%)

Error reduction (%) t-test

Test group Control group t-value p-value

Gender Before matching 1.404 1.442 −7.69% 72.81% −2.827 0.005

After matching 1.42 1.41 2.09% 0.651 0.515

Education level Before matching 1.871 1.839 3.44% −28.26% 1.267 0.205

After matching 1.897 1.856 4.42% 1.375 0.169

Duration of migration Before matching 1.908 1.934 −3.08% 39.13% −1.136 0.256

After matching 1.933 1.917 1.88% 0.585 0.559

Reasons of migration Before matching 1.906 1.902 0.57% −336.04% 0.208 0.835

After matching 1.906 1.89 2.48% 0.772 0.44

Range of migration Before matching 1.827 1.705 15.87% 99.16% 5.84 0

After matching 1.804 1.805 −0.13% −0.042 0.967

Household monthly income Before matching 2.154 2.201 −4.30% 40.67% −1.585 0.113

After matching 2.186 2.158 2.55% 0.795 0.427

Number of children Before matching 1.65 1.676 −5.63% 51.69% −2.064 0.039

After matching 1.654 1.667 −2.72% −0.847 0.397

Participation in health insurance Before matching 0.954 0.931 9.83% 31.43% 3.676 0

After matching 0.948 0.962 −6.74% −2.101 0.036

Establishment of health record Before matching 1.594 1.899 −51.32% 95.34% −18.762 0

After matching 1.694 1.708 −2.39% −0.745 0.456

Contracted family doctor service Before matching 0.283 0.103 46.90% 98.25% 16.66 0

After matching 0.168 0.172 −0.82% −0.256 0.798

TABLE 6 Propensity score matching estimation results.

Matching method Test group Control group ATT effect size Standard error T-value P-value

Nearest neighbor match 0.853 0.799 0.054 0.011 4.812 0

Radius match (0.02) 0.853 0.792 0.061 0.012 5.128 0

ATT, average treatment effect for the treated.

Robustness check

To enhance the research conclusions’ robustness, the

following two methods were used for testing. First, concerning

self-assessed health options: “cannot take care of oneself,

unhealthy but can take care of oneself, basic health,” a

value of 0 was assigned, while for the option “healthy,”

a value of 1 was assigned, with binary logistic regression

used for analysis. Second, we then replaced the explained

variable with “illness (injury) or physical discomfort” as an

objective indicator and again used binary logistic regression

Frontiers in PublicHealth 06 frontiersin.org

126

https://doi.org/10.3389/fpubh.2022.993534
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yan et al. 10.3389/fpubh.2022.993534

for analysis. The robustness test results are shown in

Table 3.

In model (1), we found that in the condition of receiving

public health education, the probability of the older migrant

population being healthy was significantly improved, with the

probability of an increase in health status being 0.386. In model

(2), we found that the probability of improving the health of the

oldermigrant population increased by 0.513 under the condition

of receiving public health education. The above two test methods

showed that the models were robust.

Heterogeneity analysis

To explore the heterogeneity of the impact of receiving

public health education on the health status of different

groups, this study grouped the older migrant population

according to gender, region, and educational level, as shown

in Table 4. Models (1) and (2) showed that receiving public

health education significantly improved the health status of

both older men and women, and its impact on older women

was greater than that on older men. Models (3) and (4)

showed that receiving public health education had the greatest

impact on the health status of the older migrant population

in eastern regions of China. Models (5) and (6) showed

that public health education affected the health status of the

older migrant population differently depending on educational

levels, with a significant effect on those with a low level

of education.

Analysis of endogenous issues

To reduce estimation errors and address potential issues

with endogeneity in the analysis, PSM was used to further

verify the impact of public health education on the health

status. We used nearest neighbor matching and radius

matching. Taking the self-assessed health status of the older

migrant population as the explained variable and using

1:1 nearest neighbor matching, the standardized deviations

of the variables after 1:1 nearest neighbor matching were

lower than that before matching, with most being <10%.

Compared to the results before matching, the standardized

deviations of most variables were greatly reduced, and

the matching results were acceptable. Table 5 presents

detailed results.

The average treatment effect for the treated (ATT)

values are shown in Table 6. Under the two matching

methods, the ATT estimation results were 5.4 and 6.1%,

respectively, and the t-values were 4.812 and 5.128, respectively,

both of which were significant at the 5% level. Further,

public health education increased the probability of better

health status for the older migrant population by 5.4–

6.1%, which was consistent with the estimated results of the

logistic model.

Discussion

Low acceptance rate of public health
education among the older migrant
population

Public health education plays a significant role in

popularizing health knowledge and improving health literacy.

Due to high mobility and unstable housing, the migrant

population faces certain restrictions in receiving public health

education, which generates major challenges for effective health

education and health care management (21). The results of this

study showed that the acceptance rate of public health education

for the migrant population was 40.81%, which was lower than

the overall acceptance rate of health education for the older

migrant population, which was 59.56% (22); this rate was also

lower than the utilization rate of public health education for

the migrant population. The reason for this finding may be

due to a limited health awareness among the older migrant

population and that they are busy with their livelihoods and

other reasons, as proposed by previous scholars (23). Moreover,

the older migrant population are likely to be more affected by

a gradual deterioration in their physiological, psychological,

and cognitive state due to aging, leading to this population

having a low rate of health education. Given the “silver digital

divide,” which refers to the phenomenon where older people

tend to be less adept at using digital technology and information

resources than younger people, it may be that older people do

not have equal access to convenient services for information

transmission, social interaction, and medical care; they may

even be considered excluded (24).

A significant positive impact of public
health education on the health status of
the older migrant population

Results of the logistic model analysis in this study showed

that when other variables were controlled for, public health

education was positively correlated with the health status of the

older migrant population. This result held even after addressing

endogeneity using PSM. Appropriate public health education

is of great significance to ensure the health status of the

older migrant population, as it plays an important role in

popularizing health knowledge, enhancing health literacy, and

advocating healthy lifestyles (25). It can help meet the needs of

the older migrant population concerning their own health and

also improve their utilization of basic public health services. The

older migrant population is affected by multiple factors, such

as old age, mobility issues, poor urban adaptability, and poor

social support, and their health risks are relatively high. Health

literacy is one of the determinants of the health status of the rural

Frontiers in PublicHealth 07 frontiersin.org

127

https://doi.org/10.3389/fpubh.2022.993534
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yan et al. 10.3389/fpubh.2022.993534

older migrant population, and public health education indirectly

affects their health status by affecting their health literacy (26).

Therefore, it is necessary to create public health education

content specifically for the older migrant population in China,

fully consider their characteristics, and apply appropriately

targeted public health education methods.

Di�erences in the impact of public health
education on the health status of the
older migrant population with di�erent
educational levels (the lower the
educational level, the greater the impact)

With increasing levels of diversification and urgency in older

people’s demand for health services (27), the older migrant

population has a greater need to maintain their health (28).

Public health education is an essential way to maintain and

promote the health of older people, especially among those

with low education levels. The regression results showed that

receiving public health education had a positive correlation

with the health status of the older migrant population in

relation to different educational levels; however, the effect was

greater for those with education level of junior high school

and below. The older migrant population generally has a low

level of education. Compared with groups with high school

education and above, their awareness of self-care in life is

relatively weak; therefore, providing public health education

is likely to improve their health status. Such public health

education should focus on the needs and preferences of the older

migrant population, with appropriate targeting given differing

educational and cultural levels.

Greater impact of public health
education on the health status of the
older migrant population in the eastern
region compared with the central and
western regions

More resources have been invested in public health

education in the eastern region on account of the relatively

higher development there of the Chinese economy, and the

older migrant population in that region has more choices to

choose appropriate high-quality public health education. As the

central and western regions are less economically developed,

their basic public health service resource investment has been

relatively small, and the promotion and implementation of

public health education less advanced (29). In addition, as

there are still many older migrant people in the central

and western regions who have limited health awareness, the

utilization rate of public health education in these regions

still lags behind that in eastern China. Thus, it is necessary

to increase investment in health resources in the central

and western regions and take appropriate preferential policy

measures. At the same time, a wide range of methods need

to be used to promote public health education and improve

its utilization rate among the older migrant population in

different regions.

Conclusions

In the context of a rapidly aging population, the older

migrant population in China has undergone major expansion.

The results of this study showed that public health education

plays an important role in improving the health levels of

the older migrant population. Greater attention needs to be

paid to the positive impact of public health education on

the health of the older migrant population. One limitation

of this study was that, when selecting the influencing

factors of public health education on the health of the

older migrant population, this study may have missed other

factors that could be of importance. Future research needs

to consider a wider range of potentially influential factors

when seeking to understand how to improve public health

education utilization and health promotion among the older

migrant population.
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Three Cooperative Extension
initiatives funded to address
Michigan’s opioid crisis

Cheryl L. Eschbach*, Dawn A. Contreras and

Lauren E. Kennedy

Health and Nutrition Institute, Michigan State University Extension, East Lansing, MI, United States

People living with opioid use disorder and those experiencing other types of

substance misuse are part of a public health crisis in the United States.

Rates of opioid misuse, overdose, and opioid-related deaths within

di�erent subpopulations show where prevention e�orts must focus.

Through concerted e�orts, aligned with common goals, a statewide

community-based educational organization (Michigan State University

Extension) has demonstrated ability to acquire multi-year funding from varied

sources of state and federal funds that has produced robust support for

statewide projects and collaborations. Researchers, educators, public health

program managers, and other practitioners can benefit from learning how

three funded initiatives in one state resulted in improved awareness and access

for individuals and healthcare organizations. By sharing our implementation

of health educational programs and presentations, other states’ can adopt

these evidence-based strategies for similar outreach. Cooperative Extension

in Michigan delivers program series and one-time education to the public on

the self-management of chronic conditions and pain, mindfulness for stress

reduction, anger management, and opioid misuse prevention, treatment, and

recovery. These evidence- and research-based health programs implemented

by Extension sta� teach participants common aspects of prevention such as

self-management care, communication skills, self-e�cacy, and goal setting

or personal health action plans. Education aims to reduce dependency on

opioids, prevent opioid misuse and share non-pharmacological solutions

to pain management for those living with chronic conditions or at risk for

developing dependence. The funded initiatives targeted rural residents, older

adults, health care providers, and people living with chronic pain who may

have access to prescription opioids. In addition to direct education, projects

supported local communities with the development of coalitions, including

the training of community partners to become program facilitators thereby

increasing community capacity for prevention programs, and through the

creation of patient referrals from healthcare settings to community-based

education. In rural areas, Cooperative Extension plays a crucial role in

connecting community resources to address healthy aging, and chronic

disease or chronic pain self-management education. Community partners

engaged in public health education and promotion, and healthcare providers

alike may not be aware that Cooperative Extension plays a vital role in

providing community-based health education.

KEYWORDS

community-based education, health extension, healthcare referrals, opioid misuse

prevention, rural
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Introduction

Substance misuse and the resulting harm is a public

health crisis in the United States. State level trends of opioid

misuse, overdose, and opioid-related deaths within different

subpopulations show where prevention efforts should focus.

Prevention efforts are coordinated and intentional activities that

seek to reduce harm to individuals and support the promotion

of healthy behaviors and outcomes (1). Creating strategic

prevention efforts means using assessments, capacity building,

planning and program implementation, as well as evaluation to

conduct culturally sensitive projects with sustainable principles

(1). Community-based education is one way individuals learn

strategies (i.e., knowledge and behaviors) for improving their

health, and when these educational outreach efforts work in

partnership with others in the community, it can improve health

care delivery and ultimately access to healthcare for all (2).

This article documents years of sustained statewide efforts

of a community-based educational organization, operating with

various funding sources to implement concurrent initiatives.

Need for educational programming to address the public health

issue of opioid misuse is presented with a description of

one state’s implementation strategies. Evidence shows how a

community-based educational organization like Cooperative

Extension can assist health care professionals in increasing

awareness of health programs available to patients through

partnerships and referrals. Implications for practice are shared

so that other states may recognize the value of Cooperative

Extension as an effective outreach partner for prevention

strategies (2) and so that other Cooperative Extension systems

nationwide can adapt similar strategies.

Opioid misuse, overdose, and
opioid-related deaths

Over 10 million people misuse prescription opioids each

year in the United States (3). For prevention efforts, community

practitioners are encouraged to use existing state and local

data to prioritize problems for outreach, such as looking at

magnitude, severity, and trends (1). Michigan mirrors the

United States in problems of misuse but is above the national

average for drug overdose deaths. In 2018, Michigan was ranked

12th in the nation for opioid-involved overdose deaths per

100,000 persons (4). During this time, Michigan also ranked

10th nationally for per capita prescribing rates (4). Michigan’s

higher rates of prescribed opioids in circulation contributed to

higher rates of opioid-related overdoses and deaths, highlighting

a need for prevention efforts to address the public health crisis of

opioid misuse. Opioids are prescribed for valid medical reasons

such as the management of chronic pain. Yet, opioids are highly

addictive and can quickly lead tomisuse andOpioid Use Disoder

(OUD), particularly for those already made socially vulnerable

due to their race, ethnicity, gender, age, or other marginalized

identity. Misuse is defined as taking a prescribed opioid

medication but in higher quantities, higher frequencies, or for a

longer than prescribed (5). Misuse also includes taking someone

else’s prescription or using an opioid to feel high (5). The

COVID-19 pandemic has intensified the impact of the opioid

crisis nationally, as well as in Michigan, with data showing

overdose deaths increased and were likely undercounted in

2020 (6). Disturbing racial disparities in opioid-related overdose

deaths show the age-adjusted opioid overdose mortality rate

fell by 16.9 percent for white residents but rose by 0.7 percent

for Black residents (6). Impacts of the COVID-19 pandemic

on the opioid public health crisis are still unfolding, yet recent

data are showing opioid overdose death rates (nationally and in

Michigan) have risen since 2020. Forced isolation, reduced and

limited access to health services, and self-medicating behaviors

have influenced the sharp increase in opioid overdose rates (7).

Data from 12 months prior to April 2021 show increases in

overdose and death rates attributable to illicitly manufactured

synthetic opioids like fentanyl showing up in the opioids supply

and use of psychostimulants such as methamphetamine (7).

Education helps prevent opioid misuse

Data obtained from 11.5 million Americans (8) indicates

that people most report misusing opioids to relieve physical

pain, to feel good or get high, to relax or relieve tension, and

to help with sleep or help with feelings or emotions. Individuals

can learn and practice specific skills they can use to address

their physical pain and stress. Due to the isolation of residents

in rural areas and the lack of access to healthcare providers,

(9) telehealth and distance learning strategies are also needed

to reach underserved, rural residents. Primary care providers

and public health officials often do not have adequate time and

resources for outreach so they can teach patients knowledge or

behaviors to reduce symptoms or promote health literacy and

healthier lifestyles (10). Previous efforts to help people manage

obesity found engagement tools were needed to form clinical and

community connections (10) where physicians make informal

referrals to local resources. Health education strategies support

rural populations with evidence-based prevention programs in

ways that are convenient, inexpensive or offered at no cost, and

easily accessible (2).

Context

This community case study describes implementation

of several evidence-based strategies and funded initiatives

to address the opioid crisis by a statewide educational

health service organization. While many organizations provide
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statewide, community-based educational programming for

adults on such health issues as diabetes prevention (11)

or nutrition education (12), few have delivered wide-spread

prevention education on opioid misuse. This novel case study

shares statewide approaches to address the opioid crisis with

prevention education and other public health management

strategies from a period between 2018 and 2022.

Collectively, strategies from three funded initiatives include

direct health education reaching individuals with community-

based programming, coalition building through organizational

partnerships, leader trainings for community members to

become trained facilitators of evidence-based prevention

programs, and the establishment of referral pathways between

healthcare and health educational programs for patients. This

comprehensive, multi-level, and multi-year approach to opioid

misuse prevention provides evidence to other practitioners

about the effective approaches in planning and implementing

preventative initiatives. Funding, staffing, program delivery, and

outcomes associated with prevention strategies are highlighted

so that others can adopt similar initiatives to achieve

similar outcomes.

Focus on older adults, adults living with
disabilities, and rural residents

In Michigan, direct education efforts for preventing

opioid misuse and overdose rates or death have focused on

subpopulations such as older adults, adults living with physical

disabilities or chronic health conditions, and rural residents.

Opioid prescriptions are often given to older adults and adults

living with disabilities because they more commonly suffer from

chronic pain and chronic conditions (13). Prescription opioids,

combined with physical and emotional pain experienced by

older adults and adults with disabilities or chronic conditions,

can lead to behavioral health issues, such as substance use

disorder (SUD) (13). Risk factors that make older adults and

adults with chronic conditions particularly vulnerable to drug

overdoses include combining opioids with certain other drugs

and/or alcohol, medical conditions that affect drug absorption,

and an age greater than 65 years (14). Research shows adults with

physical disabilities have an almost three times higher risk of

death from opioid overdose than adults without a disability (14).

In 2022, one in every four Michigan residents has a documented

disability (e.g., mobility, cognition, hearing) (15).

Equity issues for black residents and
COVID-19 impacts

Whereas, opioid poisoning mortality rates among white

residents decreased slightly between 2017 and 2018, rates among

Black residents increased by nearly 20 percent (16). Inequitable

access to appropriate treatments for pain management, opioid

use disorder, or other chronic health conditions (17) is further

compounded by a history of framing addiction as a criminal

issue for communities of color, rather than a public health or

medical issue, requiring treatment and care (18). Moreover,

people of color tend to make up a smaller percentage of the

population in rural areas, including in Michigan (19). As a

result, these individuals are often overlooked in prevention

or treatment efforts, further marginalizing them. With the

understanding that racism is found at multiple levels (e.g.,

interpersonal, institutional) within systems (e.g., health care),

even when opioid use disorder and misuse are framed more

accurately as a medical or public health issue, the likelihood of

experiencing differential access or care remains high (20, 21).

Prevention efforts are, therefore, limited by the extent to which

racism is considered as a contributing factor to the opioid crisis

(22). The COVID-19 pandemic presents additional challenges,

increasing the risk for initiating opioid misuse, (23) as well

as interfering with care for those undergoing treatment for

OUD (24). Michigan data shows increases in opioid-related

deaths that may be attributable to the pandemic (23). While the

relationship between opioid misuse and COVID-19 continues to

emerge, both public health crises have disproportionate effects

on Black Americans, warranting prevention approaches that

take equity into account (2, 25).

Michigan’s cooperative extension health
programs as prevention strategies

Cooperative Extension is an outreach unit of land-grant

universities that takes research-based information to the public

through various delivery mechanisms (e.g., direct education,

awareness campaigns, systems changes) (2). Cooperative

Extension has community-based educators who work with

researchers to develop and implement research-informed and

evidence-based programming and resources. In addition to

serving agricultural, entrepreneurial, and youth development (4-

H) audiences, Cooperative Extension is also a community-based

health education organization that responds to shifts in health

priorities and emerging issues (2).

Our state’s Cooperative Extension organization is Michigan

State University (MSU) Extension. MSU Extension’s health

programs teach participants common aspects of prevention

such as self-management strategies, communication skills,

self-efficacy, and goal setting or personal health action

plans. MSU Extension focuses on staff development with

dedication to onboarding best practices (e.g., mentorships,

peer teaching observations) and professional training. MSU

Extension health educators hold graduate degrees, select

programs from a statewide list based on community needs,
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and serve communities as trained facilitators in evidence- and

research-based programs. This organizational structure results

in the implementation of community-based health programs,

locally managed by staff dedicated to geographic programming

districts, which creates statewide coverage. Educators implement

programs in-person and are trained to teach content online.

Training several staff in the same program produces teams of co-

facilitators who can work together to plan in-person and online

implementation of health programs.

MSU Extension staff plan and implement prevention classes

to thousands of residents each year through multi-session,

evidence-based prevention courses and through delivery of

one-time presentations. One-time presentations (called Session

Zero) are a strategy to recruit participants into longer

series. Session Zero prevention classes include information

on alternatives to pain management medication and ways to

prevent opioid misuse (e.g., knowing signs and symptoms,

keeping medications safely stored). Telehealth goals are

achieved with online programming using Zoom technology,

which includes options for telephone and mobile phone app

connections. In Michigan, the history and purpose of the

Cooperative Extension organization coupled with the structure

and function of educator teams organized around key health

outcomes has resulted in three projects with concurrent state

and national funding.

Working with healthcare professionals to
increase awareness of health programs
and referrals to education from primary
care

To assist organizational goals of effective outreach to new

healthcare audiences, MSU Extension collaborated with the

American Medical Association to survey physicians in state

(26). Results suggested a need to increase awareness of MSU

Extension programs. Overall, physicians have positive attitudes

about how educational programs help patients but shared

perceived barriers to making referrals because of their limited

knowledge about programs (26). Results of the survey informed

strategies implemented in Michigan to address the opioid crisis

with education.

One way to lessen the burden on healthcare providers of

developing a referral system is to provide a tool and process

they can use to refer patients to community-based programs.

To achieve this goal, MSU Extension first developed the Rx for

Health Referral Toolkit, which contained a paper referral pad and

instructional guides, to educate providers and create a means for

referrals into MSU Extension health programs. The referral pad

instructed patients to contact their local Cooperative Extension

office by phone or by visiting the office for program information

and enrollment. Implementation of the Rx for Health toolkit

was limited by providers’ reluctance to use a paper referral pad,

(27) justifying the future need for an electronic referral system.

Funding was needed for MSU Extension to pursue an electronic

referral system for patient referrals into health programs.

Details of program implementation

MSU Extension implements different health programs as

direct education to address opioid misuse prevention strategies

or intervention. These programs (offered in-person and online)

are characterized as self-management, mindfulness teaching

with intent on stress reduction, and anger management.

Research- and evidence-based health
education to address the opioid crisis

The Chronic Pain Self-Management Program (CPSMP)

and Chronic Disease Self-Management Program (CDSMP) are

evidence-based program series with documented improved

outcomes related to pain, fatigue, medication adherence, quality

of life, sleep, health distress and communication with healthcare

providers, (28) including among patients with depression and

serious mental illness (29, 30). CDSMP and CPSMP are

evidence-based programs listed on the Centers for Medicare and

Medicaid Services’ Evaluation of Community-based Wellness and

Prevention Programs. CDSMP and CPSMP are 2½-h sessions

taught weekly for 6 weeks. MSU Extension has implemented

CDSMP and CPSMP since 2009 and has four master trainers.

In 2021, MSU Extension began implementing a PATH toolkit

option for participants, which relies on mailing print materials

to them and connecting rural residents by telephone. Stress Less

with Mindfulness (SLM) is a program series that introduces

individuals to a variety of mindfulness techniques and is taught

in five, weekly, 1-h lessons. Documented program outcomes

include increased personal self-awareness of stress symptoms

and use of mindful breathing and mindful movement to calm

the body and mind. SLM is a research-based and practice-tested

program (31). The RELAX: Alternatives to Anger program

helps participants manage anger and stress by developing

communication and problem-solving skills needed for healthy

relationships (32). Through a series of four lessons, participants

learn non-pharmacological approaches to manage psychological

pain and foster healthy, supportive relationships. Key elements

of RELAX include learning what anger is, what triggers anger,

calming down and destressing methods, problem solving,

communication skills and forgiveness (32).

Educational approaches to prevent opioid use and misuse

within Michigan were possible because of external funding

awarded to Cooperative Extension. During times when state

and federal funding allocations for Cooperative Extension

has remained stagnant, competitive awards have created new
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TABLE 1 Characteristics of rural health program participants and outreach audiences for opioid misuse prevention education by funding.

Funding source for initiatives

(years funded)

State opioid response (SOR)

state department of health

and human services

(2018–2021)

SAMHSA rural opioid

technical assistance

(MiSUPER) (2019–2022)

USDA NIFA rural health and

safety education (RHSE)

(2020–2022)

Educational health programs

implemented to address opioid misuse

prevention

Self-management; mindfulness, stress

management series (n= 621)

One-time presentations (n= 408) Self-management; mindfulness, stress

management; anger management series

(n= 1,010)

Characteristics n (%) n (%) n (%)

Gender

Women 513 (84%) 363 (90%) 405 (86%)

Men 98 (16%) 38 (10%) 67 (14%)

Race/ethnicity

Native American 7 (1%) 21 (5%) 22 (5%)

Asian 6 (1%) 4 (<1%) 5 (1%)

Black/African American 47 (8%) 4 (<1%) 23 (5%)

White/ Caucasian 542 (90%) 373 (91%) 421 (89%)

Hispanic/Latinx 7 (1%) 14 (3%) 25 (5%)

Age

55 years and older 621 (100%) 96 (24%) 174 (37%)

Education

High school diploma 16 (10%) 15 (4%) 108 (24%)

Some college 23 (15%) 33 (8%) 82 (19%)

College degree 117 (75%) 359 (88%) 254 (57%)

Lives alone 142 (29%) 38 (11%) 55 (14%)

Lives with others 354 (71%) 322 (89%) 403 (86%)

Demographics are for rural participants determined by self-reported residence ZIP code. MiSUPER project reached 1,458 participants in a 2-year timeframe and 408 evaluation surveys

were returned voluntarily with self-reported demographic information from participants. Race and ethnicity were not mutually exclusive and participants could report all responses

that apply.

opportunities. Initiatives were multi-year projects working

concurrently with funding from the United States Department

of Agriculture’s National Institute for Food and Agriculture

(USDA NIFA), the Substance Abuse and Mental Health Services

Administration (SAMHSA), and Michigan’s Department of

Health and Human Services (MDHHS). Since 2018, MSU

Extension has leveraged these funding sources to rapidly

expand the organization into community behavioral health by

adding capacity for Extension to engage in funded initiatives

and build upon best practices discovered under each funded

project. Each of the projects had a direct education component.

MSU Extension core programming in health education led

us to start these initiatives on opioid misuse prevention

and seek funding to grow or scale up this new area. Local

Extension Educators had monthly meetings for training to

discuss best practices onmarketing, implementation, evaluation,

and progress updates. Table 1 shows the characteristics of

health programs participants and outreach audiences by the

three funding sources. Demographic data of 2,937 participants

is available, however, it is not inclusive of all participants

who completed programming due to the voluntary design

of the evaluations and a measurement focus on rural

audience reach.

Funded initiative 1: State opioid response
2018–2021

In May 2018, the state health and human services

department contacted MSU Extension to provide community-

based substance use disorder prevention education toMichigan’s

adults, aged 55 and older. Of particular focus were older adults

living with physical disabilities that caused chronic pain or a

need for self-management and/or caregiving for assistance in

daily activities. This included adults who may have a valid

prescription for opioids to manage their pain symptoms but

who could benefit from education on the signs and factors

of misuse or addiction. This effort was funded for 3 years

as part of Michigan’s State Opioid Response (SOR) and SOR

Supplemental grants with the state’s primary funding from

SAMHSA. This initiative reached over 3,100 unduplicated older
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adults with education related to non-pharmaceutical approaches

to pain management.

Funded initiative 2: Michigan substance
use prevention, education and recovery
2019–2022

In October 2019, MSU Extension started an effort called

MiSUPER (Michigan Substance Use Prevention, Education

and Recovery). Funded by SAMHSA’s Rural Opioid Technical

Assistance (ROTA) grant program, MiSUPER is a collaborative

project with MSU Extension, the MSU College of Human

Medicine Department of Family Medicine, and the Health

Department of Northwest Michigan. The goal of MiSUPER was

to increase awareness of opioid misuse in rural communities

and share prevention, substance use disorder treatment options,

and recovery support education. Both community members

and healthcare professionals attended trainings designed with

their interests in mind, during which they learned to recognize

signs of misuse and options for professional treatments and

support for those in recovery. The project surpassed outreach

goals in implementing virtual online trainings on opioid misuse

prevention, treatment, and recovery. MiSUPER hosted 45

events in 2 years, reaching 1,458 participants with education.

Demographics are available for 408 individuals living in

rural areas who responded voluntarily to evaluation surveys

(Table 1). The project built upon MSU Extension’s other opioid

misuse prevention educational initiative (SOR) and added new

behavioral health educators to the organization. For the first

time, MSU Extension expanded its focus beyond prevention

education to include treatment options and recovery community

supports in opioid-related education and materials.

Funded initiative 3: USDA NIFA rural
health and safety education 2020–2022

A third funding source for MSU Extension to address opioid

misuse prevention statewide was received in September 2020

from USDA NIFA’s Rural Health and Safety Education (RHSE)

funding program. The project has a multi-level, four-aim

approach to respond to the opioid crisis in rural Michigan. The

first aim works with Communities that Care (CTC) coalitions

in the rural counties of Michigan’s Upper Peninsula to build

awareness, make collaborative plans to implement evidence-

based opioid misuse prevention programs, and explore ways

MSU Extension can work with local coalitions to address racism

that contributes to inequitable opioid misuse outcomes. The

second aim cross-trains recovery coaches and coalitionmembers

to facilitate evidence-based programs locally. The third aim

uses marketing and technology strategies to equip physicians

and mid-level healthcare providers (including care managers in

clinical practices) across rural counties in Michigan to promote

patient referrals into prevention programs.

The USDA NIFA project funded a subscription to Referrals

Plus software, creating an electronic solution to a previously

identified need and supported hiring a half-time program

referral coordinator. The fourth aim was direct education to

implement evidence-based opioid misuse prevention education

programs with residents in all of Michigan’s rural counties

to empower them to use non-pharmacological approaches in

pain management. Based on past successes with the MiSUPER

project, MSU Extension again partnered with the MSU College

of Human Medicine Department of Family Medicine on this

comprehensive approach to leverage content specialty.

Program evaluation plan and tracking
strategy e�ectiveness

This project tracked progress on the following long-

term outcomes: increasing awareness of public health

educational prevention programs in rural communities,

increasing awareness and reach of programs via increased

referrals and enrollment, engaging rural areas by training

instructors, establishing connections between healthcare

providers and MSU Extension’s research- and evidence-

based health programs, increasing knowledge, skills and

healthy behaviors related to preventing or reducing opioid

misuse and increasing awareness of non-pharmaceutical

approaches for pain and chronic disease symptom

management. A program logic model (Table 2) shows collective

inputs, activities, outputs, and outcomes across the three

funded initiatives.

Common activities include creating awareness between

community coalitions and MSU Extension through meetings

and surveys. MSU Extension provides train-the-trainer courses

for community members, such as recovery coaches, to become

trained to deliver and lead prevention and self-management

programs in their communities. Marketing materials promote

awareness and describe the health programs available to

encourage patient referrals to community-based education. The

USDA NIFA funds focused on telehealth have supported MSU

Extension in setting up technology systems and marketing

strategies to create various pathways to receive electronic

patient referrals from primary care providers and family

medicine clinics. Printed brochures highlighting available

programs and how to sign up for free health classes were

mailed to 1,140 family medicine and pain clinics as part of

awareness outreach. An additional 357 clinics were followed-

up with phone calls and individual emails. A lesson learned

was that clinics were not interested in using an additional
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TABLE 2 Logic model for three cooperative extension initiatives funded to address Michigan’s opioid crisis.

Inputs Activities Outputs participation Outputs activities Outcomes

• MSU Extension staff:

Specialists and Educators

• MSU Department of Family

Medicine Faculty

• MSU College of Human

Medicine Family Residency

Program

• Coalitions

• State and federal funding (i.e.,

SAMHSA ROTA, USDA

NIFA RHSE)

• Healthcare providers and

allied health professionals

• Program and training

materials including MSU

Extension developed

curricula for

mindfulness/stress reduction

and anger management (e.g.

RELAX and Stress Less with

Mindfulness), including

master instructor trainings

for both programs

• Existing staff trained in

chronic disease

self-management program

(CDSMP) and chronic pain

CDSMP, including three

master trainers and license

held by MSU to provide

leader trainings

• Project websites hosted

by MSU

Coordinate prevention work

with community coalitions (via

meetings)

Train-the-trainer sessions with

teach back assessments,

background checks, and

observations

Develop healthcare referral

pathways by updating Extension

webpages with available

program series and creating an

electronic referral mechanism

for providers

Provide printed materials and

QR code for referral process to

health care partners

Plan, enroll, implement,

evaluate community-based

prevention education programs

Engagement with rural

coalitions

• Programs marketed as

co-branded and jointly

planned

• Cross-referrals into

prevention programs

• Recovery coaches/coalition

members enroll for instructor

training and stay engaged

Number of providers making

referrals

Program participants

- Adults aged 18+ who enroll

and attend, including

demographics

Attendance by series and

by session

Established model for Health

Extension, including telehealth

strategies, from collaboration

with the family medicine

residency network at MSU

College of Human Medicine

campuses and clinics

Tested effective models for

web-based/ electronic

healthcare referral pathways to

community education

Created models for Extension’s

collaboration with coalitions in

rural areas

Decreased opioid misuse

prevalence and associated

stigma

Improved support of

community peers (e.g., recovery

coaches, coalition members)

Increased health literacy of rural

residents via access to

information about health

promotion activities, such as

self-management programs

Improved collaborative

strategies among an Academic

Health Center, Cooperative

Extension, and local coalitions,

leading to outcomes such as

prevention and reduction of

opioid misuse, including the

promotion of alternatives to

prescribed pain management

Increased awareness of

community needs and public

health educational prevention

opportunities in rural

communities

Increased awareness and reach

of programs via increased

referrals and enrollment

(number of program

participants)

Increased engagement in rural

areas with trained cohort of

instructors

Established connections

between health care providers

and MSU Extension’s research-

and evidence-based programs

Increased knowledge, skills,

healthy behaviors related to

preventing or reducing opioid

misuse

Increased awareness of

non-pharmaceutical approaches

to pain symptoms and chronic

disease management

Situation: Rural Michigan has been impacted by the opioid crisis and would benefit greatly from multi-level, multisectoral community-based interventions. Although MSU Extension has

demonstrated success partnering with healthcare providers to refer patients into evidence-based prevention programs, the mechanism had not yet been adapted for telehealth or distance

education.

External factors include varying broadband access in rural areas; public health pandemic protocols and emergency plans activated; and unexpected changes in program resources or

foundational funding. Assumptions for the logic model include cooperation amongMSUExtension andMSU partners, that community coalitions and persons in recovery will be interested

and participate in training; providers will be willing to attend trainings and will use an external online portal for program referrals; and addressing social and structural determinants of

opioid misuse requires multi-level intervention with multi-sectoral collaboration.

electronic referral system on the server to make referrals,

they preferred ways to provide printed materials to providers

and patients, to make verbal recommendations for the

educational programs, and to have access to a website via

QR code for the patient to follow-up with Extension about

the available programs. In addition to this system change

work, MSU Extension is still engaged in direct education

outreach, much like the SOR project, by implementing and

evaluating four research- and evidence-based health programs

implemented statewide to participants (i.e., chronic disease self-

management, chronic pain self-management, mindfulness and

stress reduction, and anger management programs). Collection

of outcome program evaluation data on direct education efforts

is ongoing.
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Implications for practice

Community-based organizations that are accessible to state

residents in every county provide a network to reach people

with education. Cooperative Extension’s national network,

aligned with land-grant universities, has fiscal-management and

staffing capacity to make meaningful impacts through effective

health education programs. Educational efforts focused on

prevention of opioid misuse and OUD need to be tailored

to healthcare providers and community member audiences.

The MSU College of Human Medicine and MSU Extension

partnership in these funded efforts can serve as a model to

promote health partnerships nationwide between Cooperative

Extension within land-grant universities and academic health

centers or community-based medical schools (33). Partnerships

with Cooperative Extension in any state can contribute toward

the goal and on-going work of reducing inequities in opioid

misuse outcomes for state residents. Most people rely on

their healthcare providers for information on healthy lifestyle

behaviors, such as beginning or maintaining an exercise

program (34). Likewise, physicians identify social needs as

very important to address with patients and they express

a need for connections to community resources (35). This

suggests that healthcare professionals could benefit from more

familiarity with available programs like those offered by

Cooperative Extension.

Intentional programming with Black Americans is needed

in future opioid misuse prevention efforts undertaken by

Cooperative Extension. Our current funding sources from

USDA NIFA limit reach to marginalized groups because of

the focus on rural geography as the target for educational

outreach. If we know people of color tend to be under-

represented in rural areas, then our funding sources need to

recognize value in going beyond ZIP codes or county targets

to identity audiences, and to also include a focus on how

structural racism contributes to differential access to prevention,

treatment, and recovery supports. Within our case study, we

noticed that marginalized audiences were underrepresented

in our educational programming. One possible reason might

have been a mistrust or fear of engaging with an organization

that is associated with a university. To overcome this barrier,

projects may need to partner with entities that have better social

capital with under-represented groups, such as local champions

within the group or venues with a trusted relationship with

the group. Another way we sought to connect with under-

reached minoritized groups was by working through and with

coalitions. A primary step of working with coalitions in rural

areas is determining if these coalitions are already addressing

social determinants of health or considering racism in their work

so that we could identify new opportunities to work together.

Other organizations that have similar outreach projects might

also find that coalitions are not at a state of readiness to engage

in these issues. If this barrier occurs, it is important to pause on

direct programming and build awareness together.

Another reason why certain groups might not have engaged

is a possible stigma associated with the topic of substance

abuse. To overcome this barrier, we used positive messaging

(i.e., “misuse can happen to anyone”; “recovery is possible”) and

stayed away from imagery like pills on ourmedia andmarketing.

We also discussed OUD as a brain disease or chronic condition,

instead of a personal choice or intentional behavior. In our

community case study, we trained participants to use “person-

first language,” so they could reduce stigma in how they talk

about the public crisis with others. It was important in rural

areas to not use fear or punitive-based tactics to encourage

voluntary participation in community education. Instead, we

found in our community case study that a positive approach was

much more effective.

Additional barriers found in this case study were ones

especially relevant to working in rural areas, including

limited access to internet and equipment to participate in

online learning. A technique we used to overcome this

barrier was offering phone-based options for education. A

second barrier to programming in rural areas is limited

transportation for participants. Offering programming

at residential settings and locations where participants

routinely travel helped to overcome this barrier. Example

programming sites included senior centers and residential drug

treatment facilities.

Discussion

All projects demonstrated the value of partnerships to

community-based prevention work. Several partnerships

were key in Cooperative Extension being competitive for

funding and for successful project implementation. The

strongest partnerships included: the state department of

health and human services; the MSU College of Human

Medicine; and existing community coalitions in the state.

Building partnerships required meetings with other MSU

faculty engaged in this academic content area and learning

from and networking with other groups funded to do

similar projects in the same coverage areas, including other

universities and medical schools in the state. A common goal

among partners was to prevent opioid misuse, overdose,

and opioid-related death among Michigan’s residents.

While we had important common outcomes to work on

with partners, engagement of partnerships was also a

deliberate approach in the strategy and one we suggest to

other practitioners.

Sustainability efforts look like securing funding from

different agencies on the same public health topic with intention

to scale up multi-level projects (e.g., individual direct education
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and health care system transformation). A key to sustainability

is an organization’s ability to retain core staff trained in

evidence-based program delivery who can implement project

objectives. Sustainability has also meant investing in electronic

referral software, new staffing, and solid website development

for program promotions, marketing, and program enrollments.

Funding models are expected to change, such as the SAMHSA

ROTA grants becoming regionalized technical centers instead

of state-level projects. Sustainability in our state means being

a partner on multi-state grant applications and creating new

training contracts at the state department level for professional

development to prevention and substance use staff. This change

in funding model makes existing partnerships for Extension

(e.g., College of Human Medicine) more important to have

established. As an iteration of funding, states might consider a

change to technical assistance, instead of a state-level project.

Multi-state funding opportunities force teams to work together

with fewer resources and requires awareness of each other’s

strengths in the same content area. ROTA funding allowed us

to develop an infrastructure for future growth that included: a

partnership with family medicine and a health department; a

robust website and online presence for Extension’s work in this

content area; and standardized and evaluated for effectiveness

community presentations that provided continuing education

credits and professional development for individuals working in

community services.

These three funded initiatives provided MSU Extension

capacity building and growth in addressing behavioral health

in Michigan and positive sustainable effects are expected for

years. Strengthened relationships with healthcare providers, as

well as increased familiarity with prevention programs and

patient referral mechanisms, may lead to years of collaborations

to address the opioid crisis or other public health issues.

MSU Extension’s strategies in these funded projects were to

connect healthcare providers with information on community-

based health programs to refer patients to education. The

electronic menu of programs, patient referral forms and referrals

pathways are embedded in MSU Extension’s website and will

be maintained as resources to broaden outreach to residents

statewide into the future. Lessons learned from educating rural

residents through telehealth and distance learningmodalities are

expected to increase future rural outreach effectiveness for years

to come. In rural areas, Cooperative Extension plays a crucial

role in connecting community resources to address chronic

disease self-management education (36). Healthcare providers

may not be aware that Cooperative Extension also plays a vital

role in providing community-based health education.

Limitations discovered in recent efforts can be framed

as opportunities to expand, scale up, or improve current

programmatic efforts. Future efforts can provide education and

resources for harm reduction approaches and treatment options

(e.g., MOUD); partner with Black families, particularly Black

rural families and other minoritized subpopulations; adopt

an approach that includes a deeper level of engagement

with community members, as well as work alongside

people who use drugs, and those in recovery to strengthen

outreach efforts. Future efforts could focus on documenting

implementation strategies of these community-based projects

funded from different sources working concurrently and

overlay them with published, well-evidenced implementation

strategies from the clinical literature (37, 38). This would

provide a detailed implementation roadmap for other states’

Cooperative Extension systems and their partners to adopt and

integrate research- and evidence-based community behavioral

health programming.
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Background: People with cognitive impairment may be exposed to an

increased risk of comorbidities; however, the clustering of comorbidity

patterns in these patients is unclear.

Objective: To explore the network structure of chronic comorbidity in a U.S.

national sample spanning all 50U.S. states with more than 170,000 participants

reporting perceived cognitive impairment.

Methods: This is a cross-sectional study conducted using Behavioral

Risk Factor Surveillance System (BRFSS) secondary data collected in 2019

and covering 49U.S. states, the District of Columbia, Guam, and the

Commonwealth of Puerto Rico. A total of 15,621 non-institutionalized U.S.

adult participants who reported “yes” to the subjective cognitive impairment

question were considered, of whom 7,045 were men and 8,576 were women.

All participants were aged 45 years or older. A statistical graphical model was

used that included clustering algorithms and factorization of variables in a

multivariate network relationship system [exploratory graphical analysis (EGA)].

Results: The results of the EGA show associations between the comorbid

conditions evaluated. These associations favored the clustering of various

comorbidity patterns. In fact, three patterns of comorbidities have been

identified: (1) arthritis, asthma, respiratory diseases, and depression, (2) obesity,

diabetes, blood pressure high, and blood cholesterol high, and (3) heart attack,

coronary heart disease, stroke, and kidney disease.

Conclusion: These results suggest the development of interdisciplinary

treatment strategies in patients with perceived cognitive impairment, which

could help to design an integrated prevention and management of the

disease and other related health problems, such as Alzheimer’s disease and

related dementias.
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Introduction

Cognitive impairment represents one of the greatest public

health challenges for health systems and society in general

at a global level. This is due to high prevalence rates, which

translates into high health care costs, poorer quality of life,

and economic and emotional burden for both patients and the

medical community and caregivers (1). In the United States,

according to a report published in 2019 by the Centers for

Disease Control and Prevention, the prevalence of subjective

cognitive impairment was 11.1%, equivalent to one in nine

adults (2). The prevalence of cognitive impairment in men is

11.3%, compared to women (10.6%) (2). This could be explained

by the fact that men generally refuse to use health care services

and by the fact that men tend to adopt unhealthy behaviors that

affect disease prevention and treatment (3).

Subjective cognitive impairment is defined as the self-

reported experience of inability to remember (memory loss),

learn new things, concentrate, or make decisions that affect daily

life and constitutes one of the earliest noticeable symptoms of

Alzheimer’s disease and related dementias (ADRD) (1). In fact,

some evidence has reported that approximately one in three

people who present with cognitive impairment based on clinical

diagnoses are likely to develop ADRD within 5 years (4).

Comorbidities, defined as the coexistence of more than

one chronic condition in a person, have a high overall

prevalence (5). Particularly in the United States, comorbidities

represent a public health challenge, constituting a threat to

social and economic life in the country (6). Findings from

a cross-sectional survey conducted by the National Center

for Health Statistics (NCHS) that included 25,417 adults in

2018 reported that 51.8% (129 million) of adults were living

with at least 1 of 10 chronic conditions, while 27.2% (68

million) had multiple chronic conditions (6). Comorbidities

may be connected through various shared factors, such as

genetic, behavioral, or environmental; also, comorbidities may

occur because two conditions (physical or mental) have shared

or overlapping risk factors, or because one condition results

from complications of the other; or because a third condition

causes both conditions (5). However, some comorbidities occur

fortuitously (5). Therefore, the approach and treatment of

comorbidities should focus on why a given pair of disorders

tends to coexist.

The relationship between comorbidities and cognitive

impairment can be viewed from a bidirectional perspective.

On the one hand, people with comorbidities tend to have

a higher risk of mental disability, functional impairment,

premature death, and poor quality of life (7). In addition,

more specifically, comorbidities may lead to an increased

risk of cognitive impairment (8). In fact, findings from

a meta-analysis of 18 risk factors found that nine were

associated with an increased risk of cognitive impairment

(9). On the other hand, cognitive impairment could result

from various risk factors. These factors can be classified

as follows: (a) demographic risk factors, such as advanced

age; (b) cardiovascular risk factors, such as diabetes mellitus,

dyslipidemia, hypertension in middle age, and obesity in middle

age (10); (c) modifiable lifestyle risk factors, such as sedentary

lifestyle, smoking, and substance use (10); (c) genetic factors

related to the apolipoprotein E (APOE) gene, a risk factor

for Alzheimer’s disease and related dementias; and psychiatric

risk factors such as depression, psychological distress, and

sleep disorders (11).

To address and improve the clinical care of patients with

cognitive impairment, it is important to identify comorbid

conditions. In addition, it will be interesting to uncover

whether comorbidities are associated in these patients.

Moreover, identifying and understanding the overall network

of dependencies that underlie complex multimorbidities in

patients with cognitive impairment could provide opportunities

for early intervention and development of drugs and

other therapies for comorbid conditions and prevention

of Alzheimer’s disease and other dementias, particularly relevant

in an aging society such as the United States. In consideration

of this, this study aimed to explore the network structure

of chronic comorbidity in a national U.S. sample spanning

49U.S. states with more than 170,000 participants reporting

cognitive impairment.

Materials and methods

Data source

A cross-sectional design study was conducted using data

from the Behavioral Risk Factor Surveillance System (BRFSS)

2019 survey. For 2019, the state of New Jersey and the U.S.

territory of the Virgin Islands were not included because they

were unable to collect enough data to meet the minimum

inclusion requirements. Furthermore, the other 3 data sets

added (i.e., version 1 + version 2 + version 3) were considered.

The BRFSS -a major national health-related telephone survey

system- is administered and supported by the Centers for

Disease Control and Prevention in the United States (12).

The BRFSS collects data on non-institutionalized U.S. adults

(≥ 18 years) regarding their health-related risk behaviors,

chronic diseases and health conditions, access to health care, and

use of preventive services. Data were obtained from the basic

component and the optional cognitive impairment module. The

basic component contains a set of standard questions that all

States use, inquiring about demographic information, health-

related perceptions, health-related conditions, and health-

related behaviors. The cognitive impairment module targets

residents aged 45 years and older and was developed in 2011

to understand the effect and burden of subjective cognitive

impairment in the population (12).
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Participants who responded to the 2019 BRFSS survey were

eligible for inclusion in this study. The inclusion criteria were

(a) participants residing in those 32 States that implemented

the cognitive impairment model in 2019, (b) residents aged

45 years or older, and (c) those who reported “yes” to the

subjective cognitive impairment question. After using the

inclusion criteria, 15,621 participants were considered for this

study. To arrive at the final sample, the following specifications

were considered: 12,367 of the main data set had the variable

(CIMEMLOS= yes) from 31 states and theDistrict of Columbia.

Two thousand one hundred and eighty-nine from the Version

1 dataset (CIMEMLOS = yes) from 5 states [Iowa, Michigan,

Nebraska, Ohio, Utah]. We had to remove the 309 from Iowa

because they were included in the main data set. Nine hundred

and thirty-five from the version 2 dataset (CIMEMLOS = yes)

from 3 states [Kansas, NY, and Oklahoma] and 439 from the

version 3 dataset (CIMEMLOS= yes) from 1 state [Maryland].

Chronic conditions

Data were collected on chronic conditions, for which

respondents were asked if they had each of the following

conditions: diabetes or high blood sugar, hypertension or high

blood pressure, obesity, depression, high blood cholesterol,

heart attack, coronary heart disease, stroke, asthma, respiratory

diseases, arthritis, and kidney disease. Responses were

dichotomized as follows, yes or no.

Sociodemographic characteristics

Sociodemographic variables in the study included age in

years (45–59, 60–69, 70–79, and 80+), education level (≥

Bachelor’s degree, College, technical school, and≤High school),

employment, income range (< $15,000, $15,000–$50,000, and

≥$50,000), and race (White non-Hispanic, African American,

Hispanic, and Other).

Ethical considerations

The protocol for this study was reviewed and approved

by the Research Ethics Committee of the Universidad Peruana

Unión. However, the fact that the study included a secondary

analysis using an open access database, therefore, the Ethics

Committee waived informed consent.

Statistical analysis

We considered analyzing the psychometric network model

called exploratory graph analysis (EGA), through triangulated

maximally filtered graph (TMFG), also called EGAtmfg, where

the correlations are structurally adjusted (13). This method

connects the four variables with the highest partial correlations

and then adds up all other variables, one by one, in an iterative

manner and runs, from this point, the sum of the highest partial

correlations of the three variables whose nodes are included

in the network. Through this process, a cluster analysis can

be performed, which were detected with the Leiden algorithm,

which is a modification of the Louvain algorithm for the

detection of communities, with greater speed and accuracy in

detecting them (14). In the network, it can be visualized that the

strength of the connection represents the strength of the unique

association between two variables in the network.

The “EGAnet” package developed by Golino and Epskamp

was used (15). The package is available in the R environment

(R Core Team, 2019: R Foundation for Statistical Computing,

Vienna, Austria; http://www.R-project.org). The network

method considers the TMFG procedure with cluster selection

using the Leiden/Louvain algorithm mentioned above, which

is used as an option in the “EGAnet” package. In performing

this analysis, the graphical model, the weights of the edges, and

the clusters of the comorbidities were calculated. The weights

matrix can be obtained with the “EGA.estimate” function. After

this first result, the “bootEGA” function was used to obtain the

estimated network structure based on the bootstrap method,

under the same parameters with 200 permutations. Both models

were calculated under the “cor_auto” argument, structured

based on Lavaan’s lavCor function (16). In this way, a correlation

matrix based on Pearson-type correlations is calculated. This

argument eliminates all factors and looks for possible ordinal

variables, so ranked if it is ordered or consists of a maximum of

7 unique integer values. Then, an additional check is performed

to see if the correlation matrix is positive definite.

After obtaining the bootstrap model, the factor loadings,

called standardized node strengths, were calculated using the

“net.loads” function. The function “dimensionStability” was

used to examine the structural consistency of the predicted

network model and the stability of the extracted clusters, to

individually evaluate the consistency of the elements in the

clusters, the function “itemStability” was used.

Subsequently, we identified which nodes are most important

to the network using the node strength centrality metric (the

strength with which a node is directly connected to other

nodes, based on the absolute sum of edge weights) using the

centralityPlot function of the R package qgraph. EGA offers

an advantage over traditional factorial methods such as parallel

analysis or the Kaiser criterion, especially in models with

unbalanced structures, low factor loadings, binary data, and

large sample sizes such as those used in the present study (13).

Finally, two entropic fit indexes were analyzed with the

“entropyFit” and “tefi” functions: Entropy Fit index with von

Neumann Entropy (EFI.vn), Total EFI with von Neumann

Entropy (TEFI.vn), in which, in addition to Shannon entropy,

Frontiers in PublicHealth 03 frontiersin.org

144

https://doi.org/10.3389/fpubh.2022.981944
http://www.R-project.org
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ramos-Vera et al. 10.3389/fpubh.2022.981944

quantum information metrics are used, through the correlation

matrix (17); such values are more accurate when latent factors

are identified. Low values, close to zero, in the EFIs indicate less

disorder (or uncertainty) in the system of variables (13).

Results

The largest proportion (39.8%) of the participants were

between 45 and 59 years of age. Female and Non-Hispanic

white respondents accounted for 54.9 and 73.9% of the sample,

respectively. Slightly more than one third (39.6%) of the

participants were unemployed and those reporting household

incomes <$15,000 were 20.7%. Only 18.7% were college

students. The proportion of participants reporting perceived

cognitive impairment and presenting with arthritis, high blood

pressure, high blood cholesterol, depression, obesity, and

diabetes were 62.6, 61.9, 53.0, 43.1, 36.9, and 27.5%, respectively

(see Table 1).

The results of the EGA show that the network presents

3 patterns of latent comorbidity, that is to say that chronic

conditions are grouped into 3 factors (Figure 1). The first

pattern was composed of 4 comorbidities (arthritis, asthma,

respiratory diseases, and depression). The second pattern of

latent comorbidity included the diagnoses of obesity, diabetes,

high blood pressure, and high blood cholesterol. The last factor

grouped 4 conditions (heart attack, coronary heart disease,

stroke, and kidney disease).

The model obtained after applying 200 parametric bootstrap

samples obtained better statistics (better fit) than the basemodel,

which is shown in Figure 1. The triangulated relationships

between comorbidities of the same factor of greater magnitude

were between heart attack and coronary heart disease (0.69),

asthma and respiratory disease (0.49), blood pressure high

and blood cholesterol high (0.43), diabetes and high blood

pressure (0.41), heart attack and stroke (0.39). The largest

associations between comorbidities of different latent groupings

were between high blood pressure and coronary heart disease

(0.35), high blood pressure and coronary heart disease (0.33),

coronary heart disease and respiratory diseases (0.31).

The assignment of items (comorbidities) and network

loadings are listed in Table 2. Centrality estimates (Figure 2)

in the network show that coronary heart disease (item 8) and

heart attack (item 7) were more central in the network, i.e.,

they presented a greater number and magnitude of connections.

While the conditions with lower magnitudes of centrality were

obesity (item 1) and arthritis (item 2).

In the result of the clustering using the Louvain algorithm,

the 3 identified factors can be observed, with their respective

loadings (Table 3) and stabilities (Figure 3) in their grouped

dimension, item 4 (kidney disease) can be identified as the most

entropic of all (0.78) being below the absolute 1. Regarding the

structural consistency of the clusters, these obtained values of

TABLE 1 Sociodemographic characteristics and chronic conditions of

the participants of the participants (n = 15,621).

Characteristics N %

Age

45–59 6,217 39.8

60–69 4,233 27.1

70–79 3,015 19.3

80+ 2,156 13.8

Sex

Male 7,045 45.1

Female 8,576 54.9

Ethnicity

Non-Hispanic white 11,544 73.9

Non-Hispanic black 1,875 12.0

Hispanic 1,343 8.6

Other 859 5.5

Employment status

Employed 3,827 24.5

Unemployed 6,186 39.6

Retired 5,608 35.9

Income

<$15,000 3,234 20.7

$15,000– <$50,000 7,873 50.4

≥$50,000 4,514 28.9

Education

Lower school grade 3,343 21.4

High school graduate 5,077 32.5

Some higher education 4,280 27.4

University or higher 2,921 18.7

Condicion cronic

Arthritis 9,775 62.6

Asthma 2,964 19.0

Respiratory diseases 3,603 23.1

Depression 6,739 43.1

Obesity 5,768 36.9

Diabetes 4,302 27.5

High blood pressure 9,681 61.9

High blood cholesterol 8,283 53.0

Heart attack 2,161 13.8

Coronary heart disease 2,573 16.4

Stroke 2,169 13.9

Kidney disease 1,443 9.2

1, except for the third cluster, which obtained (0.79), while, in

the general stability, cluster 1 obtained a lower value (0.95).

Concerning the entropic adjustment indexes, EFI=−1.21; TEFI

=−7.15, being close to 0, these can be considered acceptable for

the model found.

Upon inspection of the network loadings (Table 3), items

7 (heart attack), 8 (coronary heart disease), and 9 (asthma)
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FIGURE 1

EGA of comorbidity patterns with bootstrap (nboot = 200)

(right). The greater the thickness of the connections, the greater

the magnitude of the statistical relationships. The thickness of

the line is equivalent to the magnitude of the ratio. (1) Arthritis,

(2) Obesity, (3) Diabetes, (4) Kidney disease, (5) High blood

pressure, (6) High blood cholesterol, (7) Heart attack, (8)

Coronary heart disease, (9) Asthma, (10) Stroke, (11) Respiratory

diseases, (12) Depression.

TABLE 2 Grouping of comorbidities according to the EGA.

Chronic condition Factor

Arthritis (1) 1

Asthma (9) 1

Respiratory diseases (11) 1

Depression (12) 1

Obesity (2) 2

Diabetes (3) 2

High blood pressure (5) 2

High blood cholesterol (6) 2

Heart attack (7) 3

Coronary heart disease (8) 3

Stroke (10) 3

Kidney disease (4) 3

The EGA refers to 3 patterns of latent comorbidity.

report higher factorial complexity since they report higher factor

loadings in two dimensions. In addition, coronary heart disease,

heart attack, and kidney disease have loadings >10 on all

three comorbidity dimensions. It should be noted that network

loadings tend to be lower than factor loadings since it uses a

covariance of partial relationships, therefore low values should

not be interpreted as weak loadings.

With respect to the structural consistency of the clusters

(see Table 4), these obtained values of 1, except for the third

cluster, which obtained (0.79), while, in the general stability,

cluster 1 obtained a lower value (0.95). Finally, as for the entropic

adjustment indexes, EFI.vn = −1.21; TEFI.vn = −7.15, being

close to 0 can be considered acceptable for the model found.

FIGURE 2

Centrality indexes of chronic conditions. Centrality refers to the

measure with the highest number of connections together with

the sum of the relationships it presents. Numbers refer to a

chronic condition identified in Table 3. (1) Arthritis, (2) Obesity,

(3) Diabetes, (4) Kidney disease, (5) High blood pressure, (6) High

blood cholesterol, (7) Heart attack, (8) Coronary heart disease,

(9) Asthma, (10) Stroke, (11) Respiratory diseases, (12)

Depression.

TABLE 3 Loads of chronic conditions in clusters in the EGA.

Cluster 1 Cluster 3 Cluster 2

Arthritis (1) 0.231 0 0

Asthma (9) 0.461 0 0.082

Respiratory diseases (11) 0.429 0 0.274

Depression (12) 0.394 0 0.040

Obesity (2) 0 0.313 0

Diabetes (3) 0.027 0.439 0.295

High blood cholesterol (5) 0 0.458 0.344

High blood cholesterol (6) 0 0.377 0.128

Heart attack (7) 0.141 0.227 0.491

Coronary heart disease (8) 0.241 0.394 0.470

Stroke (10) 0 0.102 0.264

Kidney disease (4) 0.198 0.123 0.212

Bold represent the highest loadings on each factor identified in the EGA.

Discussion

The findings of this study support the evidence that

comorbidities are the norm rather than the exception among

persons with perceived cognitive impairment. The presence
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FIGURE 3

Empirical communities of the 12 chronic conditions of the EGA. The nodes represent each replication of the item (comorbidity) in the original

dimension specified by the EGA. (1) Arthritis, (2) Obesity, (3) Diabetes, (4) Kidney disease, (5) High blood pressure, (6) High blood cholesterol, (7)

Heart attack, (8) Coronary heart disease, (9) Asthma, (10) Stroke, (11) Respiratory diseases, (12) Depression.

TABLE 4 Internal consistency of the EGA.

Cluster Cluster structural Average item

consistency stability

1 1 0.95

2 1 1

3 0.79 1

of comorbidities may lead to an increased risk of cognitive

impairment (8). There is a need to address and improve

the clinical care of patients reporting perceived cognitive

impairment, taking into account the identification of comorbid

conditions, as well as the relationships between them, because

this could provide opportunities for early intervention,

development of drugs and other therapies for comorbid

conditions, and prevention of Alzheimer’s disease and other

dementias particularly relevant in U.S. society. Therefore,

this study aimed to explore the network structure of chronic

comorbidity in a US national sample (BRFSS) that included

participants who reported perceived cognitive impairment.

In the present study, we have evidenced three patterns of

comorbidities in patients with perceived cognitive impairment.

The first pattern consisted of chronic conditions, such as

arthritis, asthma, respiratory diseases, and depression. Cross-

sectional studies that conducted factor analyses and multivariate

relationship network models in the United States and Europe

reported clusters that include these chronic conditions (18, 19).

The second comorbidity pattern integrated obesity, diabetes,

high blood pressure, and high blood cholesterol. Similarly, in a

study in which exploratory factor analysis was used to identify

clusters of multimorbid chronic conditions that do not occur at

random, similar patterns have been identified (20). The latter

pattern included diseases, such as heart attack, coronary heart

disease, stroke, and kidney disease. The latter pattern has been

reported more frequently in several similar studies (21, 22).

In addition, shared latent network loadings of coronary

heart disease (higher network centrality) with the first two

dimensions of comorbidity have been reported, which may

indicate an underlying link between such conditions and

their relationship with cognitive impairment. While diabetes,

hypertension, and respiratory diseases presented cross-network

loadings with the third latent factor [cardiovascular (CVD)

and renal diseases]. Another investigation that considered older

adults with neurological problems in the United Kingdom

reported a cardiovascular comorbidity group with a higher

prevalence that included such conditions (23). In addition,

another investigation conducted in the Chinese population

using the factor analysis method to group comorbidity patterns

reported that diabetes and hypertension share a common

underlying cause with CVD and cerebrovascular disease (24),

such non-communicable diseases guide certain comorbidity

pathways in the systemic representation of multimorbidity in

American adults with perceived cognitive impairment.

Pattern 1: Arthritis, asthma, respiratory
diseases, and depression

Arthritis is a chronic autoimmune inflammatory disease that

leads to progressive joint damage and is associated with vascular,
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metabolic, and psychological comorbidities (25). Arthritis is

considered to represent a major global public health challenge,

as its overall prevalence and incidence rates are increasing

worldwide at a rapid pace (25). Pulmonary conditions (asthma

and other respiratory diseases) are common in patients with

arthritis and affect all components of the lung (26). This could

be due to several risk factors, such as older age, male sex, tobacco

use, and elevated levels of antibodies to citrullinated peptide

antigens (ACPA) (27). In fact, it has been evidenced that tobacco

exposure is capable of promoting citrullination of proteins at the

lung level (28). It is suggested that blood ACPA levels are highly

associated with arthritis in patients with lung disease (26).

On the other hand, the coexistence between arthritis

and depression is evident. In fact, it has been reported that

13–20% of patients with rheumatoid arthritis may present

comorbid depressive symptoms (29). Also, two recent large

studies in the U.S. population have reported an increased

risk of depression among patients with rheumatoid arthritis,

osteoarthritis, systemic lupus erythematosus, gout, and psoriatic

arthritis, compared to those without these conditions (30, 31).

Arthritis patients may be a high-risk group requiring special

attention for the prevention and management of depression.

Additionally, this first pattern included pulmonary

conditions and depression. This association has been described

in several studies in which the impact of depression on

respiratory diseases, including asthma and COPD, was

established (32). These chronic conditions are highly prevalent

worldwide and in the U.S. population in particular, representing

a social and economic burden on the public health system

(33). Depressive symptomatology is prevalent in patients

diagnosed with respiratory diseases and represents a challenge

for treatment and management (34). In addition, the presence

of depression in patients with respiratory disease is associated

with higher rates of mortality, disease exacerbation, length of

hospital stay, and lower quality of life and functional status (35).

One study showed that 43% of the increased risk of developing

asthma among adults was due to the presence of depression

(36). The results of a cross-sectional survey of 18,588 adults

in the United States showed that depression was common

among those with COPD; furthermore, they reported that it is

more likely to occur in COPD than in other common chronic

diseases (37).

In the current study, more than half (62.6%) of the

participants were found to have arthritis. Arthritis may go

along with cognitive impairment (38). Findings from a study

of U.S. subjects showed that the proportion of participants

with arthritis who presented with cognitive impairment ranged

from 8 to 29% (39). The pathophysiological pathways of these

pathologies in cognitive impairment are complex and could be

explained by common risk factors, response to symptomatology,

and biochemical alterations. For example, arthritis, as a

chronic inflammatory disease, can increase the expression

of major proinflammatory cytokines, such as tumor necrosis

factor-α, interleukin-6 and interleukin-1β , which, through

the brain, affect pathophysiological and neurotransmitter

functions relevant to depression (40). Moreover, the pain and

fatigue common in arthritis can cause and worsen depression

(41). On the other hand, some mechanisms underlying the

association between asthma and respiratory diseases with

cognitive impairment have been suggested. Prominent among

these mechanisms are the fact that asthma causes aberrations

of synaptic tissues and blood vessels, elevated levels of hypoxia-

inducible factor-1alpha (HIF-1α) and hypoxia-induced factor-

2α (HIF-2α) (42). Based on this phenomenon, it is suggested

that asthma may cause oxygen deprivation and eventually lead

to cognitive impairment (42). These findings imply that, during

clinical evaluations of cognitive impairment, patients with this

pathology should also be evaluated to detect diseases, such as

arthritis, asthma, respiratory diseases, and depression; although

it is not a standard practice in the clinical evaluation of perceived

cognitive impairment.

Pattern 2: Obesity, diabetes, high blood
pressure, and high blood cholesterol

The association of these comorbidities has been known

for several decades and they have been defined as “metabolic

syndrome” since the 1980s (43). Despite the lack of consensus on

the definition, the metabolic syndrome is considered a set of risk

factors, such as hypertension, central obesity, insulin resistance

(a precursor of diabetes), and atherogenic dyslipidemia, which

together increase the probability of presenting several chronic

conditions, such as atherosclerotic cardiovascular disease, type 2

diabetes mellitus, and vascular and neurological complications,

such as stroke (44). Metabolic syndrome, as a cardio metabolic

risk factor, is highly prevalent among adult populations and has

high costs for public health systems worldwide, particularly in

the United States (44).

The origin of the metabolic syndrome is complex and

multifaceted, and has not yet been fully elucidated; however, it

has been suggested that visceral adiposity represents a major

trigger for most of the pathophysiological pathways involved

in the metabolic syndrome, which confirms the implication of

high caloric intake as a major causal factor (45). Furthermore,

it is important to mention that all proposed mechanistic

factors, such as insulin resistance, neurohormonal activation,

and chronic inflammation appear to be major contributors to

the onset and progression of the metabolic syndrome and its

subsequent transition to CVD and type 2 diabetes mellitus

(46). The importance of environmental and lifestyle factors,

such as excessive consumption of high-calorie dense foods and

lack of regular physical activity, has also been emphasized

and may play a fundamental role in its development (46,

47). Therefore, lifestyle improvements, particularly in physical
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activity and the adoption of dietary patterns that include

fruits and vegetables, legumes, nuts, whole grains, protein,

and high quality fats from fish and seafood, as well as a

limited intake of refined carbohydrates, sodium, and saturated

fatty acids can be considered as one of the main therapeutic

strategies for the prevention, treatment, and management of

metabolic syndrome.

On the other hand, it was shown that cognitive impairment

is also associated with metabolic syndrome (48). In fact, CVD

and cerebrovascular disease may share underlying mechanisms

and risk factors (49). This could be explained by the fact that

chronic metabolic damage may contribute to the appreciation

of atherosclerosis in the small blood vessels of the brain, which

results in white matter damage and cognitive dysfunction. One

of the main causes of cognitive impairment is the permanence

of cognitive deficits and dementia, also known as “vascular

cognitive impairment” due to cerebrovascular disease (50).

In addition, substantial evidence has suggested that vascular

risk factors may lead to sporadic Alzheimer’s disease (50).

Therefore, beyond the direct negative impact of the metabolic

syndrome on the vascular system, increasing the risk of major

cardiovascular events and type 2 diabetes mellitus, there

appears to be an underlying pathophysiological association

with neurodegenerative disorders, particularly cognitive

impairment (48).

Pattern 3: Heart attack, coronary heart
disease, stroke, and kidney disease

CVD includes a number of cardiac conditions including (a)

coronary heart disease, either angina or heart attack, (b) stroke,

which is caused by a blockage of a blood clot (known as ischemic

stroke) or the rupture of a blood vessel and bleeding (known as

hemorrhagic stroke), and (c) peripheral vascular disease which

refers to the obstruction of the large blood vessels that supply

blood to the arms and legs (51).

Inflammation, insulin resistance, lipids and fatty acids,

hemostasis/fibrinolysis, oxidative damage, and stress, and

the role of endothelial cells, among other factors have been

proposed as key pathways in the initial development and

progression of CVD (52). Most of these pathophysiological

pathways are important not only in CVD, but also in

other chronic inflammatory diseases, such as type 2

diabetes mellitus, renal disease, and respiratory diseases

(52). Therefore, these common pathways are of particular

interest in examining the full spectrum of these chronic

diseases, from onset through progression to clinical

stages. They can also help define the potential elevated

risk for heart disease in patients with other inflammatory

pathologies, as biomarkers are a powerful tool to diagnose,

detect, or provide prognostic information for pathological

conditions (53).

On the other hand, such CVD is also closely related to an

unhealthy lifestyle and a variety of modifiable behaviors, such

as tobacco use, sleep duration, physical activity, and diet (54).

Results from a large U.S. cohort have demonstrated additional

benefits of maintaining healthy lifestyle behaviors to decrease

the risk of CVD (55). Similarly, there is growing evidence to

suggest that spending more time sitting during work and leisure

time, as well as having inadequate sleep (spending too much

or too little time sleeping), are also important predictors of all-

cause mortality and CVD (56). Therefore, healthy behaviors

including being physically active, not smoking, and maintaining

a healthy weight, getting adequate rest, and eating a healthy diet

are important in achieving CVD prevention (54).

Likewise, this pattern evidenced the clustering of CVD

with kidney disease. Heart disease is a risk factor for kidney

disease (57). Moreover, the relationship between the two chronic

conditions is bidirectional, as kidney disease can also cause

CVD (52, 57). In particular, remodeling of the myocardium and

blood vessels can lead to various cardiovascular complications,

such as cardiomyopathy, atherosclerosis, arterial stiffness,

calcification and subsequent ischemic heart disease, heart

failure, cerebrovascular and cardiovascular death in patients

with chronic kidney disease (58). On the other hand, CVD,

especially those involving a systemic inflammatory process,

such as atherosclerosis, continue to be the main cause of

morbidity and mortality in patients with chronic kidney disease.

Furthermore, heart disease is one of the most common causes of

death among people undergoing dialysis (59). Several theories

have been proposed to explain the implications of CVD in

kidney disease, including the fact that kidney disease itself

represents an independent risk factor for CVD (60). In addition,

it is associated with higher rates of traditional and non-

traditional CVD risk factors (60). As well, factors such as

estimated glomerular filtration rate, albuminuria, and even

microalbuminuria without a decrease in renal function, are

associated with an increased prevalence of CVD risk (59).

CVD, especially coronary heart disease, represents one of

the main modifiable risk factors for dementia or cognitive

impairment (61). Substantial evidence shows a relationship

between other types of CVD, such as atrial fibrillation with

cognitive impairment or risk of dementia (8). In fact, the results

of a meta-analysis of 7 prospective studies reported that people

with atrial fibrillation had a 36% higher risk of developing

cognitive impairment or dementia (62).

Clinical and public health implications

The present study has improved and broadened our

understanding of the fact that diseases are associated with each

other and the importance of not considering them as a series

of isolated conditions. The findings of this research can be used

to guide physicians, in particular, and health professionals, in
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general, in determining and assessing comorbid risk in patients

with cognitive impairment, prioritizing a general intervention

and prevention strategy at the individual level. In addition, the

study can be used to favor the formulation and implementation

of policies and strategies to identify people with cognitive

impairment at high risk of metabolic syndrome, CVD, to favor

timely interventions focusing on shared modifiable risk factors,

such as obesity, hypercholesterolemia, hypertension, smoking,

physical inactivity, inadequate dietary patterns, sleep duration,

among others.

Limitations

Our study has some limitations. This is a study with a

cross-sectional approach that does not allow causal inference

of the associations found between chronic conditions with

comorbidities patterns; therefore, interpretation of the findings

should be made with concern. On the other hand, all diseases

were self-reported, it is possible that the datamay not be accurate

due to recall bias; therefore, future research should be based

on clinical cognitive diagnoses or medical record analysis of

cognitive impairment and comorbid conditions performed by

a specialist physician based on medical care to minimize bias.

However, despite these limitations, we believe that the findings

broaden and provide insight into the combination of comorbid

conditions, because the type and number of chronic conditions

have not been limited as a criterion for grouping patterns.

Conclusion

In the present cross-sectional study, associations between

chronic conditions were found to exist. Such associations

favored the clustering of various comorbidity patterns. In

fact, three patterns of comorbidities have been identified:

(1) arthritis, asthma, respiratory diseases, and depression, (2)

obesity, diabetes, blood pressure high, and blood cholesterol

high, and (3) heart attack, coronary heart disease, stroke, and

kidney disease. Based on these results, the development of

interdisciplinary treatment strategies in patients with perceived

cognitive impairment is suggested, which could help to design

an integrated prevention and management of the disease and

other related health problems such as Alzheimer’s disease and

related dementias.
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Aims: Potentially inappropriate medications had been found associated with

adverse drug events such as falls, emergency department admissions and

hospital readmissions. There is lack of information about the prevalence of

potentially inappropriate medications and associated chronic conditions in

older patients with diabetes in China. This study aimed to assess the prevalence

of potentially inappropriate medications in older adults with diabetes in

an outpatient visitation setting and the association with polypharmacy due

to comorbidities.

Materials and methods: This was a 3-year repeated cross-sectional

study which conducted in outpatient setting of 52 hospitals in Shenzhen,

China, using 2019 Beers criteria. The prevalence of potentially inappropriate

medications, polypharmacy and comorbidities in older adults with diabetes in

an outpatient settingwas expressed as percentages. Logisticmodels were used

to investigate the association between potentially inappropriate medication

exposure and age, sex, polypharmacy and comorbidities.

Results: Among the 28,484 older adults with diabetes in 2015, 31,757 in 2016

and 24,675 in 2017, the prevalence of potentially inappropriate medications

was 43.2%, 44.88% and 42.40%, respectively. The top five potentially

inappropriate medications were diuretics (20.56%), benzodiazepines (13.85%),

androgens (13.18%), non-steroidal anti-inflammatory drugs (12.94%) and

sulfonylureas (6.23%). After adjustment for age and polypharmacy, the

probability of potentially inappropriate medication exposure was associated

with chronic gastrointestinal diseases, followed by osteoarthritis and

rheumatoid arthritis, chronic pulmonary disease, chronic kidney disease,

tumor, dementia, chronic liver disease, hypertension, cardiovascular disease,

cerebrovascular disease and hyperlipemia.

Conclusion: Potentially inappropriate medications were common in older

patients with diabetes in an outpatient visitation setting. Higher probability
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of potentially inappropriate medication exposure was associated with the

comorbidity chronic gastrointestinal diseases as well as osteoarthritis and

rheumatoid arthritis. To ensure that iatrogenic risks remain minimal for older

adults with diabetes, the clinical comorbidities should be considered.

KEYWORDS

potentially inappropriate medication (PIM), polypharmacy, elder, diabetes,

prevalence, comorbidity

Introduction

Potentially inappropriate medications (PIMs) among older

adults are considered drugs that should be avoided because the

risks to older adults outweigh the intended benefits for this

population; drugs with insufficient evidence of their benefits

when safer and equally or more effective medications are

available; drugs that are used at irrational doses or duration;

and drugs with high risk for drug–disease interactions (1).

Several assessment tools have been compared in detecting PIMs

(1–4). Determinants did not appear to significantly differ in

accordance with the criteria used for classifying PIMs, except

when criteria were limited to a subclass of drugs such as

psychotropic drugs (5).

The Beers criteria have been the most frequently used to

identify PIM use in older adults, ranging from 3.6 to 92.0%

in health facilities and departments such as nursing homes,

residential care facilities, inpatient departments and emergency

departments of hospitals (5). A meta-analysis of observational

papers published between 2002 and 2019 estimated the pooled

prevalence of PIMs in people aged 65 or older in primary care at

33.3%, ranging from 35.9 to 59.2% in high-prevalence countries

(United Kingdom, Belgium, Australia and New Zealand) and

from 23.2 to 29.9% in low-prevalence countries (United States,

Canada and The Netherlands) (6). Also, PIMs may account

for 7.7% of hospital admissions (associated with older adults

in primary care), 10.2% of adverse drug events, 15.0% of

functional decline and 17.3% of emergency room visits; when

PIM prevalence was 50% lower than present, these could be

prevented (37 hospital admissions, 48 adverse drug events, 69

cases of functional decline and 79 emergency room visits per

1,000 events of each adverse outcome experienced by older

patients in primary care) (6).

However, most studies have focused on quality enabling

factors of PIM use, such as medical facilities at different levels,

socioeconomic status, race/ethnicity, education, social supports,

insurance and continuity of care, which cannot be easily

altered, or inherently modifiable factors such as age, sex and

geographic region. Many of these factors were not consistently

significant in different healthcare systems (5, 7). Only the

number of medications, which was strongly correlated with

chronic conditions, physical and mental health and functional

status, was the most consistent determinant of PIMs use (5).

The association between number of drugs and PIMs used is

probably confounded by the number and types of comorbidities

(7, 8). Few studies have investigated the role of PIMs in

polypharmacy due to comorbidities, which could be easily

discussed or even reduced in medical practice (7). Additionally,

most of these studies assessing PIMs prescribing was conducted

outside China, with implications for particular healthcare

systems.

Population aging and the increasing prevalence of diabetes

are a healthcare challenge in China. The 7th national population

census in 2020 in China revealed that China had entered

an aging society, with 190 million Chinese aged ≥ 65 years,

accounting for 13.5% of total population (9). The latest research

of the global and regional prevalence of diabetes in older adults

(aged 65-99 years) conducted in 2019 indicated that about

35.5 million older adults have diabetes in China, representing

one quarter of the world’s diabetes patients and the highest

prevalence in the world (10). A national cross-sectional study

covering 31 provinces in mainland China in 2017 showed

that the prevalence of diabetes was 28.8% in adults aged

60-69 years and 31.8% in those ≥ 70 years (11). Older adults

with diabetes frequently have multiple chronic diseases, high

risk of hypoglycemia and poor self-management ability, which

requires specificity in prescription (12). Appropriate treatment

for multi-comorbidities often requires multiple medications

because clinicians are guided by clinical practice guidelines

for each chronic condition (13–16). Miller et al. found that

the risk of PIM exposure increased by 5.2% for each drug

added to the list of medications for older adults (7). Adverse

drug events in older adults caused by PIMs and polypharmacy

may be associated with falls, fractures, constipation, emergency

department admissions, hospital readmissions, and all-cause

mortality (17–20), which have become a significant public health

challenge.

Several surveys conducted in different health care settings

showed that older adults with diabetes were the most commonly

exposed to PIMs (5, 17, 21–23). Studies found that 24.9, 56.1, and

39.9% of older adults with diabetes had at least one PIM in The

Netherlands, Canada and United States, respectively (22, 24, 25).

A previous retrospective cohort analysis conducted in Beijing,

which included 506,214 older adults in outpatient settings,
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found a prevalence of PIM of 38.07% (17), but knowledge of

the prevalence of PIMs in older people with diabetes is lacking

in China. Hence, studies of the association between PIMs and

polypharmacy due to comorbidities in older adults with diabetes

in outpatient settings are needed for reducing PIM exposure in

clinical practice.

Because of the high prevalence of older adults with

diabetes in China and high prevalence of PIMs in older

adults with diabetes, more research is needed to evaluate

the quality of medication use and assess the association

between comorbidities and PIMs in Chinese older people with

diabetes in outpatient settings. The two major questions of

this study were to evaluate the prevalence of PIMs in older

adults with diabetes in outpatient settings in China and to

explore the association between PIMs and polypharmacy due

to comorbidities in older adults with diabetes in outpatient

visitation settings.

Materials and methods

Design

This repeated cross-sectional study was conducted

according to the checklist for reporting results of internet

E-survey guidelines and strengthening the reporting

of observational studies in epidemiology (STROBE)

(Supplementary Table 1).

Participants and setting

This study involved using data for the years 2015, 2016

and 2017 from the Shenzhen Health Development Research and

Data Management Center Database (SHDRDMCD) managed

by the Shenzhen Health Development Research and Data

Management Center. The SHDRDMCD includes detailed

medical records for 52 hospitals outpatient departments in

2015, 2016 and 2017. Records for the outpatient visits covered

patient identification, sex, date of birth, organization code,

organization name, diagnosis and prescribed medications. Each

drug was assigned a unique code based on its generic name.

This database anonymizes patients by assigning a unique

identification number to each patient. All data were checked

and sorted in the Oracle database by professional platform

administrators and medical workers under the supervision of

the Shenzhen Municipal Health Commission to ensure the

authenticity and validity of data. In accordance with article

No. 32 of the Declaration of Helsinki formulated by the

World Medical Association, the database was approved for

research by the Review Committee of Shenzhen Institute of

Advanced Technology, Chinese Academy of Sciences (No.

SIAT-IRB-151115-H0084).

The inclusion criteria for the study were age 65 years or

older before January 1 in 2015, 2016 or 2017; participants with

type I or type II diabetes diagnosed by a clinician; one or more

hospital outpatient visits in the 52 hospitals; and prescribed

one or more medications. Exclusion criteria were participants

prescribed only traditional Chinese medicine or Chinese patent

medicine, which Beers criteria do not include, and lack of

baseline information.

Data collection

PIMs definition

We used the American Geriatrics Society 2019 Beers criteria

(1) (the version based on updated evidence from the 2015

to 2017 literature review) to assess the PIMs for older adults

with diabetes in an outpatient setting. The 2019 Beers criteria

were applied by using a Delphi method by a 13-member

group that included physicians, pharmacists and nurses who

had participated in the 2015 update. The criteria are in five

categories. Category I includes medications that should be

avoided by most older adults; Category II, medications that

should be avoided by older adults with certain conditions;

Category III, medications that should be used with caution;

Category IV, medications that should be avoided in combined

treatment of older adults because of clinically important

drug–drug interactions; and Category V, medications that

should be dosed differently or avoided among older people with

reduced kidney function.

The outpatient file of SHDRDMCD did not contain specific

clinical characteristics for each patient such as laboratory test

results and creatinine clearance, which are required in PIM

assessment. In SHDRDMCD, the dosage was not uniformly

recorded, which could be expressed in the weight of a drug or

the number of dosage forms such as one capsule or one tablet.

Also, there were no diagnoses such as syncope or delirium in

outpatient files. Finally, the concurrent use of medication in

older adults with diabetes were not included in the outpatient

visitation record. Therefore, the assessment of PIM in the

outpatient visitation setting for diabetes patients was mainly

based on the category I, part of category II and category III

of the 2019 Beers criteria list of medications that should be

avoided in older adults. In addition, not all medications in the

Beers criteria are available in China. Ultimately, we developed

a list that contained 42 PIM items for the 2019 Beers criteria

for PIM assessment in this study (Supplementary Table 2). The

list contains the evaluated PIM items in this research and

corresponding notes or reasons for exclusion. We identified

patients’ disease or syndromes, which are required in category II,

in outpatient files by a joint description of the diagnoses and the

International Classification of Disease, 10th revision (ICD-10)

codes (Supplementary Table 2).

Frontiers in PublicHealth 03 frontiersin.org

155

https://doi.org/10.3389/fpubh.2022.995948
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Lu et al. 10.3389/fpubh.2022.995948

Polypharmacy definition

We defined no polypharmacy as 0 to 4 chronically used

drugs, moderate polypharmacy as 5–9 chronically used drugs,

and severe polypharmacy as ≥ 10 chronically used drugs, the

most frequently used polypharmacy definition method (26).

Combined with Anatomical Therapeutic Chemical (ATC) codes,

chronic use was defined as a drug prescribed for at least 90

days or at least once a month for each study year except for

drugs prescribed for topical use, radiopharmaceuticals, surgical

dressings, contrast media and general nutrients (ATC codes D, V,

Y and Z) as well as records with invalid ATC codes. To calculate

the number of different drugs for chronic use, we used the third

level of the ATC, which describes pharmacological subgroups.

Thus, one could count one chronically used drug with different

substances within the same pharmacological subgroup, such as

antiadrenergic agents.

Comorbidity definition

To explore the association between comorbidities and PIMs,

we consulted the anatomical group and subgroup of therapeutics

in ATC drug code categories to classify chronic comorbidities

in older adults with diabetes. The clustering research conducted

on multimorbidity among two million adults in China

demonstrated that cerebrovascular disease, chronic kidney

disease, hypertension, ischemic heart disease and osteoarthritis

and rheumatoid arthritis were highly co-morbid with diabetes

in older adults (27). This was in part why we choose below

comorbidities to explore the correlation between comorbidities

and PIMs in older adults with diabetes. Finally, cardiovascular

disease, cerebrovascular disease, hypertension, hyperlipidemia,

tumor, dementia, chronic liver disease, chronic pulmonary

disease, chronic kidney disease, chronic gastrointestinal diseases

and osteoarthritis and rheumatoid arthritis were investigated,

and their ICD-10 codes are in Supplementary Table 3. For

chronic conditions, the earliest recorded diagnosis code before

each study year was accepted, except for tumor, with a diagnosis

code recorded in the 5 years before each study year. For this

study, multimorbidity was defined and classified as concurrently

experiencing none, one, two, three and four or more chronic

diseases besides diabetes. And comorbidity was presented as

with or without specific disease listed above except for diabetes.

Analysis

Outcomes

The primary outcome was the prevalence of PIM,

polypharmacy and comorbidities in older adults with diabetes

in outpatient settings per calendar year. The prevalence of

PIM exposure was further classified into six levels based on the

number of PIMs prescribed: 0 (reference, no PIM exposure),

1 (prescribed one PIM), 2 (two PIMs), 3 (three PIMs), 4 (four

PIMs), and 5 (five or more PIMs). As what we setting above, the

prevalence of polypharmacy exposure was classified into none,

moderate and severe polypharmacy, multimorbidity exposure

was classified into none, one, two, three and four or more

chronic diseases besides diabetes, and comorbidity exposure

was classified into with or without specific disease except for

diabetes. The secondary outcome was to assess the association

between polypharmacy due to comorbidities and the use of

PIMs in older adults with diabetes.

Statistical analysis

The prevalence of PIMs, polypharmacy and comorbidities in

older adults with diabetes in an outpatient setting was expressed

as percentages with 95% confidence intervals (CIs) for each

year investigated and was calculated by dividing the number of

older adults with diabetes exposed to PIMs, polypharmacy and

comorbidities (numerator) by the total number of older adults

with diabetes included each year (denominator).

Unadjusted and adjusted logistic regression analyses were

performed to assess the association of PIMs with study year

(using 2015 as the reference year), age group (65-69 years as the

reference age), sex, polypharmacy and comorbidities. The same

method was used to assess the association of polypharmacy with

study year, age group, sex, multimorbidity and comorbidity.

A two-sided α = 0.05 was considered statistically significant.

In addition, generalized variance-inflation factors (GVIFs)

were calculated in adjusted logistic regression to explore the

multicollinearity among variables analyzed. The function “Vif”

in the R package “car” was used in the multicollinearity analysis

(28). A GVIF value> 10 was considered strongmulticollinearity

in adjusted logistic regression. All analyses were performed with

R 4.1.2 (R Development Core Team).

Results

Baseline characteristics and prevalence
of multimorbidity

The flowchart which including the selection criteria of

participant, investigating content, the main results and relevant

tables was shown in Figure 1. A total of 28,484 older adults

with diabetes were detected in 2015, 31,757 in 2016 and 24,675

in 2017. The distribution of age and sex was similar among

the years (Table 1). The top five chronic comorbidities in

2015, 2016 and 2017 were hypertension (59.78%, 70.09% and

74.50%, respectively), cardiovascular disease (35.50, 45.22, and

51.46%), hyperlipemia (29.03, 39.90, and 45.40%), osteoarthritis

and rheumatoid arthritis (13.66, 21.14, and 23.25%) and

cerebrovascular disease (12.06, 18.34, and 22.80%), and the

ranking was consistent in the 3 years (Table 1). The prevalence

of multimorbidity (≥ 1 comorbidity) in 2017 was 80.98%
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FIGURE 1

The flowchart of prevalence of potentially inappropriate medications (PIMs) and association with comorbidities in older adults with diabetes in

an outpatient visitation setting which including the selection criteria of participant, investigating content, the main results and relevant tables.

(95% CI 78.98–82.98), which was higher than in 2015 (76.43%,

95%CI 74.64–78.22) and 2016 (76.40, 95%CI 74.68–78.12%)

(Table 1).

Prevalence of PIMs and the associated
comorbidities

In older adults with diabetes, the percentage with at least one

PIM exposure was 43.2% (95%CI: 41.86–44.53) in 2015, 44.88%

(95%CI: 43.55–46.20) in 2016 and 42.40% (95%CI: 40.84–43.89)

in 2017, for an absolute decrease of PIM exposure in 2017.

For patients exposed to 4 or ≥ 5 PIMs, the PIM exposure was

higher in 2016 and 2017 than 2015 (Table 1). The probability

of PIMs was associated with the years 2016 and 2017 (OR

= 1.02, 95%CI 1.01–1.03 and OR = 1.02, 95%CI 1.01–1.03)

versus 2015 (Table 2). When we classified PIMs as different

categories in the 2019 Beers criteria, older adults with diabetes

and PIM exposure in the 3 years had similar rankings: 70.40%

patients in 2015 were prescribed PIMs in category I, 69.30% in

2016 and 64.26% in 2017; followed by 26.91% patients in 2015

prescribed PIMs in category III, 28.01% in 2016 and 33.26% in

2017; and 1.63% patients in 2015 prescribed PIMs in category

II, 2.70% in 2016 and 2.51% in 2017 (Table 3). When analyzed

by PIM prevalence based on drug classes, the top five PIMs

were diuretics (20.56%), benzodiazepines (13.85%), androgens
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TABLE 1 Baseline characteristics of older adults with diabetes in 2015, 2016, and 2017.

2015 (n = 28,484) 2016 (n = 31,757) 2017 (n = 24,675) P-value

n % n % n %

Age group, years 0.062

65–69 10,135 35.58 11,762 37.04 9,068 36.75

70–74 7,046 24.74 7,965 25.08 6,249 25.33

75–79 5,770 20.26 6,247 19.67 4,809 19.49

≥ 80 5,533 19.42 5,783 18.21 4,549 18.44

Sex 0.128

Male 14,012 49.19 15,505 48.82 11,871 48.11

Female 14,472 50.81 16,252 51.18 12,804 51.89

PIM† group < 0.001

0 16,180 56.80 17,506 55.12 14,213 57.60

1 7,823 27.46 8,592 27.06 5,769 23.38

2 2,752 9.66 3,238 10.20 2,602 10.55

3 1,037 3.64 1,352 4.26 1,009 4.09

4 428 1.50 596 1.88 520 2.11

≥ 5 264 0.93 473 1.49 554 2.25

Polypharmacy < 0.001

None (0–4) 13,802 48.46 14,707 46.31 11,253 45.60

Moderate (5-9) 13,423 47.12 15,475 48.73 11,661 47.26

Severe (≥ 10) 1,259 4.42 1,575 4.96 1,761 7.14

Comorbidity

Multimorbidity < 0.001

0 6,713 23.57 7,495 23.60 4,693 19.02

1 7,031 24.68 6,271 19.75 5,027 20.37

2 6,792 23.84 7,508 23.64 5,774 23.40

3 4,920 17.27 5,844 18.40 5,405 21.90

≥ 4 3,028 10.63 4,639 14.61 3,776 15.30

Cardiovascular disease < 0.001

With 10,112 35.50 14,362 45.22 12,698 51.46

Without 18,372 64.50 17,395 54.78 11,977 48.54

Cerebrovascular disease < 0.001

With 3,436 12.06 5,824 18.34 5,626 22.80

Without 25,048 87.94 25,933 81.66 18,938 76.75

Hypertension < 0.001

With 17,027 59.78 22,257 70.09 18,383 74.50

Without 11,457 40.22 9,500 29.91 6,292 25.50

Hyperlipemia < 0.001

With 8,268 29.03 12,670 39.90 11,202 45.40

Without 20,216 70.97 19,087 60.10 13,473 54.60

Tumor < 0.001

With 829 2.91 1,525 4.80 1,552 6.29

Without 27,655 97.09 30,232 95.20 23,123 93.71

Dementia < 0.001

With 209 0.73 391 1.23 366 1.48

Without 28,275 99.27 31,366 98.77 24,309 98.52

(Continued)
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TABLE 1 (Continued)

2015 (n = 28,484) 2016 (n = 31,757) 2017 (n = 24,675) P-value

n % n % n %

Chronic liver disease < 0.001

With 1,075 3.77 1,710 5.38 1,640 6.65

Without 27,409 96.23 30,047 94.62 23,035 93.35

Chronic pulmonary disease < 0.001

With 2,177 7.64 3,743 11.79 3,333 13.51

Without 26,307 92.36 28,014 88.21 21,342 86.49

Chronic kidney disease < 0.001

With 1,577 5.54 2,486 7.83 2,362 9.57

Without 26,907 94.46 29,271 92.17 22,313 90.43

Chronic gastrointestinal disease < 0.001

With 193 0.68 523 1.65 535 2.17

Without 28,291 99.32 31,234 98.35 24,140 97.83

Osteoarthritis and rheumatoid arthritis < 0.001

With 3,890 13.66 6,712 21.14 5,737 23.25

Without 24,594 86.34 25,045 78.86 19,049 77.20

†PIM= potentially inappropriate medication.

(13.18%), non-steroidal anti-inflammatory drugs (NSAIDs)

(12.94%) and sulfonylureas (6.23%). Besides, the specific

PIMs identified in older adults with diabetes were shown in

Table 3.

The probability of PIM was associated with older age;

polypharmacy, especially severe polypharmacy (OR = 6.14,

95%CI 6.01–6.28); and ≥ 4 comorbidities (OR = 4.22,

95%CI 4.07–4.37). The GVIF value for multimorbidity was

21.826, which indicates strong multicollinearity among multi-

morbidities and any comorbidity, so we eliminated it from the

adjusted logistic regression model (Supplementary Tables 4, 5).

Polypharmacy remained the most strongly associated variable

(moderate polypharmacy: aOR = 2.29, 95%CI 2.19–2.39;

severe polypharmacy: aOR = 5.56, 95%CI 5.42–5.70, Table 2).

Probability of PIM exposure was associated with older age

(age 70–74: aOR = 1.03, 95%CI 1.00–1.05; age 75–79: aOR

= 1.06, 95%CI 1.03–1.09; age ≥ 80: aOR = 1.09, 95%CI

1.06–1.12, Table 2). As for comorbidity, instead of stating

that older adults with diabetes and hyperlipemia had lower

probability of PIMs, we would rather consider less PIMs related

to hyperlipemia as compared with diabetes patients themselves

who are exposed to insulin (sliding scale), glimepiride and

glyburide, accounting for 16.69% of PIM exposure (Table 3).

On adjusted logistic regression, the probability of PIM exposure

was highest with chronic gastrointestinal diseases, followed

by osteoarthritis and rheumatoid arthritis, chronic pulmonary

disease, chronic kidney disease, tumor, dementia, chronic liver

disease, hypertension, cardiovascular disease, cerebrovascular

disease and hyperlipemia (Table 2).

Prevalence of polypharmacy

Overall, the prevalence of polypharmacy (medication

number > 4) was 51.54% (95%CI 50.73–52.36) in 2015, 53.69%

(95%CI 52.90–54.48) in 2016 and 54.40% (95%CI 53.36–55.43)

in 2017 (Table 1). In total, 4.42% (95%CI 4.18-4.66), 4.96%

(95%CI 4.72–5.20) and 7.14% (95%CI 6.84–7.39) of older adults

with diabetes were exposed to severe polypharmacy (medication

number ≥ 10) in 2015, 2016 and 2017, respectively (Table 1).

Furthermore, univariate analyses confirmed that the probability

of polypharmacy was associated with the years 2016 and 2017

(OR= 1.03, 95%CI 1.02–1.04 and OR= 1.03, 95%CI 1.02–1.04)

versus 2015.

To understand the association between comorbidities and

PIMs more clearly, we analyzed the risk of polypharmacy

in older adults with diabetes and different comorbidities.

Similar to results of univariate analyses of PIMs, probability

of polypharmacy was associated with older age, sex,

multimorbidity and any comorbidity (Table 2). Probability

of polypharmacy was lower for men than women (OR = 0.94,

95%CI 0.93–0.96) (Table 2). On eliminating multimorbidity

(GVIF value = 21.766), the adjusted logistic model showed the

probability of polypharmacy exposure associated with older age

(age 70-74: aOR = 1.03, 95%CI 1.01–1.04; age 75-79: aOR =

1.07, 95%CI 1.05–1.09; age≥ 80: aOR= 1.12, 95%CI 1.10–1.14)

(Table 2, Supplementary Tables 4, 5). The prevalence of

polypharmacy was associated with female sex (Table 2). Finally,

on adjusted logistic analysis, the probability of polypharmacy

was associated with cardiovascular disease, followed by
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TABLE 2 Logistic regression analysis of factors associated with potentially inappropriate medications and polypharmacy.

Covariate Potentially inappropriate medications Polypharmacy

Univariate analysis Adjusted multiple logistics analysis Univariate analysis Adjusted multiple logistics analysis

OR† 95%CI‡ P aOR§rank aOR 95%CI P OR 95%CI P aOR rank aOR 95%CI P

Year of study

2015 (Reference) 1 – – – 1 – – –

2016 1.02 (1.01–1.03) < 0.001 – – – 1.03 (1.02–1.04) < 0.001 – – –

2017 1.02 (1.01–1.03) < 0.001 – – – 1.03 (1.02–1.04) < 0.001 – – –

Age group, years

65–69 (Reference) 1 1 1 1

70–74 1.16 (1.12–1.19) < 0.001 1.03 (1.00–1.05) 0.03 1.13 (1.11–1.15) < 0.001 1.03 (1.01–1.04) < 0.001

75–79 1.34 (1.30–1.39) < 0.001 1.06 (1.03–1.09) < 0.001 1.27 (1.24–1.29) < 0.001 1.07 (1.05–1.09) 0.002

≥ 80 1.59 (1.53–1.64) < 0.001 1.09 (1.06–1.12) < 0.001 1.44 (1.40–1.47) < 0.001 1.12 (1.10–1.14) < 0.001

Sex (Male/female) 1.01 (0.98–1.03) 0.319 – – – 0.94 (0.93–0.96) < 0.001 0.98 (0.97–0.99) 0.001

Polypharmacy

None (0–4 drugs) 1 1 – – – – – –

Moderate (5–9 drugs) 2.38 (2.33–2.43) < 0.001 2.29 (2.19–2.39) < 0.001 – – – – – –

Severe (≥ 10 drugs) 6.14 (6.01–6.28) < 0.001 5.56 (5.42–5.70) < 0.001 – – – – – –

Multimorbidity

0 (Reference) 1 – – – 1 – – –

1 1.45 (1.40–1.1.51) < 0.001 – – – 1.35 (1.32–1.38) < 0.001 – – –

2 2.00 (1.93–2.07) < 0.001 – – – 2.03 (1.99–2.08) < 0.001 – – –

3 2.76 (2.66–2.86) < 0.001 – – – 2.78 (2.72–2.85) < 0.001 – – –

≥ 4 4.22 (4.07–4.37) < 0.001 – – – 3.83 (3.74–3.91) < 0.001 – – –

Comorbidity

Cardiovascular disease 2.03 (1.98–2.07) < 0.001 9 1.02 (1.00–1.04) 0.003 2.06 (2.03–2.09) < 0.001 1 1.53 (1.51–1.55) < 0.001

Cerebrovascular disease 1.64 (1.60–1.69) < 0.001 10 1.00 (0.98–1.03) 0.939 1.65 (1.62–1.68) < 0.001 7 1.25 (1.23–1.27) < 0.001

Hypertension 2.10 (2.05–2.15) < 0.001 8 1.04 (1.01–1.19) < 0.001 2.10 (2.07–2.14) < 0.001 2 1.49 (1.47–1.52) < 0.001

Hyperlipemia 1.64 (1.60–1.68) < 0.001 11 0.94 (0.92–0.96) < 0.001 1.82 (1.71–1.94) < 0.001 3 1.42 (1.35–1.50) < 0.001

Tumor 1.48 (1.41–1.56) < 0.001 5 1.16 (1.11–1.20) < 0.001 1.25 (1.21–1.30) < 0.001 11 1.11 (1.08–1.15) < 0.001

Dementia 1.99 (1.79–2.21) < 0.001 6 1.14 (1.05–1.24) 0.01 1.75 (1.62–1.88) < 0.001 5 1.27 (1.19–1.35) < 0.001

Chronic liver disease 1.46 (1.39–1.54) < 0.001 7 1.06 (1.04–1.08) 0.004 1.36 (1.31–1.41) < 0.001 8 1.15 (1.12–1.18) < 0.001

Chronic pulmonary disease 1.79 (1.73–1.86) < 0.001 3 1.18 (1.15–1.21) < 0.001 1.48 (1.45–1.52) < 0.001 9 1.14 (1.12–1.17) < 0.001

Chronic kidney disease 1.92 (1.84–2.01) < 0.001 4 1.17 (1.13–1.21) < 0.001 1.63 (1.59–1.68) < 0.001 6 1.25 (1.22–1.28) < 0.001

Chronic gastrointestinal diseases 2.65 (2.42–2.90) < 0.001 1 1.44 (1.34–1.54) < 0.001 1.79 (1.76–1.82) < 0.001 4 1.35 (1.33–1.37) < 0.001

Osteoarthritis and rheumatoid arthritis 1.93 (1.87–1.98) < 0.001 2 1.35 (1.32–1.38) < 0.001 1.45 (1.42–1.48) < 0.001 10 1.11 (1.09–1.13) < 0.001

†OR= odds ratio.
‡CI= confidence interval.
§aOR= adjusted odds ratio.
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TABLE 3 Prevalence of PIMs by Beers category, drug class and medications of older adults with diabetes in 2015, 2016, and 2017.

PIM† category Drug class Medication Prevalence, n (%)

2015 2016 2017

Category I: medications should be avoided by most older adults 14,929 (70.40) 17,619 (69.30) 13,120 (64.26)

Anticholinergics First-generation antihistamines Chlorpheniramine 400 (1.91) 402 (1.58) 406 (1.99)

Cyproheptadine 71 (0.34) 69 (0.27) 38 (0.19)

Diphenhydramine 468 (2.24) 531 (2.09) 343 (1.68)

Promethazine 347 (1.66) 467 (1.84) 204 (1.00)

Triprolidine 46 (0.22) 24 (0.09) 9 (0.04)

Antiparkinsonian agents Trihexyphenidyl 49 (0.23) 72 (0.28) 44 (0.22)

Antispasmodics Atropine (excludes ophthalmic) 78 (0.37) 63 (0.25) 55 (0.27)

Belladonna alkaloids 323 (1.55) 315 (1.24) 188 (0.92)

Antithrombotics Dipyridamole 36 (0.17) 25 (0.10) 22 (0.11)

Anti-infectives Nitrofurantoin 5 (0.02) 10 (0.04) 5 (0.02)

Cardiovascular Peripheral alpha-1 blockers Doxazosin 308 (1.47) 276 (1.09) 222 (1.09)

Prazosin 55 (0.26) 60 (0.24) 55 (0.27)

Terazosin 31 (0.15) 52 (0.20) 50 (0.25)

Digoxin 297 (1.42) 385 (1.51) 411 (2.01)

Nifedipine, immediate release 199 (0.95) 273 (1.07) 225 (1.10)

Amiodarone 198 (0.95) 220 (0.87) 212 (1.04)

Central nervous system Antidepressants Amitriptyline 28 (0.13) 45 (0.18) 32 (0.16)

Clomipramine 1 (0.001) 3 (0.01) 2 (0.01)

Paroxetine 81 (0.39) 99 (0.39) 87 (0.43)

Antipsychotics Perphenazine 21 (0.10) 21 (0.08) 19 (0.09)

Chlorpromazine 9 (0.04) 7 (0.03) 9 (0.04)

Penfluridol 0 (0.00) 1 (0.001) 0 (0.00)

Sulpiride 10 (0.05) 14 (0.06) 8 (0.04)

Tiapride 8 (0.04) 7 (0.03) 3 (0.01)

Haloperidol 16 (0.08) 11 (0.04) 8 (0.04)

Amisulpride 0 (0.00) 5 (0.02) 3 (0.01)

Aripiprazole 8 (0.04) 11 (0.04) 10 (0.05)

Clozapine 24 (0.11) 29 (0.11) 21 (0.10)

Olanzapine 159 (0.76) 249 (0.98) 216 (1.06)

Quetiapine 46 (0.22) 84 (0.33) 69 (0.34)

Risperidone 37 (0.18) 53 (0.21) 35 (0.17)

Ziprasidone 0 (0.00) 4 (0.02) 3 (0.01)

Barbiturates Phenobarbital 58 (0.28) 53 (0.21) 25 (0.12)

Benzodiazepines Alprazolam 865 (4.14) 1,115 (4.39) 958 (4.70)

Estazolam 1,596 (7.64) 1,735 (6.83) 1,593 (7.81)

Lorazepam 35 (0.17) 46 (0.18) 28 (0.14)

Oxazepam 19 (0.09) 36 (0.14) 22 (0.11)

Clonazepam 185 (0.89) 237 (0.93) 200 (0.98)

Diazepam 287 (0.37) 278 (1.09) 230 (1.13)

Nonbenzodiazepine, benzodiazepine

receptor agonist hypnotics

Eszopiclone 15 (0.07) 80 (0.31) 68 (0.33)

Zolpidem 376 (1.80) 447 (1.76) 361 (1.77)

Zaleplon 5 (0.02) 15 (0.06) 6 (0.03)

Endocrine Androgens Testosterone 12 (0.06) 16 (0.06) 14 (0.07)

Desiccated thyroid 552 (2.64) 717 (2.82) 512 (2.51)

(Continued)
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TABLE 3 (Continued)

PIM† category Drug class Medication Prevalence, n (%)

2015 2016 2017

Estrogens with or without progestins 1 (0.001) 3 (0.01) 0 (0.00)

Growth hormone 1 (0.001) 0 (0.00) 0 (0.00)

Insulin, sliding scale 2,104 (10.07) 2,715 (10.68) 2,111 (10.35)

Megestrol 15 (0.07) 17 (0.07) 11 (0.05)

Sulfonylureas, long acting Glimepiride 1,349 (6.45) 1475 (5.80) 1,283 (6.29)

Glyburide 23 (0.11) 14 (0.06) 11 (0.05)

Gastrointestinal Metoclopramide 234 (1.12) 251 (0.99) 164 (0.80)

Proton-pump inhibitors (≥ 8 weeks) Omeprazole 0 (0.00) 1 (0.001) 1 (0.001)

Rabeprazole 1 (0.001) 0 (0.00) 0 (0.00)

Pantoprazole 0 (0.00) 1 (0.001) 2 (0.01)

Lansoprazole 3 (0.01) 1 (0.001) 0 (0.00)

Esomeprazole 0 (0.00) 1 (0.001) 0 (0.00)

Pain medications Meperidine 107 (0.51) 153 (0.60) 105 (0.51)

Non–cyclooxygenase-selective NSAIDs‡ Diclofenac 1,807 (8.65) 2,249 (8.85) 1,212 (5.94)

Diflunisal 15 (0.07) 22 (0.09) 13 (0.06)

Ibuprofen 780 (3.73) 796 (3.13) 419 (2.05)

Ketoprofen 87 (0.42) 154 (0.61) 103 (0.50)

Meloxicam 86 (0.41) 77 (0.30) 45 (0.22)

Nabumetone 33 (0.16) 161 (0.63) 0 (0.00)

Naproxen 1 (0.001) 0 (0.00) 0 (0.00)

Oxaprozin 1 (0.001) 1 (0.001) 1 (0.001)

Piroxicam 231 (1.11) 179 (0.70) 113 (0.55)

Indomethacin 518 (2.48) 462 (1.82) 411 (2.01)

Skeletal muscle relaxants Chlorzoxazone 159 (0.76) 213 (0.84) 68 (0.33)

Genitourinary Desmopressin 9 (0.04) 11 (0.04) 16 (0.08)

Category II: PIMs that should be avoided by older adults due to drug-disease or drug-syndrome interactions 346 (1.63) 689 (2.70) 513 (2.51)

Cardiovascular Heart failure Cilostazol 0 (0.00) 0 (0.00) 4 (0.02)

NSAIDS 17 (0.08) 63 (0.25) 41 (0.20)

COX-2§ inhibitors 3 (0.01) 8 (0.03) 5 (0.02)

Thiazolidinediones (pioglitazone,

rosiglitazone)

7 (0.03) 11 (0.04) 10 (0.05)

Central nervous system Dementia or cognitive impairment Anticholinergics 8 (0.04) 11 (0.04) 11 (0.05)

Benzodiazepine 46 (0.22) 77 (0.30) 57 (0.28)

Nonbenzodiazepine, benzodiazepine

receptor agonist hypnotics

15 (0.07) 29 (0.11) 18 (0.09)

Antipsychotics 45 (0.22) 75 (0.30) 64 (0.31)

History of falls or fractures Antiepileptics 24 (0.11) 39 (0.15) 24 (0.12)

Antipsychotics 13 (0.06) 30 (0.12) 31 (0.15)

Benzodiazepine 97 (0.46) 193 (0.76) 144 (0.71)

Nonbenzodiazepine, benzodiazepine

receptor agonist hypnotics

26 (0.12) 67 (0.26) 41 (0.20)

TCAs 2 (0.01) 5 (0.02) 0 (0.00)

SSRIs 15 (0.07) 39 (0.15) 28 (0.14)

SNRIs 1 (0.001) 2 (0.01) 5 (0.02)

Opioids 6 (0.03) 8 (0.03) 10 (0.05)

(Continued)

Frontiers in PublicHealth 10 frontiersin.org

162

https://doi.org/10.3389/fpubh.2022.995948
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Lu et al. 10.3389/fpubh.2022.995948

TABLE 3 (Continued)

PIM† category Drug class Medication Prevalence, n (%)

2015 2016 2017

Parkinson’s disease Antiemetics 7 (0.03) 15 (0.06) 4 (0.02)

antipsychotics 14 (0.07) 17 (0.07) 16 (0.08)

Category III: Medications to be used with caution in older adults 5,626 (26.91) 7,107 (28.01) 6,770 (33.26)

Dabigatran 15 (0.07) 24 (0.09) 44 (0.22)

Rivaroxaban 12 (0.06) 29 (0.11) 43 (0.21)

Antipsychotics 302 (1.44) 425 (1.67) 358 (1.75)

Carbamazepine 127 (0.61) 133 (0.52) 81 (0.40)

Diuretics Spironolactone 814 (3.89) 1,025 (4.03) 1,154 (5.66)

Indapamide 728 (3.48) 797 (3.14) 821 (4.02)

Torasemide 89 (0.43) 82 (0.32) 120 (0.59)

Furosemide 772 (3.69) 1,088 (4.28) 1,155 (5.66)

Hydrochlorothiazide 1,657 (7.93) 1,743 (6.86) 1,713 (8.40)

Tolvaptan 2 (0.01) 0 (0.00) 2 (0.01)

Mirtazapine 56 (0.27) 92 (0.36) 60 (0.29)

Oxcarbazepine 52 (0.25) 87 (0.34) 54 (0.26)

SNRIs¶ Duloxetine 23 (0.11) 31 (0.12) 31 (0.15)

SSRIs†† Citalopram 79 (0.38) 144 (0.57) 128 (0.63)

Fluvoxamine 3 (0.01) 3 (0.01) 5 (0.02)

Fluoxetine 146 (0.70) 168 (0.66) 119 (0.58)

Paroxetine 81 (0.39) 99 (0.39) 87 (0.43)

Sertraline 112 (0.54) 179 (0.70) 218 (1.07)

TCAs‡‡ Amitriptyline 28 (0.13) 45 (0.18) 32 (0.16)

Clomipramine 1 (0.001) 3 (0.01) 2 (0.01)

Tramadol 269 (1.29) 322 (1.27) 204 (1.00)

Dextromethorphan/quinidine 258 (1.23) 588 (2.31) 339 (1.66)

†PIM= potentially inappropriate medication. ‡NSAIDs= non-steroidal anti-inflammatory drugs. §COX-2= cyclooxygenase-2. ¶SNRIs= serotonin-norepinephrine reuptake inhibitors.
††SSRIs= selective serotonin reuptake inhibitors. ‡‡TCAs= tricyclic antidepressants.

hypertension, hyperlipemia, chronic gastrointestinal diseases,

dementia, chronic kidney disease, cerebrovascular disease,

chronic liver disease, chronic pulmonary disease, osteoarthritis

and rheumatoid arthritis, and tumor (Table 2).

Discussion

PIMs have been found associated with adverse health

outcomes and prevalent in older adults with diabetes outside

China (6, 22, 23). In light of the large number of older adults with

diabetes in China and the complexity of chronic conditions in

this population, we need to evaluate the prevalence and related

clinical features of PIM exposure in China (11, 12). This study

showed that the prevalence of exposure to at least one PIM

in older adults with diabetes ranged from 42 to 45% in this

3-year repeated cross-sectional study conducted in outpatient

departments of 52 hospitals in Shenzhen, China. The top

three chronic conditions associated with the probability of PIM

exposure were chronic gastrointestinal diseases, osteoarthritis

and rheumatoid arthritis, and chronic pulmonary disease. The

top three chronic conditions associated with the probability

of polypharmacy were cardiovascular disease, hypertension

and hyperlipemia.

Overall, such high PIM prevalence, over 40%, was a non-

negligible issue in older adults with diabetes. First, the absolute

decrease in PIM exposure in 2017 might be associated with

continuing attention to PIMs and the 2017 publication of

criteria of potentially inappropriate medications for older adults

in China (4). Second, the prevalence of PIMs in this study

significantly differed from results of a population-based study

performed in Canada (56.1%) and a repeated cross-sectional

study of outpatient prescriptions in The Netherlands (24.9%),

both using 2015 Beers criteria (24, 25). However, the study

conducted in The Netherlands evaluated only 24 PIM items and

lacked clinical information such as specific medical information

and clinical lab data. The study performed in Canada included

PIM items that did not consider duration of medication, such

as proton-pump inhibitors scheduled for > 8 weeks. These

limitations might increase or decrease the estimation of the
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prevalence of PIMs. With the large sample size of this repeated

cross-sectional study, precise medical records of outpatient

SHDRDMCD files and 39 out of 42 items of the 2019 Beers

criteria evaluated, the prevalence of PIMs, over 40%, in older

adults with diabetes in outpatient visitation settings in Shenzhen,

China, was assessed accurately. Therefore, this issue cannot

be negligible in older adults with diabetes, regardless of the

clinical practice in outpatient visitation settings or in nursing

intervention in communities all over the world.

This study showed the highest probability of polypharmacy

for older adults with diabetes and cardiovascular disease,

followed by those with hypertension, hyperlipemia, chronic

gastrointestinal diseases, dementia, chronic kidney disease,

cerebrovascular disease, chronic liver disease, chronic

pulmonary disease, osteoarthritis and rheumatoid arthritis,

and tumor. A 5-year repeated cross-sectional study evaluating

polypharmacy and PIMs in middle-aged and older people with

diabetes revealed that the prevalence ranged from 36% in the

45-54 age group to 65% in the ≥ 65 age group, substantially

higher than the prevalence in the general population (24). Of

note, the absolute increase in polypharmacy was larger for

patients aged 55-64 years than ≥ 65 years. The younger age

group might have increased number of comorbidities, followed

by an increase in prescribing medication. The older age group

showed less increase in comorbidities along with less increase

in number of medications (24). Additionally, the prevalence

of polypharmacy seemed to increase by year (51.54% in 2015,

53.69% in 2016 and 54.40% in 2017). This increase may be

associated with elevated prevalence of multimorbidity by year.

Therefore, the association between polypharmacy and various

chronic comorbidities in older adults with diabetes would help

us better understand the features of medication prescribing in

such adults. The findings of this study suggest considering the

clinical comorbidities feature of older adults with diabetes in

clinical practice and polypharmacy management.

The probability of PIM exposure differed with different

comorbidities in outpatient visitation settings. The highest

probability was with chronic gastrointestinal diseases, followed

by osteoarthritis and rheumatoid arthritis, chronic pulmonary

disease, chronic kidney disease, tumor, dementia, chronic liver

disease, hypertension, cardiovascular disease, cerebrovascular

disease and hyperlipemia. In considering prescriptions for

disease, the highest probability of PIM exposure with chronic

gastrointestinal disease might be explained by lack of diagnosis

of gastroparesis when prescribing metoclopramide (1). A

key factor of increased PIM exposure was the frequent

use of NSAIDs and indomethacin in older adults with

diabetes and osteoarthritis and rheumatoid arthritis. In

addition, two of the top five frequently used PIMs were

related to diabetes (insulin [sliding scale] of androgens and

sulfonylureas), for a higher exposure of PIMs in older

people with diabetes. This observation might explain why

older adults with diabetes and hypertension, hyperlipemia,

cardiovascular disease and cerebrovascular disease, which

are frequently associated with diabetes, presented lower

probability of PIM exposure. Meanwhile, diuretics were the

most frequently used PIMs because of the high prevalence

of hypertension, hyperlipemia, cardiovascular disease and

cerebrovascular disease in people with diabetes. As well, chronic

insomnia and anxiety are highly prevalent in people with

diabetes (29, 30), which might explain why benzodiazepines

were the second frequently used PIM in older adults

with diabetes.

As compared with other chronic comorbidities, the presence

of hypertension, hyperlipemia and cardiovascular disease was

associated with high probability of polypharmacy but low

probability of PIM exposure on adjusting for polypharmacy.

Undoubtedly, the increased number of medications is associated

with increased likelihood that at least 1 of the medications

will be inappropriate (8). For example, Miller et al. found

increased risk of PIMs by 5.2% for each drug added to

the list of medications for older adults (7). Our results for

polypharmacy certainly relate to PIM use, but the probability of

PIM exposure differed by different comorbidities. As compared

with low prevalence of chronic gastrointestinal disease (<

3.0%) accompanied by metoclopramide prescription (nearly

1.0%), a high prevalence of hypertension, cardiovascular

disease, cerebrovascular disease and hyperlipemia was associated

with relatively lower percentage of PIM exposure (5.2% for

cardiovascular prescription and 20.56% diuretics). Hence, the

chronic conditions and corresponding PIM prescriptions we

summarized are crucial to reduce PIM exposure in clinical

practice or in nursing intervention in community-dwelling

older adults with diabetes. Therefore, we should concentrate

on the chronic comorbidity status of older adults with

diabetes except for the polypharmacy in clinical practice and

medication management.

Strengths and limitations

The strengths of our study include the 3-year repeated cross-

sectional study design with a large sample size of older adults

with diabetes from the outpatient SHDRDMCD file, assessing

PIM prescribing based on three (of five) PIM categories (39 of

42 items) of the 2019 Beers criteria with available information

from SHDRDMCD, exploring the chronic comorbidity of older

adults with diabetes with information on diagnosis, evaluating

the prevalence of polypharmacy and PIMs in older adults

with diabetes and showing the features and ranking of the

probability of polypharmacy and PIM exposure in older adults

with diabetes. To reduce the potential biases of the results in

assessing the prevalence of polypharmacy, PIMs and chronic

comorbidity, our study has the following limitations. First,

categories IV and V of the 2019 Beers criteria were excluded

and so the prevalence of PIMs might be underestimated because

of the lack of laboratory data and the concurrent use of

medication. Second, only chronically used drugs, defined as a
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drug prescribed for at least 90 days or at least once amonth, were

included for polypharmacy assessment because we could not

ascertain the concurrent use condition of medication in patients.

Third, the patient’s exact comorbid disease status in each study

year was replaced by the definition of chronic comorbidity,

which was limited to the earliest recorded diagnosis code before

each study year and tumor with a diagnosis code recorded in

the 5 years before each study year, which might overestimate the

number of chronic conditions of patients. Fourth, our adjusted

model lacked adjustment for the frequency of interaction with

the healthcare system, which was related to the pathway of

“the number and types of comorbid illness–polypharmacy–PIM

exposure”. Fifth, the 2019 Beers criteria requires personalized

risk–benefit assessment; for example, the use of diuretics

might be justified in an individual. However, because no

monitoring information is available in SHDRDMCD, we could

not evaluate whether the use of these drugs was appropriate for

an individual, but we identified them as PIMs. This situation

might overestimate the prevalence of PIM exposure. Finally, this

study excluded older adults with diabetes who did not take any

drugs or only took traditional Chinese medicines, which might

lead to an overestimation of PIM prevalence.

In conclusion, PIMs and polypharmacy were common

in older adults with diabetes in Shenzhen, China. The higher

probability of PIM exposure was associated with chronic

gastrointestinal diseases and osteoarthritis and rheumatoid

arthritis in addition to diabetes. The top five PIMs in older

adults with diabetes were diuretics, benzodiazepines, androgens,

NSAIDs, sulfonylureas, metoclopramide and indomethacin.

Considering the associated adverse health outcome of PIMs,

maintaining minimal iatrogenic risks for older adults with

diabetes who are already vulnerable to these outcomes seems

important. The clinical comorbidity features of such patients

should be focused on apart from their polypharmacy status.

Also, the rationality of prescribing diuretics, benzodiazepines,

androgens, NSAIDs, sulfonylureas, metoclopramide and

indomethacin in such patients should be considered in

outpatient visitation settings.
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Late-life depression is one of the most common mental illnesses that cause

serious consequences, but the majority do not reach out for mental health

services and relapses are common. The present study investigated profiled

similarity of older adults’ social networks in terms of depressive symptoms.

In 2017, we distributed questionnaires inquiring about confidants in the

community, depressive symptoms based on the 15-item Geriatric Depression

Scale (GDS-15), and demographic and functional characteristics to all the

community-dwelling older adults under the national insurance system in

Wakuya City (Miyagi prefecture, Japan). Applying the Exponential Random

Graph Model, we estimated the likelihood of a confidant relational tie by the

similarity of overall and specific depressive symptoms within 217,470 potential

ties among 660 respondents eligible for analysis. The overall depressive

symptom homophily was marginally significant (p < 0.10), indicating that the

likelihood of a confidant relational tie between two community-dwelling older

adults was decreased by 5%, with one point increase in their di�erence in the

total number of depressive symptoms (odds ratio [OR], 0.95; 95% confidence

interval [CI], 0.90–1). Focusing on specific domains of depressive symptoms,

we found significant apathy homophily (p < 0.05) but no significant suicidal

ideation of homophily. The results indicated that there is a 19% decrease in

the likelihood of a confidant relational tie between two community-dwelling

older adults by one point increase in their di�erence in the total number of

apathy symptoms (OR, 0.81; 95%CI, 0.67–0.98) but no change by increasing

the di�erence in their total number of suicidal ideation symptoms (OR, 1;

95%CI, 0.87–1.14). These findings suggest depressive symptom homophily,

particularly with respect to apathy domains, in confidant social networks of

community-dwelling older adults, and the importance of network intervention

in preventing late-life depression.
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Introduction

Depression is a common mental disorder in older adults

with a prevalence ranging from 4.5% to 49% (1). Older adults

with depression have been found to suffer from poor general

health, lower health-related quality of life (2), and increased

risk of developing physical and cognitive frailty, dementia, and

death (3, 4). Late-life depression is imposing enormous costs on

individuals, their families, and aging societies (5). It is urgent to

understand why the majority of older adults with depression are

not reaching out for mental health care and are left untreated

(6), and relapses and chronicity are common (7).

As the Greek philosopher, Aristotle, said, “man is, by nature,

a social animal,” we rely on networks of relationships with

family, friends, and other individuals in society to survive and

thrive. Social network changes across the life span, and the

older adults’ social networks have been described as relatively

smaller in size but closer in social proximity, mainly due to

shrinking peripheral networks (8, 9). Social network studies

have reported that similarity serves as a strong foundation for

the formation and maintenance of strong ties, such as best

friends and marital couples (10–12), and negative emotions

could spread via those social ties within a community (13, 14).

As documented in case reports of suicide among depressed

older adult couples [M. D. (15–18)], shared characteristics and

co-occurrence of depression in social networks could hinder

appropriate treatment to overcome depression.

To date, however, there is a limited number of empirical

studies that investigated older adults’ social networks between

individuals from not only one side but from both sides

(19). Older adults’ social networks have been found to share

some health-related characteristics, such as smoking behavior,

physical inactivity (20), and logical memory function (21), but

it is unknown whether older adults’ social networks also share

depressive emotional attributes.

Understanding the shared emotional attributes of older

adults’ social networks would help design interventions

to prevent late-life depression. The present study aimed

to investigate depression homophily by analyzing whether

similarity in depressive symptoms is associated with a confidant

relational tie in dynamic data collected among older adults living

in one community.

Materials and methods

Participants

Between August and September 2017, a self-reported survey

was mailed to 4,902 older adult beneficiaries of the national

health insurance or late-stage medical care system in Wakuya

City, Miyagi Prefecture, Japan, which covered about 90%

of the residents aged 65 and over (22). The present study

analyzed the responses of 660 community-dwelling older adults

who provided information on their depressive symptoms and

confidants (i.e., intimate person to whom one feels close and

whom one trusts).

The research Ethics Committee at Tokyo Medical Dental

University approved the study protocols and the participants

provided written informed consent. All methods were carried

out in accordance with the Declaration of Helsinki and Japan’s

ethical guidelines for epidemiologic research (23).

Outcome: Confidant social networks

Confidant relations can be directed (i.e., not necessarily

reciprocated). We defined confidant social networks as

relationships, in which information and advice are likely shared

in response to self-disclosure about personal problems from one

side or both sides. As the first step, we asked the participants

to list all the household members and their relationships,

marital satisfaction, and presence of confidants. We identified

all co-residing older adults as confidants unless the participants

reported poor marital satisfaction (i.e., more than six points on

a 10-point Likert scale) and absence of confidants. In such cases,

we did not identify opposite-sex individuals with <15 years

of age difference as confidants. In the second step, we asked

the participants to list all the non-coresiding persons in the

community to whom they disclose their worries, and identified

the persons who met the following criteria as confidants: (1)

first and family names were spelled the same in either Japanese

kanji or hiragana; (2) same-sex; (3) no more than 3 years of

age difference; (4) same residential district but not the same

residential address; and (5) no other beneficiaries of the national

health insurance and late-stage medical care system that met the

first four criteria.

Depressive symptoms

A 15-item version of the Geriatric Depression Scale (GDS-

15) in Japanese (24) was administered. GDS-15 assesses the

presence of multi-dimensional symptoms of depression, such

as dysphoric mood, withdrawal-apathy-vigor, hopelessness,

subjective memory complaints, and anxiety, with dichotomized

questions, and a higher total score (0 to 15) indicates more

depressive symptoms (25).

To date, two sub-scales had been proposed and validated

in measuring distinctive dimensions of depression for clinical

use. One of them is the three-item apathy subscale (26), which

measures the apathy dimension of depression based on three

items from GDS-15 (i.e., “Have you dropped many of your

activities and interests?,” “Do you prefer to stay at home rather

than go out and do new things?,” and “Do you feel full of

energy?”). The other is the five-item suicidal ideation subscale
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that measures the suicide ideation dimension of depression

based on five items from GDS-15 (“Do you feel that your life

is empty?,” “Do you feel happy most of the time?,” “Do you think

it is wonderful to be alive now?,” “Do you feel pretty worthless

the way you are now?,” and “Do you feel that your situation is

hopeless?”) (27). The apathy-subscale scores ranged from 0 to 3

and the suicidal ideation subscale score ranged from 0 to 5.

The similarity in depression symptoms between participants

was measured by computing their absolute difference in the

GDS-15 total scores, the apathy subscale scores, and the suicidal

ideation subscale scores.

Covariates

We measured demographic and health characteristics

that are closely associated with social isolation and late-life

depression. In addition to age and sex, we measured the number

of household members (0 = one person or living alone, 1 =

more than 2 persons), educational attainment (0 = less than

6 years, 1 = 6-9 years, 2 = 10-12 years, and 3 = more than

13 years), and presence of subjective memory complaint (0 =

absent, 1 = present) and disability (0 = absent, 1 = present).

Subjective memory complaint (SMC) was measured by the SMC

scale (28), which asked the participants to report the frequency

of experiencing forgetfulness about a person’s name, place, plan,

and today’s date or presence of other severe memory problems,

such as forgetting to turn off the stove. The score range was

between 4 and 28, and a higher score indicated a higher degree

of SMC. The presence of disability was measured by the 13-

item Tokyo Metropolitan Institute of Gerontology Index of

Competence (TMIG-IC), andwe considered less than a full score

(<13) as an indication of disability (29).

Statistical analysis

Our data was directed network data, and we regarded there

was a confidant tie between two participants when at least one

of them was a confidant to the other, and calculated density

with the following formula: [observed number of ties excluding

the duplicates due to reciprocated relations] ÷ [maximum

number of ties that potentially arise among the participants, i.e.,

n (n−1)/2].

To estimate a probability of a confidant relational tie, we

built three multiple logistic regression models. The outcome was

the presence (1) or the absence (0) of a confidant relationship

between nodes (i.e., Yij = 1 when actor i regarded actor j

as a confidant, and Yij = 0 when actor i did not regard

actor j as a confidant). Exposure was similar on the total and

subscale GDS-15 scores between actors i and j. We further added

several individual attributes (i.e., sex, age, lone-household status,

TABLE 1 Characteristics of participants (n = 660).

n % Mean (SD)

Age 660 76.2 (7.3)

Sex (female) 351 53.2

Living arrangement (with a family) 563 85.1

Educational attainment

Equivalent or <9 years 215 32.6

10–12 years 309 46.8

13 years+ 127 19.2

Other (including unknown) 9 1.4

Subjective memory complaintsb 660 10.5 (4.9)

Disability

No 100 45.2

Yes 316 47.9

Missing 46 7.0

Geriatric depression status (GDS-15 score range)

Not depressed (0–4) 350 53.0

Mildly depressed (5–9) 211 32.0

Severely depressed (10–15) 99 15.0

Depressivity (GDS-15 total score) 660 5.0 (3.8)

Apathy (GDS-15 subscale score) 660 1.4 (1.1)

Suicidal ideation (GDS-15 subscale score) 660 1.3 (1.5)

16 missing responses were imputed with the mean score; Correlation between apathy and

suicidal ideation was 0.55 (95% confidential interval: 0.49–0.60).

educational attainment, subjective memory complaints, higher-

level functional independence, and depressive symptoms) and

network structure (i.e., density, reciprocity) in the model that

may affect the likelihood of a confidant tie and difference

from the other participants in depressive symptoms. We

performed Exponential-family Random GraphModels (ERGM)

using Markov Chain Monte Carlo (MCMC simulation), the

modified logistic regression model, allowing the estimation of

the likelihood of a tie while adjusting for network structural

effects (21, 30–32). Using exponentiating (exp) coefficient and

standard error, we computed the log-odds likelihood of a

confidant relational tie for the exposure, and the 95% confidence

interval (CI) was computed by exp (coefficient± two-sided 95%

confidence limit for a z-score∗standard error) (21).

We used the ergm package (33) and the igraph package (34)

on R version 4.0.3 to perform the analyses above, and chose the

Fruchterman-Reingold’s force-directed placement algorithm to

visualize the networks.

Results

In the survey, 385 (58.3%) participants reported they had at

least one confidant of any age in the community. Table 1 presents

a summary of the demographic and health composition, and
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TABLE 2 Characteristics of confidant network (directed ties) among

participants.

n or %

Density (%) 0.001

Number of vertices with more than one tie 297

Total confidant ties 300

Inside the household 134

Outside the household 166

Edge type

Unique 120

Reciprocal (two-way) ties 180

Group characteristics

Number of social networks (range of the size) 96 (2–36)

Mean geodesic distance within the participants 2.8

negative emotion levels of the participants. There were slightly

more women (n = 351, 53.3%), and the mean age was 76.3

years old. The majority (n = 563, 85.1%) was living with a

family. Approximately half of the participants completed 10–12

years of formal education. The mean score of subjective memory

complaints was 10.5, and 45.5% were free of disability. Themean

score of GDS-15 for overall depressive symptoms, apathy, and

suicidal ideation were 5, 1.4, and 1.3, respectively.

Network-level descriptive statistics are presented in Table 2.

There were 300 directed ties among the participants. Of those,

155 (51.7%) were established with older adults outside of the

household and 128 (42.7%) were established with older adults

within the household. More than half of the ties (n = 180,

61.5%) were reciprocated. A density was 0.001 (= one confidant

relational tie per 1,000 older adults in the same community).

We present a visualization of negative emotions in

the confidant network in Figure 1. Each node represents a

participant with an arrow indicating a relationship to be one-

way or reciprocated, and the node size corresponded to scores on

depressive symptoms (Figure 1A), suicidal ideation (Figure 1B),

and apathy score (Figure 1C). While the score difference ranged

from 0 to 14 points for depressive symptoms, 211 (68%) ties

fell within five points difference and 28 (9%) ties displayed the

same score. For suicide ideation and apathy subscales, the score

difference ranged from 0 to 5 and 0 to 3, respectively, and there

were 96 (31%) exactly matched cases for suicidal ideation and

112 (36.1%) for apathy.

Table 3 presents the estimation of the effects of overall

depressive symptom homophily on the probability of a confidant

relational tie in a full model of the ERGM analyses. A

confidant relational tie was marginally associated with similarity

on depressive symptoms (coefficient, −0.052; p = 0.07) and

significantly associated with presence of disability (coefficient,

0.38; p< 0.001) and reciprocity (coefficient, 8.02; p< 0.001). The

result indicates that the likelihood of a confidant relational tie

between two community-dwelling older adults decreases by 5%

with one point increase in their difference in the total number

of depressive symptoms (odds ratio [OR], 0.95; 95% confidence

interval [CI], 0.90–1) adjusted for the individual attribute and

network structural effects.

Table 4 presents the estimation of the effects of specific

domains of depressive symptoms. A confidant relational tie was

significantly associated with similarity on apathy (coefficient,

0.21; p = 0.038), age (coefficient, −1.45; p < 0.001), living

with family (coefficient, 0.65; p < 0.001), presence of disability

(coefficient, 0.38; p < 0.001), level of apathy (coefficient, 0.22;

p < 0.01), and reciprocity (coefficient, 25.4; p < 0.001) and

marginally associated with education (coefficient, 0.35; p =

0.084) on a confidant relational tie. The result indicates that the

likelihood of a confidant relational tie increases by 23% with one

point decrease in their difference in the total number of apathy

symptoms (OR, 0.81; 95%CI, 0.67 – 0.98). On the other hand,

a confidant relational tie was not significantly associated with

suicidal ideation. In the model, which included suicide ideation

variables, a confidant relational tie was significantly associated

with disability (coefficient, −0.35; p < 0.001) and reciprocity

(coefficient, −9.20; p< 0.001) but it was not significantly

associated with similarity in suicide ideation (coefficient, 0.0043;

p = 0.95). The OR of a confidant relational tie with one point

decrease in their difference in the total number of suicide

ideation symptoms was 1 (95%CI, 0.87–1.14).

Discussion

In this study, we investigated confidant social networks

within a cohort of 660 community-dwelling older adults and

found a marginally significant depressive symptom homophily.

When we examined specific dimensions of depression,

we detected significant apathy homophily but not suicidal

ideation homophily.

While many studies have addressed the contribution of

social networks to the well-being and longevity of older adults,

little research has been done to elucidate depressive symptom

homophily in older adults’ social networks. Our findings of

depressive symptom homophily in the confidant social network

of older adults is consistent with those of studies that highlighted

similarity as a strong foundation in friendship andmarriage (11).

One of the more popular explanations for homophily is that

discovering individuals who are similar to one’s characteristics

leads to perceived consensus support for who they are,

and feeling comfortable in establishing and maintaining the

relationship (35). A study on adolescents reported that depressed

individuals were not rejected by peers but, over some time,

they withdraw from peers who were not depressed (12). A

study of undergraduate students investigated the time spent on

interactions with friends and found that depressed individuals

spend less time with friends but longer time with individuals
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FIGURE 1

Visualization of confidant network among older adults in a community by the level of depressive status. (A) Apathy. (B) Sucide ideation. (C) Circle

size represents the total score on GDS-15 (divided by 3 to improve visualization), a subscale score on apathy and a subscale score on sucide

ideation with a bigger size represents a higher level of respective negativ emotion characteristics. Arrow heads indicate who is directing the tie

toward whom.

TABLE 3 Multivariate logistic regression on the likelihood of a confidant relational tie by similarity in overall depressivity, individual attributes, and

network variables among the community-dwelling older adults.

Coefficient SE p-value OR (95%CI)

Homophily effects

Similarity in overall depressivity −0.052 0.029 0.07 0.95 (0.90, 1.00)

Individual attributable effects

Sex (ref: male) 0.01 0.12 0.93 1.01 (0.80, 1.28)

Age (ref: <75 years-old) 0.13 0.13 0.31 1.14 (0.88, 1.47)

Living arrangement (ref: living alone) −0.19 0.18 0.29 0.83 (0.58, 1.18)

Disability (ref: no) 0.38 0.14 <0.001 1.46 (1.11, 1.92)

Educational attainment (ref: equivalent or <9 years)

10–12 years 0.07 0.12 0.55 1.07 (0.85, 1.36)

13 years+ −0.001 0.14 0.99 1.00 (0.76, 1.31)

Depressive symptoms 0.0066 0.018 0.72 1.01 (0.97, 1.04)

Social structural effects

Edges −8.67 0.37 <0.001

Reciprocity 8.02 0.46 <0.001

who display a similar level of depressive symptoms (10). As

apathy is one of the most common neuropsychiatric symptoms

in later life (36), we hypothesized that apathy homophily might

be a result of apathetic older adults withdrawing themselves

from other more energetic older adults and spending longer

a time with similarly apathetic older adults. Another possible

explanation for the homophily phenomenon in social networks

is social influence. Christakis et al. have demonstrated in a

Framingham Heart Study that families, friends, and neighbors

who spend time together becomemore similar to each other over

time in terms of both positive and negative emotions (13, 14, 37).

On the other hand, in this study, we did not observe suicide

ideation homophily. Pachucki et al. found that depressed young

teenagers were more likely to withdraw from the mainstream

group in their classes and that depressive symptoms did not

spread over time among connected individuals (38). The authors

hypothesized that social influence was weak in this age group

because they were not able to pick up signs and symptoms of

depression. Our participants might not be able to pick up suicide

ideation in their community members. Suicide stigma is highly

prevalent in Japan, more so than in other countries, such as

Australia (39). Japanese often consider suicide as a way to avoid

shame or dishonor, and those with suicide ideation fear lifelong

discrimination or ostracization (40). People with such fear are

reluctant to seek help, particularly those in rural communities

where anonymity is lacking (41).
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TABLE 4 Multivariate logistic regression on the likelihood of a confidant relational tie by similarity in specific domains of depressive symptoms,

individual attributes, and network variables among the community-dwelling older adults.

Model 1 (Apathy homophily test) Model 2 (Suicidal ideation homophily test)

Coefficient SE p-value OR (95%CI) Coefficient SE p-value OR (95%CI)

Homophily effects

Similarity in the level of apathy −0.21 0.099 0.038 0.81 (0.67, 0.98)

Similarity in the level of suicidal ideation −0.0043 0.07 0.95 1.00 (0.87, 1.14)

Individual attributable effects

Sex (ref: male) 0.07 0.13 0.58 1.07 (0.83, 1.40) 0.01 0.11 0.92 1.01 (0.81, 1.25)

Age (ref: <75 years-old) −1.45 0.15 <0.001 0.23 (0.17, 0.31) 0.17 0.11 0.12 1.19 (0.96, 1.47)

Living arrangement (ref: living alone) 0.65 0.18 <0.001 1.92 (1.30, 2.73) −0.09 0.13 0.47 0.91 (0.71, 1.18)

Disability (ref: no) 0.38 0.17 <0.001 1.46 (1.00, 2.04) 0.35 0.12 <0.001 1.42 (1.10, 1.80)

Educational attainment (ref: equivalent or <9 years)

10–12 years 0.13 0.16 0.43 1.14 (0.83, 1.56) 0.17 0.13 0.19 1.19 (0.92, 1.53)

13 years+ 0.35 0.2 0.084 1.42 (0.96, 2.10) 0.25 0.16 0.11 1.28 (0.94, 1.76)

Level of apathy 0.22 0.074 0.003 1.24 (1.07, 1.44)

Level of suicidal ideation 0.058 0.04 0.11 1.06 (0.98, 1.15)

Social structural effects

Edges −8.5 0.48 <0.001 −9.2 0.27 <0.001

Reciprocity 25.41 0.22 <0.001 8.6 0.23 <0.001

We must note the limitations of our study. First, we limited

our target to the community-dwelling older adults under the

national insurance system, and not all of them participated

in the study. Although a multi-national study reported the

number of confidants among older adults was generally small,

less than three on average even when including non-older adults,

such as children (42), our sampling strategy and consequence

may have contributed to a low network density (i.e., 0.001).

Future research that receives research cooperation from most of

the community members and measures confidant networks of

various ages could further verify our findings. Second, our study

was cross-sectional. Hence, we cannot differentiate the direction,

that is, whether depressive symptoms homophily induced

confidant social network, or the other way around. A further

longitudinal study is needed to elucidate the directionality of this

association. Last but not least, the likelihood of a tie we reported

in this study is based on ERGM with MCMC simulation in one

small city in Japan. Although the number of scientific literature

employing ERGM is rapidly increasing over the last 10–15 years

(43), and ERGM is one of the most popular modeling in social

network analysis (32), we cannot deny the possibility that the

estimated value would differ if we employ a different modeling.

Also, our participants were similar with respect to mean age

and sex proportions, but they were coming from relatively

urbanized areas than rural areas of a community compared with

the targeted population. Different populations from different

communities, such as more rural or more urban, may have

different social networks. Further studies are needed to confirm

if our findings apply to other settings.

Despite the limitations, our findings suggest that older

adults may have difficulty in receiving help to alleviate their

apathetic depressive symptoms from close social ties of their

age. Geriatric clinicians, welfare specialists, and volunteers may

express empathy to apathy dimension of depression to build

and maintain a confidant relationship and cooperate to ensure

older adults receive needed support and companionship over

time (44, 45). Furthermore, they may invite or connect with

older adults to participate in group-based interventions with

their closest social ties to increase emotional viability.

In conclusion, Japanese community-dwelling older

adults are likely to form confidant social networks with

other older adults who have a similar level of apathetic

depressive symptoms. Depressive symptom homophily

in the social networks of older adults in the community

highlights the importance of targeting not only older adults

but also their confidants in promoting good mental health in

later life.
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Background: More than 70 percent of the world’s population is tortured with

neck pain more than once in their vast life, of which 50–85% recur within 1–5

years of the initial episode. With medical resources a�ected by the epidemic,

more andmore people seek health-related knowledge via YouTube. This article

aims to assess the quality and reliability of the medical information shared on

YouTube regarding neck pain.

Methods: We searched on YouTube using the keyword “neck pain” to include

the top 50 videos by relevance, then divided them into five and seven

categories based on their content and source. Each video was quantitatively

assessed using the Journal of American Medical Association (JAMA), DISCERN,

Global Quality Score (GQS), Neck Pain-Specific Score (NPSS), and video power

index (VPI). Spearman correlation analysis was used to evaluate the correlation

between JAMA, GQS, DISCERN, NPSS and VPI. A multiple linear regression

analysis was applied to identify video features a�ecting JAMA, GQS, DISCERN,

and NPSS.

Results: The videos had a mean JAMA score of 2.56 (SD = 0.43), DISCERN

of 2.55 (SD = 0.44), GQS of 2.86 (SD = 0.72), and NPSS of 2.90 (SD = 2.23).

Classification by video upload source, non-physician videos had the greatest

share at 38%, and sorted by video content, exercise training comprised 40%

of the videos. Significant di�erences between the uploading sources were

observed for VPI (P = 0.012), JAMA (P < 0.001), DISCERN (P < 0.001), GQS

(P = 0.001), and NPSS (P = 0.007). Spearman correlation analysis showed that

JAMA, DISCERN, GQS, andNPSS significantly correlatedwith each other (JAMA

vs. DISCERN, p < 0.001, JAMA vs. GQS, p < 0.001, JAMA vs. NPSS, p < 0.001,

DISCERN vs. GQS, p < 0.001, DISCERN vs. NPSS, p < 0.001, GQS vs. NPSS,

p < 0.001). Multiple linear regression analysis suggested that a higher JAMA

score, DISCERN, or GQS score were closely related to a higher probability of an

academic, physician, non-physician or medical upload source (P < 0.005), and

a higher NPSS score was associated with a higher probability of an academic

source (P = 0.001) than of an individual upload source.
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Conclusions: YouTube videos pertaining to neck pain contain low quality, low

reliability, and incomplete information. Patients may be put at risk for health

complications due to inaccurate, and incomplete information, particularly

during the COVID-19 crisis. Academic groups should be committed to

high-quality video production and promotion to YouTube users.

KEYWORDS

neck pain, YouTube, education, content analysis, quality-control study

Introduction

Neck pain imposes a substantial economic burden on

patients and renders them handicapped (1–5). More than 70

percent of the world’s population is tortured with neck pain

more than once in their vast life (6, 7), of which 50–85% are

expected to recur within 1–5 years of the initial episode (7). Neck

pain occurs more frequently in females than males, peaking

in middle age (6, 8, 9). Neck pain is strongly associated with

multiple comorbidities, including depression, headache, joint

pain, and back pain (8, 9). Moreover, neck pain also poses a huge

economic burden to society, including the costs of treatment,

lost productivity, and job-related problems (10).

Classifying neck pain as neurotic or non-neurotic is critical

and urgent, as this information is required to guide investigation

(imaging necessity) and treatment decisions (11). There are

many potential diagnoses for neck pain, but common ones

include myofascial pain, degenerative disc disease, and muscle

spasms (12). Since the prognosis of neck pain is closely related

to duration (13, 14), it is important to identify patients in time

and to have them receive appropriate health education and

proper management.

Unfortunately, the current COVID-19 pandemic and

concomitant restrictions have contributed to a severe shortage of

conventional medical care (15–18). Given the explosive growth

of the Internet as a source for quick and extensive information

in all areas of life, 80% of netizens have searched the Internet for

health information (19), and up to 30% of orthopedic patients

have searched for medical information online (20), which has

greatly facilitated consultation andmedical treatment during the

epidemic.Withmore than 1 billion visitors per month, YouTube

boasts one of the most popular and dominant websites for

viewing and sharing videos on the Internet (21, 22). Patients can

use YouTube to gain health-related medical knowledge and use

publicly accessible YouTube video-based tutorials to treat their

conditions, especially during the current pandemic (21, 23, 24).

However, while some of the high-quality orthopedic content on

YouTube is uploaded by qualified specialists, it is undeniable

that the majority of videos are still uploaded by unqualified

individuals, and most of the videos are not peer-reviewed,

resulting in the dissemination of inaccurate, incomplete, and

low-quality videos. Given the lack of control mechanisms and

uneven quality of uploads, there is a considerable risk of getting

misleading or insufficient information on health-related issues

(25, 26).

To the best of our knowledge, there currently exist no

studies evaluating the reliability and quality of YouTube videos

providing medical information to patients with neck pain.

Especially against the backdrop of the COVID-19 pandemic,

assessing the quality of the relevant videos regarding neck pain

is crucial to determining the potential applicability of YouTube

tutorials. This article aims to assess the quality and reliability

of the medical information shared on YouTube regarding neck

pain and to identify factors associated with the overall video

quality or reliability.

Materials and methods

Recruitment

In this cross-sectional study, we used the search item “neck

pain” on YouTube (accessed on 25 May 2022) and designed

to include relevant videos for patients with neck pain. Search

history records were deleted before the search to reduce the

impact on search results. In over 50,000 search results, the top

50 videos by relevance were recorded for evaluation, which has

been widely adopted as a feasible method of video selection

in the literature within orthopedics (27–29). Additionally,

the purpose of this study was to simulate and analyze the

results viewers come across on visiting YouTube for medical

information from a researcher’s perspective, rather than to

assess all the videos uploaded on YouTube regarding neck pain.

Most YouTube viewers will not watch more than the first two

pages of search results found online (30). On this basis, above

YouTube video studies within orthopedics have examined small

subsets of videos (50 videos) and similar statistical analyses were

conducted. Therefore, we included the first 50 results for further

evaluation. All videos were about neck pain and were in English.

Collection of video features and source

The following information was recorded during screening:

(1) Title, (2) number of views, (3) number of likes, (4) number

of dislikes, (5) video duration, (6) comments, (7) number of
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subscribers, (8) time since upload and (9) Video Power Index

(VPI). The formula for calculating VPI is as follows: [(likes

× 100/(likes + dislikes)) × (views/day)/100]. The index used

to assess viewers engagement and video popularity has been

successfully applied to previous research (28, 31, 32).

According to previous studies (27, 28, 31), the videos

were categorized into six groups based on their source: (1)

academic (authors were affiliated with universities or research

groups or colleges), (2) physician (authors were professional

physicians with no affiliations), (3) non-physician (health

professionals other than licensed physician: physiotherapists,

and occupational therapists), (4) medical (contents from health

websites), (5) commercial and (6) individuals. The categories

are as follows according to content (1) exercise training, (2)

information about disease, (3) patient experience, (4) non-

surgical, and (5) advertisement according to previous studies.

When the videos have more than one topic, we typically evaluate

and identify the topics that patients will gain the most from the

video. The duration of the topic, the amount of information

contained, and the comments of the viewers are all important

evaluation indicators.

Assessment of reliability and quality

The accuracy and reliability of videos were assessed with the

Journal of American Medical Association (JAMA) benchmark

criteria, provided by Silberg et al. (33) (Table 1). The JAMA

total score is calculated by assigning 1 point for the existence

of each criterion. A score of 0 indicates low video quality and

accuracy, while a score of 4 indicates high video quality and

accuracy. The educational value of each video was scored using

a 5-point global scale [recorded as the Global Quality Score

(GQS)] modified from Singh et al. (34) (Table 2). GQS score

ranges from 1 to 5, with higher scores indicating better quality

of education. Additionally, a modified DISCERN tool, similar to

the five-point evaluation tool reviewed by Kocyigit et al. (24),

was used to evaluate the reliability of the included videos. It

contains five binary yes/no questions, each positive yielding 1

point, with a maximum score of 5 (Table 3).

Since no assessment tool exists to comprehensively assess

the educational content of neck pain, we created a new grading

criteria [called the “Neck Pain Specific Score” (NPSS)] based

on literature review and expert opinion (5, 10, 11, 35–39). The

NPSS specifically assesses educational content on (1) patient

presentations, (2) information about neck pain, (3) diagnosis

and evaluation, (4) treatments, and (5) post-operative course

(Table 4). A single point is assigned for the presence of each item,

conferring a maximum score of 18, with higher scores indicating

better education quality for neck pain.

Two independent orthopedic doctors (XZ and YY) assessed

all included videos. Any discrepancies were settled by discussion

with a third author for consensus (HL).

TABLE 1 Journal of the American Medical Association benchmark

criteria (33).

Criterion Description

Authorship Author and contributor credentials and their affiliations should

be provided.

Attribution All copyright information should be clearly listed, and

references and sources for content should be stated.

Currency The initial date of posted content and dates of subsequent

updates to content should be provided.

Disclosure Conflicts of interest, funding, sponsorship, advertising, support,

and video ownership should be fully disclosed.

TABLE 2 Global Quality Score criteria (34).

Grade Description of quality

1 Poor quality, information missing, technique misleading; unlikely to

be useful for patient education

2 Generally sparse quality, some information provided but majority

lacking, technique poor; limited use for patients

3 Moderate quality, important information provided but some lacking,

technique mostly adequate; somewhat useful for patients

4 Good quality, majority of information provided but some

information lacking, technique adequate; useful for patients because

most important topics are covered

5 Excellent quality, full information provided, technique adequate;

highly useful for patients.

TABLE 3 5-point DISCERN criteria (1 point for each item; a total of 5

points) (24).

Item Criteria

1 Are aims clear and achieved?

2 Are reliable sources of information used? (published articles cited, a

specialist’s opinion)

3 Is information presented balanced and unbiased?

4 Are additional sources of information listed for patient reference

5 Are areas of uncertainty addressed?

Ethics statement

Since YouTube videos with publicly available data was used,

ethics committee approval was not required.

Statistical assessments

IBM SPSS Statistics 22.0 software was utilized to analyze

the results. Continuous variables are presented as the mean ±

SD. Since the parameters did not show a normal distribution,
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TABLE 4 The neck pain-specific score.

Patient presentation 2

Describes symptoms: pain location, sensory deficits, muscle weakness, reflex

abnormalities, etc.

Describes patient population: both the incidence and prevalence of neck pain

increased with age and were greater among females than males, etc.

Information about neck pain 3

Mentions epidemiology and burden: neck pain was found to rank 21st in terms

of overall burden and fourth in terms of overall disability; neck pain had an

age-standardized point prevalence of 3,551/100,000 people, with a 95%

uncertainty interval (UI) from 3,140 to 3,978; and an annual incidence of

807/100,000 people (95% UI 714 to 913).

Describes the potential cause: cervical facet joint disease, stenosis at the cervical

intervertebral foramen, osteophyte growth at the uncovertebral joints, etc.

Mentions risk factors: psychopathology, genetics, sleep problems, smoking,

obesity, low job satisfaction and poorly perceived work support, etc.

Diagnosis and evaluation 7

Red flags: age related factors, physical signs and symptoms, miscellaneous and

neurological findings, etc.

Referring to taking a comprehensive history.

Mentions physical examination: Spurling, Neck distraction, Valsalva, Hoffmann

sign, and Jackson compression, etc.

Mentions the diagnostic imaging: X-ray, CT or MRI (sometimes used to

confirm or rule out a specific pathology).

Mentions the classification: neuropathic, non-neuropathic, mixed

neuropathic-nociceptive

Describes surgical candidates: When neck pain is associated with progressive

neurologic deficits or spinal cord compression, a surgical opinion is indicated.

Mentions the prognosis: younger age, an active coping style and optimistic

outlook appear to be related to a favorable prognosis; previous episodes of neck

pain, concurrent low back pain, concurrent headaches, poor health,

psychological factors (such as anxiety, worry, frustration and depression) and

work-related symptoms (such as low job satisfaction) appear to be related to a

poor prognosis.

Treatment 4

Mentions exercise and integrative medicine treatments: exercise, massage,

spinal manipulation, Electrotherapy, yoga, education and qigong.

Mentions medication: paracetamol or non-steroidal anti-inflammatory drugs

(NSAIDs).

Mentions injections: glucocorticoid, etc.

Mentions surgery.

Post-operative course 2

Describes outcomes and complications.

Mentions post-operative mobilization and physiotherapy including rapid

recovery.

we used the Kruskal-Wallis test for the between-group

comparisons, followed by the Bonferroni method for post-

hoc tests. Spearman correlation analysis was used to evaluate

the correlation between JAMA, GQS, DISCERN, NPSS, and

VPI. A multiple linear regression analysis was applied to

identify video features affecting JAMA, GQS, DISCERN,

and NPSS. For the video quality assessment, we use the

intraclass correlation coefficient (ICC) to evaluate the scores

between reviewers (XZ and YY). A guideline for evaluating

ICC values was applied: excellent (>0.90), good (0.75–0.90),

moderate (0.50–0.75) and poor (<0.50) (40). All reported

p-values were two-sided, and those <0.05 were considered

statistically significant.

Results

Video characteristics

A total of 50 videos were statistically analyzed. The videos

occupied a total running time of 23,197 s and an average

duration of 464 s (SD = 283). They were viewed an average of

581 times per day (SD= 626) for a total of 29,054 times per day.

Themean time since upload was 1,504 days (SD= 1,104) and the

average likes ratio was 96.78 (SD= 2.32). The videos received an

average of 0.70 (SD = 1.16) comments per day, with an average

of 12.43 (SD = 19.75) likes and 0.24 (SD = 0.28) dislikes per

day. The mean VPI was calculated as 566.35 (SD = 613.49)

(Figure 1).

Topics and uploading sources

The included videos are categorized by upload sources

and contents covered therein. Non-physician video sources

accounted for the largest share (19/50, 38%), followed by

academic sources (8/50, 16%), commercial sources (7/50, 14%),

medical sources (6/50, 12%), individual sources (5/50, 10%) and

physicians (5/50, 10%) (Figure 2).

Among all contents, exercise training was the most

frequently covered (20/50, 40%), followed by information

about disease (11/50, 22%), non-surgical treatment (7/50, 14%),

advertisement (7/50, 14%), and patient experience (5/50, 10%)

(Figure 3).

Information reliability and quality

The videos had a mean JAMA score of 2.56 (SD =

0.43), DISCERN of 2.55 (SD = 0.44), GQS of 2.86 (SD =

0.72), and NPSS of 2.90 (SD = 2.23). The reviewers had

excellent agreement for the JAMA score (ICC, 0.909; 95%

confidence interval, 0.846–0.947), DISCERN score (ICC, 0.923;

95% confidence interval, 0.858–0.958), GQS score (ICC, 0.927;

95% confidence interval, 0.876–0.958), and NPSS score (ICC,

0.939; 95% confidence interval, 0.895–0.965).
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FIGURE 1

The video title, views per day, VPI, JAMA score, DISCERN, and GQS of the 50 videos are listed.

FIGURE 2

Categorical distribution of the videos based on source.

Additionally, between-group effects were calculated

according to their upload source and contents. Significant

differences between the uploading sources were observed for

VPI (P = 0.012), JAMA (P < 0.0001), DISCERN (P < 0.0001),

FIGURE 3

Categorical distribution of the videos based on content.

GQS (P = 0.001), and NPSS (P = 0.007), with videos from

the academic group having the highest VPI, JAMA score,

DISCERN, GQS, and NPSS. However, the VPI (P = 0.395),

JAMA (P = 0.564), DISCERN (P = 0.869), GQS (P = 0.467),

and NPSS (P = 0.329) did not statistically differ between the

groups based on video content (Table 5).
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TABLE 5 Mean quality and reliability scores per video source and video content variable.

Grouping variable VPI JAMA DISCERN GQS NPSS

Video content

Exercise training 482.83± 335.86 2.43± 0.31 2.49± 0.32 2.65± 0.48 2.20± 0.75

Information about disease 314.00± 352.61 2.75± 0.65 2.71± 0.72 3.09± 1.08 4.09± 3.82

Patient experience 874.36± 927.88 2.50± 0.35 2.56± 0.41 2.80± 0.75 3.20± 2.40

Non-surgical 943.62± 868.97 2.61± 0.18 2.51± 0.21 2.86± 0.35 2.43± 0.49

Advertisement 604.23± 684.87 2.64± 0.35 2.57± 0.27 3.00± 0.76 3.29± 1.58

P-value 0.395 0.564 0.869 0.467 0.329

Video source

Academic 903.43± 745.28 3.06± 0.30 3.10± 0.40 3.50± 0.71 5.38± 4.09

Physician 631.82± 1071.73 2.75± 0.32 2.72± 0.24 3.20± 0.40 2.80± 0.40

Non-physician 709.11± 501.33 2.50± 0.24 2.52± 0.19 2.89± 0.45 2.16± 0.67

Medical 115.06± 99.02 2.58± 0.45 2.63± 0.45 3.00± 0.58 3.00± 1.53

Commercial 351.68± 208.23 2.39± 0.40 2.26± 0.32 2.43± 0.73 3.00± 1.77

Individuals 261.12± 182.32 1.95± 0.10 1.96± 0.37 1.80± 0.40 1.60± 0.49

Total 566.35± 613.49 2.56± 0.43 2.55± 0.44 2.86± 0.72 2.90± 2.23

P-value 0.012 <0.001 <0.001 0.001 0.007

The significant difference

in post-hoc analysis†

Non-physician vs.

medical

Academic vs.

non-physician, academic

vs. commercial,

academic vs. individuals;

Physician vs. individuals

Academic vs.

non-physician, academic

vs. commercial,

academic vs. individuals

Academic vs.

individuals; Physician

vs. individuals;

non-physician vs.

individuals

Academic vs.

individuals,

academic vs.

non-physician

Data are presented as mean± SD. †Post-hoc tests were performed using Bonferroni’s method. GQS indicates Global Quality Score; JAMA, Journal of American Medical Association; VPI,

video power index; NPSS, neck pain-specific score.

Correlation analysis for factors
influencing JAMA, DISCERN, GQS, and
NPSS scores

In the total score correlation evaluation, the positive

correlation between JAMA and discern was 84.3% (p < 0.0001),

the positive correlation between JAMA and GQS was 87.3% (p

< 0.0001), the positive correlation was 72.3% the percentage

between JAMA and NPSS (p < 0.0001), the positive correlation

between DISCERN and GQS was 84.3% (p < 0.0001), the

positive correlation between DISCERN and NPSS was 72.0% (p

< 0.0001), and the positive correlation between GQS and NPSs

was 73.7% (p < 0.0001). However, there existed no significant

correlation between the total VPI and the other four scores

(Table 6).

Multiple linear regression analysis suggested that a higher

JAMA score was closely related with a higher probability of an

academic (P < 0.0001), physician (P = 0.002), non-physician (P

= 0.002) or medical (P = 0.002) upload source compared with

an individual upload source. A higher DISECRN was closely

related with a higher probability of an academic (P < 0.0001),

physician (P = 0.005), non-physician (P = 0.006) or medical

(P = 0.006) upload source than of an individual upload source.

TABLE 6 Spearman correlation analysis was applied to assess the

correlation between JAMA, GQS, DISCERN, NPSS, and VPI.

VPI JAMA DISCERN GQS NPSS

VPI Correlation 1 0.152 0.143 0.149 −0.057

P 0.293 0.321 0.303 0.629

JAMA Correlation 0.152 1 0.843 0.873 0.723

P 0.293 <0.001 <0.001 <0.001

DISCERN Correlation 0.143 0.843 1 0.843 0.72

P 0.321 <0.001 <0.001 <0.001

GQS Correlation 0.149 0.873 0.843 1 0.737

P 0.303 <0.001 <0.001 <0.001

NPSS Correlation −0.057 0.723 0.72 0.737 1

P 0.629 <0.001 <0.001 <0.001

JAMA, Journal of American Medical Association; GQS indicates Global Quality Score;

NPSS, neck pain-specific score.

A higher GQS was closely related with academic (P < 0.0001),

physician (P = 0.006), non-physician (P = 0.001) or medical

(P = 0.003) upload sources than individuals upload sources. A

higher NPSS was more associated with academic (P = 0.001)

upload sources than with individual upload sources (Table 7).
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TABLE 7 Multiple linear regression analysis of correlations between video characteristics and the JAMA score, DISCERN, GQS, and NPSS.

Variable Unstandardized beta (B) 95% CI Standardized β P-value

JAMA score (R2
= 0.634)

Video source

Academic 1.167 0.786–1.547 1.006 <0.001

Physician 0.739 0.282–1.197 0.522 0.002

Non-physician 0.594 0.233–0.954 0.678 0.002

Medical 0.761 0.309–1.213 0.582 0.002

DISCERN (R2
= 0.613)

Video source

Academic 1.212 0.805–1.619 1.003 <0.001

Physician 0.717 0.227–1.207 0.486 0.005

Non-physician 0.555 0.168–0.941 0.608 0.006

Medical 0.690 0.206–1.175 0.507 0.006

GQS (R2
= 0.564)

Video source

Academic 1.782 1.077–2.487 0.906 <0.001

Physician 1.231 0.382–2.079 0.512 0.006

Non-physician 1.145 0.477–1.814 0.771 0.001

Medical 1.306 0.468–2.144 0.588 0.003

NPSS (R2
= 0.500)

Video source

Academic 4.393 2.060–6.726 0.722 0.001

JAMA, Journal of American Medical Association; GQS indicates Global Quality Score; NPSS, neck pain-specific score.

Discussion

Motivation and meaning of this study

Several factors piqued our interest in carrying out this work.

The paramount reason is the ever-increasing number of patients

coming to our outpatient clinic complaining of neck pain.

Numerous studies have shown that neck pain is related to a

lack of physical exercise (41, 42). Various restrictions during

the epidemic have reduced activity and increased sedentary

behavior (43), resulting in a significant increase in the number

of neck pain patients. Second, many patients have conducted

online research before visiting our clinic, and the information

obtained sometimes contradicts the professional opinion of

the doctor. With the internet penetration rate exceeding 50%

worldwide (28), the internet and its online video repositories

have increasingly been utilized as a source of health education

for patients about a variety of medical conditions. However, the

quality, reliability and scientific justification of the contained

information remains unclear, given that the video content or

uploaded source have not been assessed through peer review

processes or minimum health-related standards. Thus, patients

with neck pain may be exposed to inaccurate, incomplete

even misleading information prior to seeking medical attention,

making it quite necessary to be aware of the reliability and

quality of education available to patients posted on YouTube.

Since we orthopedic surgeons do not have the authority to

review, edit or modify videos uploaded on YouTube or other

sources, it is imperative that we at least understand how

the Internet influences the patients concerning the commonly

encountered diseases at the clinic.

Neck pain requires prompt diagnosis and treatment, which

highlights the importance of accurate and comprehensive health

education. In general, history and physical examination not only

provide crucial clues as to whether the pain is neurologic or

mechanical, but can also be used to identify “red flags” that

may indicate serious pathology, such as cervical spondylotic

myelopathy, atlantoaxial subluxation, and tumor metastasis.

Magnetic resonance imaging is characterized by a high incidence

of abnormalities in asymptomatic individuals, and should be

considered in cases involving progressive neurologic deficits, in

pain refractory to conventional treatment, and when referring

patients for interventional treatment (37). For the treatment

of neck pain, there are consistent weak or moderate intensity

recommendations: advice and education, referral to exercise

therapy/programs, oral analgesics and topical medications,

plus psychotherapy, surgery, or multidisciplinary treatment for

specific subgroups (11, 44, 45). Given the current epidemic,

this is more important than ever, as patients with inadequate

or inappropriate access to medical information about neck
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pain can miss out on individualized diagnosis and treatment

for their condition, which can severely exacerbate or delay

their conditions.

Principal findings

To the best of our knowledge, there currently exist no

studies evaluating the reliability and quality of YouTube videos

providing medical information to patients with neck pain and

identified factors associated with the overall video quality or

reliability. According to our analysis, the reliability and quality

of YouTube videos pertaining to neck pain were low, which is

in consistent with the results of previous studies on YouTube

videos within orthopedics. Erdem et al. (28) determined that

the mean JAMA score (maximum of 4 points), GQS (maximum

of 5 points), and kyphosis-specific score (maximum of 32

points) were 1.34, 1.68, and 3.02, respectively. MacLeod et al.

(22) conducted YouTube-based research for Femoroacetabular

Impingement information and found that the mean video

quality assessment scores were 3.1 for diagnosis and 2.9 for

treatment (maximum score of 16 points). Cassidy et al. (46)

determined that the mean JAMA score and anterior cruciate

ligament-specific score (maximum of 25 points) were 2.4 and

5.5, respectively. Hornung et al. (47) determined that the mean

JAMA, GQS, and low back pain-specific score (maximum of 15

points) were 2.25, 2.29, and 3.83, respectively. Together, these

data suggested that the reliability and quality of the YouTube

videos on orthopedic disorders were low.

Even so, some studies conducted on YouTube found

its reliability and quality to be high. First of all, our

study is irrelevant to the subject of the above studies,

this leads to different videos being retrieved on YouTube,

which further leads to different details such as video upload

sources. In the study conducted by Akyol Onder et al. (48)

regarding dialysis, 32.6% (14/43) of videos were uploaded

by universities/governments/professional societies. Ng et al.

(49) searched on YouTube for information about lupus

erythematosus and 49.7% (91/183) of videos were uploaded

by professionals. Langford et al. (50) conducted the YouTube-

based analysis for Spinal Cord Stimulation and 53.4% (55/103)

were uploaded by hospitals, group practice or physician.

However, in our study, only 16% (8/50) of videos were

uploaded by professionals. Considering that professionals

upload more high-quality videos (31, 51) and that most

videos are uploaded by unqualified individuals and are not

peer-reviewed, this may be the major reason why our study

contradicted the minority of studies. In addition, in our

study, particularly striking was the average NPSS of 2.90, with

a maximum score of 18, highlighting the dilemma of the

current video’s lack of discussion of information specific to

neck pain.

Once patients have researched their disease prior to their

clinic visit, it is very challenging to properly inform and convince

misguided patients to receive proper treatment and free them

from prejudgment. Therefore, as clinicians, it is necessary for us

to evaluate video quality and explore the factors that affect video

quality to better guide patients on how to correctly find videos

on the Internet that may be useful for their disease.

Despite the low reliability and educational quality of

YouTube videos, those uploaded by academics scored

significantly higher than those of other video sources. In

addition, multiple linear regression analysis also supported that

ownership (academic uploaders) is an important influencing

factors that can be used to improve the reliability and quality

of YouTube videos. This finding is consistent with those

of other studies (31, 51). This may be explained by the

fact that experts have more specialized knowledge, as well

as the list of additional sources of information attached.

When academic uploaders produce a video concerning neck

pain, they should exert more effort to provide equalized

information, list extra sources of information, and refer areas

of uncertainty.

In contrast, the reliability and educational quality did not

differ significantly among the video contents. The content of the

videos included in the study mainly covered exercise training,

information about disease, patient experience, and non-surgical

and advertisement information. Most videos contain only 1 or

2 of the above categories. Particularly striking is the mean NPSS

of 2.90, as the maximum possible score is 18 points, highlighting

the dilemma that the current videos lack of discussion of neck

pain-specific information. With the lack of availability of in-

person medical information exchange during the COVID-19

pandemic, patients suffering from neck pain are at risk of

insufficient or inadequate information if they decide to educate

themselves regarding neck pain.

In our study, the popularity of videos was not significantly

related to their quality or reliability, which was in agreement

with previous research (27, 31). According to these findings,

we can infer that the patients may find it challenging

to differentiate between useful information and misleading

information. Actually, of the 50 videos we included, some

videos contained misleading information. These videos were

often touted as “quick neck pain relief ” when in fact they

contained only simple neck exercises. This could cause some

patients with severe diseases (e.g., spinal cervical spondylosis,

neck trauma) to underestimate their condition, which could

affect the diagnosis and treatment of the disease. This is

more important than ever given the current situation, where

insufficient or inappropriate access to medical information

about neck pain can severely exacerbate or delay a patient’s

symptoms. Therefore, effective and prompt measures should

be adopted to reduce inaccurate, incomplete (even harmful)

information on YouTube platform.
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Challenges and solutions

Neck pain occupies one of the top five chronic pain

conditions according to prevalence and years of disability,

placing a considerable burden on individuals and the social

economy. While most acute episodes resolve spontaneously,

more than 30% of patients experience mild symptoms or relapse

more than a year later, with genetic and psychosocial factors

being persistent risk factors (11). To make matters worse,

management of neck pain has been severely affected during the

COVID-19 pandemic (18, 52–55). Given the explosive growth of

the Internet as a fast and wide source of medical information in

all areas of life, an increasing number of orthopedic patients have

searched for medical information on YouTube, while the overall

quality and reliability of relevant videos is poor. Most videos are

uploaded by unqualified individuals and are not peer-reviewed,

leading to the dissemination of inaccurate and low-quality data.

Many studies have reported that a high percentage of videos

posted on YouTube even provide misleading information (50,

51). The alarming state of YouTube platforms can easily lead to

misinterpretation between patients and their doctors, hindering

patients from proper selection and timely treatment, which may

worsen their conditions.

A previous article recommended that a process of peer

review during submission might be an possible solution (56),

but the process not only requires experts and scholars to

review but also consumes considerable time. Consistent with

the conclusions of many previous studies (31, 51), our study

demonstrated that YouTube videos uploaded from academics

had a significantly higher quality and reliability than those

posted by individuals. Hence, these professionals from academic

groups should exhaust their expertise and provide patients with

high-quality videos on YouTube as a source of information.

Referring to the JAMA and DISCERN scoring scale, another

feasible suggestion would be to ask video uploaders to provide

their credentials or affiliations, state the references and sources

for content and mention areas of uncertainty.

In addition, the perception and understanding of the video

will depend on the user’s level of knowledge of the subject.

In our study, we aimed to assess the quality and reliability of

the medical information shared on YouTube regarding neck

pain with internationally recognized evaluation standards and

to identify factors associated with the overall video quality or

reliability. According to our results, YouTube videos pertaining

to neck pain contain low quality, low reliability, and incomplete

information. Even the videos from academics or physicians are

inadequate in terms of quality and instructiveness. Therefore,

there is a need not only to improve the background of the

viewer’s expertise or tomake the expert’s videos readable through

health education, but most urgently to improve the quality and

reliability of the videos and the accuracy and comprehensiveness

of the information they contain. Professional associations or

credible healthcare organizations should introduce educational

videos on relevant diseases that will meet all JAMA criteria,

have a GQS of 4 or higher, contain adequate, accurate, and

comprehensive information about the patient presentation

(symptoms and patients population), evaluation and diagnosis,

and treatment alternatives of the disease, and about its possible

results and complications, and will not negatively impact the

clinician-patient relationship (28).

Limitations

There are a few inevitable limitations in our study. First, the

assessment scoring systems that we used (NPSS) are subjective

and unvalidated. The NPSS included comprehensive contents

of neck pain, while almost all YouTube videos focused on

a specific topic and have a short running time of ∼10min

or less. As such, it tended to be intractable to present all

NPSS checklists. Nonetheless, considering that existing scoring

criteria only non-specifically rate video quality rather than

video content and no validated scales existed for assessing the

content of video information, we designed quality assessment

checklists based on a comprehensive review of relevant expert

discussion and neck pain literature. Correlation analysis showed

that NPSS was significantly correlated with JAMA, DISCERN,

or GQS, which suggested that NPSS has a good application

prospect. Second, we searched YouTube for the top 50 videos

for “neck pain” by relevant. Actually, a default “relevance”

sorting option was adopted by many studies when evaluating

the reliability and quality of YouTube videos providing medical

information to patients (22, 29, 32, 57–60). The default ranking

option—“Relevance”—was the most commonly used option

in the YouTube ranking algorithm (relevance, upload date,

number of views, rating) (61, 62). This search strategy may

miss some videos that have low views or hits but may be

of high quality, but it is a practical way for casual users of

YouTube to obtain information. Third, the characteristics of

videos, such as the number of dislikes and comments, are

constantly being updated. Thus, these video data are accurate

only on the date of the search. Fourth, given that YouTube is

the only online video archive that has been queried to evaluate

educational content about neck pain, there is also the possibility

of some selection bias. However, given that YouTube occupies

the most influential and popular video hosting platform, we

believe that using YouTube is an appropriate and clinically

relevant platform as many patients access. Fifth, in retrieving

the video, we did not use other synonyms for neck pain

for the analysis. The reason for this was not only that we

referred to the majority of the literature (27, 29, 63–65),

but also such an analysis (use other synonyms) would divert

our study from the intended course of evaluating the quality

of information on a medical illness retrieved from YouTube

and that the results returned upon searching with common

keywords were mostly videos either not related to neck pain
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(28). Although our search strategy may miss some videos that

were less “popular,” this strategy was the actual method by

which casual YouTube users obtained information. Finally, we

used the search item “neck pain” on YouTube and all videos

were in English, making the conclusion cannot be applied to

other languages.

Conclusion

In particular, the current COVID-19 pandemic has

highlighted the potential benefits of web-based education for

patients suffering from chronic diseases. In light of its high

popularity and ease to access, YouTube can be utilized to

provide patients with timely medical information and tutorials

for neck pain. However, this study suggested that videos

concerning neck pain posted on YouTube showed low reliability

and quality. The reliability or quality of the video is significantly

related to the academic upload source. Video popularity was

not associated with video reliability or quality, which suggests

that popular videos do not guarantee good content quality.

To ensure the dissemination of useful information, YouTube

videos must be posted by academics to upload sources and strive

to provide high-quality videos that aid in patient diagnosis

and treatment.
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Global Burden of
cardiomyopathy and
myocarditis in the older adults
from 1990 to 2019

Kexin Zhang1,2†, Xuebing Cheng1,2†, Na Qu1,2,3,

Hongwei Song1,2, Youhong Luo1,2, Tongtong Ye1,2, Qian Xu1,2,

Hongzhan Tian1,2, Chengxia Kan1,2* and Ningning Hou1,2*

1Department of Endocrinology and Metabolism, A�liated Hospital of Weifang Medical University,

Weifang, China, 2Clinical Research Center, A�liated Hospital of Weifang Medical University, Weifang,

China, 3Department of Pathology, A�liated Hospital of Weifang Medical University, Weifang, China

Background:Cardiomyopathy andmyocarditis (CM-MC) are common chronic

diseases causing heart failure in older adults. We aimed to analyze the burden

of CM-MC in older adults aged 60–89 years at the global, regional, and national

levels in 204 countries from 1990 to 2019.

Methods: Detailed data on CM-MC from 1990 to 2019 were analyzed from

the Global Burden of Diseases Study 2019, including incidence, mortality,

disability-adjusted life years (DALYs) and the proportion of deaths caused by

di�erent risks factors. All results are presented as numbers, age-standardized

rates per 100,000 person-years and estimated annual percentage change

(EAPC) with an uncertainty interval of 95%.

Results: Globally, therewere 475,458 (339,942–638,363) incidence cases from

CM-MC in 2019;with an age-standardized incidence rate (ASIR) of 16 (13–19.3)

per 100,000 person-years. And there were 185,308 (154,610–200,448) deaths,

with the age-standardized mortality rate (ASMR) being 4.4 (3.7–4.8). CM-MC

resulted in 3,372,716 (2,931,247–3,693,622) DALYs, with an age-standardized

DALYs rate (ASDR) of 114.8 (98.7–126.1). Estimated annual percentage change

(EAPCs) for ARIS, ARMS, and ARDS has decreased. At the national level, the

United States of America had the highest mortality [21,372 (18,924–24,241)]

and disability-adjusted life years [407,712 (370,234–470,165)]. And China had

the highest number of incident cases [122, 266 (85,925–166,095)]. Globally,

high systolic blood pressure and alcohol consumption were the top two risk

factors for the proportion of CM-MC deaths.

Conclusion: CM-MC is still an important cause of early death and chronic

disability in older adults. Based on this study, public health agencies should

seek more e�ective methods to prevent and treat CM-MC.
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Introduction

Cardiovascular diseases are primary chronic diseases and

global health problems characterized by high morbidity,

disability and mortality (1, 2). Among cardiovascular diseases,

cardiomyopathy and myocarditis (CM-MC) commonly cause

heart failure, imposing a substantial disease burden, especially

on older adults (1, 3). Cardiomyopathy can cause the heart

muscle to weaken and reduce the heart’s ability to pump

blood, which in severe cases can lead to progressive heart

failure or cardiovascular death (4). Myocarditis is caused by

inflammation or viral infection. And prolonged inflammatory

changes can cause irreversible damage to the myocardium,

leading to cardiomyopathy (5–10). The world’s population is

aging rapidly, and multimorbidity, especially cardiovascular

disease, is prevalent in older adults (11). This rapid increase

in age in the world population requires special attention for

older adults; cardiovascular risk factors play a vicious role in

the development of CM-MC in older adults (12). Notably,

the onset of CM-MC is relatively different in older patients

compared to young and middle-aged patients since older

adults usually have weaker organs, poorer perception, and less

pronounced symptoms.

The Global Burden of Disease (GBD) study reports more

than 350 diseases and injuries burden in 204 countries and

territories from 1990 to 2019. The updated GBD 2019 provides

the most recent data available for CM-MC. The study published

in GBD 2017 showed that there were 1.8 million cases of

myocarditis, 1.62 million cases of alcoholic cardiomyopathy

and 4.21 million cases of other cardiomyopathies worldwide

in 2017 (13). Globally, 4,648,688,890 and 233,159 people

died from myocarditis, alcoholic cardiomyopathy and

other cardiomyopathies, respectively. Between 1990 and

2017, the age-standardized rates of myocarditis, alcoholic

cardiomyopathy and other cardiomyopathies decreased by 6.9,

26.2, and 15.5% (13).

This study clearly showed the CM-MC burden for 2017.

However, this study did not address risk factors for CM-MC;

and few studies have assessed the changing patterns of CM-MC

among older people globally. Additionally, data in the GBD are

constantly being updated due to the aging of the population.

Thus, the current study aimed to provide incidence, deaths,

and disability-adjusted life years (DALYs) for CM-MC in older

adults aged 60–89 years in 204 countries and territories from

1990 to 2019.

Methods

Data sources

Data on the burden of disease due to CM-MC were

drawn from the Global Health Data Exchange query tool

(http://ghdx.healthdata.org/gbd-results-tool) created by the

GBD collaborators. Detailed methodologies of GBD 2019 have

been described before (14, 15). The disease burden for CM-MC

in older adults (60–89 years) for 204 countries and territories

was assessed systematically by deaths, incidence and DALYs

according to sex and region were classified into 5 regions based

on sociodemographic index (SDI) quintiles between 1990 and

2019. The SDI reflected the social and economic conditions of a

region with five quintiles (low SDI, low-middle SDI, middle SDI,

high-middle SDI and high SDI quintiles).

Additionally, the world was also divided into 21

geographical areas. The relationship of EAPCs between

ASRs and human development index (HDI) was also analyzed

to determine the influencing factors of EAPCs from Human

Development Reports (https://hdr.undp.org//en/composite/

HDI).

Statistical analysis

The burden of CM-MC is presented as numbers, age-

standardized incidence rate (ASIR), age-standardized mortality

rate (ASMR), age-standardized DALYs rate (ASDR), and

estimated annual percentage change (EAPC) with 95%

uncertainty intervals. ASRs are calculated by standardizing

the global age structure, which is vital when populations are

compared in different locations over different periods (16).

The EAPC was calculated as 100 × (exp(β)-1), and the 95%

CI was also acquired from the linear regression model. An

increasing ASR trend was defined as an EAPC estimation and

minimum lower limit of the 95% CI being both >0. Conversely,

decreased ASR was defined as an EAPC estimation, with the

maximum upper limit of the 95% CI being < 0. Statistical

analysis was performed using R-Studio version 4.1.2, and P

< 0.05 was considered statistically significant. The detailed

analysis methods used in the study have been previously

reported (17–19).

Results

Global Burden of CM-MC

Globally, a total of 475,458 (339,943–638,363) cases of CM-

MC occurred in 2019. The incidence rate increased by 1.1%

from 222,997 (158,611–302,867) in 1990. However, the ASIR

at the global level has decreased by 0.23% from 16.7 (13.5–

20.3) in 1990 to 16 (13–19.3) in 2019. Similarly, the mortality

in both sexes increased by 0.4% from 136,568 (108,539–146,288)

in 1990 to 185,308 (154,610–200,448) in 2019. In 1990, the global

ASMR for CM-MC was 6.9 (5.7–7.4) per 100,000 population,

which decreased to 4.4 (3.7–4.8) in 2019. CM-MC caused

3,372,716 (2,931,247–3,693,622) DALYs in 2019, which was a
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TABLE 1 Incident cases, death, and DALYs of cardiomyopathy and myocarditis and ASRs per 100,00 population from 1990 and 2019 by Global

Burden of Disease.

Characteristics 1990 2019 1990–2019 1990–2019

Incidence cases

No. (95% UI)

ASIR per

100,000

No. (95% UI)

Incidence cases

No. (95% UI)

ASIR per

100,000

No. (95% UI)

Percentage

change

No. (95% CI)

EAPC

No. (95% CI)

Overall 222,997.3

(158,611.1–302,866.6)

16.7

(13.5–20.3)

475,458.1

(339,942.5–638,363.1)

16

(13–19.3)

1.1%

(1.1–1.2)

−0.23

(−0.26 to−0.21)

Socio-demographic index

Low 10,902.6

(7,773.9–14,821.4)

15.3

(12.4–18.7)

24,200.3

(17,313.1–32,588.4)

15.3

(12.4–18.6)

1.1%

(1.1–1.2)

−0.02

(−0.02 to−0.01)

Low-middle 28,993.4

(20,739.3–39,287.8)

15.9

(12.9–19.3)

71,636

(51,137.1–97,244.5)

15.7

(12.7–19)

1.5%

(1.4–1.5)

−0.06

(−0.07 to−0.06)

Middle 51,448.8

(36,306.6–70,136.8)

16.4

(13.3–20)

135,590.8

(95,814.5–183,590.5)

15.8

(12.8–19.1)

1.4%

(1.4–1.5)

−0.16

(−0.17 to−0.14)

High-middle 59,286

(42,129.2–80,971.8)

16.6

(13.3–20.2)

118,754

(84,520.7–160,137)

16

(12.9–19.3)

1%

(0.9–1.1)

−0.16

(−0.18 to−0.14)

High 72,258.9

(50,196.8–98,339.6)

18.7

(15.1–22.8)

125,059.1

(89,750.9–165,820.2)

17.8

(14.7–21.2)

0.7%

(0.7–0.8)

−0.41

(−0.49 to−0.34)

Regions

Andean Latin America 1,017.6

(721.7–1,362.7)

14.1

(11.4–17.1)

2,969.2

(2,092.2–4,011)

14.1

(11.4–17.1)

1.9%

(1.9–2)

0.01

(0–0.02)

Australasia 1,431

(1,000.7–1,945.7)

16.5

(13.3–20)

3,019

(2,101.2–4,078.5)

16.4

(13.3–19.8)

1.1%

(1.1–1.2)

−0.02

(−0.04 to−0.01)

Caribbean 1,413.1

(985.4–1,911.1)

14.2

(11.5–17.2)

2,795.5

(1,946.8–3,782)

14.2

(11.5–17.2)

1%

(1–1)

0

(0–0)

Central Asia 2,108.5

(1,496.4–2,845.1)

14.8

(11.9–17.9)

3,003

(2,122.7–4,048.4)

14.9

(11.9–18)

0.4%

(0.4–0.5)

0.01

(0.01–0.01)

Central Europe 7,646.7

(5,391.1–10,322.4)

16.3

(13.1–19.8)

12,170.7

(8,484.1–16,402.3)

16.5

(13.3–20)

0.6%

(0.6–0.6)

0

(−0.04–0.03)

Central Latin America 4,330.7

(3,080.5–5,864.7)

15.1

(12.2–18.3)

12,955.8

(9,137.6–17,599.3)

15

(12.1–18.2)

2%

(2–2)

−0.02

(−0.02 to−0.02)

Central Sub-Saharan Africa 953.6

(668.8–1,304.8)

14.6

(11.7–17.8)

2,134.9

(1,520.9–2,887.5)

14.5

(11.7–17.7)

1.2%

(1.2–1.3)

−0.02

(−0.02 to−0.01)

East Asia 47,442.6

(33,102.5–64,904.7)

17.9

(14.5–22)

125,940.4

(88,474.2–171,088.4)

16.9

(13.7–20.4)

1.7%

(1.5–1.8)

−0.28

(−0.32 to−0.23)

Eastern Europe 16,257.5

(11,643.9–22,093)

17.6

(14.2–21.4)

21,318.4

(15,416.6–28,978.1)

17.7

(14.3–21.5)

0.3%

(0.3–0.4)

0.02

(0.01–0.02)

Eastern Sub-Saharan Africa 3,460.7

(2,471.3–4,701.6)

15.3

(12.3–18.6)

7,312.2

(5,233.6–9,888.2)

15.2

(12.3–18.6)

1.1%

(1.1–1.2)

−0.01

(−0.01 to−0.01)

High-income Asia Pacific 12,953

(9,066.6–17,640.3)

20.7

(16.8–25)

29,830.8

(20,687.7–40,299.4)

20.1

(16.4–24.1)

1.3%

(1.1–1.5)

−0.2

(−0.24 to−0.17)

High-income North America 28,478.8

(19,637.5–38,964.4)

19.9

(16–24.3)

44,062.4

(32,938.2–56,722.2)

18.2

(15.4–21.4)

0.5%

(0.4–0.7)

−0.83

(−1 to−0.66)

North Africa and Middle East 6,233.9

(4,370.8–8,427.7)

12

(9.7–14.6)

15,867.8

(11,168.7–21,292.8)

12

(9.7–14.7)

1.5%

(1.5–1.6)

0.02

(0.02–0.02)

Oceania 123.2

(85.6–169.5)

15.3

(12.3–18.5)

281.4

(197.1–387.6)

15.3

(12.3–18.5)

1.3%

(1.3–1.3)

0

(0–0)

South Asia 27,011.3

(19,273.8–36,803.6)

16.3

(13.2–19.7)

75,466.7

(53,955.2–102,649.1)

16.2

(13.1–19.6)

1.8%

(1.7–1.9)

−0.02

(−0.02 to−0.02)

(Continued)
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TABLE 1 (Continued)

Characteristics 1990 2019 1990–2019 1990–2019

Incidence cases

No. (95% UI)

ASIR per

100,000

No. (95% UI)

Incidence cases

No. (95% UI)

ASIR per

100,000

No. (95% UI)

Percentage

change

No. (95% CI)

EAPC

No. (95% CI)

Southeast Asia 11,204

(7,999.5–15,009)

15.1

(12.3–18.4)

27,687.3

(19,909.4–37,031.8)

15.1

(12.3–18.4)

1.5%

(1.4–1.5)

0

(−0.01–0)

Southern Latin America 2,777.8

(1,970–3,732.3)

15.3

(12.4–18.6)

5,172.3

(3,653.6–6,938.8)

15.4

(12.4–18.7)

0.9%

(0.8–0.9)

0.01

(0–0.02)

Southern Sub-Saharan Africa 1,403.1

(1,009.1–1,889)

15.7

(12.7–19.1)

2,868.8

(2,074.4–3,873.6)

15.7

(12.7–19.1)

1%

(1–1.1)

0

(0–0.01)

Tropical Latin America 4,917.1

(3,500.1–6,745.1)

15.8

(12.7–19.2)

14,030.5

(9,950–19,052.9)

15.7

(12.7–19.1)

1.9%

(1.8–1.9)

−0.01

(−0.01 to−0.01)

Western Europe 37,558.4

(26,207.6–51,043.3)

17.6

(14.2–21.3)

58,046.7

(40,184.5–78,240.3)

17.5

(14.2–21.1)

0.5%

(0.5–0.6)

−0.06

(−0.09 to−0.03)

Western Sub-Saharan Africa 4,274.7

(3,060.5–5,790.1)

15.5

(12.5–18.9)

8,524.5

(6,114.6–11,482.4)

15.4

(12.5–18.7)

1%

(1–1)

−0.03

(−0.03 to−0.02)

Characteristics 1990 2019 1990-2019 1990-2019

Deaths cases

No. (95% UI)

ASMR per

100,000

No. (95% UI)

Deaths cases

No. (95% UI)

ASMR per

100,000

No. (95% UI)

Percentage change

No. (95% CI)

EAPC

No. (95% CI)

Overall 136,567.7

(108,539.4–146,287.7)

6.9

(5.7–7.4)

185,307.7

(154,609.6–200,448.3)

4.4

(3.7–4.8)

0.4%

(0.3–0.5)

−1.63

(−1.82 to−1.44)

Socio-demographic index

Low 4,952.6

(3,192.9–6,556.3)

4.7

(3–6.2)

8,188

(6,156.5–10,354.3)

3.5

(2.7–4.4)

0.7%

(0.3–1.2)

−1.11

(−1.16 to−1.06)

Low-middle 7,381.2

(6,039.3–8,725.1)

2.8

(2.2–3.3)

15,429.3

(12,333.5–17,487.3)

2.3

(1.9–2.6)

1.1%

(0.8–1.4)

−0.73

(−0.85 to−0.62)

Middle 14,496.9

(12,622.8–18,103.4)

3.4

(2.9–4.3)

33,420.7

(26,353.4–37,625)

2.7

(2.1–3.1)

1.3%

(0.9–1.7)

−0.74

(−0.91 to−0.57)

High-middle 60,107.6

(44,975.6–64,627.4)

11.9

(9.1–13)

76,394.9

(58,737.7–84,110.1)

7.9

(6–8.8)

0.3%

(0.2–0.4)

−1.36

(−1.79 to−0.93)

High 49,557.9

(37,568.6–53,159.8)

7.3

(5.7–7.8)

51,771.1

(45,566.4–59,744.2)

4.3

(3.8–4.9)

0%

(−0.1–0.3)

−2.22

(−2.37 to−2.06)

Regions

Andean Latin America 209.4

(154.9–257)

2.2

(1.6–2.6)

466

(357.8–617.9)

1.6

(1.2–2)

1.2%

(0.7–1.9)

−0.91

(−1.09 to−0.73)

Australasia 994.7

(692.4–1,094.2)

7.4

(5.2–8.1)

1,077.9

(927.5–1,335.7)

3.6

(3.2–4.4)

0.1%

(−0.1–0.6)

−2.56

(−2.87 to−2.25)

Caribbean 685.7

(581.7–873.5)

5.1

(4.2–6.6)

1,472.4

(1,239.3–1,739.1)

5.4

(4.4–6.6)

1.1%

(0.7–1.6)

0.43

(0.26–0.6)

Central Asia 999.3

(857.6–1,291.3)

5.2

(4.5–7.2)

3,174.8

(1,887.6–3,791.4)

11

(6.5–13)

2.2%

(0.7–3)

3.95

(2.85–5.06)

Central Europe 16,649.1

(12,044.8–18,475.5)

17.8

(13.4–19.6)

21,039.9

(16,046.5–24,082.2)

14.1

(10.4–16.2)

0.3%

(0.1–0.4)

−0.97

(−1.15 to−0.79)

Central Latin America 1,043.7

(899.8–1,130.2)

2.4

(2.1–2.6)

2,542

(2,102–3,037.6)

2

(1.6–2.4)

1.4%

(1–1.9)

−1.12

(−1.32 to−0.93)

(Continued)
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TABLE 1 (Continued)

Characteristics 1990 2019 1990-2019 1990-2019

Deaths cases

No. (95% UI)

ASMR per

100,000

No. (95% UI)

Deaths cases

No. (95% UI)

ASMR per

100,000

No. (95% UI)

Percentage

change

No. (95% CI)

EAPC

No. (95% CI)

Central Sub-Saharan Africa 1,085.9

(603.8–1,626.6)

10.1

(5.6–14.9)

2,190

(1,266–3,579.9)

8.9

(5.3–14.2)

1%

(0.5–1.8)

−0.48

(−0.5 to−0.45)

East Asia 6,151.5

(4,801.4–10,248.4)

2

(1.6–3.3)

17,227.1

(11,390.2–20,648)

1.8

(1.2–2.1)

1.8%

(0.5–3)

0.02

(−0.27–0.31)

Eastern Europe 13,208.1

(11,381.5–20,093.2)

14.1

(11.9–20.7)

26,240.5

(17,561.6–30,642.4)

24.1

(17.6–28)

1%

(0–1.5)

1.96

(0.92–3)

Eastern Sub-Saharan Africa 1,437.9

(1,029.2–1,788.4)

4.8

(3.3–6)

2,657.2

(1,881.6–3,340.8)

3.9

(2.8–5)

0.8%

(0.4–1.4)

−0.72

(−0.79 to−0.64)

High-income Asia Pacific 5,455.3

(2,827.6–6,101.2)

5

(2.9–5.5)

6,423.2

(4,230.8–7,375.7)

2.2

(1.6–2.4)

0.2%

(0–0.7)

−2.74

(−3.09 to−2.39)

High-income North America 18,161.4

(14,023.2–19,403.7)

8

(6.4–8.5)

22,421.9

(19,907.4–25,657.8)

5.9

(5.3–6.6)

0.2%

(0.1–0.5)

−1.71

(−1.92 to−1.49)

North Africa and Middle East 2,839.1

(2,173.6–4,211.6)

3.8

(2.8–5.5)

5,281.8

(4,343–7,304.9)

2.6

(2.1–3.6)

0.9%

(0.4–1.3)

−1.33

(−1.38 to−1.29)

Oceania 43.6

(29.6–62.6)

3.6

(2.4–5.1)

98.7

(66.5–131.6)

3.7

(2.4–5.1)

1.3%

(0.8–1.9)

0.23

(0.17–0.29)

South Asia 1,865.4

(1,307.5–2,684)

0.7

(0.5–1)

4,495.7

(3,453.1–5,867.6)

0.6

(0.5–0.8)

1.4%

(0.9–2.1)

−0.7

(−0.76 to−0.64)

Southeast Asia 4,964.6

(3,659.7–6,031.4)

4.2

(3.1–5.1)

11,707.9

(8,571.4–13,953.1)

3.9

(2.8–4.6)

1.4%

(1–1.8)

−0.25

(−0.37 to−0.12)

Southern Latin America 3,796.3

(2,719.3–4,447)

12.8

(9.5–14.9)

5,051.5

(4,233.9–5,703.6)

8.8

(7.4–9.8)

0.3%

(0.1–0.7)

−1.69

(−1.88 to−1.51)

Southern Sub-Saharan Africa 1,956.6.

(1.493.2–2,376.3)

12.8

(9.9–15.3)

3,653.4

(3,039.3–4,619.4)

11.5

(9.5–14.5)

0.9%

(0.6–1.2)

−0.46

(−0.74 to−0.17)

Tropical Latin America 7,754.5

(5,831.2–8,346.3)

15.6

(12.2–16.7)

13,308.9

(11,694.1–16,038.2)

9.3

(8.2–10.9)

0.7%

(0.5–1.3)

−2.38

(−2.61 to−2.14)

Western Europe 43,305.3

(25,337.9–47,870.7)

10.6

(6.5–11.8)

29,438.8

(25,716.5–35,184.7)

4.5

(3.9–5.3)

−0.3%

(−0.4–0.2)

−3.38

(−3.6 to−3.15)

Western Sub-Saharan Africa 3,960.1

(2,309.6–5,288.8)

9

(5.2–12.1)

5,338.3

(3,862.7–6,515.9)

6

(4.4–7.3)

0.3%

(0–1)

−1.68

(−1.82 to−1.54)

Characteristics 1990 2019 1990-2019 1990-2019

DALYs cases

No. (95% UI)

ASDR per

100,000

No. (95% UI)

DALYs cases

No. (95% UI)

ASDR per

100,000

No. (95% UI)

Percentage change

No. (95% CI)

EAPC

No. (95% CI)

Overall 2,424,586.4

(2,073,563.4–

2,600,458.2)

161.2

(146.7–185.6)

3,372,716

(2,931,247.4–

3,693,622.4)

114.8

(98.7–126.1)

0.4%

(0.3–0.5)

−1.2

(−1.52 to−0.89)

Socio-demographic index

Low 114,851.5

(78,312.7–147,326.4)

144.8

(94–187.9)

191,756.5

(150,091.6–235,172.6)

110

(86.2–134.9)

0.7%

(0.4–1.1)

−1.02

(−1.07 to−0.97)

Low-middle 146,748.7

(121,193.9–172,264.4)

73

(57.6–93.3)

296,947.9

(245,156.9–339,725.6)

60.9

(50.2–70.1)

1%

(0.8–1.3)

−0.67

(−0.75 to−0.58)

(Continued)
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TABLE 1 (Continued)

Characteristics 1990 2019 1990-2019 1990-2019

DALYs cases

No. (95% UI)

ASDR per

100,000

No. (95% UI)

DALYs cases

No. (95% UI)

ASDR per

100,000

No. (95% UI)

Percentage change

No. (95% CI)

EAPC

No. (95% CI)

Middle 280,050.9

(246,573.5–352,490.4)

95.4

(80.8–133.6)

603,684.6

(502,239.7–704,347.8)

69.2

(59.6–83.2)

1.2%

(0.8–1.4)

−1.12

(−1.26 to−0.99)

High-middle 1,012,265.2

(876,809.7–1,104,530.8)

260.7

(241.8–315.8)

1,365,628.8

(1,094,641.4–

1,504,938.3)

219.2

(170.1–245.2)

0.3%

(0.2–0.5)

−0.54

(−1.19–0.12)

High 869,432.8

(680,240.2–941,069)

184.1

(151.1–195.3)

912,799.3

(826,293–1,062,011.4)

111.8

(102.5–125.5)

0%

(0–0.3)

−2.04

(−2.16 to−1.93)

Regions

Andean Latin America 3,768

(2,815.4–4,573.2)

66.6

(45.9–84.2)

8,383

(6,490.2–10,954.9)

44.1

(34.1–56.3)

1.2%

(0.7–1.9)

−1.33

(−1.54 to−1.12)

Australasia 19,434.1

(14,488.6–21,677.4)

195.8

(153.8–210)

20,971

(18,383–25,772.2)

99.5

(90.1–122.1)

0.1%

(−0.1–0.5)

−2.42

(−2.63 to−2.2)

Caribbean 13,230.7

(11,210.9–16,712.6)

165.8

(128.2–231)

27,852.3

(23,409.6–33,107.4)

171.8

(130.6–228.6)

1.1%

(0.7–1.5)

0.35

(0.2–0.51)

Central Asia 20,105.8

(17,330.7–27,067.2)

166.2

(142.4–241.8)

64,872.2

(39,263.1–77,584.4)

330.3

(204.4–393)

2.2%

(0.7–3.1)

3.59

(2.51–4.68)

Central Europe 263,358.6

(201,499.7–288,636.8)

341.4

(284.2–366.1)

331,892.7

(256,841.4–379,220.1)

276.6

(204.7–320.9)

0.3%

(0.1–0.4)

−0.79

(−0.87 to−0.71)

Central Latin America 19,529.5

(16,938.2–21,069.8)

64.6

(57.3–70.2)

46,103.5

(38,668.4–54,768.1)

54.6

(44–65.7)

1.4%

(1–1.8)

−0.82

(−0.94 to−0.7)

Central Sub-Saharan Africa 24,855.7

(14,650.1–36,029.5)

288.4

(158–397.7)

48,586.3

(30,769.2–76,055)

242.2

(152.5–358.4)

1%

(0.5–1.7)

−0.61

(−0.63 to−0.59)

East Asia 122,714.1

(98,083.5–194,682.5)

73.3

(57.7–125.2)

298,378

(212,246.5–354,635.8)

49.8

(36–58.1)

1.4%

(0.4–2.3)

−1.13

(−1.36 to−0.89)

Eastern Europe 274,999

(229,461.8–458,560.5)

473.9

(393.8–731)

528,573.6

(399,923.7–618,923)

862.4

(662–998.7)

0.9%

(0–1.5)

2.08

(0.93–3.24)

Eastern Sub-Saharan Africa 38,923.3

(29,214.9–48,106.4)

185.5

(127.4–232.8)

74,519.7

(56,281–93,225.8)

147.1

(105.1–190.2)

0.9%

(0.6–1.3)

−0.79

(−0.85 to−0.73)

High-income Asia Pacific 89,404.2

(54,501.5–99,542)

118.5

(97.2–126.9)

106,001.9

(76,891.4–120,523)

58.3

(50.9–66.1)

0.2%

(0.1–0.6)

−2.52

(−2.68 to−2.36)

High-income North America 356,296.8

(273,348–389,075.6)

237.5

(188.8–253.9)

429,928.4

(390,587.9–499,096)

166.2

(153.4–186.9)

0.2%

(0.1–0.6)

−1.69

(−1.85 to−1.53)

North Africa and Middle East 55,697.7

(43,383.5–82,358.4)

129.9

(90.6–212.5)

100,897.3

(83,348.8–139,885.1)

79.5

(64.3–111.5)

0.8%

(0.4–1.2)

−1.67

(−1.7 to−1.64)

Oceania 928.9

(624–1,332.2)

112.9

(71.2–171.1)

2,035.1

(1,397.6–2,757)

119.2

(71.7–181.8)

1.2%

(0.7–1.8)

0.33

(0.25–0.4)

South Asia 37,048.1

(26,243.2–52,880.3)

18.8

(13.1–26.7)

84,433.2

(65,884.2–110,235)

16.2

(12.5–20.9)

1.3%

(0.8–1.9)

−0.57

(−0.61 to−0.53)

Southeast Asia 92,939.8

(73,936.8–118,205.7)

100.6

(81–145.1)

214,038.7

(168,230.7–272,034.8)

89.8

(74–118.4)

1.3%

(1–1.8)

−0.36

(−0.47 to−0.25)

Southern Latin America 67,185.2

(49,902.5–77,927.1)

290.8

(235.2–327.8)

84,610.9

(73,609.5–95,680.2)

184.5

(165.4–211)

0.3%

(0.1–0.6)

−1.96

(−2.11 to−1.8)

Southern Sub-Saharan Africa 39,338.2

(31,114.4–47,070.4)

308.3

(248.3–358.9)

73,083.9

(60,933.2–91,059.6)

262.9

(219.6–323)

0.9%

(0.6–1.2)

−0.66

(−0.85 to−0.46)

(Continued)
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TABLE 1 (Continued)

Characteristics 1990 2019 1990-2019 1990-2019

DALYs cases

No. (95% UI)

ASDR per

100,000

No. (95% UI)

DALYs cases

No. (95% UI)

ASDR per

100,000

No. (95% UI)

Percentage

change

No. (95% CI)

EAPC

No. (95% CI)

Tropical Latin America 146,342.1

(111,307.2–157,578.5)

391.4

(314.4–417.4)

242,491.4

(217,224–290,306.9)

234.2

(209.5–267.3)

0.7%

(0.5–1.2)

−2.23

(−2.45 to−2.02)

Western Europe 652,494.4

(426,160.7–715,677.3)

193.8

(141.1–209.3)

463,425

(415,183–553,272.6)

91

(82.8–107.6)

−0.3%

(−0.4–0.1)

−2.97

(−3.15 to−2.8)

Western Sub-Saharan Africa 85,992.4

(54,044.4–112,272.1)

231.5

(139.6–304.9)

121,637.9

(92,499.4–147,301.9)

161.2

(122.1–198.4)

0.4%

(0.1–1)

−1.45

(−1.58 to−1.33)

ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; ASDR, age-standardized DALYs rate; EAPC, estimated annual percentage change; CI, confidence interval;

UI, uncertainty interval.

FIGURE 1

The number of cases and ASRs of CM-MC from 1990 to 2019. (A) The number of cases of CM-MC caused by global, from 1990 to 2019, (B) The

number of cases of CM-MC caused by SDI regions, from 1990 to 2019, (C) The ASRs of CM-MC caused by SDI regions, from 1990 to 2019. SDI,

sociodemographic index.

0.4% increase from 2,424,586 (2,073,563–2,600,458) in 1990.

The ASDR showed a decrease of 1.2%, from 161.2 (146.7–185.6)

in 1990 to 114.8 (98.7–126.1) in 2019 per 100,000 population

(Table 1; Figure 1A).

Regional burden of CM-MC

The number of CM-MC cases rose at the regional level in

the five SDI regions (Table 1; Figure 1B). From 1990 to 2019, the

number of incidences of CM-MC increased most significantly in

low-middle SDI. The number of deaths and DALYs in CM-MC

increased most significantly in middle SDI (Table 1; Figure 1B).

While the most significant decreases were noted in the high

SDI, with ASIR (−0.41; 95% CI: −0.49–0.34), ASMR (−2.22;

−2.37–2.06) and ASDR (−2.04; −2.16 to −1.93) of the EAPC

(Table 1; Figure 1C; Supplementary Figure 1). The 2019 ASMR

and ASDR of CM-MC in Eastern Europe were 24.1 (17.6–28)

and 862.4 (662–998.7), respectively, ranking first among the 21

GBD regions in 2019 (Table 1; Supplementary Figures 2B,C). In

addition, the highest ASIR of CM-MC per 100,000 population

was found in High-income Asia Pacific [20.1 (16.4–24.1)] in

2019 (Table 1; Supplementary Figure 2A). Notably, the most

significant increases in the ASMR and ASDR were shown in

Central Asia, followed by Eastern Europe from 1990 to 2019.

Moreover, themost significant increases in the ASIR were shown
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FIGURE 2

The national burden of CM-MC for both sexes in 204 countries and territories. (A) The relative ASRs of CM-MC between 1990 and 2019, (B) The

relative changes of CM-MC between 1990 and 2019, (C) The relative EAPCs of CM-MC s between 1990 and 2019.

in Eastern Europe, North Africa, and the Middle East, followed

by Andean Latin America, Central Asia and Southern Latin

America. Over the past 30 years, Western Europe had the most

significant decreases in the ASMR and ASDR; high-income

North America had the most significant decreases in the ASIR

(Table 1; Supplementary Figure 3).

National burden of CM-MC

China had the highest number of incident cases [122,266

(85,925–166,095)], accounting for almost half of the global

totals in 2019 (Supplementary Table 1). The United States of

America exhibited the highest numbers of mortalities [21,372

(18,924–24,241)] and DALYs [407,712 (370,234–470,165)]. This

accounted for nearly one-eighth of the global totals in 2019

(Supplementary Tables 2, 3). Montenegro owned the highest

ASMR [30 (17–41)]; Austria had the highest ASIR [20.6 (17–

24.8)]; Ukraine had the highest ASDR [864.5 (674.1–1,164.5)].

In contrast, India showed the lowest ASMR [0.6 (0.4–0.8)]

and ASDR [15.3 (11.8–19.8)] due to CM-MC; Tunisia, Turkey,

Palestine and Lebanon showed the lowest ASIR due to CM-MC

(Supplementary Tables 1–3; Figure 2A). The most significant

increase was detected in Qatar from 1990 to 2019, with an

8.4% increase in morbidity; the most significant increase was

detected in Kazakhstan from 1990 to 2019, with an 11%

increase in deaths and a 9.9% increase in disability-adjusted

life years (Supplementary Tables 1–3; Figure 2B). Moreover, the

most significant rises in the ASMR and ASDR over the past

30 years were in Kazakhstan; the most significant increases in

the ASIR were in Qatar (Supplementary Tables 1–3; Figure 2C).

Italy showed the most pronounced decreases in the ASMR

and ASDR; the United States of America showed the most

pronounced decreases in the ASIR (Supplementary Tables 1–

3; Figure 2C). For India, Indonesia, and Pakistan with heavily

populated countries, the EAPC of ASMR was [−0.85 (−0.91 to

−0.79)], [0.74 (0.68–0.8)], and [−0.27 (−0.4 to −0.15)] from

1990 to 2019, respectively (Supplementary Tables 1–3).

Influencing factors of EAPC

A significant association between EAPC and ASR (2019) was

observed between EAPC and HDI (2019). The ASMR represents

total health life lost from disease occurrence to death, and the

HDI can be regarded as an indicator of medical care level.

A significant positive association was found between EAPC

and ASMR. Surprisingly, a significant negative relation was
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FIGURE 3

The correlation between EAPC and CM-MC ASMR in 2019 and HDI in 2019. (A) The correlation between EAPC and CM-MC ASMR in 2019, (B)

The correlation between EAPC and HDI in 2019. EAPC, estimated annual percentage change; ASMR, age-standardized mortality rate; HDI,

human development index.

detected between EAPC and HDI when the HDI was limited to

below 0.7 (Figure 3).

Association of ASRs with SDI

We observed a non-linear relationship between ASIR and

SDI values. In the High-income Asia-Pacific region, ASIR was

highest when the SDI value was 0.82. The lowest ASIR occurred

in North Africa and Middle East, with an SDI value of 0.43.

At the regional level, eight regions based on SDI, had higher

ASIRs than that at the global level in 2019, including High-

income Asia Pacific, High-income North America, Eastern

Europe, Western Europe, East Asia, Central Europe, Australasia

and South Asia (Figure 4). The highest ASMR and ASDR

occurred in Eastern Europe when the SDI value was 0.73

(Supplementary Figures 4A,B).

A non-linear relationship between ASIR and SDI values was

observed at the national level in 2019. Based on SDI, Austria

had the highest ASIR, followed by Japan and Sweden. The ASIR

was higher than expected in most countries. While Afghanistan,

Yemen, Palestine, Turkey, Lebanon, and many other countries

had lower ASIR than the expected SDI (Figure 5). While based

on SDI, Montenegro had the highest ASMR, followed by

Kazakhstan and Russia, but most countries had lower ASMR

than expected. Russia had the highest ASDR, followed by

Ukraine and Latvia, but most countries had lower ASMR than

expected. Interestingly, with the increase of SDI, ASIR gradually

increased, but ASMR and ASDR decreased until SDI was about

0.75 (Supplementary Figures 5A,B).

Risk factors of CM-MC

Globally, there were 185,308 (154,610–200,448) deaths

from CM-MC. The 2019 rates of CM-MC deaths could be

attributed to the following GBD-estimated risk factors: alcohol

use, behavioral risks, a diet high in sodium, dietary risks,

Frontiers in PublicHealth 09 frontiersin.org

195

https://doi.org/10.3389/fpubh.2022.1018385
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2022.1018385

FIGURE 4

ASIR of cardiomyopathy and myocarditis in global and 21 regions by SDI, 1990–2019. ASIR, age-standardized incidence rate; SDI,

sociodemographic index.

environmental/occupational risks, high systolic blood pressure

(SBP), lead exposure, metabolic risks and other environmental

risks. These risk factors showed different proportions according

to gender in each region. For example, in Southern Sub-Saharan

Africa, males (41%) had the highest death rate due to high SBP.

Meanwhile, East Asia had the lowest death rate due to high SBP

in females (15%). In 2019, the highest proportion of deaths due

to behavioral risks were in Eastern Europe (male, 72%; female,

34%). Regarding alcohol use, the highest percentage of deaths

due to it was observed in Eastern Europe 70% for males and 33%

for females (Figure 6).

Discussion

CM-MC is a common chronic non-communicable disease,

and about 12–17% of adults with CM-MC cause heart failure,

with a mortality rate of about 8.4 deaths per 100,000 (20).

And with the acceleration of population aging, unexplained

myocardial degenerative lesions occur during the aging process.

And CM-MC remains a significant burden on the elderly; we

need to know more about the risk factors for CM-MC, which is

particularly important for its prevention and treatment.

The current study estimated the number of CM-MC,

morbidity, mortality, DALYs, ASR, EAPC and risk factors in

204 countries and 21 regions from 1990 to 2019. Firstly, during

this period, morbidity and mortality increased in different

countries. The number of morbidities, mortality and DALYs

in 2019 were 470 thousand, 180 thousand and 3 million,

respectively. Secondly, the global ASMR of CM-MC decreased

(EAPC was −1.63%); ASDR and ASIR declined less (−1.2%

for EAPC; −0.23% for EAPC). An increase in the number

of cases will inevitably increase the disease burden and affect

the quality of care. Although the global ASIR, ASMR and

ASDR were decreasing; however, the ASMR was still increasing

in some countries, such as Kazakhstan, with an EAPC of

10.31%, indicating that the burden of CM-MC was still high in

some countries.

In the above section, we analyzed the correlation between

EAPC and HDI. HDI is an essential index to assess a
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FIGURE 5

ASIR of cardiomyopathy and myocarditis in 204 countries by SDI, 1990–2019. ASIR, age-standardized incidence rate; SDI, sociodemographic

index.

country’s socioeconomic development level (21, 22). In this

paper, a non-linear correlation analysis was performed between

EAPCs and HDI, and the results showed a positive correlation

between EAPCs and HDI when HDI was restricted to <0.7.

On the contrary, when the HDI value was higher than 0.7,

there was a negative correlation between EAPCs and HDI.

Some factors may influence the above findings. Potential

differences exist between populations in different regions,

including living environment and dietary habits. Moreover,

people with higher education and per capita income have higher

health literacy and will pay more attention to their health

(23–26). The analysis revealed certain patterns of morbidity,

mortality, and DALYs varying across SDI regions. In 2019,

morbidity and mortality were highest in high SDI regions

or high-moderate SDI regions, while the opposite was true

for low or low-moderate SDI regions. However, the most

significant increases could be detected in low, medium and

medium SDI regions. This finding suggests that CM-MC is

associated with regional development. Prevention and diagnosis

of CM-MC may become relatively difficult due to lack of

medical resources, leading to increased mortality and national

disease burden.

This study found that high SBP and alcohol consumption

were major contributors to the burden of CM-MC. Mahfoud

et al. (27) found that blood pressure is a predictor of cardiac

death or heart transplantation in patients withmyocarditis.With

age, vascular wall compliance decreases and vascular resistance

increases, making the body unable to buffer against blood

pressure fluctuations (28, 29). All of these contribute to the

predisposition of the elderly to hypertension with high SBP

alone. To prevent hypertension, less salt intake and home blood-

pressure monitoring should be routine in daily management.

Moreover, long-term heavy alcohol consumption causes the

heart and vascular smooth muscle to lose elasticity. And heavy

alcohol consumption accounts for about one-third of all causes

of non-ischemic dilated cardiomyopathy and is a common

cause of atrial fibrillation (30). Considering the critical impact

of high SBP and alcohol consumption as causative factors for

cardiomyopathy and myocarditis, monitoring blood pressure

and alcohol intake remains critical for the development of
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FIGURE 6

The age-standardized deaths attributable to risk factors.
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targeted CM-MC prevention strategies. By analyzing risk and

mortality factors in each region, prevention and monitoring

measures relevant to that region can then be developed. For

example, in Eastern Europe, where two Eastern European

countries had high mortality rates due to alcohol consumption,

monitoring alcohol consumption and controlling alcohol intake

can be used for CM-MC prevention in Eastern Europe. Regional

and temporal differences exist due to differences in risk factors

(20), and each region can tailor prevention to its own top

risk factors.

Although this GBD analysis filled a gap where CM-MC

burden data are scarce or unavailable, there are still some

limitations. First, data availability is low in some countries,

although statistically robust methods have been used to

overcome data scarcity and address uncertainty. In addition, the

quality of data collection and data sources varies from country

to country, and delays and inaccuracies reported in this study

are inevitable, although GBD has attempted to improve the

quality of data reliability. Finally, diagnostic criteria may change

over time.

In conclusion, CM-MC remains a significant cause of early

death and chronic disability from 1990 to 2019 and negatively

impacts the global disease burden. As such, CM-MC is a major

global public health problem. Worryingly, despite advances

in technical capacity to prevent and treat CVD, the decline

in CM-MC mortality is not evident in many parts of the

world. Moreover, the burden of all these diseases varies greatly

between countries and regions. Based on this study, public

health agencies should develop and implement more effective

strategies to address and solve these problems and risk factors.
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A study on the prevalence and
related factors of frailty and
pre-frailty in the older
population with diabetes in
China: A national
cross-sectional study

Xuezhai Zeng1, Na Jia1, Lingbing Meng1, Jing Shi2, Yingying Li1,

Xing Hu3, Jiabin Hu3, Hongxuan Xu1, Jianyi Li1, Hui Li1, Xin Qi1,

Hua Wang1, Qiuxia Zhang4, Juan Li5 and Deping Liu1*

1Department of Cardiology, Beijing Hospital, National Center of Gerontology, National Health

Commission Institute of Geriatric Medicine, Chinese Academy of Medical Sciences, Beijing, China,
2Department of Geriatrics, Beijing Hospital, National Center of Gerontology, National Health

Commission Institute of Geriatric Medicine, Chinese Academy of Medical Sciences, Beijing, China,
3Health Service Department of the Guard Bureau of the Joint Sta� Department, Beijing, China,
4China Research Center on Aging, Beijing, China, 5Institute of Psychology, Chinese Academy of

Sciences, Beijing, China

Objective: To investigate the prevalence of frailty and pre-frailty and its

associated factors in Chinese older adults with diabetes through a nationwide

cross-sectional study.

Research design and methods: The data were obtained from the Sample

Survey of the Aged Population in Urban and Rural China (SSAPUR), conducted

in 2015, which was a cross-sectional study involving a nationally representative

sample of older adults aged 60 years or more from 31 provinces, autonomous

regions, and municipalities in mainland China. Subjects with diabetes were

included in this study. Frailty index (FI), based on 33 potential deficits, was used

to categorize individuals as robust, pre-frail, or frail.

Results: A total of 18,010 older adults with diabetes were included in this study.

The weighted prevalence of frailty and pre-frailty in older adults with diabetes

in China was 22.7% (95% CI 22.1–23.3%) and 58.5% (95% CI 57.8–59.2%),

respectively. The prevalence of frailty and pre-frailty among older adults with

diabetes from di�erent provinces/municipalities/autonomous regions was

significantly di�erent. Multinomial logistic regression analysis showed living

alone, poor economic status, ADL disability, and comorbidities were strongly

correlated with frailty and pre-frailty in older adults with diabetes.

Conclusion: Frailty and pre-frailty are common in older adults with diabetes

in China, and exhibit sociodemographic and geographic di�erences. In the
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clinical setting of older adults with diabetes, there is a need to increase

awareness of frailty and to advance the early diagnosis and intervention

of frailty.

KEYWORDS

China, older adults, diabetes, frailty, pre-frailty, related factors, prevalence

Introduction

Diabetes is one of the most common chronic non-

communicable diseases among the older adults worldwide

(1, 2). The 2017 China Diabetes Prevalence Survey showed

that the prevalence of diabetes in the older adults aged ≥

60 years was 30.0%, and China has the largest number of

older adults with diabetes in the world (3). Various acute and

chronic complications caused by diabetes seriously affect the

health status and quality of life of the older adults. Frailty, an

emerging global health burden, is a common geriatric syndrome.

A meta-analysis of 21 studies from Western high-income

countries showed the prevalence of frailty among community-

dwelling older adults ranges from 4 to 59%, with an average

prevalence of 11% (4), the pooled prevalence of frailty and

pre-frailty among community-dwelling older adults in China

were 10 and 43%, respectively (5), leading to an increased

risk of falls, disability, hospitalization, and death (6–9), as well

as an independent predictor of higher healthcare expenditure

among older adults (10). As populations age, diabetes and

frailty are frequently co-occurring health outcomes, and both

frailty and diabetes increase the risk of adverse outcomes

in older adults. A meta-analysis showed that older adults

with diabetes with frailty had significantly increased risks of

hospitalization, disability, and death compared with older adults

with diabetes who were not frail (11). Studies have shown that

frailty was an important factor affecting the target level of

blood glucose management in the older adults with diabetes

(12, 13). The International Position Statement on Frailty in

Diabetes emphasized that the identification and assessment of

frailty should be part of the routine management of people with

diabetes (14, 15).

Compared with developed countries, the research on frailty

in the older adults in China started relatively recently, there were

few comprehensive studies on the prevalence and associated

factors of frailty and pre-frailty among older adults with diabetes

nationwide. This study used the data of the fourth Sample

Survey of the Aged Population in Urban and Rural China

(SSAPUR) in 2015 (16), and used the frailty index (FI) model to

study the frailty status and related factors of Chinese older adults

with diabetes, and to provide evidence for the management of

frail older adults with diabetes.

Methods

Measurements

Participants

Data were obtained from the database of the fourth

SSAPUR, which was conducted by the China National

Committee on Aging from August 1, 2015 to August 31,

2015; this was a national survey of the older population. The

participants in the SSAPUR survey were Chinese citizens aged

60 years or more who lived on the Chinese mainland. The

survey adopted a sampling design of stratified, multi-stage,

probability proportionate to size sampling (PPS) and final

stage equal probability (17, 18). The sample obtained was

self-weighted to ensure national representation. Sampling

took place in four stages, the first stage: The number of

samples was allocated according to the proportion of the

older population in each province/municipalities/autonomous

regions to the whole country. Taking 2,853 districts (counties)

in 31 provinces/municipalities/autonomous regions inmainland

China as primary sampling units, 466 districts (counties) were

selected from them. In the second stage, the total number of

older people in each district (county) was used as auxiliary

information, and 4 townships (sub-districts) were selected in

each district (county) according to the PPS sampling method.

The third stage: Using the total number of older people in each

townships (sub-districts) as auxiliary information, according to

the PPS sampling method, 4 village (residential) committees

were selected in each townships (sub-districts). The fourth

stage: In the selected townships (sub-districts), according to the

list of the older adults reported before the survey, equidistant

sampling is adopted, and 30 older people were selected. The

design sample size of the survey was 223,680 and the sampling

ratio was about one-thousandth. The SSAPUR survey employed

questionnaire-based household interviews to collect data. The

questionnaire used for the survey was divided into simplified

and detailed forms, with 90% of the participants using the

simplified form and 10% using the detailed form. If a selected

older person declined to accept a visit, died, relocated, could

not be contacted (contact at least 3 times), or lived in a long-

term older adults’ care institution the selected older person

would be excluded, a new participant was then selected in
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order from the candidate list. The survey covered nine aspects,

including demographic information, family situation, health

status, health care and nursing services, economic status, social

activity, living environment, spiritual and cultural life (including

psychological status). The research protocol was approved by

the National Bureau of Statistics [No. (2014) 87] and the

ethics committee of Beijing Hospital (2021BJYYEC-294-01).

All participants provided written informed consent before

completing the survey. The actual number of collected samples

was 224,142. In China, SSAPUR is by far the largest database

of older people. A total of 15,756 (7.0%) were excluded because

the items for FI was <28. Among the 208,386 older adults,

there were 18,010 older adults with diabetes, determined on the

basis of a self-reported history of diagnosis by a physician, were

included in this study (Figure 1).

Demographics

Demographic characteristics included age (60–64, 65–

69, 70–74, 75–79, 80–84, and 85+ years), sex, education

(illiterate, non-illiterate), marital status (married, widowed,

divorced, and unmarried), ethnicity (Han, non-Han), residency

(urban, rural), living status (living alone, not living alone),

health checkup within 1 year, hospitalized within 1 year,

currently in gainful employment, economic status self-assessed

based on categories (very rich, rich, adequate, poor, very

poor), convenience of medical cost reimbursement (highly

convenient, convenient, less convenient, inconvenient, highly

inconvenient), and geographical region (Northeast, Northern,

Central, Southwest, South, Northeast, and Southeast).

Identification and assignment of health deficits
for the FI

The FI items (n = 33, each subject had to complete at least

28 of 33 items of the frailty) were selected from the baseline

questionnaires of demographic characteristics, physical health,

physical functioning, lifestyle, social activity, and mental health

status (see Supplementary Table 1), based on Searle’s criteria

(accumulation with age and no premature saturation) (19). For

the binary variables, the presence of a deficit was coded as “1”

and its absence was coded as “0”. For variables that included a

single intermediate response (e.g., “sometimes” or “maybe”), we

used an additional value of “0.5”, and so on. For missing data

the FI was calculated based on the items which were present,

i.e., the missing variable was excluded from both the numerator

and the denominator. The FI was calculated by summing the

number of deficits recorded for a patient and dividing this by

the total number of possible deficits [the denominator of the FI

was adjusted based on the number of questions answered (i.e.,

28–33)]. For example, if 30 deficits were considered, and 6 were

present in a given person, that person’s FI would be 6/30 = 0.2.

An FI≥ 0.25 indicates frailty, an FI< 0.12 indicates robust older

adults, an FI 0.12–0.25 indicates pre-frailty.

The FI included eight items (bathing, dressing, toileting,

getting in and out of bed, eating, walking around the

room, urinary incontinence, and fecal incontinence) of basic

activities of daily living (ADL); ten items focusing on chronic

diseases included glaucoma/cataract, cardiovascular disease,

hypertension, diabetes, gastric disease, bone and joint disease,

chronic lung disease, asthma, malignancy, and reproductive

system disease; two items focused on feelings of loneliness and

happiness; three items focused on geriatric syndrome, including

visual impairment, hearing impairment, and history of falls;

five items focused on assistive devices (hearing aids, dentures,

crutches, wheel-chairs, and adult diapers/nursing pads); three

items focused on mobility (needing care from others in daily

life, self-rated health status, and exercise); two items focused

on social activity (regular leisure activities and regular public

service activities).

ADL disability was assessment included six items (bathing,

dressing, going to the toilet, getting in and out of bed, eating, and

walking around indoors). Each item was assessed using three

levels: “can do”, “some difficulty” and “can’t do”, and given a

score of 0, 0, and 1, respectively; a total ADL score of ≥1 was

classified as ADL disability.

Statistical analysis

SPSS 24.0 software was used for the data analysis. Missing

data (5.6% of the participants lacked convenience for medical

reimbursement, while educational level was 0.2%, ethnicity

was 0.1%, marital status was 1.2%, living alone was 0.1%,

financial status was 0.6%, hospitalized within 1 year was

2.0%, medical examination was 1.6%, and medical insurance

was 0.2%) were interpolated using the Markov Chain Monte

Carlo (MCMC) multiple fill method (20). We calculated

prevalence of frailty and pre-frailty in the overall sample and

subgroups stratified by sociodemographic, and frailty and pre-

frailty weighted prevalence based on the weights created in

our study. Continuous variables are reported as the mean ±

standard deviation (SD) or as the median and interquartile

range (IQR), as appropriate. Comparisons between two or

Multivariable groups were made by using a Student’s t-

test or ANOVA for symmetrical continuous distribution, and

Mann-Whitney U test or Kruskal-Wallis H test for non-

symmetrical continuous distribution. Categorical variables are

reported as percentages and were compared using a chi-

square test, Bonferroni correction was applied to the results

of the two-by-two comparison between groups. Multinomial

regression analysis models were used to analyze related factors

associated with the prevalence of frailty and pre-frailty in older

adults with diabetes.
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FIGURE 1

Flowchart of participants sampling of the study on frailty and pre-frailty prevalence in older adults with Diabetes in China.

Sensitivity analyses

We compared baseline characteristics, the prevalence of

frailty and pre-frailty, between older patients with diabetes

missing the items for the FI and those without the items missing.

Differences were considered statistically significant at P < 0.05.

Results

A total of 224,142 older people aged 60 years or more

participated in the Fourth SSAPUR in China in 2015, of whom

15,756 (7.0%) respondents were excluded because their items

for FI was <28. Among 208,386 older adults, the prevalence of

frailty was 9.4%, and the prevalence of pre-frailty was 45.8%.

Among them, the number of older adults with diabetes were

18,010, and the prevalence of diabetes was 8.6%. The prevalence

of diabetes in the frail older adults was 20.5%, the prevalence

of diabetes in the pre-frail older adults was 11.0%, and the

prevalence of diabetes in the robust older adults was 3.7%.

The average age of older adults with diabetes was 69.7 ± 7.8

years (range 60–105 years); 10,547 (58.6%) were female, average

age 70.1 ± 8.1 years, and 7,463 (41.4%) were male, average age

69.4± 7.6 years.

The distribution of FI in older adults with diabetes

was gamma distributed (statistic = 0.093, P < 0.001, see

Supplementary Figure 1), ranging from 0.03 to 0.70, with a

median of 0.18 (IQR 0.10). The median FI was 0.16 (IQR 0.10)

for men and 0.19 (IQR 0.10) for women. The FI value for

men was significantly lower than that for women (z = −15.3,

p < 0.001).

Prevalence of frailty and pre-frailty
amongst older adults with and without
diabetes

The prevalence of frailty in the older adults with diabetes was

22.4%, which was higher than that in the older adults without

diabetes (8.2%; χ2
= 3,884.9, P < 0.001). The prevalence of pre-

frailty in the older adults with diabetes was 58.5%, which was

higher than that in the older adults without diabetes (44.6%;

χ2
= 1,284.3, P < 0.001). The weighted prevalence of frailty and

pre-frailty in older adults with diabetes in China was 22.7% (95%

CI 22.1–23.3%) and 58.5% (95% CI 57.8–59.2%), respectively,

according to the weights created in our study.

The prevalence of frailty and pre-frailty in
older adults with diabetes in di�erent
regions of China

The prevalence of frailty (χ2
= 457.7, P < 0.001) and the

prevalence of pre-frailty (χ2
= 66.2, P < 0.001) of older adults

with diabetes in different provinces/municipalities/autonomous

regions were significantly different. The prevalence of frailty

in older adults with diabetes was highest in the Xizang

Autonomous Region (50.0%) and lowest in Fujian Province

Frontiers in PublicHealth 04 frontiersin.org

204

https://doi.org/10.3389/fpubh.2022.996190
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zeng et al. 10.3389/fpubh.2022.996190

FIGURE 2

Prevalence of frailty and pre-frailty in older adults with diabetes in di�erent regions of China. (A) Prevalence of frailty (P < 0.001) and pre-frailty

(P < 0.001) in older adults with diabetes in di�erent provinces/municipalities/autonomous regions. (B) Prevalence of frailty (P < 0.001) and

pre-frailty (P = 0.014) in older adults with diabetes in di�erent administrative regions. (C) Prevalence of frailty (P < 0.001) and pre-frailty

(P = 0.467) in older adults with diabetes in southern and northern China.
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TABLE 1 Prevalence of frailty and pre-frailty among older adults with diabetes in China in 2015.

All Men Women

Total

(n = 18,010)

Pre-frail Frail P-value Total

(n = 7,443)

Pre-frail Frail P-value Total

(n = 1,0547)

Pre-frail Frail P-value

Proportional of participants 58.5% 22.4% 100% 58.0% 18.9% 100% 58.9% 24.8%

Age (years) 69.7± 7.8 70.8± 7.9 74.6± 8.8 <0.001 69.4± 7.6 70.3± 7.7 73.6± 8.5 <0.001 70.1± 8.1 70.8± 8.1 74.3± 8.9 <0.001

Age group <0.001 <0.001 <0.001

60–64 29.4% 58.9%a 15.5%a 29.7% 56.7% 12.8%a 29.2% 60.4%a 17.5%a

65–69 25.3% 60.0%a 18.8%b 25.5% 58.5% 15.6%a,b 25.1% 61.0%a 21.0%b

70–74 18.4% 60.1%a 22.1%c 18.5% 59.9% 18.2%b 18.3% 60.3%a 24.8%c

75–79 14.1% 58.7%a 28.6%d 13.2% 60.7% 24.6%c 14.7% 57.5%a,b 31.1%d

80–84 8.7% 53.6%b 36.1%e 8.6% 55.9% 31.2%c,d 8.8% 52.1%b,c 39.5%e

≥85 4.1% 49.7%b 44.7%f 4.5% 52.7% 40.4%d 3.8% 47.3%c 48.3%f

Urban or rural area <0.001 <0.001 <0.001

Urban 67.3% 58.8% 19.7%a 71.2% 57.6% 16.5%a 64.6% 59.7%a 22.2%a

Rural 32.7% 58.0% 27.8%b 28.8% 59.0% 24.7%b 35.4% 57.4%b 29.6%b

Education <0.001 <0.001 <0.001

Illiterate 25.5% 55.4%a 32.6%a 8.9% 56.3% 32.0%a 37.2% 55.2%a 32.7%a

Non-illiterate 74.5% 59.6%b 18.9%b 91.1% 58.2% 17.6%b 62.8% 61.1%b 20.2%b

Marital status <0.001 <0.001 <0.001

Married 74.0% 58.6%a 18.9%a 85.6% 57.5%a 17.0%a 65.7% 59.6%a,b 20.7%a

Widowed 24.5% 57.5%a 33.0%b 12.0% 58.8%a 32.6%a 33.5% 57.2%b 33.1%b

Divorced 0.9% 74.8%b 16.8%a 1.0% 76.3%b 14.5%a 0.7% 73.4%a 19.0%a

Unmarried 0.6% 67.6%a,b 25.0%a,b 1.4% 68.0%a,b 24.3%a,b 0.1% 60.0%a,b 40.0%a,b

Ethnicity <0.001 0.112 0.001

Han 96.1% 58.6% 22.1%a 94.1% 58.0% 18.7% 96.1% 59.0% 24.5%a

Non-Han 3.9% 56.9% 28.2%b 5.9% 57.2% 23.1% 3.9% 56.6% 31.9%b

Living status <0.001 <0.001 <0.001

Living alone 12.6% 61.3%a 34.1%a 8.9% 65.0%a 29.0%a 15.2% 59.8% 36.2%a

Not living alone 87.4% 58.1%b 20.7%b 91.1% 57.3%b 17.9%b 84.8% 58.7% 22.8%b

(Continued)
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TABLE 1 (Continued)

All Men Women

Total

(n = 18,010)

Pre-frail Frail P-value Total

(n = 7,443)

Pre-frail Frail P-value Total

(n = 1,0547)

Pre-frail Frail P-value

Health checkup within 1 year <0.001 <0.001 <0.001

No 33.6% 57.2%a 25.7%a 32.1% 58.0% 21.0%a 34.7% 56.6%a 28.7%a

Yes 66.4% 59.2%b 20.7%b 67.9% 58.0% 17.9%b 65.3% 60.1%b 22.8%b

Hospitalized within 1 year <0.001 <0.001 <0.001

No 61.1% 60.4%a 16.4%a 62.3% 59.1%a 13.3%a 60.3% 61.4%a 18.6%a

Yes 38.9% 55.5%b 31.8%b 37.7% 56.2%b 28.2%b 39.7% 55.0%b 34.3%b

Economic status <0.001 <0.001 <0.001

Very rich 1.6% 47.3%a 15.5%a,b 1.70% 44.0%a 14.4%a,b 1.5% 50.0%a,b,c 16.5%a,b

Rich 16.5% 58.0%b,c 14.7%b 17.60% 55.9%a,b 12.5%b 15.7% 59.6%b,c 16.5%b

Adequate 60.6% 59.6%c 20.7%a 60.60% 58.8%b 17.5%a 60.5% 60.2%c 23.0%a

Poor 18.0% 57.6%b,c 25.8%c 17.00% 58.8%b 27.5%c 18.8% 56.2%a,b 34.8%c

Very poor 3.3% 53.6%a,b 41.6%d 3.10% 57.2%a,b 38.0%d 3.5% 51.3%a 43.9%d

Medicare 0.552 0.371 0.956

Yes 99.1% 58.5% 22.4% 99.2% 57.9% 18.9% 99.1% 58.9% 24.8%

No 0.9% 61.0% 23.3% 0.8% 65.1% 19.0% 0.9% 58.3% 26.0%

Convenience of medical cost

reimbursement

<0.001 <0.001 <0.001

Highly convenient 34.0% 59.2% 19.7%a 34.3% 58.0% 16.4%a 33.7% 60.1% 22.0%a

Convenient 44.3% 58.0% 23.1%b 44.1% 58.1% 19.2%a,b 44.4% 58.0% 25.9%b

Less convenient 16.2% 59.4% 23.1%b 16.0% 59.3% 20.3%b 16.5% 59.5% 25.1%a,b

Inconvenient 3.7% 54.8% 30.5%c 3.8% 50.5% 30.3%c 3.6% 58.1% 30.7%b,c

Highly inconvenient 1.8% 57.3% 30.2%c 1.8% 61.3% 22.6%a,b,c 1.8% 54.5% 35.6%c

Comorbidities <0.001 <0.001 <0.001

<1 11.9% 25.2%a 1.8%a 14.6% 21.8%a 1.3%a 10.0% 28.8%a 2.3%a

≥1 88.1% 63.0%b 25.2%b 85.4% 64.2%b 21.9%b 90,0% 62.2%b 27.3%b

ADL disability <0.001 <0.001 <0.001

Yes 6.8% 12.4%a 87.6%a 3.5% 26.4%a 71.5%a 4.8% 27.1%a 71.6%a

No 93.2% 61.9%b 17.6%b 96.5% 43.7%b 5.4%b 95.2% 49.3%b 7.9%b

ADL, activities of daily living.

The superscripts a, b, c, d, e, and f indicate the difference in the prevalence of pre-frailty and frailty between the two groups within different subgroups (if the superscript letters are the same between the two groups within a subgroup, the difference

between the two groups is not statistically significant. If the superscript letters are different between the two groups within a subgroup, the difference between the two groups is statistically significant), (adjusted p-values).

F
ro
n
tie

rs
in

P
u
b
lic

H
e
a
lth

fro
n
tie

rsin
.o
rg

207

https://doi.org/10.3389/fpubh.2022.996190
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Z
e
n
g
e
t
a
l.

1
0
.3
3
8
9
/fp

u
b
h
.2
0
2
2
.9
9
6
1
9
0

TABLE 2 Factors associated with frailty and pre-frailty of older adults with diabetes by multinomial logistic regression.

Variables Pre-frailty vs. Robust Frailty vs. Robust

OR 95% CI p OR 95% CI p

Lower Upper Lower Upper

Sex Male 1 (ref)

Female 1.148 1.041 1.267 0.006 1.265 1.113 1.437 <0.001

Age (years) 60–64 1 (ref)

65–69 1.197 1.066 1.345 0.002 1.370 1.173 1.601 <0.001

70–74 1.349 1.180 1.543 <0.001 1.654 1.391 1.967 <0.001

75–79 1.762 1.495 2.076 <0.001 2.576 2.108 3.150 <0.001

80–84 1.900 1.531 2.358 <0.001 3.397 2.639 4.373 <0.001

≥85 3.177 2.180 4.630 <0.001 6.594 4.364 9.963 <0.001

Urban or rural area Urban 1 (ref)

Rural 1.379 1.238 1.537 <0.001 1.827 1.602 2.083 <0.001

Marriage Married 1 (ref)

Widowed 1.192 1.023 1.389 0.025 1.272 1.060 1.527 0.010

Divorced 2.144 1.127 4.078 0.020 1.667 0.771 3.608 0.194

Unmarried 2.633 1.070 6.482 0.035 2.444 0.891 6.705 0.083

Education Non-illiterate 1 (ref)

Illiterate 1.169 1.027 1.331 0.018 1.551 1.331 1.807 <0.001

Ethnicity Han 1 (ref)

Others 1.223 0.939 1.593 0.136 1.437 1.052 1.963 0.025

Living alone No 1 (ref)

Yes 5.602 4.310 7.282 <0.001 9.437 7.092 12.558 <0.001

Medical checkup within 1

year

Yes 1 (ref)

No 1.189 1.075 1.316 0.001 1.382 1.219 1.567 <0.001

Hospitalized within 1 year No 1 (ref)

Yes 1.402 1.268 1.551 <0.001 2.634 2.331 2.976 <0.001

Economic status Very rich 1 (ref)

Rich 1.656 1.212 2.262 0.001 1.222 0.766 1.951 0.400

Adequate 2.676 1.976 3.624 <0.001 2.932 1.867 4.606 <0.001

Poor 5.569 4.003 7.747 <0.001 10.230 6.373 16.423 <0.001

Very poor 16.181 9.509 27.535 <0.001 44.957 23.595 85.660 <0.001

(Continued)
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(10.8%); the former was 4.6 times higher than the latter. The

prevalence of pre-frailty in older adults with diabetes was highest

in Hainan Province (66.1%) and lowest in Jiangsu Province

(48.2%); the former was 1.4 times higher than the latter. The

prevalence of frailty in different administrative regions was

significantly different (χ2
= 280.4, P < 0.001). The prevalence

of frailty was highest in Northwest China (33.2%), followed by

Southwest (26.4%) and North China (26.1%); Central China

(25.3%) and Northeast China (23.3%) were in the middle,

while South China was lower (17.0%), with the lowest in

Southeast China (16.1%). The prevalence of pre-frailty in

different administrative regions was also significantly different

(χ2
= 16.0, P = 0.014). The prevalence of frailty in northern

China was higher than that in southern China (27.2 vs.20.4%,

χ2
= 99.6, p < 0.001), while the prevalence of pre-frailty in

northern China was not different from that in southern China

(57.3 vs. 59.0%, χ2
= 0.5, p= 0.467) (Figure 2).

Prevalence of frailty and pre-frailty in
older adults with diabetes

The prevalence of frailty and pre-frailty amongst different

groups in older adults with diabetes see Table 1. The prevalence

of frailty in older adults with diabetes increased with age.

Other factors linked with a higher prevalence of frailty in

older adults with diabetes were being female, rural residency,

widowed, illiterate, ethnic minority, living alone, hospitalized

in the past 1 year, no health checkup in the past year, financial

difficulties, inconvenient reimbursement of medical expenses,

ADL disability, and combined chronic diseases. There was no

difference in the prevalence of frailty and pre-frailty in older

adults with diabetes with or without medical insurance.

Multinomial logistic regression analysis of
related factors of frailty and pre-frailty in
older adults with diabetes

Results on multinomial regressions see Table 2. Taking

frailty and pre-frailty as dependent variables and the above

factors: age, sex, education, marital status, ethnicity, urban

or rural area, living status, health checkup within 1 year,

hospitalized within 1 year, economic status, convenience

of medical cost reimbursement, comorbidities and ADL

disabilities as independent variables, after adjusting for sex, age,

urban or rural area, marital status, ethnicity, and education

multivariable logistic regression analysis showed that living

alone, being hospitalized in the past 1 year, having no physical

examination in the past year, very inconvenient medical expense

reimbursement, having a difficult economic situation, having

ADL disability, and having chronic diseases were factors related
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to frailty and pre-frailty in older patients with diabetes. Poor

economic status, living alone, ADL disability, and comorbidities

are factors strongly related to the frailty and pre-frailty of older

adults with diabetes.

Sensitivity analyses

There were no differences in age (69.8 ± 7.3 vs. 69.8 ± 7.4;

p= 0.705) and sex (male: 42.3 vs. 41.4%; p = 0.570) between

older diabetic patients (n = 926) with missing items (1–5) for

the frailty index and those (n = 17,084) with no missing items.

The prevalence of frailty and pre-frailty did not differ between

older diabetic patients with and without the missing frailty index

items (24.9 vs. 22.2%; 56.3 vs. 58.6%; both p < 0.05).

Discussion

Our study showed that the self-reported prevalence of

diabetes in the older adults was 8.6%, which was consistent with

the results of the Chinese Diabetes Surveys. The surveys showed

that the prevalence of diabetes among people aged ≥ 60 years

was 20.9% in 2013 and 30.0% in 2017, while the awareness rate

was about 30.0% (3, 21).

Frailty and diabetes are two important older adults’

health problems related to aging. Our study showed that

the prevalence of diabetes in the frail older adults was

higher than that in the pre-frail older adults, and the

prevalence of diabetes in the frail and pre-frail older adults

was higher than that in the robust older adults, which

was consistent with the results of previous studies (22, 23).

Volpato et al. found that frail and pre-frail older adults

had a significantly higher risk of new-onset diabetes than

robust older adults (22). A meta-analysis showed that the

prevalence of diabetes in frail older adults was 34% (23).

Sarcopenia in frail older adults might raise blood glucose

levels and increase diabetes risk through insulin resistance (24).

Muscle weakness has also been shown to be associated with

an increased risk of diabetes (25). Higher levels of oxidative

stress, elevated levels of inflammatory factors, and endocrine

disorders in frail older adults might increase the risk of

diabetes (26–28).

Our study showed that the prevalence of frailty and pre-

frailty in the older adults with diabetes was higher than that

in the older adults without diabetes, which is consistent with

previous studies (29, 30). Chhetri et al. found that population

with diabetes had a much higher prevalence (19.32%) and

incidence (12.32%) of frailty, compared to that of older adults

without diabetes (prevalence of 11.92% and incidence of 7.04%)

(30). A meta-analysis showed that the pooled prevalence

of frailty and pre-frailty in older adults with diabetes was

20.1% (95% CI 16.0–24.2%) and 49.1% (95% CI 45.1–53.1%),

respectively (11). A recent meta-analysis reported a median

prevalence of frailty of 13% (IQR 9–21) as assessed using frailty

phenotypes among older adults with diabetes in the community

(31). The above studies confirm that diabetes is a risk factor

for the development and progression of frailty. The possible

mechanisms included accelerated muscle loss and sarcopenia

in diabetes. Hyperglycemia could cause muscle atrophy by

inhibiting the growth of skeletal muscle cells, insulin resistance

could cause muscle contraction disorders by inhibiting energy

metabolism of skeletal muscle cells (32). The complications

related to diabetes in the older adults also promoted the

occurrence of frailty (24). Studies have shown that for the

older adults with diabetes with poor general condition, diet

control or taking some hypoglycemic drugs, such as metformin,

might increase the risk of malnutrition, leading to an increased

risk of frailty (33). In addition, the increased in inflammatory

mediators in patients with diabetes (34), and some risk factors

of diabetes, such as obesity, could also promote the occurrence

and development of frailty (35). A study found people with

diabetes or higher HbA1c levels at baseline had a higher frailty

level throughout later life, and non-frail patients with diabetes

or higher HbA1c also experienced more rapid deterioration of

frailty level with aging (36).

Our study further confirmed previously identified factors

related to the prevalence of frailty (37–39). Our study found

that frail patients with diabetes were older, were more likely to

have been hospitalized in the past 1 year, were more likely to

have ADL disability, and were more likely to have comorbidities

than non-frail patients with diabetes. Our findings are consistent

with a study showing that frailty and multimorbidity are

common in middle-aged and older adults with type 2 diabetes

(40). Our study was a cross-sectional study and was unable

to determine the association between ADL disability, chronic

disease, and frailty. Studies have shown that people with chronic

disease have a significantly higher risk of developing frailty than

people without chronic disease (41, 42), and ADL disability

was often the result of chronic disease and frailty. Frailty is

more reversible than disability, so early detection of frailty

in older adults with diabetes is critical. The characteristics of

frail older adults with diabetes found in our study suggests

that frail older adults with diabetes is a complex and highly

vulnerable group. Studies have shown that frail older adults

with diabetes are at increased risk of hospitalization, disability,

cognitive impairment, reduced quality of life, microvascular

and macrovascular complications, hypoglycemia, and death

(11, 43). In fact, frailty is an important factor affecting the

target level of blood glucose management in the older adults

(12, 13). The international position statement on frailty in

diabetes emphasized that the identification and assessment

of frailty should be part of the daily management of people

with diabetes, and recommends a more relaxed glycated

hemoglobin target for frail older adults and emphasizes the risk

of hypoglycemia (15).
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Our study also found that female, rural residency, illiterate,

ethnic minority, widowed, living alone, financial difficulties,

and very difficult medical reimbursement were associated

with the prevalence of frailty and pre-frailty in older adults

with diabetes. A longitudinal study showed that unfavorable

socioeconomic status in childhood and adolescence might

increase the risk of late-life frailty amongst Chinese older

adults (44), and another longitudinal study showed that socio-

economic status was the factor most closely associated with

progression from a healthy state to a more morbid, frail

and disabling state (45). Financially well-off older adults had

access to better health services, which might help prevent or

delay frailty. We did not find any connection between medical

insurance and frailty, which was mainly due to the rapid

development of China’s health system and the establishment

of a “universal medical coverage” system. We discovered for

the first time that the convenience of medical reimbursement

was closely related to frailty in older adults with diabetes.

Although basic medical insurance has achieved universal

coverage, it is crucial to increase the proportion of medical

insurance compensation. The results of our study provided

the evidence for the government to formulate corresponding

policies: eliminate economic inequality, increase the proportion

of medical expenses reimbursement, and improve the level of

medical care for vulnerable groups.

Our study found significant regional differences in the

prevalence of frailty and pre-frailty in older adults with diabetes.

The prevalence of frailty in older adults with diabetes in

northern China was higher than that in southern China. China’s

underdeveloped areas have limited medical resources and lower

levels of care for the frail older adults, which at least partially

explains these regional differences. The results we have reported

provide strong evidence for the need to provide government-

funded health resources and services to reduce frailty among

older adults with diabetes, to reduce these obvious health service

inequalities in rural and underdeveloped areas of China.

Our study has several limitations. First, the data on diabetes

were self-reported andmight be subject to memory bias. Second,

this was a cross-sectional study, so the causal relationship

between diabetes and frailty was not analyzed. The effect

of frailty on the prognosis of elderly people with diabetes

and the glycemic control goals of frail elderly people need

further research.

Conclusion and implications

Frailty and pre-frailty are common among older Chinese

adults with diabetes. Frail older adults with diabetes are at

increased risk of adverse outcomes. It is necessary to improve the

awareness of frailty and promote frailty assessment in the clinical

diagnosis and treatment environment of diabetes in older adults.

Targeted interventions should be given to frail or pre-frail older

adults with diabetes to reduce adverse outcomes and reduce the

health care burden.
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Background: This study was designed to analyze the relationship of waist

circumference (WC), body mass index (BMI), waist-to-hip ratio (WHR),

waist-to-height ratio (WHtR), relative fat mass (RFM), lipid accumulation

product (LAP) and health-related quality of life (HRQoL) in the community-

dwelling population of southern China and to explore the independent

contribution of socio-demographic characteristics, number of chronic

diseases and anthropometric indicators to HRQoL in that population.

Methods: This community-based cross-sectional survey studied 2,663 adults

aged 18 years and older. HRQoL was assessed by the 3-level EuroQol

5-dimensional scale (EQ-5D-3L), and HRQoL were calculated using the

Chinese EQ-5D-3L value set. The outcome variable was the EQ-5D-3L score

(HRQoL). Cluster regression was used to analyse the independent contribution

of each obesity indicator to HRQoL.

Results: A total of 2,663 people participated in this study, and their mean

EQ-5D-3L score was 0.938 ± 0.072. In this study, according to the results of

the one-way ANOVA, HRQoL was significantly di�erent between the groups

of WHtR, WHR, RFM and LAP, respectively. The independent contributions of

socio-demographic factors, number of chronic diseases and anthropometric

measures toHRQoL in thewhole population accounted for 76.2, 7.9, and 15.9%

of the total e�ect, respectively.

Conclusion: RFM and LAP were found to have a previously unreported

negative impact on HRQoL in a community-dwelling population. In future

studies, RFM and LAP could be used as new indicators of obesity to predict

quality of life in humans.

KEYWORDS

health-related quality of life, obesity, anthropometric indicators, EQ-5D, community-

based population
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Introduction

With the development of society, people’s eating behaviors

and lifestyles have changed significantly, causing a significant

increase in overweight and obesity, and the prevalence of these

conditions is rapidly increasing not only in developed countries

but also in developing countries, becoming a serious public

health problem on a global scale (1). As of 2020, more than half

of adult residents in China were overweight or obese, and the

prevalence of overweight and obesity was 19% in young people

aged 6–17 years and 10.4% in children under 6 years old (2).

With the increasing number of obese people, obesity has been

recognized as a public health problem in the Report on the

Status of Nutrition and Chronic Diseases in China (2020) (3).

Obesity is a risk factor for many chronic diseases, and numerous

studies have shown that overweight and obesity increase the

risk of diabetes, hypertension, coronary heart disease, and many

other diseases (4, 5). It has also been shown that obesity and its

comorbidities also come with a significant psychosocial burden,

impacting numerous areas of psychosocial functioning (6, 7).

In addition, evidence from the Framingham Heart Study

suggests that an increased risk of disease can lead to a large

reduction in life expectancy (8). Many medical conditions

associated with obesity not only increase the risk of death

but also potentially affect the individual’s health-related quality

of life (HRQoL) (9). HRQoL is currently receiving increasing

attention as a good, accurate indicator of health status.

This variable provides a comprehensive assessment of a

subject’s physical activity functioning, mental health and social

adjustment as well as the subject’s self-perception of life and

health (10, 11). A growing number of studies suggest that

obesity is a risk factor for reduced HRQoL (12–14). Sach’s

study showed, after controlling for confounding factors, that

obese people tended to have lower HRQoL than to people

of normal weight (15). Jia (16) also showed that HRQoL

decreased as the severity of obesity increased. Compared

with normal-weight respondents, persons with severe obesity

had significantly reduced scores on the 12-Item Short Form

Survey Physical Component Summary (PCS-12) and Mental

Component Summary (MCS-12), EuroQol 5-dimensional scale

(EQ-5D), and EuroQol visual analog scale (EQ VAS). Persons

who were overweight or moderately obese also had significantly

poorer HRQoL than people of normal weight.

Currently, body mass index (BMI), waist circumference

(WC), waist-to-height ratio (WHtR) and waist-to-hip ratio

Abbreviations: HRQoL, Health-related quality of life; VAS, Visual Analog

Scale; BMI, Body mass index; WC, Waist circumference; WHtR, Waist-

to-height ratio; WHR, Waist-to-hip ratio; RFM, Relative fat mass; LAP,

lipid accumulation product; PCS-12, 12-Item Short Form Survey Physical

Component Summary; MCS-12, 12-Item Short Form Survey Mental

Component Summary.

(WHR) are the most commonly used criteria for obesity.

However, these traditional obesity indices reflect only the degree

of overweight and abdominal obesity and do not distinguish

between subcutaneous and visceral fat (17). Furthermore,

unlike abdominal obesity (indicated by WC and WHtR) and

general obesity (indicated by BMI), peripheral adiposity and

larger hip circumference may offer protection from T2DM,

cerebrovascular disease, and premature death (18). Among the

population, the mechanism of the obesity paradox is largely

due to better nutritional status and higher muscle retention

(19). Considering the opposing effects of central obesity and

peripheral adiposity, an indicator that assesses both masses

simultaneously may better evaluate the risk of obesity on

HRQoL than indicators that separately estimate either central

obesity or peripheral adiposity; for example, waist–hip ratio

(WHR). However, WHR may mask central obesity if both hip

circumference and WC increase. Recent studies have used the

relative fat mass (RFM) and the lipid accumulation product

(LAP) index to assess the percentage of total body fat and the

degree of obesity. Those studies have shown that RFM and

LAP correlate significantly with cardiovascular disease and are

better cardiovascular risk indicators than BMI or WC (20–22).

Therefore, the obesity paradox in populations may be related

to the use of BMI and WC, which are prone to measurement

accuracies and mixed nutritional factors and are, thus, not

suitable for evaluating obesity in populations, especially in the

elders. However, no scholar has yet studied the relationship

among RFM, LAP and HRQoL. Furthermore, research on the

relationship between obesity and HRQoL in the community is

very limited. The present study assumed that BMI, WC, WHR,

WHtR, RFM, and LAP were negatively correlated with HRQoL.

Therefore, considering the increasing prevalence of obesity

and the lack of detailed studies on the relationship between

novel anthropometric indicators and HRQoL, we conducted a

cross-sectional analysis of adults aged ≥18 years in southern

China. Therefore, this study aimed to use a population-

based survey to examine the association between HRQoL and

different anthropometric indicators and to explore the different

influences and independent effects of these indicators on the

HRQoL of community residents. The findings may complement

current research on the relationship between obesity and

HRQoL and may also provide supporting information for

healthcare professionals and policymakers to provide services

and develop programs to improve the HRQoL of the

Chinese population.

Materials and methods

Study design and sample

A cross-sectional community-based health survey was

conducted in Foshan City, Guangdong Province, southern

Frontiers in PublicHealth 02 frontiersin.org

215

https://doi.org/10.3389/fpubh.2022.955615
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Fan et al. 10.3389/fpubh.2022.955615

FIGURE 1

Flowchart in the selection of study population.

China. Participants were recruited in March 2017. The detailed

sampling strategy for this survey has been described in a

published study by our research team (21). Given our focus

on adult demographics, we only analyzed respondents aged

18 years and older. Participants were excluded from the

study if they had physical dysfunctions that may potentially

affect the measurements and those who had not completed

the questionnaires or had not completed the physical fitness

tests. There were 3760 eligible subjects, among which 341

subjects were excluded for the lack of complete data on

demographic characteristics and 756 subjects were excluded

for the missing or invalid data on anthropometric tests and

laboratory examinations related indexes. After excluding,

a total of 2,663 adult respondents were included in this

study (Figure 1).

Data collection

With the assistance of well-trained investigators,

standardized questionnaires were used to collect information

about demographic characteristics (gender, age, marital status,

education level, and mean monthly income), number of chronic

diseases (e.g., hypertension, diabetes), and anthropometric

indicators (WC, BMI, WHR, WHtR, RFM, and LAP).

General study questionnaire

Information on participants was gathered through a

standard questionnaire including gender, age, marital status,

educational level, monthly income, and chronic conditions.

The chronic diseases considered in the survey included

hypertension, dyslipidaemia, diabetes, stroke, cardiopathy,

chronic gastroenteritis, cancer, osteoporosis, and bronchial

asthma; subjects self-reported whether they suffered from

each of these conditions. Marital status was classified as

“unmarried,” “married,” or “other;” “divorced/widowed”

was regarded as “other.” Educational level was categorized

as “primary school or lower,” “junior high school” and

“senior high school or above.” In this study, the definition

of “unemployed’ included all subjects who were out

of work, regardless of whether they were looking for

work or not (23).

HRQoL assessment tool

HRQoL was measured by the 3-level version of the EQ-

5D (the EQ-5D-3L), which included both a health description

system (EQ-5D index) and Visual Analog Scale (VAS). The

EQ-5D-3L is a generic HRQoL measure which can compare

HRQoL in populations (11, 24). This instrument has been

widely demonstrated to have good reliability and validity in
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TABLE 1 Comparison of HRQoL of community residents with di�erent demographic characteristics by gender (n = 2,663).

Variables Male (n = 1,356) Female (n = 1,307)

n (%) Utility value n (%) Utility value

Cluster1:Sociodemographic factors

Age groups (y)

18–45 (1) 794 (58.55) 0.954± 0.064 747 57.15) 0.945± 0.100

46–69 (2) 543 (40.04) 0.927± 0.114* 540 (41.32) 0.922± 0.118*

70–(3) 19 (1.40) 0.912± 0.117* 20 (1.53) 0.896± 0.107*

P value (F statistics) <0.001 (16.129)b <0.001 (8.603)b

Education level

Primary school or lower (1) 310 (22.86) 0.916± 0.131 438 (33.51) 0.913± 0.134

Junior high school (2) 532 (39.23) 0.950± 0.063* 435 (33.28) 0.950± 0.053*

Senior high school or above (3) 514 (37.91) 0.952± 0.078* 434 (33.21) 0.940± 0.119*

P value (F statistics)b <0.001 (18.517) b
<0.001 (13.974)b

Marital status

Unmarried (1) 262 (19.32) 0.946± 0.105 171 (13.08) 0.956± 0.033

Married (2) 1050 (77.43) 0.944± 0.074 1057 (80.87) 0.933± 0.115*

Othersa (3) 44 (3.24) 0.890± 0.215*,† 79 (6.04) 0.903± 0.121*,†

P value (F statistics)b <0.001 (7.937)b 0.001 (6.563)b

Employment status

Employed (1) 1,073 (79.13) 0.956± 0.033 905 (69.24) 0.942± 0.098

Retirement (2) 167 (12.32) 0.895± 0.138* 250 (19.13) 0.902± 0.153*

Unemployed (3) 116 (8.55) 0.892± 0.220* 152 (11.63) 0.944± 0.064†

P value (F statistics)b <0.001 (58.048)b <0.001 (14.487)b

Monthly personal income

<3,000 RMB/mo (1) 695 (51.25) 0.931± 0.114 755 (57.77) 0.927± 0.120

3,000–4,999 RMB/mo (2) 479 (35.32) 0.957± 0.027* 390 (29.84) 0.942± 0.105*

5,000∼6,999 RMB/mo (3) 115 (8.48) 0.947± 0.096 92 (7.04) 0.957± 0.024*

≥7,000 RMB/mo (4) 67 (4.94) 0.954± 0.046* 70 (5.36) 0.948± 0.053

P value (F statistics)b <0.001 (8.591)b 0.014 (3.547)b

Cluster2 Diseases factors

Number of chronic diseases

0 (1) 527 (38.86) 0.953± 0.074 601 (45.98) 0.951± 0.075

1 (2) 441 (32.52) 0.946± 0.078 403 (30.83) 0.930± 0.133*

≥2 (3) 388 (28.61) 0.926± 0.114*,† 303 (23.18) 0.908± 0.124*,†

P value (F statistics)b <0.001 (10.980)b <0.001 (16.352)b

aOthers: Divorced or widowed; RMB= renminbi; (1)= reference group.
bBased on One-way ANOVA.

*Compared with (1) P < 0.05.
†Compared with (2) P < 0.05.

different populations. The first section records self-assessed

health status based on five dimensions: mobility, self-care,

daily activities, pain/discomfort, and anxiety/depression. Each

dimension consists of three levels: no problems, some problems,

and extreme problems (25). A total of 243 health state

can be expressed by combining the different level from

each dimension. This is then transformed into a weighted

health state index score (EQ-5D index) by the Chinese

time trade-off value, which is a conversion weight from

health utility measurements designed based on the HRQoL

preferences of Chinese populations. The Chinese form of the

EQ-5D indicator has a value range of – 0.149 to 1 (26).

The second component is used to assess the level of self-

perceived health, ranging from 0 to 100. On this scale, 0

represents the worst conceivable state of health, and 100

represents the best conceivable state of health. The VAS can be
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invoked as a quantitative measure of a participant’s self-judged

health outcomes.

In this study, the EQ-5D health utility score was used

to assess health-related quality of life. The health status was

converted into a score using a utility value conversion table

based on the respondents’ choice of 3 levels of the 5 dimensions,

with scores ranging from – 0.149 to 1 (26).

Anthropometric tests and laboratory
examinations

Participants wore light clothing, took off their shoes, and

had their weight and height measured by staff. WC (cm) was

recorded at a level 1 cm above the navel. Hip circumference

(cm) was measured at the level of the rearmost part of the

hips, with the participant standing naturally. All the above

TABLE 2 Comparison of HRQoL of community residents with di�erent levels of anthropometric indicators by gender (n = 2,663).

Variables Male (n = 1,356) Female (n = 1,307)

n (%) Utility value n (%) Utility value

BMI

Q1:<20.64 297 (21.90) 0.935± 0.119 368 (28.16) 0.941± 0.100

Q2:20.64- 313 (23.08) 0.953± 0.037* 345 (26.40) 0.935± 0.093

Q3:22.86- 368 (27.14) 0.940± 0.098† 304 (23.26) 0.934± 0.117

Q4:≥25.00 378 (27.88) 0.942± 0.083 290 (22.19) 0.926± 0.127

P value (F statistics) 0.074 (2.314)a 0.409 (0.964)a

WC

Q1:<74.00 222 (16.37) 0.949± 0.059 396 (30.30) 0.950± 0.062

Q2:74.00- 404 (29.79) 0.947± 0.064 392 (29.99) 0.933± 0.098*

Q3:80.97- 297 (21.90) 0.938± 0.120*,† 262 (20.05) 0.914± 0.175*,†

Q4:≥87.00 433 (31.93) 0.939± 0.097*,† 257 (19.66) 0.935± 0.088‡

P value (F statistics) 0.314 (1.187) a 0.001 (5.834)a

WHtR

Q1: <0.46 399 (29.42) 0.950± 0.056 358 (27.39) 0.947± 0.070

Q2:0.46- 268 (19.76) 0.951± 0.048 229 (17.52) 0.947± 0.067

Q3:0.50- 376 (27.73) 0.935± 0.117*,† 313 (23.95) 0.915± 0.171*,†

Q4:≥0.54 313 (23.08) 0.935± 0.109*,† 407 (31.14) 0.932± 0.091‡

P value (F statistics) 0.011 (3.721)a <0.001 (6.017) a

WHR

Q1: <0.84 236 (17.40) 0.949± 0.052 400 (30.60) 0.955± 0.026

Q2:0.84- 255 (18.81) 0.951± 0.057 290 (22.19) 0.932± 0.120*

Q3:0.88- 490 (36.14) 0.947± 0.067 379 (29.00) 0.922± 0.145*

Q4:≥0.92 375 (27.65) 0.927± 0.137* ,‡ 238 (18.21) 0.924± 0.109*

P value (F statistics) 0.001 (5.462)a <0.001 (7.534)a

RFM

Q1: <23.52 655 (48.30) 0.951± 0.053 9 (0.69) 0.951± 0.029

Q2:23.52- 548 (40.41) 0.938± 0.104* 113 (8.65) 0.955± 0.026

Q3:28.69- 148 (10.91) 0.927± 0.139* 506 (38.71) 0.946± 0.073

Q4:≥30.01 5 (0.37) 0.870± 0.003* 679 (51.95) 0.923± 0.136† ,‡

P value (F statistics) 0.002 (4.913)a <0.001 (5.979)a

LAP

Q1: <13.68 333 (24.56) 0.950± 0.051 327 (25.02) 0.955± 0.029

Q2:13.68- 314 (23.16) 0.943± 0.078 350 (26.78) 0.945± 0.088

Q3:26.52- 361 (26.62) 0.934± 0.120* 311 (23.79) 0.915± 0.145*,†

Q4:≥43.83 348 (25.66) 0.944± 0.090 319 (24.41) 0.922± 0.134*,†

P value (F statistics) 0.136 (1.850)a <0.001 (10.049)a

aBased on One-way ANOVA.

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio; RFM, relative fat mass; LAP, lipid accumulation product.

*Compared with (1) P < 0.05; †Compared with (2) P < 0.05; ‡Compared with (3) P < 0.05.
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measurements were performed twice, and the average value

of the two measurements was the final measurement value.

Subjects were fasted (fasted for at least 8 h) in the early morning,

and blood samples were harvested from the median cubital

vein by a medical professional to assess their fasting glucose,

total cholesterol, and triglyceride levels. Blood collection was

carried out by clinical staff and nurses following standard

procedures (21).

BMI was calculated as weight in kilograms divided by the

square of height in meters. The waist-to-height ratio (WHtR)

was calculated as [WC (cm)/height (cm)]. The WHR was

defined as the participant’s WC (cm) divided by the participant’s

hip circumference (cm). RFM was calculated as [64 – (20×

(height/WC)) + (12×sex)]. In the formula, height and WC are

expressed in meters, and sex = 0 for males and 1 for females

(20). LAP was calculated as (WC−60.6) × (TG [mmol/L]) in

males and (WC−54.1) × (TG [mmol/L]) in females based on

actual data from the population of South China (21). The cut-off

points for BMI, WC, WHR, RFM, WHtR and LAP quartiles are

shown in Table 2.

Statistical analysis

The SPSS 24.0 were used for data analysis (Chicago,

IL, USA). The association among socio-demographic, chronic

diseases, anthropometric indices, and HRQoL was assessed

using univariate and multivariate analyses. Univariate analyses

included one-way ANOVA, and multivariate analysis was

performed by entering variables in a clustered multiple linear

regression analysis, in which HRQoL was used as a dependent

variable, and the variables in the three clusters were used as

independent variables. A two-sided statistical significance level

of 0.05 was applied for all analyses.

Specifically, clustered multiple linear regression analysis

was used to explore the effects of socio-demographic variables,

number of chronic diseases, and anthropometric indicators

(3 clusters based on the nature of the study variables) on

the HRQoL of community residents and to estimate their

independent contributions to HRQoL. The model considered

the possibility of a multidirectional association between the 3

clusters of the independent and dependent variables, as shown in

Figure 2. In other words, socio-demographic variables (Cluster

1) may influence the number of chronic diseases (Cluster 2),

with anthropometric indicators (Cluster 3), and the dependent

variable (HRQoL). Similarly, Cluster 2 may affect Cluster 3 and

the dependent variable. Cluster 3 may affect only the dependent

variable. Therefore, variables in the former cluster may affect

variables in the latter cluster, but not vice versa. We determined

the final regression model in 3 steps, which were described in

a previous study (27, 28): (1) an entry regression for HRQoL

for the Cluster 1 variable; (2) the equation derived in step 1 was

used as a fixed part of the new regression model for the Cluster

FIGURE 2

The clustered multiple linear regression model and

multidirectional associations (the direction of the impact is

indicated by the direction of the arrows).

2 variable; and (3) the equation derived in step 2 was used as a

fixed part of the new regression model for the Cluster 3 variable.

The inclusion and exclusion criteria for entering variables into

the regressionmodel were P values of 0.05 and 0.10, respectively.

The independent effect of each cluster on the dependent

variable was established by calculating the corresponding

R2 value. Then, the independent contribution of each

cluster was calculated by (individual R2 change/total R2

change)× 100% (29).

Results

Participant characteristics

In our analyses, a total of 2,663 participants aged 18 and

above were enrolled, including 1356 males (50.9%) and 1307

females (49.1%). For males, 62.09% of respondents had received

only a junior high school education or less. A total of 79.13%

of men are working, and more than half of the respondents

are under a monthly income of less than 3,000 RMB. Only

33.21% of women had received a senior high school education

or higher. Regarding marital status, 13.08% of females were

unmarried, 80.87% were married, and 6.04% were divorced or

widowed. Table 1 displays the demographic characteristics of

the subjects.

The score of EQ-5D-3L is shown in Table 1. The results

obtained from univariate analyses indicated that HRQoL

for males were between-group differences in age, education,

marital status, employment status, monthly personal income,

and chronic disease. And the differences were statistically

significant (all P < 0.05). However, the HRQoL for females were

between-group differences in age, education level, marital status,

Frontiers in PublicHealth 06 frontiersin.org

219

https://doi.org/10.3389/fpubh.2022.955615
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Fan et al. 10.3389/fpubh.2022.955615

TABLE 3 Clustered multiple linear regression analysis of the HRQoL of community residents (n = 2,663).

Independent variables Beta† P level a Adjusted R2‡ Independent

contribution§%

Cluster1 (Sociodemographic factors)

Junior high school 0.097 <0.001

Senior high school or above 0.059 0.035

Marital status (Unmarried) 0.121 0.002

Marital status (Married) 0.106 0.005

Employment status (Employed) 0.114 <0.001

Total 0.048 76.2

Cluster2 (number of chronic diseases)

Number of chronic diseases (1) – 0.045 0.033

Number of chronic diseases (≥2) – 0.087 <0.001

Total 0.053 7.9

Cluste3 (anthropometric indicators)

BMI (Q2) 0.055 0.026

BMI (Q3) 0.067 0.016

BMI (Q4) 0.077 0.009

WC (Q3) – 0.087 0.003

WHtR (Q3) – 0.062 0.007

WHR (Q3) – 0.051 0.045

WHR (Q4) – 0.065 0.022

RFM (Q3) – 0.051 0.023

RFM (Q4) – 0.062 0.041

LAP (Q3) – 0.066 0.045

LAP (Q4) – 0.077 0.010

Total 0.063 15.9

aP level: Based on Clustered multiple linear regression analysis.
†Beta is the standardized regression coefficient derived from the multiple linear regression, indicating the change in standard units of dependent variable for each increase of one standard

unit in the independent variable, controlling for all other independent variables.
‡Adjusted R2 : is the proportion of variance in the dependent variable (Utility value) explained by the independent variables included in each regression model.
§The independent contribution of each cluster of predictors to the HRQoL of community residents calculated as individual corresponding R2 change/total R2 change in each final model

× 100%.

employment status, monthly personal income, and chronic

diseases. And the differences were statistically significant (all P

< 0.05).

Association of HRQoL with di�erent
anthropometric indicators

Table 2 presents the HRQoL at different anthropometric

indicators (BMI, WC, WHtR, WHR, RFM, and LAP) for males

and females. From the results of statistical analysis, it can be

observed that HRQoL decrease with increasing quartiles of

anthropometric indicators (BMI, WC, WHtR, WHR, RFM, and

LAP). Among the male population, the HRQoL was significantly

different among quartiles of WHtR, WHR and RFM. For

females, there were significant differences in HRQoL among

quartiles of WC, WHtR, WHR, RFM, and LAP (all P < 0.05).

Clustered multiple linear regression
analysis

After adjustment for variables, our results showed that

socio-demographics and anthropometric indicators were

demonstrated to be significant predictors of the HRQoL.

In the total population, the independent contributions of

sociodemographic variables and anthropometric indicators

to HRQoL were 76.2 and 15.9%, respectively. In the male

population, the independent contribution of sociodemographic

variables and anthropometric indicators to HRQoL was

86.9 and 10.3%, respectively. In the female population, the

independent contributions of sociodemographic variables and

anthropometric indicators to HRQoL were 55.2 and 31.0%,

respectively (as shown in Tables 3, 4). On these subscales, in

the overall population and in males specifically, residents with

high BMI had worse HRQoL than those with low BMI. Among
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TABLE 4 Clustered multiple linear regression analysis of the HRQoL of male and female community residents (n = 2,663).

Independent variables Beta† P levela Adjusted R2‡ Independent

contribution§%

Male

Cluster1 (Sociodemographic factors)

Junior high school 0.075 0.039

Senior high school or above 0.080 0.043

Marital status (Unmarried) 0.202 0.001

Marital status (Married) 0.213 0.001

Employment status (Employed) 0.274 <0.001

Total 0.093 86.9

Cluster2 (number of chronic diseases)

Number of chronic diseases (≥2) – 0.075 0.016

Total 0.096 2.8

Cluster3

BMI (Q2) 0.107 0.004

BMI (Q3) 0.112 0.013

BMI (Q4) 0.147 0.004

WC (Q3) – 0.091 0.040

WC (Q4) – 0.110 0.040

WHtR (Q3) – 0.121 0.019

WHtR (Q4) – 0.144 0.019

RFM (Q2) – 0.093 0.030

RFM (Q3) – 0.102 0.017

LAP (Q4) 0.088 0.047

Total 0.107 10.3

Female

Cluster1 (Sociodemographic factors)

Junior high school 0.107 0.002

Marital status (Unmarried) 0.110 0.029

Employment status (Retirement) – 0.102 0.024

Total 0.032 55.2

Cluster2 (number of chronic diseases)

Number of chronic diseases (1) – 0.076 0.011

Number of chronic diseases (≥2) – 0.112 <0.001

Total 0.040 13.8

Cluster3 (anthropometric indicators)

WC (Q3) – 0.101 0.010

WC (Q4) 0.132 0.037

WHtR (Q3) – 0.080 0.017

WHtR (Q4) – 0.144 0.005

WHR (Q2) – 0.068 0.045

WHR (Q3) – 0.085 0.029

WHR (Q4) – 0.089 0.022

LAP (Q3) – 0.119 0.011

LAP (Q4) – 0.108 0.035

Total 0.058 31.0

aP level: Based on Clustered multiple linear regression analysis.
†Beta is the standardized regression coefficient derived from the multiple linear regression, indicating the change in standard units of dependent variable for each increase of one standard

unit in the independent variable, controlling for all other independent variables.
‡Adjusted R2 : is the proportion of variance in the dependent variable (Utility value) explained by the independent variables included in each regression model.
§The independent contribution of each cluster of predictors to the HRQoL of male and female community residents calculated as individual corresponding R2 change/total R2 change in

each final model× 100%.
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FIGURE 3

The panel shows the independent contributions of the 3 clusters to the health utility values. Cluster1 include Sociodemographic factors,

Cluster2 include Diseases factors and Cluster3 include Anthropometric indicators.

women, residents with greater WC had worse HRQoL than

those with smaller WC.

The independent contributions of the 3 abovementioned

clusters to HRQoL in the overall population, in males

specifically, and in females specifically are illustrated in Figure 3.

Discussion

This study investigated the relationship between

anthropometric indicators and HRQoL in community

residents in southern China. In this study, six anthropometric

indicators, BMI, WC, WHtR, WHR, RFM, and LAP, were used

to compare and assess the associations with HRQoL. It was

observed in this study that WHtR, WHR, RFM, and LAP were

negatively associated with HRQoL. This may be related to the

fact that the RFM and LAP in the community resident groups

reflect the nutritional status and functional maintenance status

of the body (20). This study is the first to record the association

between RFM, LAP and HRQoL.

The EQ-5D score in this sample was 0.938 ± 0.072, slightly

higher than the value reported in the fifth Health Service

Survey of Shanxi Province in 2013 (30). The reason for this

difference may be due to the time of the survey and the different

distribution areas of the sample. First, compared with 2013,

the level of medical care (31), social welfare (32), and people’s

living standards have significantly improved. And some studies

have shown that social welfare engagement can significantly

improve people’s quality of life (33), so the quality of life of

the participants in this study will be better than the survey

population in 2013. Secondly, the survey population in this study

is from the south, which is more economically prosperous than

the north and has a more developed health insurance system.

Since residents in the southern region have better medical

benefits (34). And some studies have shown that participants

with better economic status have better health-related quality of

life (35), so standard of living and HRQoL in this study might

be higher. We found that the differences in age, sex, education,

employment and marital status of HRQoL in this study were

consistent with the published literature (36–38). As people age,

they can develop a range of health problems that can affect their

HRQoL (39). At the same time, older participants tended to

have more physical and cognitive functioning problems than

younger participants (40), possibly leading to a decrease in

HRQoL with age. In addition, the results of this study showed

that the decline in quality of life may be influenced by the state of

work. Retired and unemployed people have worse HRQoL than

those who are employed. This may be due to the unstable mental

state of the unemployed person Some studies have shown that

the unemployed—the long-term unemployed in particular—

exhibit higher levels of distress, psychiatric symptoms, and self-

harm than the employed (23, 41, 42). Those who have just

retired are not yet comfortable with the change in role and

may also be affected by aspects of their physical condition

(43, 44). This is consistent with a Korean study on the quality

of life after retirement for different age groups (45). The

most significant factors affecting quality of life for adults in

midlife were financial status and mental health, while for

those in their 50s, mental health and family relationships

were the primary factors, followed by physical states (46). The

HRQoL observed in our study was generally higher in males

than in females, consistent with previous findings (47–49).

However, inconsistent with another study on the EQ-5D-5L

criteria for the Chinese urban population, their findings showed

that women had greater HRQoL than men, possibly due to

the different composition of the two study samples and the

fact that women were in a higher socio-economic group in

their study (50).
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There is limited research on the effect of obesity on HRQoL

in community populations, with most studies focusing on the

relationship between BMI and HRQoL. Studies of this effect

in Spanish adults have shown that HRQoL decreases with

decreasing BMI (51). Most studies in adults have assessed

HRQoL using the 36-Item Short Form Survey (SF-36) or the

EQ-5D, confirming a significant negative correlation between

BMI and HRQoL (7, 13, 14). In contrast, the obesity paradox

in the elderly population shows that obese elderly and obese

patients have higher HRQoL, better prognosis, lower disability

and lower mortality than normal weight elderly and chronically

ill patients (19, 52, 53). Nonetheless, no statistically significant

association was found between BMI and HRQoL in this study.

However, the criteria used to assess obesity in these studies

may make it difficult to accurately measure height in older

adults due to the natural progression of aging. Second, it

is difficult to exclude the effects of nutrition and muscle

retention from WC measurements; therefore, the conclusion

that obesity facilitates the maintenance of a better HRQoL

is biased. Furthermore, WHR is often used to balance the

relationship between fat distribution and nutrition or muscle

retention; however, this measurement may mask central obesity

if both hip circumference and WC increase (54, 55). In our

study, we found that women’s HRQoL was more sensitive toWC

than men’s HRQoL. This may be because women may be more

vulnerable to weight and body image than men (56). Excessive

dieting to keep fit may lead to reduced HRQoL in women.

This can also be explained by cultural beliefs about one’s weight

and the increased discrimination against overweight women

in work-related life and social roles (57). In this study, we

introduced new obesity assessment criteria, such as RFM and

LAP, and the analysis found that increases in WHtR, WHR,

RFM, and LAP all led to a decrease in HRQoL. This may be

because LAP, a new obesity index based onWC and triglycerides

(TGs), is a useful indicator of visceral fat (58). RFM, which is

based on the ratio of height to WC, is a more accurate estimate

of body fat percentage than BMI. Furthermore, some studies

have shown that RFM and LAP are significantly associated

with cardiovascular disease. As RFM and LAP increase, the

probability of people developing cardiovascular disease also

increases (20–22, 59–61). Therefore, this may lead to a reduction

in people’s HRQoL.

Our study found that the independent contribution of the

first cluster (socio-demographic characteristics) to HRQoL was

much greater than that of the other two clusters, not only in

the whole population but also in males and females separately.

This may be because the EQ-5D-3L appears to be more sensitive

in distinguishing between socio-demographic subgroups based

on age, gender, marriage, education, employment and monthly

income (36). We also found that in these populations, the

independent contribution of the anthropometric indicators to

HRQoL was even greater than the chronic disease prevalence.

This may be partly because in most of these chronic

disease categories, obesity is likely to be the cause of the

disease (62).

Limitations

This study has several limitations that should be noted. First,

the data on socio-demographic variables and chronic diseases

in our research were obtained from self-reports, which might

lead to biases or inaccuracies. This study did not consider the

severity of chronic disease, which may have an effect on HRQoL.

Second, some possible risk factors were not collected, including

exercise, smoking, and drinking. Future studies will need to

provide more detailed information. In addition, this study may

have overestimated some parameters due to the ceiling effect of

EQ-5D-3L. Third, this study used cross-sectional survey data

to analyse the independent contribution of these three clusters

to HRQoL, so the observed results cannot be supposed to be

causal. Further in-depth studies of longitudinal follow-up data

are needed to explore the causal relationship between them.

Conclusion

Despite its limitations, this study analyzed the correlation

between obesity-related indicators of obesity (specifically RFM

and LAP) andHRQoL in a community-based population. In this

study, HRQoL decreased as BMI, WC, WHtR, WHR, RFM and

LAP increased, and these results suggest that the accumulation

of fat has a negative impact on HRQoL. In future measurements,

RFM and LAP could be used as measures of nutrition and

obesity. Additionally, our findings suggest that HRQoL is mainly

influenced by marital status, education level and work status.

When developing future interventions, the relevant authorities

should pay increased attention to people with low educational

attainment as well as people who are unmarried, divorced,

widowed, unemployed, or retired.
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Aim: The increase in empty-nest elderly individuals with chronic diseases

poses a major challenge to the provision of public health services in China.

Telenursing can e�ectively relieve the pressure of public health services to a

certain extent. This study aims to explore the telenursing needs of empty-nest

elderly individuals with chronic diseases based on the Kano model to provide

references for improving the quality of telenursing.

Methods: Participants were selected from five rural communities and five

urban communities in Yangzhou and Nantong, Jiangsu Province, China. A total

of 348 empty-nest elderly individuals with chronic diseases were included. The

participants received a sociodemographic characteristics questionnaire, and

their telenursing needs were surveyed and analyzed based on the Kanomodel.

Results: Of the 15 quality attributes evaluated by the participants, 3 telenursing

services were categorized as “must-be quality”, 5 were categorized as

“one-dimensional quality”, 5 were categorized as “attractive quality”, and 2

were categorized as “indi�erent quality”. The proportion of individuals who

desired telenursing services ranged from 47.41 to 83.62%, the better values

(satisfaction) ranged from 35.29–83.98%, and the worse values (dissatisfaction)

ranged from 10.91 to 63.27%. There were no significant di�erences in any

items of telenursing needs for between participants in Yangzhou and Nantong

(all P > 0.05), and there were also no significant di�erences in all items

between rural and urban communities (all P > 0.05).

Conclusion: Based on the Kano model, it was found that empty-nest elderly

individuals with chronic diseases had a positive attitude toward telenursing and

that they had di�erent levels of need for di�erent telenursing services. These

findings provided a theoretical basis for medical decision-makers to formulate

medical policies and provided a scientific foundation for nursing managers

to improve telenursing services to meet the needs of the empty-nest elderly

individuals with chronic diseases.

KEYWORDS

telenursing, empty-nest, elderly, chronic diseases, Kano model

Frontiers in PublicHealth 01 frontiersin.org

226

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.990295
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.990295&domain=pdf&date_stamp=2022-09-28
mailto:itmyzu@yzu.edu.cn
https://doi.org/10.3389/fpubh.2022.990295
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/fpubh.2022.990295/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yuan et al. 10.3389/fpubh.2022.990295

Introduction

The decrease in fertility rates coupled with the increase in

life expectancy has led to large changes in the age structure

of the population (1). At present, the increase in the number

and proportion of the elderly population has become a global

problem (2, 3). China is one of the world’s fastest-aging countries

(4). According to the seventh National Census in 2020, 264.02

million people (approximately 18.7% of the total population)

are now aged 60 years or older, among them, the population

aged 65 and above is 190.64 million, accounting for 13.5% of

the total population (5). The increasing health needs of elderly

individuals, coupled with the decreasing numbers of people

with working age, have led to major challenges to public health

services in China (6).

Population aging brings many challenges to societies and

economies, one of the most significant challenges is the increase

in the number and proportion of people with chronic diseases

(7). In China, 150 million people (nearly 90% of the aging

population) had a chronic disease by the end of 2018, according

to China’s National Health Commission (5). Another social and

economic challenge associated with the aging population is the

increasing number and proportion of empty nesters (8). The

term “empty nester” refers to elderly individuals (age over 65

years of age) who live alone or live with their spouse because they

do not have children or because their children are married or

work outside for a long time (9). In China, it is estimated that the

proportion of empty-nest elderly individuals will reach 90% by

2030, which means that almost all elderly families will be empty-

nest families (10). Empty nesters face the uncertainty of financial

support and spiritual consolation (11). Thus, paying attention to

empty nesters is an essential component of public health.

Empty-nest elderly individuals with chronic diseases often

suffer from poor health conditions and quality of life. In

recent years, because of the rapid development of information

technology and medical technology, the feasibility of telenursing

has improved. Telenursing can effectively overcome time and

space constraints, reduce the economic load and improve the

health situation of elderly individuals with chronic diseases.

Many countries gradually use telenursing to expand elderly

care (12, 13), especially during the COVID-19 pandemic (14).

Smith et al. reported that remote intervention is an ideal choice

for managing infectious diseases, as it can effectively reduce

the contact between people and slow down the spread of the

virus. Especially for elderly individuals with a previous medical

history, remote intervention can provide routine care and avoid

exposure in crowded hospitals or medical clinics (15). In China,

telenursing research started late, and before we fully implement

telenursing, it is important to understand the needs of patients.

The Kanomodel is an easy and effective method to recognize

service attributes, and the model can accurately identify the

service attributes of customers’ demands (16). The Kano model

was proposed by a Japanese professor named Kano in 1984

FIGURE 1

The Kano model.

(17). In accordance with the relationship between the subjective

feelings of customers and the objective performance of products,

the Kano model divided the service attributes into must-be

qualities (M), one-dimensional qualities (O), attractive qualities

(A), indifferent qualities (I) and reverse qualities (R) (18),

as shown in Figure 1. Must-be qualities are features that, if

not provided, may make users dissatisfied, however, when

they are provided, they will not improve users’ satisfaction.

One-dimensional qualities are features whose presence will

improve users’ satisfaction and whose absence will reduce users’

satisfaction. Attractive qualities are features that, if not provided,

will reduce users’ satisfaction and, if provided, can greatly

improve users’ satisfaction. Indifferent qualities are those that

have no impact on users’ satisfaction. Reverse qualities mean that

users’ satisfaction will decrease if these features are provided,

and users’ satisfaction is inversely proportional to the degree of

provision (19).

In recent years, researchers in the United States, China,

Pakistan and many other countries have successively applied

the Kano model to the medical industry to judge patients’

demand for medical services (20–22). The purpose of this study

is to explore the demands of telenursing for empty-nest elderly

individuals with chronic diseases using the Kano model and

to provide a theoretical basis for medical decision-makers to

formulate medical policy and a scientific foundation for nursing

managers to improve telenursing services to meet the needs of

empty-nest elderly individuals with chronic diseases.

Participants and methods

Participants

From January 1st to March 31st, 2021, empty-nest elderly

individuals with chronic diseases from different communities

in Yangzhou and Nantong were selected. Participants were
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TABLE 1 Kano questionnaire.

Number Attribute

1 Remote education on home safety prevention (fall prevention,

fraud prevention, etc.)

2 Teletraining on care skills (mastering physical and mental care

skills to enhance self-care and family and community support)

3 Remote lectures about disease prevention

4 Remote screening for diseases (screening for diseases after the

relevant indicators are entered into the database)

5 Distance intervention for disease risk factors

6 Remote monitoring of vital signs and sleep, etc.

7 Remote diagnosis of diseases

8 Remote health counseling

9 Remote calls for life needs (turning over, patting on the back, etc.)

10 Remote calls for nursing needs (pressure injury care, etc.)

11 Remote one-button emergency caller

12 Remote emergency assistance arrangement (Arranging

emergency measures according to the condition and opening

“green passages” with the corresponding hospitals)

13 Remote rehabilitation guidance

14 Remote return visits and related health education

15 Regular family visits (physical examination, etc.)

eligible if they met the following inclusion criteria: (1) age ≥

65 years; (2) with at least one chronic disease; (3) living alone

or with their spouses, not living with their children; (4) living

in the investigated community for more than 12 months, that

is, the permanent resident population of the community; and

(5) participating in the survey voluntarily. Participants were

excluded if they met any exclusion criteria: (1) in the acute stage

of disease, or severe cardiopulmonary, renal insufficiency, or

terminal disease stage; (2) with communication, cognitive, or

mental disorders.

Sample size calculation

According to the description of sample size calculation

in Medical Statistics, the sample size of a cross-sectional

study should be 10–20 times the number of independent

variables. According to the results of previous studies, the

number of independent variables in this study was determined

to be 15. Assuming a loss to follow-up rate of no more

than 20%, the sample size required for this study was

(15∗10)∗1.2–(15∗20)∗1.2, that is, the sample size range was

180–360 cases, and 348 cases were finally included in

this study.

Survey questionnaire

The questionnaire in this study was divided into two

parts. The first part was a self-designed sociodemographic

characteristics questionnaire, including gender, age, education

level, residence, living conditions and chronic diseases. The

second part was a needs survey of telenursing for empty-

nest elderly individuals with chronic diseases based on the

Kano model, as shown in Table 1. It was self-designed based

on the Kano model from Kano (23) and the “Salus vision”

telenursing system from Kitayama (24). Through “Salus vision”,

medical staff could implement remote education and training

and monitoring and so on. The telenursing system has been

used in many cities in China, the Philippines and Japan, and it

has achieved satisfactory results. Fifteen pairs of questions were

included in the second section, each pair of questions includes

forward questions (Functional Form) and reverse questions

(Dysfunctional Form), for example, “1.A. If you received remote

education on home safety prevention (fall prevention, fraud

prevention, etc.), how would you feel?” and “1.B. If not, how

would you feel?”. For each question, the respondent could

choose the most suitable answer from “I like it that way”, “It

must be that way”, “I am neutral”, “I can live with it” and “I

dislike it that way”. There were 25 possible results, and each

result corresponded to a Kano attribute. “M” indicates must-

be attributes, “O” indicates one-dimensional attributes, “A”

indicates attractive attributes, “I” indicates indifferent attributes,

“R” indicates reverse attributes, and “Q” indicates questionable

answers, as shown in Table 2. The Cronbach’s alpha value of

the questionnaire was 0.84 and the 2-week test-retest reliability

coefficient was 0.82. The questionnaire has been used in other

studies and proved to have good reliability and validity (25).

Investigation methods

After homogenization training, researchers began to

conduct the investigation. They selected five rural communities

and five urban communities in Nantong and Yangzhou,

respectively. As a first step, researchers visited each community

leader to understand the situations of the elderly individual’s

households in each community. However, community leaders

did not fully know whether the elderly residents suffered from

chronic diseases or whether they were empty nesters, and

researchers had to include all older residents in subsequent

steps. Then, the elderly residents’ house numbers were written

down on the paper by the researchers, and each house number

corresponded to an Arabic number. Researchers used Excel to

randomly select 30 Arabic numbers (house numbers) in each

community. Among the 30 households, some were unwilling

to accept the survey, some were not at home, and some did

not meet the inclusion criteria. Ultimately, researchers could

not obtain 30 questionnaires in each community. Researchers
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TABLE 2 Kano evaluation table.

Functional form Dysfunctional form

I like it that way It must be that way I am neutral I can live with it I dislike it that way

I like it that way Q A A A O

It must be that way R I I I M

I am neutral R I I I M

I can live with it R I I I M

I dislike it that way R R R R Q

went to the community meeting sites or participants’ homes and

explained the aims and methods of this study to each participant

and then instructed them to fill out the questionnaire after

providing consent. After the completion of the questionnaire,

the researcher conducted an interview with each participant

about the questionnaire to further understand the responses.

Finally, 352 of the 600 households met the inclusion criteria and

were willing to participate in the survey. Therefore, in this study,

352 questionnaires were sent out. However, one participant’s

questionnaire was incomplete, and three participants provided

questionable answers. Thus, 348 valid questionnaires were

included, yielding an effective rate was 98.86%.

Statistical analysis

Data were analyzed with IBM SPSS Statistics 26.0

software. Frequency and percentage were used to describe

the sociodemographic characteristics of the participants. The

telenursing needs attributes of participants were described based

on the Kano model. The differences in telenursing demands

between Yangzhou and Nantong, rural and urban communities

were statistically analyzed by the rank sum test.

Results

The sociodemographic characteristics of
the participants

In total, 348 empty-nest elderly individuals with chronic

diseases completed the questionnaires. Of all participants,

females accounted for 56.32% of the participants. Their average

age was 72.68 ± 6.00 years old: 221 participants were between

65 and 74 years old; 113 participants were between 75 and 84

years old; and 14 participants were over 85 years old. Among

these participants, 78 persons were illiterate or barely literate; 97

persons received primary education; 92 persons received junior

high school education; 44 persons received senior high school

or technical secondary school education; and 37 persons had a

TABLE 3 Distribution of participants’ sociodemographic

characteristics (N = 348).

Characteristics Observation

(N)

Percentage

(%)

Gender

Female 196 56.32

Male 152 43.68

Age group (years)

65–74 221 63.51

75–84 113 32.47

85 and above 14 4.02

Education level

Illiterate or barely literate 78 22.41

Primary school 97 27.87

Junior high school 92 26.44

Senior high school or technical secondary

school

44 12.64

Junior college diploma or higher 37 10.63

Residence

Urban residents (Yangzhou) 87 25.00

Urban residents (Nantong) 88 25.29

Rural residents (Yangzhou) 86 24.71

Rural residents (Nantong) 87 25.00

Current living conditions

Living alone 155 44.54

With spouse 193 55.46

junior college diploma or higher. Of all participants, 87 (25.00%)

were from urban communities in Yangzhou; 88 (25.29%) were

from urban communities in Nantong; 86 (24.71%) were from

rural communities in Yangzhou; 87 (25.00%) were from rural

communities in Nantong. A total of 155 people lived alone;

and 193 people lived with their spouses. The distribution

of participants’ sociodemographic characteristics is shown in

Table 3, and the distribution of their chronic diseases is shown

in Figure 2.
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Evaluation of the attributes of telenursing
needs using the Kano model

As shown in Table 4, from the Kano final category, we can

determine that 3 telenursing services were categorized as “must-

be quality”, 5 were categorized as “one-dimensional quality”, 5

were categorized as “attractive quality”, and 2 were categorized

as “indifferent quality”. The category strength was calculated as

FIGURE 2

Distribution of participants’ chronic disease types.

the percent difference between the highest category and next

highest category, which was between 4.89 and 34.20%. The total

strength was calculated as the total percentage of responses in the

must-be, one-dimensional and attractive categories, which were

between 47.41 and 83.62%. The better (coefficient of satisfaction)

value was calculated as Better = (A+O)/(A+O+M+I), where

A, O, M, and I are the number of participants in the

attractive, one-dimensional, must-be, and indifferent categories,

respectively. The worse (coefficient of dissatisfaction) value was

calculated as Worse = (O+M)/(A+O+M+I). The better and

worse values were all between 0 and 1, the closer the better value

was to 1, the higher the satisfaction was when this service was

provided, and the closer the worse value was to 1 indicated that

providing such an attribute would only prevent dissatisfaction.

Values closer to 0 indicated that the service had very little effect

on satisfaction or dissatisfaction.

FIGURE 3

Attributes on the better-worse plot.

TABLE 4 Evaluation of the attributes of telenursing needs using Kano model.

Attribute Category totals Final

category

Category strength

(%)

Total strength

(%)

Better

(%)

Worse

(%)
M O A I Q R

1 8 34 170 122 7 7 A 13.79 60.92 61.08 12.57

2 4 33 174 128 6 3 A 13.22 60.63 61.06 10.91

3 4 36 170 117 8 13 A 15.23 60.34 63.00 12.23

4 11 37 165 126 5 4 A 11.21 61.21 59.59 14.16

5 11 36 169 121 6 5 A 13.79 62.07 60.83 13.95

6 105 88 73 73 7 2 M 4.89 76.44 47.49 56.93

7 6 166 82 81 4 9 O 24.14 72.99 74.03 51.34

8 7 193 84 59 4 1 O 31.32 81.61 80.76 58.31

9 5 40 120 172 5 6 I 14.94 47.41 47.48 13.35

10 5 39 123 170 8 3 I 13.51 47.99 48.07 13.06

11 167 48 72 53 5 3 M 27.30 82.47 35.29 63.24

12 153 64 63 63 4 1 M 25.57 80.46 37.03 63.27

13 6 201 82 48 4 7 O 34.20 83.05 83.98 61.42

14 7 194 88 54 3 2 O 30.46 83.05 82.22 58.60

15 7 196 88 49 4 4 O 31.03 83.62 83.53 59.71
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TABLE 5 The di�erences in telenursing demands between Yangzhou and Nantong.

Attribute City M O A I Q R Z P

1 Yangzhou 3 13 88 59 6 4 1.07 0.28

Nantong 5 21 82 63 1 3

2 Yangzhou 2 16 84 66 3 2 0.60 0.55

Nantong 2 17 90 62 3 1

3 Yangzhou 0 18 88 57 4 6 0.03 0.97

Nantong 4 18 82 60 4 7

4 Yangzhou 4 18 82 63 3 3 0.70 0.49

Nantong 7 19 83 63 2 1

5 Yangzhou 3 20 86 58 3 3 0.12 0.91

Nantong 8 16 83 63 3 2

6 Yangzhou 50 49 33 35 4 2 0.05 0.96

Nantong 55 39 40 38 3 0

7 Yangzhou 1 91 39 37 0 5 1.24 0.22

Nantong 5 75 43 44 4 4

8 Yangzhou 2 102 43 25 0 1 1.12 0.26

Nantong 5 91 41 34 4 0

9 Yangzhou 1 19 52 96 1 4 1.92 0.054

Nantong 4 21 68 76 4 2

10 Yangzhou 2 20 58 87 4 2 0.57 0.57

Nantong 3 19 65 83 4 1

11 Yangzhou 80 22 45 23 2 1 0.36 0.72

Nantong 87 26 27 30 3 2

12 Yangzhou 81 30 31 28 2 1 1.00 0.32

Nantong 72 34 32 35 2 0

13 Yangzhou 1 104 40 22 2 4 0.19 0.85

Nantong 5 97 42 26 2 3

14 Yangzhou 3 94 45 28 1 2 0.71 0.48

Nantong 4 100 43 26 2 0

15 Yangzhou 1 96 48 24 2 2 0.94 0.35

Nantong 6 100 40 25 2 2

Attributes on the better-worse plot

As seen from Figure 3, the service attributes

were presented graphically based on the worse and

better values on the x- and y-axes, respectively. Each

attribute was represented as a point on the graph. The

results of Better-Worse plot was consistent with the

above findings.

The di�erences in telenursing demands
between Yangzhou and Nantong

As shown in Table 5, there were no significant differences in

all items of telenursing needs for the participants in Yangzhou

and Nantong (all P > 0.05).

The di�erences in telenursing demands
between rural and urban communities

As shown in Table 6, there were no significant differences in

all items of telenursing needs for the participants in rural and

urban communities (all P > 0.05).

Discussion

Elderly individuals often have a high prevalence of chronic

diseases, especially empty-nest elders (26). Hypertension is

a widespread and severe global public health issue (27). In

this study, for the participants, the prevalence of hypertension

was the highest, up to 64.94%. In fact, some respondents

had hypertension but did not know it because they had no

symptoms. Therefore, it was quite possible that the prevalence
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TABLE 6 The di�erences in telenursing demands between rural and urban communities.

Attribute Community M O A I Q R Z P

1 Rural 4 16 81 65 4 3 0.85 0.40

Urban 4 18 89 57 3 4

2 Rural 2 14 81 71 2 3 1.74 0.08

Urban 2 19 93 57 4 0

3 Rural 2 16 83 60 4 8 0.92 0.36

Urban 2 20 87 57 4 5

4 Rural 4 17 83 64 2 3 0.74 0.46

Urban 7 20 82 62 3 1

5 Rural 5 18 83 61 2 4 0.34 0.74

Urban 6 18 86 60 4 1

6 Rural 53 40 35 40 3 2 0.54 0.59

Urban 52 48 38 33 4 0

7 Rural 2 84 39 40 3 5 0.22 0.82

Urban 4 82 43 41 1 4

8 Rural 4 92 44 31 1 1 0.58 0.56

Urban 3 101 40 28 3 0

9 Rural 2 17 66 81 4 3 0.02 0.98

Urban 3 23 54 91 1 3

10 Rural 3 19 64 82 3 2 0.58 0.56

Urban 2 20 59 88 5 1

11 Rural 79 23 39 27 3 2 0.98 0.33

Urban 88 25 33 26 2 1

12 Rural 75 30 34 32 1 1 0.33 0.74

Urban 78 34 29 31 3 0

13 Rural 3 93 46 26 2 3 1.28 0.20

Urban 3 108 36 22 2 4

14 Rural 3 94 45 26 3 2 0.78 0.44

Urban 4 100 43 28 0 0

15 Rural 4 93 45 28 2 1 0.78 0.44

Urban 3 103 43 21 2 3

of hypertension in empty-nest elderly individuals with chronic

diseases was higher than 64.94%. Hypertension is also a

major independent, progressive hazard for many chronic non-

communicable diseases, specifically for cardiovascular diseases,

causing substantial health and economic losses globally, which

needs more attention (28).

It was an unexpected finding that in this study,

osteoarthropathy ranked second in the prevalence of all

chronic diseases, which had not been seen in previous reports.

Through qualitative interviews, we found that the main reason

was that the chronic disease situations were filled in by the

elderly individuals themselves. Many elderly people did not

think they were suffering from hyperlipidaemia, diabetes and

other diseases because they did not participate in the physical

examination or did not understand the physical examination

reports. However, many elderly people had physical pain,

such as knee or shoulder pain, so they thought they had

osteoarthropathy. We can learn two things through the results.

First, we need to continuously improve the health literacy of

elderly individuals to improve their awareness of the disease

or prevent the high-risk factors for the disease in advance (29).

Second, the problem of physical pain among elderly individuals

is serious (30). Previous studies found that physical pain affects

emotion and sleep, while emotion and sleep also react to the

body, making people feel more pain, which then affects the

overall health status (31). Therefore, physical pain is another

problem worthy of our attention.

Cancer is the leading cause of death in China. The Global

Burden of Diseases, Injuries, and Risk Factors Study 2019 (GBD

2019) reported that from 2010 to 2019, these represented a 26.3%

increase in new cases and a 20.9% increase in deaths of cancer

globally (32, 33). However, in this study, the prevalence of cancer
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was particularly low, only 7.76%. There were three main reasons.

First, the detection rate of cancer in China was lower than that in

developed countries, so many cancer patients did not know they

had cancer in this study. Second, the family members of cancer

patients would hide their condition from patients out of their

protection. Third, some patients thought this was their privacy

and would choose to hide it from researchers. We recommend

enlarging the coverage of effective screening, educating, and

vaccination programs in the future. Whether family members

hid from patients or patients hid from researchers, to some

extent, it was out of fear and avoidance of cancer. Therefore,

in the future, we need to increase the popularization of cancer-

related knowledge and improve the public’s awareness of cancer,

alleviate their fear and avoidance, and face treatment and

nursing more actively, which may be more conducive to their

health (34).

The results presented in Table 4 show that among the needs

of telenursing services for empty-nest elderly individuals with

chronic diseases, three aspects were categorized as “must-be

qualities”, five aspects were categorized as “one-dimensional

qualities”, five aspects were categorized as “attractive qualities”,

two aspects were categorized as “indifferent qualities”, and

no aspect was categorized as a “reverse quality”. This

shhows the participants had a positive attitude toward

telenursing services.

Must-be qualities

“Must-be qualities” are the basic characteristics of services

or products. Participants think they are services that are taken

for granted or that must be possessed (17). In this study,

“Remote monitoring of vital signs and sleep”, “Remote one-

button emergency caller” and “Remote emergency assistance

arrangement” were “must-be qualities”. This shows that

participants had a very high demand for telenursing services in

these three aspects. Compared with other telenursing services,

these three items had a stronger emphasis on the monitoring of

unexpected conditions or handling of emergencies of patients.

Post-survey interviews revealed that most empty-nest elderly

individuals with chronic diseases were anxious about the

uncertainty of their health condition. Some participants or

people they know had experienced sudden illnesses such as

heart attacks and strokes, which made them fear unexpected

situations. In this study, all the participants lived alone or just

lived with their spouses, they expected eagerly, even taking it

for granted, that medical personnel could provide monitoring

anytime and anywhere. In addition, they were eager for timely

and effective treatment when they suddenly got sick. Most of

them thought that without such three aspects of telenursing

services, in case of emergency, their survival rate would be

greatly affected (35).

One-dimensional qualities

The satisfaction of participants is directly proportional

to “one-dimensional qualities”, that is, the more “one-

dimensional qualities” that are provided, the more satisfied

the participants are. In contrast, when the provision is

insufficient, the dissatisfaction will increase (36). In this study,

“Remote diagnosis of diseases”, “Remote health counseling”,

“Remote rehabilitation guidance”, “Remote return visits and

related health education” and “Regular family visits” were

“one-dimensional qualities”. Compared with other telenursing

services, these five items had a stronger emphasis on the

diagnosis of disease and health guidance after diagnosis. Post-

survey interviews revealed several reasons for this phenomenon.

(a) Even people who did not pay much attention to

health care at ordinary times would still be anxious or

want to take some measures to change once they were

diagnosed. Remote health counseling, remote return visits

and regular family visits can make the diseases be diagnosed

in time, and the participants can receive treatment and

nursing as soon as possible. (b) They believed that if

they can receive online health guidance on diseases, it

is very convenient and will save more time. This also

reduces the risk of infection, especially during the COVID-19

pandemic (37).

Attractive qualities

“Attractive qualities” means that if they are provided,

participants will feel very surprised and satisfied. If they are

inadequate, users will not feel dissatisfied (38). In this study,

“Remote education on home safety prevention”, “Tele-training

on care skills”, “Remote lectures about disease prevention”,

“Remote screening for diseases” and “Distance intervention

for disease risk factors” were attractive qualities. Compared

with other telenursing services, these five items had a stronger

emphasis on the prevention of diseases. Post-survey interviews

revealed that empty-nest elderly individuals with chronic

diseases did not have a strong awareness of disease prevention,

so they thought it would be good if the medical staff provided

some disease prevention knowledge, but if the medical staff did

not tell them, they would not be dissatisfied. Therefore, it also

reminded us that in the process of providing telenursing in

the future, we need to gradually change the inherent concepts

of elderly individuals so that they can understand that, to

a certain extent, disease prevention is more important than

treatment, similar to how fire prevention is more important than

firefighting. Once a fire occurs, it will cause certain losses; the

same concept applies to the body, as once we get sick, it will cause

certain damage.
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Indi�erent qualities

“Indifferent qualities” are services that users do not care

much about whether they are provided (39). “Remote calls for

life needs” and “Remote calls for nursing needs” were indifferent

qualities. Post-survey interviews revealed that there were several

reasons for this phenomenon. (a) Although participants lived

alone or just with their spouses, most of the elderly people

thought that if they needed help, such as turning over, patting

on the back, their children or grandchildren would come. They

thought their family support system was relatively complete.

If it was not for family members to do these things, it would

make them feel a little embarrassed and make others feel that

their children are not filial. (b) Most participants thought they

did not have pressure injuries or other symptoms and signs for

the time being, so they could live independently basically, or

their spouse would help them, and they did not need others to

help them. In fact, a previous study showed that the spouses of

elderly individuals were often also old, and the help they could

provide to their spouse was limited; telenursing can compensate

for this (40).

Attributes on the better-worse plot

All the services were divided into four quadrants. Similar

to the evaluation of the attributes of telenursing needs using

the Kano model, three aspects were categorized as “must-be

qualities”, five aspects were categorized as “one-dimensional

qualities”, five aspects were categorized as “attractive qualities”,

two aspects were categorized as “indifferent qualities”, and no

aspect was categorized as a “reverse quality”. The Better-Worst

Plot gives a more intuitive feeling. As Kano (41) mentioned,

service quality attributes have their own life cycle and change

over time. “Attractive attributes” that surprised or amazed users

initially might gradually become “one-dimensional attributes”

and eventually become “must-be attributes”. This reminds us

that the telenursing service for patients is not unchanging. We

need to understand the needs of patients dynamically to provide

more suitable telenursing services to be more conducive to the

satisfaction and health of patients.

Conclusion

Based on the Kano model, it was found that empty-nest

elderly individuals with chronic diseases had a positive attitude

toward telenursing and that they had different levels of need for

different telenursing services. This study provided a theoretical

basis for medical decision-makers to formulate medical policy

and provided a scientific foundation for nursing managers to

improve telenursing services to meet the needs of empty-nest

elderly individuals with chronic diseases.
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Application of a
person-centered prescription
model improves
pharmacotherapeutic indicators
and reduces costs associated
with pharmacological treatment
in hospitalized older patients at
the end of life

Alexander Ferro-Uriguen1*, Idoia Beobide-Telleria1,

Javier Gil-Goikouria2,3, Petra Teresa Peña-Labour4,

Andrea Díaz-Vila4, Arlovia Teresa Herasme-Grullón4,

Enrique Echevarría-Orella2,3 and Jesús Seco-Calvo5,6

1Department of Pharmacy, Ricardo Bermingham Hospital—Matia Foundation, Donostia-San

Sebastian, Spain, 2Department of Physiology, University of the Basque Country (UPV/EHU), Bilbao,

Spain, 3Network Centre for Biomedical Research in Mental Health to the Institute of Health Carlos III

(CIBERSAM ISCIII), Madrid, Spain, 4Department of Geriatrics, Ricardo Bermingham Hospital—Matia

Foundation, Donostia-San Sebastian, Spain, 5Institute of Biomedicine (IBIOMED), University of León,

León, Spain, 6Department of Physiology, University of the Basque Country (UPV/EHU), Bilbao, Spain

Objective: This study sought to investigate whether applying an adapted

person-centered prescription (PCP) model reduces the total regular

medications in older people admitted in a subacute hospital at the end

of life (EOL), improving pharmacotherapeutic indicators and reducing the

expense associated with pharmacological treatment.

Design: Randomized controlled trial. The trial was registered with

ClinicalTrials.gov (NCT05454644).

Setting: A subacute hospital in Basque Country, Spain.

Subjects: Adults ≥65 years (n = 114) who were admitted to a geriatric

convalescence unit and required palliative care.

Intervention: The adapted PCP model consisted of a systematic four-step

process conducted by geriatricians and clinical pharmacists. Relative to the

original model, this adapted model entails a protocol for the tools and

assessments to be conducted on people identified as being at the EOL.

Measurements: After applying the adapted PCP model, the mean change in

the number of regular drugs, STOPPFrail (Screening Tool of Older Persons’

Prescriptions in Frail adults with limited life expectancy) criteria, drug burden

index (DBI), drug–drug interactions, medication regimen complexity index

(MRCI) and 28-days medication cost of chronic prescriptions between

admission and discharge was analyzed. All patients were followed for 3
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months after hospital discharge to measure the intervention’s e�ectiveness

over time on pharmacotherapeutic variables and the cost of chronic

medical prescriptions.

Results: The number of regular prescribed medications at baseline was 9.0

± 3.2 in the intervention group and 8.2 ± 3.5 in the control group. The mean

change in the number of regular prescriptions at discharge was −1.74 in the

intervention group and −0.07 in the control group (mean di�erence = 1.67 ±

0.57; p= 0.007). Applying a PCPmodel reduced allmeasured criteria compared

with pre-admission (p < 0.05). At discharge, the mean change in 28-days

medication cost was significantly lower in the intervention group compared

with the control group (−34.91e vs. −0.36e; p < 0.004).

Conclusion: Applying a PCPmodel improves pharmacotherapeutic indicators

and reduces the costs associated with pharmacological treatment in

hospitalized geriatric patients at the EOL, continuing for 3months after hospital

discharge. Future studies must investigate continuity in the transition between

hospital care and primary care so that these new care models are o�ered

transversally and not in isolation.

KEYWORDS

end of life (EOL), deprescribing, older people, palliative medicine, person-centered

prescription

Introduction

As the population ages, the number of people who will need

palliative care is projected to increase notably in the coming

decades due to multimorbidity and advanced chronicity. In the

United Kingdom, a 14–25% increase in palliative care needs is

expected by 2040, especially in patients with diseases such as

dementia and cancer (1, 2). The complexity of care for older

people, who have heterogeneous profiles and diverse needs,

values, preferences, and therapeutic objectives, is increasing (3).

Alongside aging and chronicity, polypharmacy (defined as

the use of ≥5 or ≥10 medications) is emerging as a major

public health problem in older people, particularly those with

advanced frailty and at the end-of-life (EOL). In a cross-sectional

population study conducted in Spain between 2005 and

2015, people ≥80 years experienced the greatest increase in

polypharmacy, from 11.7 to 36.7% (4). This is a cause for

concern due to the observed association between polypharmacy

and a range of negative health outcomes including drug-related

problems, adverse drug events, physical and cognitive function,

hospitalization, and mortality (5, 6). Increased polypharmacy is

also expected to contribute to increased healthcare costs for both

the patient and the healthcare system.

Although the scientific literature suggests new theoretical

models for therapeutic approaches at the EOL (7, 8), the

evidence indicates increased pharmacotherapy in the last year

of life. A longitudinal cohort study conducted in Sweden

reconstructed the drug prescription history of the last year of

life in 511,843 older people (>65 years) (9) and found that the

percentage exposed to≥10 different medications increased from

30.3 to 47.2%. Polypharmacy increases in the last year of life,

not only through additional medications to alleviate symptoms

but also through additional long-term preventive treatments of

questionable benefit (e.g., statins, calcium supplements, vitamin

D, bisphosphonates, and antidementia drugs) (10).

The identification of older people with a limited life

prognosis (11) is a key step in determining pharmacotherapeutic

adequacy at the EOL and tailoring an individualized approach

to each patient. For some researchers, a person-centered

prescription model (PCP) (12–15) is the gold standard

instrument for the care of people at the EOL, since it

incorporates an individualized care plan based on the

preferences and needs of the individual aimed at obtaining the

main care objectives (prolongation of survival, maintenance of

functionality or prioritizing symptom control) through shared

decision-making. This model is based on a comprehensive

geriatric assessment (CGA) (16) that allows the identification

and quantification of physical, functional, psychological and

social problems of the person and family to establish care

goals and propose an individualized therapeutic plan. A recent

systematic review summarizes strategies for optimization of

pharmacotherapy at the EOL in three main categories (17): tools

that describe a model or framework to approach deprescribing,

tools that outline a deprescribing approach for the entire

medication list, and tools that provide medication-specific

advice. In a recent systematic review of the outcomes of
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deprescribing interventions at the EOL, satisfactory results

were obtained in terms of medication appropriateness [defined

as a reduction in unnecessary or potentially inappropriate

prescriptions (PIPs)], but only two randomized clinical trial

studies demonstrated improvement on this topic, making clear

the need to continue investigating to generate a higher quality

level of evidence (18).

In short, the application of this new model, rather

than a strict application of clinical practice guidelines that

are focused on each pathology, favors better symptomatic

control of the disease and better quality of life. This requires

the implementation of new strategies that approach a PCP

model beyond care segregated by medical services, which,

in current medicine, is inappropriate, uncoordinated and

inefficient (19, 20).

This study’s main objective was to investigate whether the

application of an adapted PCP model during a hospital stay

would reduce the total number of regular medications taken by

older people at the EOL, improving pharmacotherapeutic

indicators and reducing the expense associated with

pharmacological treatment. We hypothesized that applying

this modified method could optimize pharmacotherapeutic

indicators and the expense associated with the pharmacological

treatment of hospitalized patients.

Methods

Study design

This study was a parallel-group unblinded randomized

clinical trial conducted in a subacute hospital in Gipuzkoa,

Spain. Participants were randomized to receive either the usual

pharmaceutical care or an adapted PCP model. The trial was

registered with ClinicalTrials.gov (NCT05454644).

Participants

All participants were aged ≥65 years and admitted to the

geriatric convalescence unit of a subacute hospital, where they

were identified according to their baseline in the first 24–72 h as

having a non-oncological advanced chronic disease and being

in need of palliative care, with a limited survival prognosis

according to the necessity of palliative care (NECPAL) test (21).

Patients with hospital stays of <72 h, as well as those transferred

to other hospitals or units and imminently terminal patients,

were excluded.

Randomization and data collection

Over 24 months (February 2018–February 2020), all

patients with a positive NECPAL test who were admitted to the

geriatric convalescence unit were selected consecutively and

randomized to study groups at a 1:1 ratio. Randomization was

stratified by geriatrician. The independent variables included

and collected from the computerized clinical records of the

Basque Health Service (Osakidetza) and the computerized

records of the subacute hospital were: (i) sociodemographic

characteristics, including gender, age, marital status, type

of coexistence and Gijon socio-family assessment (22); (ii)

clinical characteristics, including advanced chronic disease

category, Charlson Comorbidity Index (23), Frail–VIG (24),

cognitive assessment according to the Global Deterioration

Scale–Functional Assessment Staging (GDS–FAST) (25),

functional assessment according to the Barthel Index and

the number of hospitalizations in the previous year and (iii)

pharmacotherapeutic characteristics. Drug treatment data

and variables related to pharmacotherapy were collected from

primary care electronic prescriptions records of the Basque

Health Service (Osakidetza) at hospital admission, discharge

and during the study follow-up. Only regular prescriptions

were recorded; those used on-demand or for a short time

were recorded separately. Lastly, from the same source of drug

treatment records and the December 2021 price list prescription

(Nomenclator) of the Spanish Agency of Medicines and Health

Products, the 28-day cost of prescriptions was estimated. For

this, only the active prescription was taken into account at each

time-point studied. Based on the retail price of the container

of each prescribed medication, the unit price in e corrected by

the patient’s prescribed dose at each time-point was calculated.

Subsequently, to find out 28-day cost of prescription, the

corrected unit price was multiplied by 28.

Intervention

An interdisciplinary medicine-optimization strategy was

implemented in people at the EOL based on the PCP model

Espaulella-Panicot et al. (15) proposed. This is an adapted PCP

model consisting of a systematic four-step process conducted by

a geriatrician and a clinical pharmacist. Relative to the original

model, this adapted model entails a protocol for the tools and

assessments to be conducted on people identified as being at

the EOL. The model is protocolized to gain external validity

and possible future applicability in other hospitals or healthcare

settings. It is described in detail in Figure 1.

Step 1

The geriatrician identified the patients as being at the

EOL and determined the global-care goal for each patient

after an initial comprehensive geriatric assessment performed

within the first 24–72 h. Once the EOL situation is known, the

clinical and care objectives are established (usually maintenance

of functionality and/or symptom control and/or rarely the
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FIGURE 1

Person-centered prescription model at the end of life.

prolongation of survival) between health professionals and

patients (or caregivers). Likewise, a screening for social

vulnerability was conducted by collaborating with the

social worker.

Step 2

Before interviewing each patient, the clinical pharmacist

analyzed their pharmacotherapeutic history, electronic

prescriptions from primary care and the last prescription

sheet from their hospital of origin, if present. In addition,

dispensations made by the community pharmacy in the

previous 6 months were studied as an indirect measure of

medication adherence.

The pharmacist performed a semi-structured interview

to confirm the detailed up-to-date list of medications,

directly assess treatment adherence, and analyze medication

appropriateness. The patients or their main caregivers,

if necessary, were asked about their autonomy in taking

medication and their knowledge of the prescribed treatment. If

the pharmacist detected any discrepancy with the medication

prescribed at hospital admission, they reconciled the medication

with the physician in charge. The pharmacist also asked about

the control of the main symptoms according to the Edmonton

symptom assessment system (26) to adapt the pharmacotherapy

to the patient’s situation.

Step 3

The clinical pharmacist conducted a structured medication

review based on the medication appropriateness index (MAI)

(27). The items studied by the MAI were analyzed with different

indices and explicit criteria for each prescribed medication.

These are indicated below:
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FIGURE 2

Recruitment and participation.

• Indication/effectiveness: Product information,

STOPPFrail (Screening Tool of Older Persons’

Prescriptions in Frail adults with limited life expectancy)

criteria (28) and Beers Criteria for Potentially

Inappropriate Medication Use in Older Adults (29).

• Dosage adjustment: Product information and

Lexi-Comp’s Geriatric Dosage Handbook.

• Correct and practical directions: Medication Regimen

Complexity Index (MRCI) (30), divided into three sections

to analyze pharmaceutical forms, dose frequency, and

additional instructions, which contribute to the final

complexity score.

• Drug–drug interactions: Bot Plus (31)/Beers criteria and

drug burden index (DBI) (32), which measures dose-

dependent anticholinergic and sedative loads.

• Drug–disease interactions: Beers criteria.

• Duplication, duration and cost-effectiveness:

Product information.
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The pharmacist discussed any detected problems with the

geriatrician until they reached a consensus and proposed a

common pharmacotherapeutic approach.

Step 4

An individualized therapeutic plan was proposed to the

patient and/or their closest caregiver. It is in this step when

the patient (or main caregiver) expresses their preferences

and needs based on their state of health and, together with

the geriatrician, jointly deliberates on the decision regarding

their pharmacological treatment. The reasons, process and

results of the pharmacotherapeutic review (deprescribing or

dose reductions, deprescribing failure or new prescriptions)

were documented in the computerized medical record as well

as the hospital discharge report to ensure the continuity of the

intervention in the subsequent transition of care.

Outcome measures

The primary outcome was the mean change in the

number of regular medications between admission and

discharge. Pro re nata (as-needed) medicines were not included.

Combination products were included as one drug. Moreover,

the mean changes between admission and discharge in

STOPPFrail criteria, DBI, total drug–drug interactions and

MRCIweremeasured. Any decrease in the pharmacotherapeutic

variables studied during hospital admission was considered an

optimization of the pharmacotherapy.

Although there are no objective measures, improvement in

these pharmacotherapeutic indicators has been considered an

indirect measure of quality of life (33, 34).

All patients were followed up with 1 month and 3 months

after hospital discharge, and the same medication-related

variables were recorded to measure the effectiveness of the

PCP model over time, without performing any additional

intervention on the subjects studied.

Likewise, the change in the 28-day cost of prescriptions in e

was estimated between admission and discharge, as well as in the

first 3 months after hospital discharge.

Other secondary outcomes were measured 3 months

after discharge and included new emergency department

presentations and unplanned hospital readmissions (see

Supplementary Appendix 1).

Sample size calculation and statistical
analysis

The sample size estimation was based on the results of

a study (35) and was carry out utilizing the G∗Power-3.1.9.2

software (G∗Power©, Dusseldorf University, Germany). We

calculated the statistical power of the trial to detect a mean

difference of two regular medicines between the intervention

and control groups (α = 0.05; 1-β = 0.8; SD = 3.8) at hospital

discharge. Thus, the result recommended a minimum number

of 46 subjects in each group (92 participants). Allowing for an

estimated attrition rate (deaths and dropouts) of 25%, which is

a characteristic in hospitalized geriatric patients at the EOL, we

estimated that a sample size of 122 participants, with 61 in each

group, would be required. We included only participants who

completed the follow-up in the analysis of the primary outcome.

Emergency department presentations and hospital admissions

were determined on all randomized participants.

The selected variables were expressed as mean, median and

frequency (percentages). Pearson’s χ2 test was used to compare

qualitative variables. Student’s t-test and the Mann–Whitney

U-test were used to compare parametric and non-parametric

distributions, respectively.

During the follow-up phase, the effect of the passage of

time was measured on the main pharmacotherapeutic variables

using the repeated measures ANOVA test. We performed

statistical analyses using SPSS software (SPSS Inc, Chicago, IL,

version 20.0).

Ethical considerations

The study (identify number: code AFU-PPG-2017-01)

was approved by the Clinical Research Ethics Committee of

the Gipuzkoa Health Area. Informed consent was previously

obtained from all recruited patients. In cases where participants

had cognitive impairment, consent was obtained from legal

guardians who acted as surrogate informants.

Results

Figure 2 summarizes the flow of patients entered into the

study and analyzed for primary and secondary outcomes.

Study participants had a mean age of 87.7 (5.7) years, and

57.9% were female. No significant differences were present in

the characteristics of the control (usual pharmaceutical care)

and intervention (adapted PCP model) groups (Table 1). The

hospital stay was 23.9 (14.4) for the control group and 27.0

(11.9) for the intervention group, with no significant differences

(p= 0.225).

Intervention group patients (n = 39) and control group

patients (n = 42) received a mean of 8.46 (±3.27), and

8.05 (±3.13) regular prescription medications, respectively,

at baseline. The mean change in the number of regular

prescriptions at discharge was significant at −1.74 (±2.75)

in the intervention group and −0.07 (±2.37) in the control

group (mean difference= 1.67 (±0.57); 95% confidence interval

(CI)= 0.54–2.81; p < 0.007) (Table 2).
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TABLE 1 Baseline characteristics of study participants.

Variable Control (n = 57) Intervention (n = 57) p-Value

Women, n (%) 30 (52.6) 36 (63.2) 0.255

Mean age, years (SD) 87.6 (5.7) 87.9 (5.7) 0.782

Marital status, n (%) 0.363

- Unmarried, divorced, separated 7 (12.3) 7 (12.3)

- Married 17 (29.8) 24 (42.1)

- Widowed 33 (57.9) 26 (45.6)

Type of co-existence, n (%) 0.568

- Alone 12 (21.2) 11 (19.3)

- Spouse 17 (29.8) 24 (42.1)

- Children or other relatives 20 (35.1) 15 (26.3)

- Other caregivers 8 (14.0) 7 (12.3)

Gijón’s socio-family assessment, n (%) 0.235

- Good social status 10 (17.5) 5 (8.8)

- Social risk 34 (59.6) 42 (73.7)

- Social problem 13 (22.8) 10 (17.5)

Place of provenance, n (%) 0.508

- Hospital 51 (89.5) 53 (93.0)

- Primary care/Nursing home 6 (10.5) 4 (7.0)

Illness trajectories, n (%) 0.700

- Dementia, frailty, neurological disease 37 (64.9) 34 (59.6)

- Organic failure 16 (28.1) 20 (35.1)

- Combined 4 (7.0) 3 (5.3)

CCI, median (IQR) 4.0 (3.0) 4.0 (3.0) 0.527

No. of patients with ≥3 points CCI, n (%) 43 (75.4) 42 (73.7) 0.830

Diagnoses, n (%)

- Myocardial infarction 9 (15.8) 8 (14.0) 0.793

- Congestive heart failure 26 (45.6) 30 (52.6) 0.454

- Peripheral vascular disease 4 (7.0) 10 (17.5) 0.087

- Cerebrovascular accident 19 (33.3) 15 (26.3) 0.413

- Dementia 30 (52.6) 31 (54.4) 0.851

- Chronic obstructive pulmonary disease 14 (24.6) 14 (24.6) 1.000

- Diabetes mellitus 23 (40.4) 20 (35.1) 0.562

- Moderate to severe chronic kidney disease 27 (47.4) 28 (49.1) 0.851

- Cancer without metastases 7 (12.3) 8 (14.0) 0.782

GDS≥6, n (%) 21 (36.8) 20 (35.1) 0.845

Barthel index, median (IQR) 40 (36) 34 (63) 0.664

Barthel index ≤35, n (%) 24 (42.1) 30 (52.6) 0.260

Frail-VIG, mean (SD) 0.50 (0.15) 0.52 (0.12) 0.368

Frail-VIG >0.50, n (%) 27 (47.4) 34 (59.6) 0.189

Geriatric syndromes, n (%)

- Insomnia/anxietya 40 (70.2) 41 (71.9) 0.836

- Deliriumb 10 (17.5) 18 (31.6) 0.082

- Fallsc 17 (29.8) 22 (28.6) 0.324

- Pressure ulcers 10 (17.5) 16 (28.1) 0.180

- Disphagia 22 (38.6) 25 (43.9) 0.568

- Malnutrition (≥5% weight loss in the last 6

months)

14 (24.6) 17 (29.6) 0.528

(Continued)
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TABLE 1 (Continued)

Variable Control (n = 57) Intervention (n = 57) p-Value

Hospitalization in the last year, n (%) 0.621

- 0 23 (40.4) 23 (40.4)

- 1 21 (36.8) 17 (29.8)

- ≥2 13 (22.8) 17 (29.8)

Mean (SD) number of days between admission and

hospital discharge

23.9 (14.4) 27.0 (11.9) 0.225

Medication use

- No. of regular medications, mean (SD) 8.2 (3.5) 9.0 (3.2) 0.158

- No. of patients with ≥10 regular medications, n

(%)

16 (28.1) 24 (42.1) 0.116

STOPP Frail-defined PIMs, mean (SD) 1.7 (1.4) 2.0 (1.4) 0.322

No. of patients with ≥2 STOPPFrail-defined PIMs, n

(%)

27 (47.4) 35 (61.4) 0.132

DBI, mean (SD) 0.99 (0.82) 1.22 (0.83) 0.143

No. of patients with ≥1 point DBI, n (%) 27 (47.4) 35 (61.4) 0.132

Total drug-drug interactions

- Severe drug-drug interactions, mean (SD) 3.72 (3.85) 4.35 (3.39) 0.354

- Moderate drug-drug interactions, mean (SD) 1.88 (2.65) 2.53 (2.44) 0.176

- Mild drug-drug interactions, mean (SD) 1.60 (1.73) 1.56 (1.43) 0.906

MRCI, mean (SD) 28.1 (13.7) 31.5 (11.5) 0.158

Autonomy to take medication, n (%) 0.825

- Self-management 5 (9.1) 4 (7.0)

- Supervision 13 (23.6) 16 (28.1)

- Dependent 37 (67.3) 37 (64.9)

CCI, Charlson comorbidity index; DBI, drug burden index; Frail-VIG, frailty index based on comprehensive geriatric assessment; GDS, Reisberg’s global deterioration scale; IQR,

interquartile range; MRCI, medication regimen complexity index; PIM, potentially inappropriate medications; SD, standard deviation.
aNeed benzodiazepines or other psychotropics profile sedative for insomnia/anxiety. bDelirium or behavioral disorder that has required taking neuroleptics in the last 6 months. c≥2 falls

or a fall requiring hospitalization in the last 6 months.

At the same time, the pharmacotherapeutics variables of

the STOPPFrail criteria (p < 0.01), DBI (p = 0.01), total

drug–drug interactions (p < 0.01), and MRCI (p < 0.01)

improved significantly between admission and discharge in the

intervention group compared to the control group (Table 2).

In patients alive 3 months after hospital discharge, the

effect of the passage of time was measured on the different

pharmacotherapeutic variables. The STOPPFrail criteria and

drug–drug interactions remained stable over time for both

the control and intervention groups (Table 3). However, after

hospital discharge and with time, the number of chronic

medications, DBI and MRCI increased significantly again in the

control group and the intervention group.

At baseline, there were no statistically significant differences

in the extrapolated mean monthly medication costs between

the control and intervention groups, (97.87e ± 55.28 and

133.43e ± 70.15, respectively; p = 0.269). At discharge, the

mean change in monthly medication cost was significantly lower

in the intervention group (−34.91e ± 60.21) compared with

the control group (−0.36e ± 36.94) (mean difference= 34.55e

± 11.42; 95% CI = 11.75–57.36; p < 0.004). This decrease

continued for 3 months after discharge, and no changes were

observed in the 28-day prescription cost over time (p = 0.569),

nor over time between groups (p= 0.424).

Discussion

Our results show that the application of a PCP model

in people identified as being at the EOL during their stay in

a subacute hospital significantly reduced the consumption

of chronic medications and their complexity, drug–drug

interactions, the number of STOPPFrail criteria and

anticholinergic and sedative loads compared with before

admission. Likewise, this intervention significantly reduced the

cost of patients’ chronic medical prescriptions.

The application of PCP models is clearly established (37–

41) in the scientific literature and can identify inappropriate

prescriptions, optimize polypharmacy and improve medication

adherence in different profiles of older patients. Additionally, the
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TABLE 2 E�ectiveness in the pharmacotherapeutics variables after the application of the person-centered prescription model.

Variable Control

(n = 42)a
Intervention

(n = 39)a
Mean difference. Change

between groups

CI p-Value

Admission Discharge Difference Admission Discharge Difference

No. of regular medications, mean (SD) 8.05 (3.13) 7.98 (3.46) −0.07 (2.37) 8.46 (3.27) 6.72 (2.76) −1.74 (2.75) 1.67 (0.57) 0.54–2.81 0.007*

STOPP Frail-defined PIMs, mean (SD) 1.74 (1.38) 1.29 (1.31) −0.45 (0.80) 1.69 (1.36) 0.15 (0.37) −1.54 (1.29) 1.09 (0.24) 0.60–1.57 <0.001*

DBI, mean (SD) 1.00 (0.70) 1.02 (0.64) 0.02 (0.42) 1.27 (0.82) 1.01 (0.71) −0.26 (0.63) 0.28 (0.12) −0.04–0.52 0.010*

Total drug-drug interactions, mean (SD) 3.24 (3.07) 3.31 (3.58) 0.70 (3.60) 3.79 (3.25) 2.28 (2.67) −1.51 (2.15) 1.58 (0.66) 0.26–2.90 <0.001*

MRCI, mean (SD) 27.18 (12.70) 28.71 (13.17) 1.53 (9.02) 29.28 (11.33) 23.68 (10.02) −5.60 (9.18) 7.14 (2.02) 3.11–11.17 0.001*

CI, confidence interval; DBI, drug burden index; MRCI, medication regimen complexity index; PIM, potentially inappropriate medications; SD, standard deviation.
aOnly participants who were alive at hospital discharge were included.

*p < 0.05.

TABLE 3 E�ect of time in pharmacotherapeutic variables after the application of the person-centered prescription.

Variable Control

(n = 32)a
Intervention

(n = 24)a
Effect of time p-Value† Effect of time and groups p-Value†

Discharge 1st month 3rd month Discharge 1st month 3rd month

No. of regular medications, mean (SD) 7.73 (3.36) 7.45 (3.55) 8.15 (3.51) 6.54 (2.70) 7.04 (2.64) 7.33 (2.50) 0.005* 0.187

STOPP Frail-defined PIMs, mean (SD) 1.24 (1.17) 1.24 (1.17) 1.18 (1.13) 0.08 (0.28) 0.08 (0.28) 0.21 (0.51) 0.370 0.935

DBI, mean (SD) 1.06 (0.65) 1.10 (0.67) 1.11 (0.67) 1.09 (0.78) 1.23 (0.82) 1.35 (0.78) 0.005* 0.128

Total drug-drug interactions, mean (SD) 3.53 (4.00) 3.67 (3.92) 3.63 (4.06) 2.04 (1.99) 1.96 (1.92) 2.22 (2.00) 0.533 0.117

MRCI, mean (SD) 27.20 (12.65) 27.53 (12.35) 28.53 (12.08) 22.17 (9.67) 23.73 (9.16) 25.94 (9.18) 0.001* 0.136

DBI, drug burden index; MRCI, medication regimen complexity index; PIM, potentially inappropriate medications; SD, standard deviation.
aOnly participants who were alive at 3rd month after hospital discharge were included.
†Wilks’s Lambda; *p < 0.05.
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use of tools with explicit criteria [OncPal (42) and STOPPFrail

(28)] to determine inappropriate drugs at the EOL is valid for

deprescription and produces beneficial effects (43). We wanted

to adapt the PCP model to the cases of people identified

as being at the EOL with advanced non-oncological chronic

conditions and tomigrate from a theoretical to a practical model,

proposing the use of concrete assessments and specific tools and

protocolling their use.

In addition, the effect of the model’s application remained

stable during the first 3 months after hospital discharge,

mainly for the STOPPFrail criteria and generally related to

drugs that the patient persistently failed to take or tolerate

(criterion A1), drugs with no clear valid clinical indication

(criterion A2) and other explicit criteria for preventive drugs

used with an unfavorable benefit balance at the EOL. The

number of medications prescribed is the most important

predictor of iatrogenic harm (44); therefore, any efforts to

reduce PIP may improve patients’ clinical status. Hitherto,

the different deprescription tools published for EOL patients

describe potential for mortality reduction and cost savings (18).

Regarding the amount of regular drug consumption, the

effect of our intervention was slightly lower than that found

in a recently published study (45) (an average decrease of 1.7

vs 2.6 medications) during hospital admission. In that study,

the researchers started with a more polymedicated population

and, presumably, accumulated a greater number of PIPs that

could be withdrawn. However, our study allowed us to verify

how prescriptions, as well as the intake of chronic medications,

have been increasing over time in this type of patient after

discharge. This phenomenon may be linked to an increase in

drugs used for symptomatic control of the disease because, as

we have previously mentioned, the STOPPFrail criteria, which

aremainly related to the use of preventive drugs, remained stable

for 3 months after hospital discharge.

Drug–drug interactions are frequently associated with

adverse drug reactions. On multiple occasions, they are the

reason for new hospitalizations or visits to the emergency room

(36, 46–48). However, in our study, the total number of drug–

drug interactions detected also remained stable 3 months after

applying the PCP model, so the reduction observed during

hospital admission is considered a robust result in terms of

improving the quality of prescription and possible improvement

in the clinical and health status of intervention group patients.

Furthermore, the majority of older people are exposed to

drugs with anticholinergic and/or sedative effects (49), and

resorting to anticholinergics and sedatives to control pain,

dyspnea, secretions and patient anxiety, among other symptoms,

is common in palliative care (50). Thus, in our study, most

of the anticholinergic and/or sedative drugs prescribed at the

EOL are related to drugs for symptomatic use, and their use

increased as the patient approached the EOL, which is consistent

with previous studies (51, 52). This could be due to the increase

of DBI during patient follow-up, which could be related to an

increase in psychotropic medications for symptommanagement

at EOL. However, greater exposure to drugs with anticholinergic

activity was associated with more fatigue, dry mouth, worse

concentration and worsening status at the EOL (52). Further

research in this line is needed to clarify whether anticholinergic

load directly causes this worsening status or that people who

are worsening need more medication to optimize their state

of comfort.

Finally, regarding the pharmaceutical expense of caring for

these patients, our results show an average reduction of 19%

in drug costs over 28 days, a figure slightly lower than that

recorded by Curtin et al. (45), who found a 28% reduction for

the same measurement variable. In our study, the intervention

was maintained for at least 3 months; therefore, given the

exponential increase in people with advanced chronic diseases,

these new models are relevant to optimize economic resources,

thus avoiding futile and inappropriate therapies.

Our study has the following limitations. First, only patients

in a single subacute hospital were recruited, which makes

the results difficult to generalize to the broader population.

Second, the physicians simultaneously received patients from

the intervention group and the control group throughout

the study period, so the patients assigned to the control

group could have experienced the effects of the intervention

due to a training effect. Third, the trial is underpowered

to detect differences in health-related outcomes (emergency

department presentation and unplanned hospital admission)

between the intervention and control groups. Furthermore, with

the outbreak of the COVID19 pandemic and the exceptional

prevention and protection measures adopted at the hospital in

March 2020, the 122 patients proposed at the start of the study

could not be recruited. Thus, the study stopped with 114 patients

recruited, a very close number to that estimated in the sample

size calculation.

However, this work also had notable strengths. The

effectiveness of the proposed model’s intervention generates

a greater body of evidence for people at the EOL who

are systematically excluded from other research. We must

also highlight the context of medication appropriateness in

patients admitted to a subacute hospital, in which evidence

is scarce. As a point in favor, we must consider that a

prolonged hospital stay, as in the studied cases, allows

medication appropriateness in a controlled environment, where

medications are frequently deprescribed and the effects of

withdrawal can be monitored. In short, working within an

interdisciplinary team of physicians, nurses, pharmacists, social

workers and other health professionals allows us to provide

an effective, safe and high-quality response adapted to the real

clinical and personal situations of each patient.

In conclusion, the application of a PCP model reduces

pharmacotherapeutic indicators, improves the quality of life

and reduces costs associated with pharmacological treatment in

hospitalized geriatric patients at the EOL. Our results showed the
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effectiveness of the adequacy of medication in people identified

in this vital situation, maintaining its effect in the first 3 months

after hospital discharge. It has also meant an optimization of

economic resources with a notable decrease in pharmaceutical

spending. In future studies, it will be necessary to guarantee the

continuity of the care transitions between hospital and primary

care, so that these new care models are offered transversally and

not in isolation.
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Background: Chronic kidney disease (CKD) is diagnosed in more than 26

million U.S. people, which increases the risk of many adverse events. α-Klotho

was reported to have potential e�ects on kidney function. The purpose of this

study was to investigated whether CKD prevalence is associated with α-Klotho

levels in the U.S. people aged 40–79 years.

Methods: Thirteen thousand five hundred eighty-nine participates in the

National Health and Nutrition Examination Survey 2007–2016 aged 40–

79 with information of Klotho and kidney function were included. The

association between CKD and Klotho was calculated using multivariate

linear or logistic regression models with adjustment of several possibly

confounding variables. Subgroup analyses stratified by age, BMI, and diabetes

mellitus were conducted. The non-linear relationship between Klotho and

dependent variables with a non-normality of residues was assessed using

smooth curve fitting and the segmented regression (also known as piece-wise

regression) models.

Results: Among 13,589 participants, the median of Klotho levels was 803.10

pg/mL, mean eGFR of all participants was 86.96 (SD = 19.88) mL/min/1.73

m2, and CKD was diagnosed in 20.11% of them (N = 2733). In the fully

adjusted model, eGFR was positively associated with Klotho (β = 5.14, 95%CI

4.13-6.15, p < 0.001), while CKD was negatively associated with Klotho

(stage ≧ 1, OR = 0.62, 95% CI 0.50–0.76, p < 0.001; stage ≧ 3, OR =

0.31, 95% CI 0.24–0.41, p < 0.001). The non-linear relationship showed that

occurrence of CKD stage> 1 and albuminuria were negatively associated

with Klotho when Klotho smaller than turning point (for whether CKD

stage> 1, turning point K = 6.85, Klotho < K, OR = 0.44, p < 0.001; for

albuminuria, turning point K = 6.84, Klotho < K, OR = 0.59, p < 0.001).
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Conclusion: Serum soluble Klotho levels were positively associated with eGFR

and negatively associated with the prevalence of CKD, especially in elderly,

obese, and diabetic patients.

KEYWORDS

soluble α-Klotho, estimated glomerular filtration rate, chronic kidney disease, the

national health and nutrition examination survey, cross-sectional study

Introduction

Chronic kidney disease (CKD) is defined as abnormal kidney

structures and function that affects health and lasts for at least

3 months (1). According toprevious literature, CKD increases

the risk of cardiovascular disease and overall mortality, bringing

about greater social and economic burdens (2, 3). In the

United States, CKD was diagnosed among more than 26 million

adults, characterized by the decrease in glomerular filtration rate

(GFR) and the increase in urinary albumin (4).

Klotho is an aging suppressor gene firstly reported by Kuro-

o et al. in 1997, which was named after one of the Fates, the

Greek goddess of the thread of life (5). α-Klotho (referred

to as Klotho hereafter), one of the Klotho gene products,

is a single-pass transmembrane protein consisting of 1012

amino acid, containing two long extracellular domains and

one short intracellular domain. The extracellular part of α-

Klotho can be cut off by membrane proteases, and a soluble

form is than generated (6). Klotho is mostly expressed in the

distal convoluted tubules, as well as the choroid plexus and

the parathyroid glands, functioning as a co-receptor of FGF-

23 (7, 8). Previous researches have demonstrated that Klotho

has pathophysiological association with various aging-related

disorders, including atrophy of multiple organs, premature

atherosclerosis, vascular and soft tissue calcification and cancer

(6, 9).

The relationship between Klotho andCKDwas well reported

by genetic studies, which was explained by renal fibrosis

(10), inflammation (11), and the vascular calcification (12).

However, different results were shown in several cross-sectional

and prospective cohort studies. One previous cohort study

with 2,496 participants aged 70–79 analyzed the relationship

between Klotho and incident CKD, as well as the interaction

between Klotho and FGF-23 or phosphorus, demonstrating the

association between low serum Klotho levels and the decline in

kidney function, while another study demonstrated a different

result that Klotho levels increased in patients with worse kidney

function (13, 14).

The purpose of the present study is to validate the

relationship between Klotho and CKD using a relatively large

and national representative population aged 40–79 from the

United States. We hypothesized that the kidney function

declined as the serum Klotho level decreases.

Materials and methods

Population and study design

The National Health and Nutrition Examination Survey

(NHANES) is a cross-sectional study conducted by the National

Center for Health Statistics (NCHS), which is designed

to examine the overall health and nutrition status of a

nationally representative, non-institutional population in the

United States. The survey was conducted every 2 years, with

demographic, physical, laboratory, questionnaire, and dietary

information collected in each cycle.

For the present study, all participants from five NHANES

cycles from 2007 to 2016 were included. To investigate the

association between Klotho and kidney function, the relative

information was indispensable. Thus, participants as follows

were excluded: (a) participants with missing data of serum

soluble Klotho; (b) participants without data to estimate

GFR, including serum creatinine, age, gender, and race; (c)

participants without data of urine creatinine or urine albumin.

A total of 50,588 people participated in NHANES from 2007

to 2016. Among them, 36,999 people were excluded according to

the exclusion criteria. Finally, a total of 13,589 participants were

enrolled in our study. The participants selection flowchart was

shown in Figure 1.

The study was approved by the NCHS Ethics Review Board,

and written informed consents were signed by all participants.

All detail information is publicly available at https://www.cdc.

gov/nchs/nhanes/.

Measurement of serum soluble Klotho

The serum samples were collected in themobile examination

center and stored in the −80◦C until they were analyzed.

The Klotho measurement was performed in the Northwest

Lipid Metabolism and Diabetes Research Laboratories, Division

of Metabolism, Endocrinology, and Nutrition, University of
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FIGURE 1

Flowchart of participants selection.

Washington, using a commercial ELISA kit produced by IBL

International, Japan. Each sample was analyzed in duplication

and the average of 2 concentrations was used as the final value of

the sample. If the values of duplication exceeded 10%, the sample

would be measured repeatedly. Two samples with low and high

Klotho concentration were analyzed in each ELISA plate for

quality control, and if the results were not within 2 standard

deviations of assigned value, the entire analysis was rejected and

to be repeated. The IBL ELISA method for measurement of

Klotho concentration in human samples was further discussed

by the NHANES (shown in Supplementary File). The details

about laboratory methodology as well as the quality assurance

and monitoring are available at https://wwwn.cdc.gov/Nchs/

Nhanes/2007-2008/SSKL_E.htm.

Assessment of chronic kidney disease

The estimated GFR (eGFR) was calculated using the

Chronic Kidney Disease Epidemiology Collaboration (CKD-

EPI) equation:

eGFR = 141 × min (
Scr

κ
, 1)

α

× max (
Scr

κ
, 1)

−1.209

× 0.993Age × 1.018 [if female] × 1.159 [if black],

in which Scr is standardized serum creatinine in mg/dL, κ

is 0.7 for females and 0.9 for males, α is −0.329 for females

and −0.411 for males, min means the minimum of Scr/κ or

1, and max means maximum of Scr/κ or 1. The eGFR units

are mL/min/1.73 m2 (15). Urinary albumin-creatinine ratio

(ACR) was calculated using equation: ACR (mg/g) = urinary

albumin (mg/dL)/urinary creatinine (g/dL). The kidney damage

was indicated by the presence of albuminuria, which was defined

as ACR ≧ 30 mg/g. The CKD stages were defined with eGFR

and/or evidence of kidney damage according to the KDIGO

guidelines: stage 1, eGFR ≧ 90 mL/min/1.73 m2 with ACR

≧ 30 mg/g; stage 2, eGFR 60–89 mL/min/1.73 m2 with ACR

≧ 30 mg/g; stage 3, eGFR 30–59 mL/min/1.73 m2; stage 4,

eGFR 15–29 mL/min/1.73 m2; stage 5, eGFR < 15 mL/min/1.73

m2 (16).

Covariates

The demographics variables included age, race (categorical,

Mexican American, Other Hispanic, Non-Hispanic White,

Non-Hispanic Black, and Others), education level (categorical,

less than high school, high school or general educational

development, above high school), marital status (categorical,

married or living with partner, living alone), and the ratio of

income-poverty (categorical, ≦ 1.3 as low, 1.3–3.5 as middle,

> 3.5 as high). The ratio of income-poverty was calculated

by dividing family income by the poverty guidelines, specific

to family size, as well as the appropriate year and state. The

examination variables was body mass index (BMI) (categorical,

≦ 25 as normal weight 25–30 as over-weight, > 30 as

obese), which was calculated by dividing weight by height

squared. The laboratory data included serum calcium and serum

phosphorus. The questionnaire variables contained smoking

status (categorical, less than 100 in entire life as never, 100

or more but no smoking now as former, 100 or more with

smoking now as current), alcohol consumption (categorical,

0 g/day as none, 0.1–27.9 g/day for men and 0.1–13.9 g/day

for women as moderate, 28.0 g or more/day for man and

14.0 g or more/day for women as heavy), physical activity

(categorical, less than moderate, moderate, and vigorous), and

CAD score (categorical, 0 as none, 1 as slight, 2–5 as heavy).

The score was generated by accumulated points for following

rules. Participants got 1 point for each of hypertension, history

of transient ischemic attack or stroke, and coronary artery

disease. One point was added if they had impaired glucose

tolerance, and 2 points for the diagnosis of diabetes. Diabetes

was defined as those who were told by doctor that they had

“diabetes or sugar diabetes” when they were not pregnant, were

currently using insulin or oral hypoglycemic drugs, or had a

glycohaemoglobin> 6.5%.
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Statistics

Missing values of the covariates were replaced by the median

of the continuous variables and the mode of the categorical

variables. In the present study, normal continuous variables

were presented with mean (SD), while non-normal continuous

variables were presented with median (lower quartile, upper

quartile). Categorical variables were described using numbers

(percentage). The differences between characteristics of

participants in four groups divided by Klotho quartiles, age

quartiles, gender, and race were calculated with Kruskal-

Wallis H test for continuous variables and chi-square test

for categorical variables. If the categorical variables had a

theoretical number less than 10%, Fisher’s precision probability

test were applied.

To validate the association between Klotho and CKD, we

selected eGFR, CKD (defined as CKD stage ≧ 1 or CKD

stage ≧ 3), and albuminuria (defined as ACR ≧ 30mg/g)

as dependent variables. Serum Klotho concentrations were

logarithmic transformed due to its skew distribution. Linear

regression and logistic regression were performed. Multivariable

linear regression was used when evaluating the associations

between Klotho and eGFR, and multivariable logistic regression

was applied when analyzing the association between Klotho

and CKD or albuminuria. In each regression, 3 models were

established: Model I, a non-adjusted crude model; Model II,

adjusted with age, gender, race, ration of income-poverty,

education level, andmarital status;Model III,Model II plus BMI,

CAD score, smoke status, alcohol intake, physical activity, serum

calcium, and serum phosphorus. The QQ plots of residues were

presented to assess the normality of residues in all regression.

To simply describe the non-linear relationship between Klotho

and dependent variables with a non-normality of residues, we

applied smooth curve fitting and the segmented regression

(also known as piece-wise regression) models. Log-likelihood

ratio test comparing one-line (non-segmented) model with

segmented regression model was also conducted.

Stratified analyses were performed according to age, BMI,

and diabetes, while interaction analyses on these factors were

also performed with the log likelihood ratio test. The subgroup

analysis was performed in Model III with all covariates

adjusted except the stratification factor itself. The associations

between Klotho and eGFR among people in different CKD

stages (including no CKD population) were assessed using

multivariable linear regression with all covariates adjusted.

Sensitive analyses were conducted by calculating the

eGFR using the Modification of Diet in Renal Disease

(MDRD) equation:

eGFR = 175 × Scr−1.154
× age−0.203

× 0.742[if female]

× 1.212 [if black].

According to the NHANES Survey Methods and Analytic

Guidelines, recommended weighting methodology was applied

during the entire process. All analyses were conducted by the

software package R (www.R-project.org, The R Foundation) and

EmpowerStats (www.empowerstats.com, X&Y Solution, Inc).

The p-values of multiple testing were all adjusted and two-tailed

p < 0.05 was considered as statistically significant.

Results

Baseline characteristic of participants

Table 1 showed the baseline characteristics of the

participants. Among all subjects, the mean age was 57.64

(SD= 10.84), with 6,578 (48.41%) males. The median of Klotho

levels was 803.10 (Q1 = 655.60 and Q3 = 994.40) pg/mL.

The mean eGFR of all participants was 86.96 (SD = 19.88)

mL/min/1.73m2, and CKD was diagnosed in 20.11% of them

(N = 2733, 740 in stage 1, 715 in stage 2, 1,146 in stage 3, 93

in stage 4, and 39 in stage 5). Differences between age, gender,

race, education level, BMI, CAD score, diabetes, smoking status,

alcohol consumption, serum calcium, eGFR, albuminuria and

CKD prevalence were observed with statistical significance.

People with lower Klotho levels were more likely to be older,

male, over-weight or obese, with diabetic, and with higher CAD

score or lower serum calcium concentration. More detailed

information about the baseline characteristics were presented in

Supplementary Tables 1–4.

Association between Klotho and CKD

Table 2 presented the results on the association between

Klotho and CKD. In non-adjusted crude model, when log-

transformed Klotho concentration increased 1 unit, eGFR was

7.77 mL/min/1.73m2 higher (p < 0.001), and the risk of CKD

was lower (stage ≧ 1 decreased 47%, and stage ≧ 3 decreased

72%, both of p-values < 0.001). Albuminuria risk was also lower

with increasing Klotho levels (OR = 0.77, 95%CI 0.61–0.97, p

= 0.027). Moreover, with the adjustment of all covariates in

Model II, similar results were also observed. eGFR was positively

associated with Klotho levels (β = 5.14, 95%CI 4.13–6.15, p <

0.001), while CKD risk was negatively correlated (stage≧ 1, OR

= 0.62, 95% CI 0.50–0.76, p < 0.001; stage ≧ 3, OR = 0.31,

95% CI 0.24–0.41, p < 0.001). However, the association between

Klotho and albuminuria risk was not significant anymore (OR=

0.90, 95% CI 0.71–1.15, p = 0.411). The residues QQ plots of all

regressions were presented in Figure 2. For associations between

Klotho and all three categorical dependent variables (CKD >

stage 1, CKD > stage 3, and albuminuria), the QQ plot showed

a non-normality of residues.
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TABLE 1 Baseline characteristics of participantsa.

Number of subjects 13,589

Age 57.64 (10.84)

Gender

Male 6,578 (48.41%)

Female 7,011 (51.59%)

Race

Mexican American 2,164 (15.92%)

Other Hispanic 1,563 (11.50%)

Non-Hispanic White 5,842 (42.99%)

Non-Hispanic Black 2,679 (19.71%)

Other Race 1,341 (9.87%)

BMI

Normal weight 3,215 (23.89%)

Over-weight 4,711 (35.01%)

Obese 5,532 (41.11%)

CAD score

None 5,838 (44.40%)

Slight 3,939 (29.95%)

Heavy 3,373 (25.65%)

Diabetes

No 10,647(78.35%)

Yes 2,942 (21.65%)

A normal continuous variables were presented with mean (SD), while non-normal

continuous variables were presented with median (lower quartile, upper quartile).

Categorical variables were described using numbers (percentage).

BMI, body mass index; CAD score, the cardiovascular disease score; eGFR, estimated

glomerular filtration rate; ACR, albumin-creatinine ratio; CKD, chronic kidney disease.

The smooth curves of association between Klotho and

above three dependent variables were presented in Figure 3.

From the curves, obvious turning points were observed in

associations between Klotho and dependent variables whether

CKD stage> 1 and albuminuria. The segment regressionmodels

were presented in Table 3. The results showed that both the

occurrence of CKD stage > 1 and albuminuria were negatively

associated with Klotho when Klotho smaller than turning point

(for whether CKD stage > 1, turning point K = 6.85, Klotho <

K, OR = 0.44, p < 0.001; for albuminuria, turning point K =

6.84, Klotho < K, OR= 0.59, p < 0.001).

The associations between Klotho and eGFR among people

in different CKD stages were analyzed. We found that the

significant associations can be observed in group without CKD

(OR = 2.02, 95% CI 1.26–2.78, p < 0.001), with CKD stage

2 (OR = 2.87, 95% CI 0.94–4.79, p = 0.004), and with

CKD stage 3 (OR = 2.03, 95% CI 0.62–3.44, p = 0.005). In

other groups, the associations were not significant (shown in

Supplementary Table 5).

In order to further investigate the relationship between

Klotho levels and kidney function, we performed sensitivity

analysis through recalculating eGFR using MDRD equation.

In fully adjusted model, the association was positive between

Klotho and eGFR (β = 5.91, 95% CI 4.63–7.18, p < 0.001), and

negative between Klotho and both of two stage of CKD (stage

≧ 1, OR = 0.59, 95% CI 0.48–0.72, p < 0.001; stage ≧ 3, OR

= 0.34, 95% CI 0.26–0.44, p < 0.001). The sensitive analysis

results supported the main results described above (shown in

Supplementary Table 6).

Subgroup analysis

Stratified and interaction analyses were conducted according

to age, BMI, and diabetes. Figure 4 showed the results on

association between Klotho and eGFR in each subgroup with

all covariates in Model III adjusted except the stratification

factor itself. Significantly positive association was observed in all

subgroups. Besides, interaction test was significant for all three

factors (p < 0.001 for age, p = 0.008 for BMI, and p < 0.001 for

diabetes). In participants> 57 years old, obese, or with diabetes,

the association between eGFR and Klotho was detected with a

higher effect size.

Discussion

The present study examined the relationship between serum

soluble Klotho and CKD among 4–9 years old people in the

United States. As a cross-sectional study, this study enrolled

totally 13,589 participants from NHANES 2007–2016. The

results reported that an elevated serum soluble Klotho level

was associated with the increase of eGFR and the decrease

of the occurrence of CKD stage> 3. The same result existed

after adjusting covariates or recalculating eGFR with MDRD

equation. The occurrence of CKD stage> 1 and albuminuria

were negatively associated with Klotho when Klotho smaller

than turning point.

According to the results of this study, reduced Klotho levels

were associated with an increased risk of CKD. Previous studies

have reported similar results. Drew et al. conducted a cohort

study with participants aged 70–79, in which CKD was only

defined with eGFR less than 60 mL/min/1.73 m2. The results

presented an inverse relationship between Klotho and CKD

prevalence, although not statistically significantly (13). In the

present study, we used eGFR and albuminuria as the evidence

of kidney damage together to define CKD. The reason is that in

some patients with albuminuria, EGFR has not decreased, even

though their kidneys have been damaged (patients with stage 1

or 2 CKD) (17).

Another research conducted by Alexander Scholze et al. was

a randomized controlled trial with a follow-up of 8 weeks. This

study demonstrated that among CKD patients with low FGF-

23 levels, a decrease in Klotho leads to a decrease in eGFR (18).

The current study aimed to explore the association of Klotho

Frontiers in PublicHealth 05 frontiersin.org

252

https://doi.org/10.3389/fpubh.2022.995314
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2022.995314

TABLE 2 Association between serum soluble Klotho and CKD.

Number of subjects Crude model Model Ia Model IIb

β/OR, 95%CI p-values β/OR, 95%CI p-values β/OR, 95%CI p-values

eGFR, mL/min/1.73m2 13589 7.77 (6.58,8.95) <0.001 4.85 (3.88,5.81) <0.001 5.14 (4.13,6.15) <0.001

CKD stage≧ 1 2733/13589 0.53 (0.44,0.65) <0.001 0.61 (0.50,0.75) <0.001 0.62 (0.50,0.76) <0.001

CKD stage≧ 3 1278/13589 0.28 (0.22,0.36) <0.001 0.33 (0.25,0.43) <0.001 0.31 (0.24,0.41) <0.001

ACR≧ 30 mg/g 1901/13589 0.77 (0.61,0.97) 0.027 0.85 (0.67,1.07) 0.17 0.90 (0.71,1.15) 0.411

aModel I: adjusted for age, gender, race, ratio of income-poverty, educational levels, and marital status.
bModel II: adjusted for age, gender, race, ratio of income-poverty, educational levels, marital status, BMI, CAD score, smoking, alcohol, physical activity, serum calcium, and

serum phosphorus.

OR, odds ration; 95% CI, 95% confidential interval; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; ACR, urinary albumin-creatinine ratio.

FIGURE 2

QQ plots of residues. (A) eGFR residual QQ plot; (B) CKD stage> 1 residual QQ plot; (C) CKD stage> 3 residual QQ plot; (D) albuminuria residual

QQ plot.

with eGFR in the entire population with and without CKD, and

whether Klotho is associated with the prevalence of CKD, thus

not excluding the normal population without CKD.

However, not all previous evidence is inconsistent with

this study. Sarah Seiler et al. reported a cross-sectional study

with 321 participants enrolled in, which presented that Klotho

was not associated with kidney function (19). But they only

recruited patients with CKD stage 2 to stage 4, which resulted

in a difference in participants’ soluble Klotho levels between

Sarah Seiler et al. ’s study and the present study (538 pg/mL

vs. 803.10 pg/mL). It is reasonable to assume that the different

baseline characteristics of the study populations may account

for the observed differences in results. Another cross-sectional

study conducted by Sridevi Devaraj et al. demonstrated that

patients with CKD had higher Klotho levels, in which CKD

was defined as creatinine greater than 2mg/dL over 12 months.

While in our present study, CKD-EPI formula was used to

calculate eGFR according to KDIGO guidelines, including age,

sex, race, creatinine and other information, and evidence of

kidney damage was also used to define CKD.
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FIGURE 3

Smooth curve fitting. (A) association between Klotho ln transform and whether CKD stage> 1; (B) association between Klotho ln transform and

whether CKD stage > 3; (C) association between Klotho ln transform and albuminuria.

TABLE 3 Threshold e�ect analysis for the association between serum Klotho concentrations and two categorical dependent variables: Whether

CKD stage> 1 and albuminuriaa.

Models Whether CKD stage> 1 Albuminuria

OR (95% CI) p-values OR (95% CI) p-values

Model I

One line slop 0.62 (0.50, 0.72) <0.001 0.90 (0.71, 1.15) 0.411

Model II

Turning point (K)a 6.85 – 6.84 –

< K slope 1 0.44 (0.36, 0.54) <0.001 0.59 (0.47, 0.74) <0.001

> K slope 2 1.41 (1.00, 1.99) 0.051 1.77 (1.23, 2.53) 0.002

Slope 2–slope 1 3.21 (2.01, 5.12) <0.001 3.00 (1.82, 4.95) <0.001

Predicted at K −1.67 (−1.75,−1.60) – −2.07 (−2.15,−1.98) –

Log likelihood ratio test – <0.001 – <0.001

Model I, linear model.

Model II, non-linear model.

Log likelihood ratio test: p-value < 0.05 means Model II is significantly different from Model I, which indicates a non-linear relationship.
aAdjusted for age, gender, race, ratio of income-poverty, educational levels, marital status, BMI, CAD score, smoking, alcohol, physical activity, serum calcium, and serum phosphorus.

The mechanism of Klotho’s renoprotective effect on

CKD has been reported in many previous studies. Animal

experiments showed that a Klotho genetic manipulation

could ameliorate the renal functions of mice with progressive

renal injury (20). Doi et al. observed that renal fibrosis was

related to Klotho deficiency in mice, and demonstrated

that the fibrosis-associated renal change could be prevented

by Klotho treatment (10). Also, Zhao et al. reported that

Klotho depletion led to increased inflammation of kidney

via RelA (Serine)536 phosphorylation (11). Besides, another

study presented that Klotho could ameliorate vascular

calcification (12).

As a cross-sectional study, the present study can be explained

differently. According to previous studies, Klotho is mainly

expressed in the distal convoluted tubules, and kidney acts as a

principal organ in mediating the expression of Klotho (21, 22).

Thus, the pathological status of CKD affects the physiological

function of kidney, which down-regulated the expression and

production of Klotho (23).

It is worth noting that in different CKD stages, the

relationship between Klotho and eGFR is different. In general,

we think the associations were more significant in population

without CKD and with lower CKD stages than higher CKD

stages. However, due to the large variation in sample size and

baseline characteristics among populations with different CKD

stages, the results still need to be validated by further studies,

including large cohorts and basic experiments.

There are some strengths of the present study. First, this

cross-sectional study had 13,589 participants from NHANES

enrolled in. By applying recommended weighting methodology

according to the NHANES Survey Methods and Analytic

Guidelines, the population has national representation. Second,

the present study used multiple outcomes to represent kidney

function of CKD. Instead of using eGFR < 60 mL/min/1.73

m2 to define CKD, this study used a combination of eGFR

and albuminuria to define CKD, considering the patients with

albuminuria but without decreased eGFR. Finally, subgroup

analysis stratified by diabetes mellitus were performed and
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FIGURE 4

subgroup analysis on association between serum soluble Klotho and CKD.

interaction terms on diabetes and Klotho on CKD were

investigated, because Previous studies have suggested that

Klotho deficiency is associated with the rapid progression of

renal function decline in diabetic patients (24).

However, several limitations in the present study are

discussed. As mentioned above, this study could not establish

a causal relationship between Klotho and CKD because it was a

cross-sectional study. In addition, theremay still be confounding

factors that we have not adjusted for. Furthermore, the study did

not follow up the dynamic changes of renal function in patients

with CKD. It is hoped that future studies of higher quality will

focus on Klotho levels and CKD and renal function, so as to

explore its potential clinical value.

Conclusion

Serum soluble Klotho levels were positively associated with

eGFR and inversely associated with the prevalence of CKD stage

3 or more. Dose-response relationships were observed between

Klotho and the occurrence of CKD stage> 1 and albuminuria.

Data availability statement

The datasets presented in this study can be found in

online repositories. The names of the repository/repositories

and accession number(s) can be found below: https://www.cdc.

gov/nchs/nhanes.

Ethics statement

The studies involving human participants were reviewed and

approved by the National Center for Health Statistics Ethics

Review Board. The patients/participants provided their written

informed consent to participate in this study.

Author contributions

ZZ: data collection, methodology, and writing. XZ: data

collection and table and figure preparation. LD: methodology,

formal analysis, and writing. KJ: methodology. XX and XS:

data collection. SQ and LY: conceptualization, methodology, and

reviewing. All authors contributed to the article and approved

the submitted version.

Funding

The work was supported by the National key research and

development program of China (Grant No. 2017YFC0908003),

National Natural Science Foundation of China (Grant Nos.

81902578 and 81974098), China Post-docotral Science

Foundation (2017M612971), Post-doctoral Science Research

Foundation of Sichuan University (2020SCU12041), Post-

Doctor Research Project, West China Hospital, Sichuan

University (2018HYBH085), National Clinical Research

Frontiers in PublicHealth 08 frontiersin.org

255

https://doi.org/10.3389/fpubh.2022.995314
https://www.cdc.gov/nchs/nhanes
https://www.cdc.gov/nchs/nhanes
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2022.995314

Center for Geriatrics, West China Hospital, Sichuan

University (Z2018C01).

Acknowledgments

The work was supported by Xing-Lin Chen (EmpowerStats

X&Y Solutions, Inc, Boston, MA) for providing statistical

methodology consultation.

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.

2022.995314/full#supplementary-material

References

1. Levin A, Stevens PE, Bilous RW, Coresh J, De Francisco AL, De Jong
PE, et al. Kidney disease: improving global outcomes (KDIGO) CKD
work group. KDIGO 2012 clinical practice guideline for the evaluation
and management of chronic kidney disease. Kidney Int Suppl. (2013)
3:1–150. doi: 10.1038/kisup.2012.73

2. Muntner P, He J, Hamm L, Loria C, Whelton PK. Renal insufficiency and
subsequent death resulting from cardiovascular disease in the United States. J Am
Soc Nephrol. (2002) 13:745–53. doi: 10.1681/ASN.V133745

3. Fried LF, Shlipak MG, Crump C, Bleyer AJ, Gottdiener JS, Kronmal
RA, et al. Renal insufficiency as a predictor of cardiovascular outcomes
and mortality in elderly individuals. J Am Coll Cardiol. (2003) 41:1364–
72. doi: 10.1016/S0735-1097(03)00163-3

4. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al.
Prevalence of chronic kidney disease in the United States. Jama. (2007) 298:2038–
47. doi: 10.1001/jama.298.17.2038

5. Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, Utsugi T, et al.
Mutation of themouse Klotho gene leads to a syndrome resembling ageing.Nature.
(1997) 390:45–51. doi: 10.1038/36285

6. Sachdeva A, Gouge J, Kontovounisios C, Nikolaou S, Ashworth A, Lim
K, et al. Klotho and the treatment of human malignancies. Cancers. (2020)
12. doi: 10.3390/cancers12061665

7. Lim K, Groen A, Molostvov G, Lu T, Lilley KS, Snead D, et al. α-
Klotho expression in human tissues. J Clin Endocrinol Metab. (2015) 100:E1308–
18. doi: 10.1210/jc.2015-1800

8. Kurosu H, Ogawa Y, Miyoshi M, Yamamoto M, Nandi A, Rosenblatt KP, et al.
Regulation of fibroblast growth factor-23 signaling by Klotho. J Biol Chem. (2006)
281:6120–3. doi: 10.1074/jbc.C500457200

9. Semba RD, Cappola AR, Sun K, Bandinelli S, Dalal M, Crasto C, et al.
Plasma Klotho and cardiovascular disease in adults. J Am Geriatr Soc. (2011)
59:1596–601. doi: 10.1111/j.1532-5415.2011.03558.x

10. Doi S, Zou Y, Togao O, Pastor JV, John GB, Wang L, et al. Klotho
inhibits transforming growth factor-beta1 (TGF-beta1) signaling and suppresses
renal fibrosis and cancer metastasis in mice. J Biol Chem. (2011) 286:8655–
65. doi: 10.1074/jbc.M110.174037

11. Zhao Y, Banerjee S, Dey N, LeJeune WS, Sarkar PS, Brobey R, et al.
Klotho depletion contributes to increased inflammation in kidney of the db/db
mouse model of diabetes via RelA (serine)536 phosphorylation. Diabetes. (2011)
60:1907–16. doi: 10.2337/db10-1262

12. Hu MC, Shi M, Zhang J, Quiñones H, Griffith C. Kuro-o M,
et al. Klotho deficiency causes vascular calcification in chronic kidney

disease. J Am Soc Nephrol. (2011) 22:124–36. doi: 10.1681/ASN.20091
21311

13. Drew DA, Katz R, Kritchevsky S, Ix J, Shlipak M, Gutiérrez OM,
et al. Association between soluble Klotho and change in kidney function: the
health aging and body composition study. J Am Soc Nephrol. (2017) 28:1859–
66. doi: 10.1681/ASN.2016080828

14. Devaraj S, Syed B, Chien A, Jialal I. Validation of an immunoassay for soluble
Klotho protein: decreased levels in diabetes and increased levels in chronic kidney
disease. Am J Clin Pathol. (2012) 137:479–85. doi: 10.1309/AJCPGPMAF7SFRBO4

15. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF. 3rd, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Int Med. (2009)
150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

16. Sun DQ, Jin Y, Wang TY, Zheng KI, Rios RS, Zhang HY, et al. MAFLD and
risk of CKD.Metabolism. (2021) 115:154433. doi: 10.1016/j.metabol.2020.154433

17. Eknoyan G, Lameire N, Eckardt K, Kasiske B, Wheeler D, Levin A, et al.
KDIGO 2012 clinical practice guideline for the evaluation and management of
chronic kidney disease. Kidney Int. (2013) 3:5–14. doi: 10.1038/kisup.2012.76

18. Scholze A, Liu Y, Pedersen L, Xia S, Roth HJ, Hocher B, et al. Soluble α-
Klotho and its relation to kidney function and fibroblast growth factor-23. J Clin
Endocrinol Metab. (2014) 99:E855–61. doi: 10.1210/jc.2013-4171

19. Seiler S,WenM, Roth HJ, FehrenzM, Flügge F, Herath E, et al. Plasma Klotho
is not related to kidney function and does not predict adverse outcome in patients
with chronic kidney disease. Kidney Int. (2013) 83:121–8. doi: 10.1038/ki.2012.288

20. Haruna Y, Kashihara N, Satoh M, Tomita N, Namikoshi T, Sasaki T, et al.
Amelioration of progressive renal injury by genetic manipulation of Klotho gene.
Proc Natl Acad Sci U S A. (2007) 104:2331–6. doi: 10.1073/pnas.0611079104

21. Lindberg K, Amin R, Moe OW, Hu MC, Erben RG, Östman Wernerson A,
et al. The kidney is the principal organ mediating Klotho effects. J Am Soc Nephrol.
(2014) 25:2169–75. doi: 10.1681/ASN.2013111209

22. Hu MC, Shi M, Zhang J, Addo T, Cho HJ, Barker SL, et al. Renal Production,
Uptake, and Handling of Circulating αKlotho. J Am Soc Nephrol. (2016) 27:79–
90. doi: 10.1681/ASN.2014101030

23. Asai O, Nakatani K, Tanaka T, Sakan H, Imura A, Yoshimoto S, et al.
Decreased renal α-Klotho expression in early diabetic nephropathy in humans
and mice and its possible role in urinary calcium excretion. Kidney Int. (2012)
81:539–47. doi: 10.1038/ki.2011.423

24. Fountoulakis N, Maltese G, Gnudi L, Karalliedde J. Reduced levels of anti-
ageing hormone Klotho predict renal function decline in type 2 diabetes. J Clin
Endocrinol Metab. (2018) 103:2026–32. doi: 10.1210/jc.2018-00004

Frontiers in PublicHealth 09 frontiersin.org

256

https://doi.org/10.3389/fpubh.2022.995314
https://www.frontiersin.org/articles/10.3389/fpubh.2022.995314/full#supplementary-material
https://doi.org/10.1038/kisup.2012.73
https://doi.org/10.1681/ASN.V133745
https://doi.org/10.1016/S0735-1097(03)00163-3
https://doi.org/10.1001/jama.298.17.2038
https://doi.org/10.1038/36285
https://doi.org/10.3390/cancers12061665
https://doi.org/10.1210/jc.2015-1800
https://doi.org/10.1074/jbc.C500457200
https://doi.org/10.1111/j.1532-5415.2011.03558.x
https://doi.org/10.1074/jbc.M110.174037
https://doi.org/10.2337/db10-1262
https://doi.org/10.1681/ASN.2009121311
https://doi.org/10.1681/ASN.2016080828
https://doi.org/10.1309/AJCPGPMAF7SFRBO4
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1016/j.metabol.2020.154433
https://doi.org/10.1038/kisup.2012.76
https://doi.org/10.1210/jc.2013-4171
https://doi.org/10.1038/ki.2012.288
https://doi.org/10.1073/pnas.0611079104
https://doi.org/10.1681/ASN.2013111209
https://doi.org/10.1681/ASN.2014101030
https://doi.org/10.1038/ki.2011.423
https://doi.org/10.1210/jc.2018-00004~
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


TYPE Review

PUBLISHED 10 October 2022

DOI 10.3389/fpubh.2022.998710

OPEN ACCESS

EDITED BY

Qinghua Li,

Guilin Medical University, China

REVIEWED BY

Yun Gao,

Sichuan University, China

Tom Woodin,

University College London,

United Kingdom

*CORRESPONDENCE

Fang Han

fyhanfang@wfmc.edu.cn

Ningning Hou

ningning.hou@wfmc.edu.cn

†These authors have contributed

equally to this work

SPECIALTY SECTION

This article was submitted to

Public Health Education and

Promotion,

a section of the journal

Frontiers in Public Health

RECEIVED 20 July 2022

ACCEPTED 22 September 2022

PUBLISHED 10 October 2022

CITATION

Zhang K, Kan C, Luo Y, Song H, Tian Z,

Ding W, Xu L, Han F and Hou N (2022)

The promotion of active aging through

older adult education in the context of

population aging.

Front. Public Health 10:998710.

doi: 10.3389/fpubh.2022.998710

COPYRIGHT

© 2022 Zhang, Kan, Luo, Song, Tian,

Ding, Xu, Han and Hou. 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 promotion of active aging
through older adult education in
the context of population aging

Kexin Zhang1,2†, Chengxia Kan1,2†, Youhong Luo1,2,

Hongwei Song1,2, Zhenghui Tian2, Wenli Ding2,3, Linfei Xu2,3,

Fang Han2,3* and Ningning Hou1,2*

1Department of Endocrinology and Metabolism, A�liated Hospital of Weifang Medical University,

Weifang, China, 2Clinical Research Center, A�liated Hospital of Weifang Medical University, Weifang,

China, 3Department of Pathology, A�liated Hospital of Weifang Medical University, Weifang, China

We have entered an era of population aging, and many public health problems

associated with aging are becoming more serious. Older adults have earlier

onset of chronic diseases and su�er more disability. Therefore, it is extremely

important to promote active aging and enhance health literacy. These involves

full consideration of the need for education and the provision of solutions

to problems associated with aging. The development of OAE is an important

measure for implementing the strategy of active aging, and curriculum

construction is a fundamental component of achievingOAE. Various subjective

and objective factors have limited the development ofOAE. To overcome these

di�culties and ensure both active and healthy aging, the requirements for

active aging should be implemented, the limitations of current OAE should

be addressed, system integration should be increased, and the curriculum

system should be improved. These approaches will help to achieve the goal

of active aging. This paper discusses OAE from the perspective of active aging,

based on the promotion of health literacy and provides suggestions to protect

physical and mental health among older adults, while promoting their social

participation. The provision of various social guarantees for normal life in older

adults is a new educational concept.

KEYWORDS

active aging, education, older adult education, population aging, public health

Introduction

The world’s population is aging rapidly, and older adults are expected to live

longer (Table 1) (1–3). Over the last few decades, population trends indicate earlier

onset of many chronic diseases and an increased incidence of multimorbidity

in older adults (4, 5). As these problems emerge, older adults may experience

more disability and worse quality of life (6). Discussions of population aging

and its effects have become an important and popular topic. In the context of

population aging, the role of older adult education (OAE) has become increasingly

prominent. Although there have been many studies of OAE, there is minimal

available information concerning OAE with a focus on active aging. In this

review, we analyze the current status of OAE in the context of active aging
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FIGURE 1

Trends in the elderly population aged 60 years or older from

2000 to 2021.

FIGURE 2

World population composition by age group in 2021.

and propose measures for reforming OAE. We also aim to

increase investment in OAE, ensure greater focus on older

adults, and promote active aging.

Current status of active aging

We define aging (also known as senescence) as the intrinsic

physiological decline that occurs as an organism ages, leading to

decreased fertility and reproduction, as well as increased risks

of age-related morbidity and mortality (7). In the past 20 years,

the world’s older population has increased (Figures 1, 2). For

example, the Seventh National Census of China had a greater

proportion of people aged ≥60 years, compared with the Sixth

National Census (Figure 3); the proportion of people aged ≥60

years increased by 5.44% (Data from http://www.stats.gov.cn/).

In this context, the concepts of “successful aging” (8, 9),

“healthy aging” (10, 11), and “active aging” (12, 13) have been

introduced to reflect positive responses to aging in various

countries worldwide. The concept of successful aging was

introduced as early as the 1960s. Its connotations include the

need for older adults to maintain mental health and normal

cognitive function, be socially active, have good interpersonal

relationships, and be physically healthy (8, 14, 15). Healthy

aging was introduced by theWorld Health Organization; its core

concepts include physical health, mental health, and good social

adjustment. Active aging is another level of healthy aging (10).

Notably, active aging was defined in 2002 by the World Health

Organization as the process of gaining access to the greatest

possible variety of opportunities for health, participation, and

security, with the goal of improving the quality of life in older

adults (16–19). The concept of active aging includes the concepts

of “healthy aging” (11), “successful aging” (9), and “productive

aging” (20); it also has a more systematic and comprehensive

core meaning. Over the past two decades, the concept of active

aging has been applied to social, scientific, psychological, and

medical disciplines. Active aging is regarded by international

political groups and researchers as an important component

of efforts to address the challenges of population aging (21).

Active aging now highlights the need for a population aging

approach that involves physical, social, and mental health,

while encouraging social participation and providing adequate

protection, security, and care based on the needs of older

adults (22). Thus, active aging is an effective response to the

experience of aging. An important challenge for the current

aging society comprises the optimization of active aging to

enhance survival and development among older adults, promote

their social participation and overall development, and improve

their standard of living.

Development of OAE

Nature and content of OAE

Population aging is a global phenomenon that requires

action to promote well-being and prevent disease (23). OAE

is an informal component of adult education and the final

stage of lifelong education (24). With the increasing problem

of aging, the retired older population is also increasing and

has become a social group that cannot be ignored. The OAE

in this article is education for retired seniors 60 years and

older and those who are not working. The development of

OAE is essential for developing the careers of older adults and

improving their participation; it is also an important initiative

for actively managing population aging, modernizing education,

and promoting lifelong learning.

OAE has a long history of development; its definition

and content vary according to the physical and mental

characteristics, needs, and preferences of older adults. In the

past, the range of courses offered in OAE was limited and

focused only on the interests of older adults, such as calligraphy,

painting, instrumental music and dance (24). Recently, because

of the emphasis on active aging, the curriculum has focused on

the physical andmental health of older adults and included some

new skills knowledge (e.g., computer networks, mobile phones,

and computer use) (25). These changes continue to enrich OAE.
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FIGURE 3

Age composition of the Chinese census. (A) Age composition of the sixth national census of China; (B) Age composition of the seventh national

census of China.

This review of OAE focused on studies of older adults entering

retirement; it was written with the goal of improving their

physical and mental health, promoting their social participation,

and providing them with various safeguards for normal life

through the delivery of OAE.

The purpose of developing OAE

OAE emerged as a new type of education in the 1970s, and

it developed as one of the positive responses to the aging of

the world (26). OAE is for seniors 60 years and older who are

retired or have plenty of leisure time. OAE can enrich the lives

of older adults and enhance their quality of life. Moreover, OAE

can fully use the older adults’ strengths and create a “society of

learners” by influencing the people around them with practical

actions. The essential features of the “society of learners” are

universal and lifelong learning. “Society of learners” is a basic

form of future society. And senior education, as an essential part

of the last stage of lifelong education, is of great significance

in building and improving a harmonious and continuously

developing “society of learners”. Finally and most importantly,

OAE can help older adults improve their health literacy and

achieve prevention and monitoring of diseases.

Challenges of OAE

Currently, there are several problems with OAE that hinder

the achievement of active aging. The lack of educational

opportunities and resources partially limits the development of

OAE. Additionally, low motivation to participate in education

exacerbates the problems in the development of OAE; this

prevents it from rapidly achieving better integration into the

new contemporary environment. Finally, limitations of the

educational model and a lack of professional staff also hinder

the development of OAE. There is a need for efforts to address

the current problems in the development of OAE and actively

promote educational exploration through the optimization of

existing educational strategies. The specific limitations of OAE

in the context of active aging are as follows (Table 2).

Insu�cient popularization and lack of
social participation awareness

There is a serious imbalance throughout the OAE

developmental process (27).

Few countries have focused on developing OAE universities,

but the establishment and development of OAE in China are

clearer. OAE universities were established first in 1983. By the

end of 2019, there were more than 62,000 OAE universities with

more than 8 million students in China. The OAE universities

in China refer specifically to universities, colleges, schools and

institutions that conduct OAE and are organized or supported

by the government, enterprises or social organizations. There

were more than 250 million people over the age of 60 in China,

and only 5% of them were older students, indicating that there

was a big gap between the existing scale of OAE education and

the participation rate of older people in education under active

aging (28). First, OAE is achieved through the vehicle of theOAE

universities (24). OAE universities are places for retired seniors

to relax, have fun, study and make friends, mainly to promote

senior health; they focus on the learning, well-being, and quality

of life of older adults to ensure their healthy development. The

OAE universities that currently exist are insufficient for the

large population of older adults. Second, OAE in the context of

active aging has been discussed at the academic level by many

experts and researchers, and it has been implemented in some
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TABLE 1 Composition of the world and regions by age (thousands).

Age (ys) World Sub-Saharan

Africa

Northern Africa

andWestern Asia

Central and

Southern Asia

Eastern and

South-Eastern

Asia

Latin America

and the

Caribbean

Oceania (excluding

Australia and New

Zealand)

Australia/New

Zealand

Europe and

Northern

America

0–4 671,477 178,145 57,283 186,182 139,117 49,740 1,585 1,848 57,578

5–9 683,612 158,822 57,761 190,450 157,682 52,115 1,527 1,945 63,309

10–14 659,934 141,832 52,568 191,437 153,468 52,702 1,433 1,939 64,556

0–14 2015,023 478.798 167,612 568,068 450,267 154,557 4,546 5,732 185,443

15–19 623,561 122,009 46,490 191,205 144,918 53,222 1,323 1,821 62,574

20–24 600,697 102,883 44,040 184,496 148,161 53,930 1,212 2,024 63,951

25–29 593,832 87,830 43,869 175,430 160,818 53,124 1,119 2,307 69,335

30–34 606,213 75,538 43,237 165,661 189,230 51,521 1,019 2,341 77,666

35–39 558,995 63,840 40,898 150,661 173,451 48,958 895 2.221 78,069

40–44 500,404 51,940 36,308 130,567 157,458 45,066 773 1,976 76,317

45–49 476,003 41,136 30,604 114,486 171,997 40,551 663 1.975 74,590

50–54 450.467 33,356 25,717 99,013 177,995 36,433 563 1.938 75,453

55–59 400,890 26,176 20,978 84,515 158,135 32,616 464 1.859 76,146

60–64 321,938 19,770 16,084 69,950 113,630 27,130 341 1,746 73,289

65–69 276,129 14,449 12,042 53,981 108,558 21,360 227 1,519 63,993

70–74 201,868 9,797 8,138 35,913 77,748 15,655 146 1,339 53,131

75–79 128,623 5,949 4,882 21,543 48,670 10,602 85 967 35,924

80–84 86,296 2,942 2,867 12,349 32,225 6,625 43 650 28,595

85–89 45,540 1,121 1,257 5,413 17,708 3,239 17 384 16,401

90–94 17,902 327 374 1,715 6,675 1,176 5 190 7,440

95–99 4,322 67 66 341 1,613 291 1 55 1,887

100+ 593 11 7 42 234 43 0 7 249
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regions; however, it has not been sufficiently promoted in terms

of publicity (29). Furthermore, older adults, as the recipients of

OAE, are not fully aware of the concept of “lifelong learning” and

the importance of participating in OAE; they do not realize the

vital role of OAE in improving health literacy, relieving anxiety,

and benefiting their own development (particularly their social

development). Finally, despite the global digitalization process,

older adults have a limited acceptance of information and

network technologies, applications, and innovation capabilities;

the existence of a “digital divide” hinders active aging (30).

Deficiencies in teaching models

The most common and effective teaching model is face-

to-face interaction with accessible communication and timely

communication. This model is also applicable to OAE. However,

the limited audiences in this model reduce its usefulness

(31). The current coronavirus disease 2019 pandemic is an

unprecedented situation that has affected all aspects of society,

including education; the implementation of face-to-face courses

has also been profoundly affected (31, 32). Complete reliance on

face-to-face instruction for OAE will affect the speed of teaching

and learning, as well as the participation and motivation of

learners. Thus, when establishing the teaching model for OAE,

there is a need to consider learning ability, physical fitness, and

basic health in older adults (24). Educational efforts should focus

on maintaining effectiveness while avoiding negative effects

on quality of life and health among older adults. However,

because of the unique nature of OAE, the knowledge base and

comprehension of each older adult learner varies considerably

(33); traditional teaching methods cannot be applied to OAE.

Currently, most regional OAE institutions use the university

education model, without considering the life and educational

statuses of older adults; this reduces the effectiveness of OAE and

does not support long-term implementation of OAE.

Lack of high-quality courses

The lack of quality courses for older adult learners continues

to be a major barrier to the growth of OAE (24). There is a

lack of uniformity and standardization in the curriculum setting

of OAE universities, and there are problems such as scarce

quantity, scattered topics and uneven quality of courses. The

textbooks generally lack the characteristics of OAE education,

and they are presented in a single form, with little practicality

and low utilization. In China, the curriculum structure is

aging, textbooks do not appropriately reflect the educational

characteristics of older adults, and> 56% of students believe that

textbooks should be more advanced and practical (34). Other

countries have similar problems. In Korea, OAE is not limited

to general courses; there have been suggestions of additional

courses concerning the social welfare system, health and

healthcare, civics, and the economy (35). In Peru, the existing

curriculum does not meet the real needs of students from a wide

range of educational backgrounds (33); few universities have

academic educational programs for older adults (33).

The content of the current OAE courses does not focus

exclusively on recipients themselves. There is considerable

scope to develop OAE courses on health literacy (24). The

world’s population is aging rapidly, multimorbidity is prevalent

among older adults, and older adults are prone to psychological

problems that can lead to depression after retirement owing

to changes in social status. Therefore, OAE should focus on

improving health literacy and protecting the mental health

and physical well-being of older adults. In this context, health

literacy comprises the ability to find, understand, use, and

evaluate health-related information; such an ability is a critical

determinant of health (36, 37). As an example of the need

for improved health literacy, in December 2009, the Chinese

Ministry of Health published the results of the first official

health literacy survey involving Chinese residents; only 3.81%

of adults aged 65–69 years had adequate health literacy, which

was the lowest level among all surveyed age groups (38). In

the context of population aging, chronic non-communicable

diseases have created a heavy disease burden worldwide; there is

increasing multimorbidity, which constitutes a serious threat to

safety and quality of life among older adults (38). Additionally,

there is a need to monitor psychological disorders; the fast-

paced nature of modern life makes it difficult for younger adults

to closely observe psychological changes in older adults. Some

studies have shown that anxiety disorders are more common

in later life; there is some evidence that anxiety disorders

are associated with lower levels of education (39). Grossman’s

theory of health production suggests that health is influenced

by healthcare, income level, lifestyle, education level, and living

environment (40). There is a close link between an individual’s

education level and their health (41, 42). Improvements in

education level are needed to promote health in older adults

(43). Health-related courses should be included to create a

high-quality curriculum.

Recommendations for promoting OAE

Active aging represents a major strategic initiative to

address aging-related problems. OAE provides reliable

conditions for implementing the active aging strategy and a

strong incentive to promote active aging. The attainment

of a healthy aging society requires efforts to prepare

for the challenges and problems associated with rapid

population aging (44). In the following three sections,

recommendations are provided for improvements to OAE

(Table 2).

Frontiers in PublicHealth 05 frontiersin.org

261

https://doi.org/10.3389/fpubh.2022.998710
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2022.998710

TABLE 2 Problems and solutions for older adult education.

Problems of older

adult education

Solution measures

Insufficient

popularization and lack

of social participation

awareness

Full construction and promotion of OAE University

(1) Develop and improve the OAE University

(2) Broaden publicity channels and organize OAE talks

to raise awareness of older adults’ participation and

promote OAE

Deficiencies of the

teaching mode

Diversification of teaching modes

(1) Improve face-to-face courses

(2) Provide online teaching support

(3) Explore a mix of online and offline teaching models

(4) Develop mutual learning

Lack of high-quality

courses

Develop high-quality courses

(1) Require the involvement of the public health system

(2) Provide health literacy courses

(3) Conduct regular health assessments

(4) Develop and improve a systematic mental health

education curriculum

Full construction and promotion of OAE
university

OAE universities are intended to maintain physical

autonomy and independence in older adults by providing

learning opportunities, recreation, and social activities that can

enhance their quality of life (45). OAE universities serve as

the main avenues for educating older adults. The development

and improvement of OAE can support healthy aging (46).

First, more educated older adults have higher health literacy, so

there is a positive correlation between OAE and health literacy;

such education is associated with better health and survival

(37). Second, higher levels of education help individuals to

build psychosocial resources; increased education can prevent

cognitive impairment in older adults (47). Third, people with

higher levels of education are more likely to adopt positive

health behaviors, compared with people who have lower levels

of education; in this context, positive health behaviors include

regular exercise, moderate alcohol consumption, and avoidance

of smoking. All three of these behaviors are associated with

better health and a lower mortality rate (48).

Education can help older adults maintain their

independence, preserve their dignity, and have a positive

attitude toward aging. It is important to promote active

aging through education (49, 50). However, the current lack

of outreach capacity and insufficient supply of OAE are

problems that continue to restrict the development of OAE.

To increase the motivation of older adults to participate in

OAE (40), countries should formulate a series of support

strategies for developing OAE according to national conditions;

such strategies will enable OAE to be fully valued by older

adults. The promotion of OAE involves broadening channels,

increase government investment in OAE at all levels, introduce

social capital, and use internet resources and television news

for publicity. Additionally, OAE services should be directly

accessible through the community. Communities and senior

activity centers can hold offline experience courses and lectures

to raise awareness of OAE among older adults.

Diversification of teaching models

Unlike other forms of education, OAE has flexibility

in terms of educational content and form, as well as

diverse educational objectives and unique information; these

characteristics determine the diversity of OAEmodels (24). First,

face-to-face courses can be improved; for example, teaching

sites can be established in homes or community organizations

to facilitate participation by older adults who live in nearby

communities and have limited mobility. In Japan, small and

community-based learning opportunities have been popular;

they remain active (25). Second, online teaching support can be

provided for OAE. Online teaching is convenient and fast, not

limited by time and space, and requires only a mobile phone or

a computer. The development of online courses can offset the

limitations of traditional forms of education (51). Additionally,

a mixed online and offline teaching model is the focus of active

exploration (52); joint instruction that involves OAE universities

and local colleges can be developed to introduce quality courses

of interest to older adults, while enhancing the delivery of

educational content. Finally, mutual learning can be promoted,

which involves a shift in learner and teacher roles (25). Members

of OAE universities could invite members of other classes to

discuss what they have learned in past courses (25).

Development of high-quality courses

High-quality curriculum is an essential component of OAE,

which determines the quality of education (24). The first step in

creating a high-quality curriculum involves the improvement of

content for older adults. Because health maintenance is a critical

consideration for older adults, most OAE courses should include

concepts that help to promote health in their learners (25). First,

this focus requires the public health system to provide programs

that invest in the long-term prevention of chronic diseases and

promote health recovery for all learners in OAE universities

(53). Second, health literacy science andmental health education

courses should be offered because a positive mindset and a

good lifestyle are essential for active aging (54). These courses

should include lectures to disseminate specific knowledge

concerning the prevention of chronic diseases and cancer (i.e.,

basics of disease prevention), encouragement of healthy lifestyle
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maintenance with a sensible diet, moderate exercise, smoking

cessation, alcohol restriction, and psychological balance; and

promotion of healthy aging through appropriate physical

activity classes (55). Online classes should be conducted to

improve medication-related knowledge in older adults, which

can help them to usemedications more safely (56). Furthermore,

health behavior assessments should regularly be conducted at

OAE universities; these will enable early detection, treatment,

and management of diseases. Health behavior assessments

include evaluation of smoking status, alcohol consumption, and

physical activity, as well as health screening and bodymass index

calculation; together with dietary habits, these components

are regarded as basic health behaviors (38). Based on these

evidences, we suggest that OAE universities should develop a

systematic psychological education curriculum for older adults.

They should also contact mental health education experts or

authoritative psychological counselors to deliver mental health

knowledge through lectures. OAE universities should arrange

professional assessments of mental health in older adults. When

appropriate, efforts should be made to communicate with the

familymembers of older adults (by phone or in person) to ensure

that younger adults understand the psychological changes in

their older family members. Older adults should receive warm

and caring support; professional counselors should be available

for early intervention and treatment when serious problems

are identified.

Conclusion

Population aging is a growing problem; active and

effective management of this problem is urgently needed. The

development of OAE is a long-term process; it is inevitable that

various bottlenecks will occur during the development process,

which requires systematic coordination. Governments and

authorities at all levels should create conditions for participation,

while actively regulating and guiding the development of OAE.

They should also expand curriculum reform, strive to improve

educational quality, and make full use of existing educational

resources to effectively alleviate the contradiction between

supply and demand in OAE. Professionals should carefully

monitor the physical and mental health of older adults; families

should provide as much companionship and care as possible;

and older adults themselves should improve their health literacy

and actively participate in the learning process. The investment

of robust effort to support older adults, particularly with

respect to OAE, is an important aspect of promoting balanced

development of society overall.
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Trends of cancer incidence
among Chinese older adults
from 2005 to 2016: A log-linear
regression and
age-period-cohort analysis

Hong Guo†, Kangqian Lin†, Kaiyue Yang, Zhenrong Ma,

Miao Cao, Yunhua Hu* and Yizhong Yan*

Department of Public Health, Shihezi University School of Medicine, Xinjiang, China

Background: To study the corresponding strategies for controlling cancer

in older adults aged 60 and above in China, a comprehensive assessment

of disease burden is required. Therefore, we will introduce the cancer

epidemiological characteristics of older adults in China over a recent 12

year period.

Methods: The age-period-cohort model was constructed using the cancer

incidence data from the Chinese Cancer Registry Annual Report published

in 2008–2019. The annual change percentage (APC) was estimated by log-

linear regression to reflect the time trend. The data from the GLOBOCAN 2020

database was selected for worldwide comparative analysis.

Results: The cancer incidence in older adults aged 60 and above in China

showed a decreasing trend (APC = −0.73%, P = 0.009). The urban/rural ratio

of cancer incidence increased from 0.94 to 1.07 (t = 3.52, P < 0.05), while the

sex ratio (male/female) showed a significant decreasing trend only in rural areas

(t = −6.77, P < 0.05), and the ratio decreased from 2.02 to 1.72. The results

of the age-period-cohort model showed that the cancer incidence increased

with age in both males and females, urban and rural areas. The RR of period

e�ect increased from2005 to 2010, then decreased from2010 to 2015, and the

downward trend wasmore obvious. The RR of the later-born cohort was lower

than that of the earlier-born cohort in rural areas. Lung, gastric, colorectal,

esophageal, liver, and breast cancers were common cancers in Chinese older

adults. Lung cancer incidence ranked first in males, and it decreased with

time in the 75–79 and 80–84 age groups (APC75−79 = −1.10%, APC80−84

= −0.88%, all P < 0.05). Breast cancer incidence ranked first among female

in the 60–64 age group and showed an increasing trend (APC60−64 = 1.52%,

P < 0.05).

Conclusions: The cancer incidence in Chinese older adults aged 60 and above

showed a decreasing trend, but it was still at a relatively high level. The key

targets of prevention and treatment should be males, urban areas, younger

people, older adults aged 60–69, lung, gastrointestinal, and breast cancers in

the future.
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Introduction

Global aging is increasingly serious. Take France, which was

the first to enter an aging society, as an example. In 2015, the

number of people aged 60 and above in France exceeded that of

0–14 years. If fertility remains low, France’s population will fall

by 13.5% in 2050. With the reversal of the age structure of the

French population, the median age will rise to an unprecedented

age of 45–50, and France will enter the era of an inverted

population pyramid (1). Japan, which is quite similar to China in

social and cultural aspects, has an aging situation. It is estimated

that in 2030, more than 40% of Japan’s working population will

be 60 or older. Long-term ultra-low fertility rate and rising life

expectancy will lead to slow population decline and aging in

these decades, and the growth of Gross Domestic Product (GDP)

and per-capita GDP will slow down (2). Obviously, the impact

of aging is not limited to changes in the proportion of older

adults, but will reshape the age structure of various countries’

populations and bring a series of social problems.

China has become an aging society, at an exponential rate.

In the past decade, the aging rate of China has surpassed that

of Japan (3). In 1999, older adults aged 60 above accounted for

10% of the total population, marking that China has officially

entered an aging society (4). Since then, China has entered a

period of rapid development of population aging. The number

of people aged over 60 in China has reached 264 million in 2020,

accounting for 19% of the total population (5). Meanwhile, it

is estimated that by 2030, people aged 60 years or above will

exceed 25% (6). As the population ages, society and families are

facing significant issues. How to deal with the aging population

and improve the quality of life of older adults has become a

prominent topic in recent studies. According to the study, the

cancer incidence in elders in China from 2006 to 2010 was 8.18

times that of the young and middle-aged groups, and the risk of

cancer was also higher (7). Furthermore, in a review of the death

causes of Chinese older adults between 1990 and 2019, cancer

was the second leading cause (8). The prevention and control of

cancers in older people have become one of the important public

health problems in China.

Concurrently, China has issued policy documents such as

the Healthy China Action (2019–2030) and Outline of the

Healthy China 2030 Plan, which regard the prevention and

control of cancers as one of the 15 key special actions, and

older adults as one of the key groups. The purpose of this

study was to construct an age-period-cohort model and estimate

Abbreviations: GDP, Gross Domestic Product; NCC, National Cancer

Center; HDI, Human Development Index; APC, annual change

percentage; SIR, sex incidence ratio; RIR, regional incidence ratio;

ASR, age-standardized rate; ASRW, age-standardized incidence rate of

the world; CI, confidence interval; RR, relative risk; M, males; F, females;

B, both of the males and females.

the APC by log-linear regression to conduct a comprehensive

study on the epidemic characteristics of cancers among older

adults aged 60 and above in China from 2005 to 2016, so as

to provide a reference basis for the prevention and control of

cancers in China.

Methods

Data sources

In this study, the cancer incidence data among older adults

aged 60 and above in China from 2005 to 2016 were selected

from the Chinese Cancer Registry Annual Report compiled by

the National Cancer Center (NCC) published in 2008–2019 (9–

20). During this period, the number of cancer registries in China

increased from 45 in 2008 to 682 in 2019, with a coverage rate

of 27.60%.

The regional distribution of this study was based on the

classification criteria in the Chinese Cancer Registry Annual

Report: cities above prefecture level were urban areas, and

counties and county-level cities were rural areas.

The cancer incidence data in the world and countries with

different Human Development Index (HDI) were selected from

the GLOBOCAN 2020 database for comparative analysis (21).

Analysis index

According to the international classification of diseases

(ICD-10) (22), the incidence, age-specific incidence rate,

constituent ratio (%), sex incidence ratio (male/female, SIR),

regional incidence ratio (urban/rural, RIR), age-standardized

rate (ASR), age-standardized incidence rate of the world

(ASRW) and annual percent change (APC) of all cancers (C00–

C96) was calculated.

APCwas used to describe the trend of cancers in older adults

for 12 years. The natural logarithm of the incidence rate (r) is

represented by y, that is, y= ln(r). Then, with y as the dependent

variable and x (year) as the independent variable, a regression

linear model is fitted: y= α+βx+ε, where α is a constant term,

β is a regression coefficient, and ε is a random error term.

APC = (eβ
_
1)×100

If the trend of incidence does not change, that is, APC = 0

(invalid hypothesis), the statistical test of APC can be based on

whether β is equal to 0 or not. The 95% confidence interval (CI)

of APC is estimated to be:

Lower 95%:CIL = {e[β−(T×SEβ )] − 1} × 100

Upper 95%:CIU = {e[β+(T×SEβ )] − 1} × 100
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Statistical methods

Stratification was carried out according to different regions

(urban and rural), sex, age groups (60–64, 65–69, 70–74, 75–

79, 80–84, and ≥85 years) and time (2005–2016). Assuming

that the cancer cases in the population follow the Poisson

distribution, the SAS statistical software Genmod module was

used to fit the Poisson regression, with the log of the population

as an offset variable, the dependent variable was the incidence,

and the independent variables were sex, urban and rural. The

annual RIR, SIR and its 95%CI (adjusted region and sex) were

calculated, and the linear regression was used to test the ratio

trend (23).

The time trend of cancer incidence was analyzed by APC and

its 95%CI. With the log of cancer incidence as the dependent

variable, the regression coefficient β of log-linear regression was

used to estimate the APC (24, 25). “Increase” or “decrease” was

used to describe a statistically significant trend.

The expression of the age-period-cohort model was

as follows:

log(R) = log(Pij)+ u+ αAgei + βPeriodj + γCohortk + ε

where R is the outcome variable of an event, such as incidence

(/105); P represents the population of age group i in the period

group j; u stands for intercept term of incidence; α, β , γ

represent age, period and cohort effect at all levels, respectively,

and ε is residual. The relative risk (RR) is the exponential value

of the coefficient (26, 27).

To avoid expanding the scope of the birth cohort and

affecting the time accuracy of disease risk description, the age-

specific data of 2005, 2010, and 2015 were selected to simulate

the age-period-cohort model (28). For the collinearity problem

existing in the classical age-period-cohort model, the intrinsic

estimator approach was used to solve the collinearity problem in

the age-period-queue model (29, 30), and the fitting superiority

of the Comprehensive Evaluation Model based on the Akaike

information criterion.

Results

Overall situation

In 2005–2016, there were 3,478,089 cases of cancers in

Chinese people aged 60 and above, and the median incidence

was 1,057.56/105 (range, 997.89/105 ∼ 1,123.32/105). The

cancer incidence showed a decreasing trend during this period

(APC=−0.73%, P = 0.009) (Table 1).

In 2016, a total of 692,480 cases occurred. Among them,

the proportion of each age group was: 23.6% for 60–64 years

(163,727 cases), 21.7% for 65–69 years (149,994 cases), 18.5%

for 70–75 years (128,171 cases), 16.6% for 75–79 years (115,125

cases), 12.3% for 80–84 years (84,953 cases), and 7.3% for ≥

TABLE 1 Cancer incidence in Chinese older adults aged 60 and above

from 2005 to 2016.

Year Cases (n) Incidence (/105) ASR(/105)

2005 84,147 1,039.43 1,004.46

2006 96,575 1,087.75 1052.70

2007 97,769 1,078.10 1,042.60

2008 119,136 1,123.32 1,078.89

2009 144,946 1,092.14 1,061.15

2010 207,618 1,085.56 1,060.95

2011 244,493 1,069.09 1,050.52

2012 331,244 1,049.22 1,035.94

2013 390,588 1,044.14 1,035.12

2014 501,211 1,021.30 1,014.71

2015 567,881 997.89 992.34

2016 692,481 998.73 995.53

APC (%) - −0.73 −0.39

95%CI (%) - (−1.23,−0.23) (−0.84, 0.07)

t - −3.23 −1.90

P - 0.009 0.087

APC, annual change percentage; CI, confidence interval.

85 years (50,510 cases). The cancer cases of males accounted

for 61.0% (422,399 cases), that of females accounted for 39.0%

(270,081 cases). The proportion for urban and rural areas were

53.9% (373,176 cases) and 46.1% (319,304 cases), respectively.

Sex-specific

The cancer incidence showed a decreasing trend in males

and females, and the trendwasmore obvious inmales (APCmales

= −1.00%, APCfemales = −0.63%, all P < 0.05). For different

regions, the cancer incidences of males and females in urban

were stable (all P > 0.05), however, that of rural males showed a

decreasing trend (APC = −2.10%, P < 0.05) (Table 2). The SIR

of older adults in China and urban areas was stable (all P> 0.05).

However, the SIR in rural areas decreased from 2.02 in 2005 to

1.72 in 2016 (P < 0.05) (Table 3).

Region-specific

According to the data of the GLOBOCAN2020 database, the

cancer incidences among older adults in United States, Britain,

Japan, South Korea and China were 1,386.4/105, 2,061.0/105,

1,829.7/105, 1,615.0/105, 1,156.8/105, 1,060.2/105, respectively.

The cancer incidence in Chinese older adults was lower than

that in countries with very high HDI and the world average level

(Figure 1).
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TABLE 2 The APC of cancer incidence in Chinese older adults aged 60 and above with di�erent characteristics from 2005 to 2016 (%).

Age Urban areas Rural areas All areas

M F B M F B M F B

60–64 1.45a 1.75a 1.61a −2.45a −0.59 −1.81a 0.46 0.98a 0.70a

65–69 1.08a 0.07 0.73a −1.05a −0.01 −0.65a 0.68a −0.10 0.45a

70–74 −0.61 −1.14a −0.82a −2.96a −1.67a −2.26a −1.06a −1.49a −1.16a

75–79 −1.33a −0.64 −1.08a −2.30a −0.62a −1.30a −1.60a −0.96a −1.29a

80–84 −1.21a 0.25 −0.48 −1.64a −0.10 −0.55 −1.57a −0.23 −0.85a

≥85 −1.61 0.28 −0.45 −0.53 0.68 0.55 −1.93a −0.21 −0.84a

Total −0.48 −0.35 −0.32 −2.10a −0.79 −1.48a −1.00a −0.63a −0.73a

APC, annual change percentage; M, males; F, females; B, both of the males and females.
aP < 0.05.

TABLE 3 The sex (male/female) incidence ratio in Chinese older adults aged 60 and above from 2005 to 2016.

Year Urban areas Rural areas All areas

SIR 95%CI SIR 95%CI SIR 95%CI

2005 1.63 (1.60, 1.65) 2.02 (1.96, 2.08) 1.71 (1.69, 1.74)

2006 1.67 (1.64, 1.69) 1.94 (1.88, 2.00) 1.72 (1.70, 1.74)

2007 1.62 (1.59, 1.64) 1.92 (1.87, 1.97) 1.68 (1.66, 1.70)

2008 1.63 (1.60, 1.65) 1.84 (1.79, 1.89) 1.66 (1.64, 1.68)

2009 1.62 (1.60, 1.64) 1.76 (1.73, 1.80) 1.66 (1.64, 1.67)

2010 1.68 (1.66, 1.70) 1.82 (1.79, 1.84) 1.72 (1.70, 1.73)

2011 1.67 (1.65, 1.68) 1.83 (1.80, 1.85) 1.72 (1.71, 1.74)

2012 1.61 (1.60, 1.63) 1.81 (1.79, 1.83) 1.70 (1.68, 1.71)

2013 1.61 (1.59, 1.62) 1.76 (1.75, 1.78) 1.68 (1.67, 1.69)

2014 1.60 (1.58, 1.61) 1.72 (1.71, 1.74) 1.65 (1.64, 1.66)

2015 1.57 (1.56, 1.59) 1.71 (1.70, 1.72) 1.64 (1.63, 1.65)

2016 1.61 (1.60, 1.62) 1.72 (1.70, 1.73) 1.66 (1.65, 1.66)

t −2.00 −6.89 −2.15

p 0.074 <0.001 0.057

SIR, sex incidence ratio; CI, confidence interval.

The cancer incidence among older adults in urban areas was

stable (P > 0.05), while in rural areas it showed a decreasing

trend (APC=−1.48%, P < 0.05) (Table 2). In 2005, the RIR was

0.94 among Chinese older adults. By 2016, the RIR increased to

1.07 (P < 0.05). The RIR among females was stable (P > 0.05).

However, the RIR among males increased from 0.86 in 2005 to

1.04 in 2016 (P < 0.05) (Table 4).

Age-period-cohort analysis

Age effect: among the Chinese older adults aged 60 and

above, whether males or females, urban or rural areas, the cancer

incidence increased first and then decreased with age, reaching a

peak in the 80–84 age group.

Period effect: for males and females, the RR increased from

2005 to 2010, then decreased from 2010 to 2015, and the

downward trend was more obvious. The RR in rural areas

decreased from 2005 to 2015.

Cohort effect: for males, females, and urban areas, the RR

decreased in birth-cohorts born from 1935 to 1949 and increased

in birth-cohorts born from 1950 to 1959. In rural areas, the RR

deceased in birth-cohorts born from 1935 to 1959 (Figures 2A–

D).

Cancer composition

Lung cancer ranked first among Chinese older adults from

2005 to 2016, with a total of 844,286 cases, and followed by
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FIGURE 1

Estimated age-standardized incidence rates of cancers in older adults aged 60 and above in countries with di�erent HDI in 2020 (Date source:

GLOBOCAN 2020, https://gco.iarc.fr/today/).

gastric, colorectal, esophageal, liver, breast, prostate, pancreatic,

bladder cancers and lymphoma, the top 10 cancer cases

accounted for about 81.6% of all cancers. Similarly, for males

and females, the lung cancer ranked first, with 567,608 cases and

276,678 cases, respectively. It was followed by gastric, colorectal,

esophageal, liver, prostate, bladder, pancreatic, lymphoma and

oral cavity and pharynx cancer in males. The top 10 cancer

cases accounted for 89.1% of all male cancers. In females, the

incidence of lung cancer was followed by those of colorectal,

gastric, breast, esophageal, liver, pancreatic, gallbladder, brain

and nervous system, corpus uteri and uterus unspecified cancer,

the top 10 cancers accounted for about 80.1% of all cancers

(Figures 3A–C).

Time trend of the top five cancers in
di�erent sexes and ages

For males: lung cancer incidence ranked first in all age

groups and it increased with time in 60–64 and 65–69 age

groups (APC60−64 = 2.22%, APC65−69 = 1.87%, all P <

0.05), while it decreased in 75–79 and 80–84 age groups

(APC75−79 = −1.10%, APC80−84 = −0.88%, all P < 0.05).

Gastric cancer incidence showed a decreasing trend in 60–64,

70–74, 75–79, and 80–84 age groups (APC60−64 = −1.94%,

APC70−74 = −1.87%, APC75−79 = −2.02%, APC80−84 =

−1.95%, all P < 0.05). Colorectal cancer incidence increased

in 60–64 age group (APC60−64 = 1.07%, P < 0.05), while

it decreased in 70–74, 75–79, 80–84 and ≥85 age groups

(APC70−74 = −2.72%, APC75−79 = −2.51%, APC80−84 =

−1.89%, APC≥85 = −2.12%, all P < 0.05). Liver cancer

incidence increased in 65–69 age group (APC65−69 = 0.76%,

P < 0.05), while it decreased in 75–79 and 80–84 age groups

(APC75−79 = −1.18%, APC80−84 = −1.43%, all P < 0.05)

(Figure 4A).

For females: breast cancer ranked first in 60–64 age group

and increased with time (APC60−64 = 1.52%, P < 0.05), while it

decreased in 70–74 age group (APC70−74 =−2.58%, P < 0.05).

Lung cancer incidence ranked first among older females except

for the 60–64 age group and showed an increasing trend in

60–64, 65–69, 80–84 and ≥85 age groups (APC60−64 = 3.02%,

APC65−69 = 1.06%, APC80−84 = 1.79%, APC≥85 = 2.28%, all

P < 0.05). Gastric cancer incidence decreased in 60–64, 65–69,

70–74 and 75–79 age groups (APC60−64 = −3.00%, APC65−69

= −1.99%, APC70−74 = −2.61%, APC75−79 = −2.45%, all P

< 0.05). Similar to gastric cancer, colorectal cancer decreased

in 60–64, 65–69, 70–74 and 75–79 age groups (APC60−64

= −0.99%, APC65−69 = −1.97%, APC70−74 = −3.16%,
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TABLE 4 The regional (urban/rural) incidence ratio in Chinese older adults aged 60 and above from 2005 to 2016.

Year M F B

RIR 95%CI RIR 95%CI RIR 95%CI

2005 0.86 (0.85, 0.88) 1.07 (1.04, 1.10) 0.94 (0.93, 0.96)

2006 0.88 (0.86, 0.90) 1.02 (0.99, 1.05) 0.93 (0.92, 0.95)

2007 0.87 (0.86, 0.89) 1.04 (1.01, 1.06) 0.93 (0.92, 0.95)

2008 0.95 (0.93, 0.97) 1.07 (1.05, 1.10) 0.99 (0.98, 1.01)

2009 1.06 (1.05, 1.08) 1.16 (1.13, 1.18) 1.09 (1.08, 1.10)

2010 1.05 (1.03, 1.06) 1.13 (1.12, 1.15) 1.07 (1.06, 1.08)

2011 0.99 (0.98, 1.00) 1.08 (1.06, 1.09) 1.02 (1.01, 1.02)

2012 1.00 (0.99, 1.01) 1.12 (1.11, 1.13) 1.04 (1.04, 1.05)

2013 1.00 (0.99, 1.01) 1.10 (1.09, 1.11) 1.04 (1, 03, 1.04)

2014 1.03 (1.03, 1.04) 1.12 (1.11, 1.13) 1.06 (1.05, 1.07)

2015 1.02 (1.02, 1.03) 1.11 (1.10, 1.12) 1.05 (1.05, 1.06)

2016 1.04 (1.04, 1.05) 1.11 (1.10, 1.12) 1.07 (1.06, 1.07)

t 3.73 2.19 3.49

p 0.004 0.053 0.006

RIR, regional incidence ratio; CI, confidence interval; M, males; F, females; B, both of the males and females.

FIGURE 2

Age-period-cohort model of cancer incidence in Chinese older adults aged 60 and above from 2005 to 2016. (A) Male. (B) Female. (C) Urban.

(D) Rural.
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FIGURE 3

Composition of cancers in Chinese older adults aged 60 and above from 2005 to 2016. (A) Male. (B) Female. (C) Both.
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FIGURE 4

The changing trend of the incidence of the top five cancers among Chinese older adults aged 60 and above of di�erent genders and di�erent

age groups from 2005 to 2016. *P < 0.05. (A) Male. (B) Female.

APC75−79 =−2.73%, all P < 0.05). Esophagus cancer incidence

showed a decreasing trend in 60–64 age group (APC60−64 =

−4.35%, P < 0.05) (Figure 4B).

Discussion

Based on the cancer incidence data collected by the NCC

from 2005 to 2016, the present study analyzed the cancer

epidemic characteristics in Chinese older adults aged 60 years

and above over a recent 12 year period. The results showed a

decreasing trend in the cancer incidence of older adults from

2005 to 2016, but the incidence was still at a high level. The most

economical strategy to reduce the cancer incidence should be

primary prevention. The Chinese government has implemented

a number of health promotion initiatives, including the national

cancer prevention and control plan (1986–2000 years) and the

programme of cancer prevention and control in China (2004–

2010 years) (31, 32). The reduction in cancer incidence among

Chinese older adults may be consistent with the implementation

of these initiatives.

Numerous studies have shown that smoking may increase

the risk of more than 15 cancers, including lung, esophageal,

gastric and liver cancer (33, 34). China has been making efforts

to reduce tobacco use, including increasing fees and outlawing

smoking in enclosed public spaces (35). Although the benefits

of these initiatives have started to be felt, they are insufficient.

Studies have shown that in 2019, the smoking prevalence in

China was 24.3%, of which 49.7% for male and 3.54% for female.

Compared with 32.7% of the global male smoking prevalence,

the prevalence of Chinese male smoking was at a higher level,

which was also significantly higher than that in very high HDI

countries, such as the United States (19.9%), Britain (21.7%) and

Japan (33.4%) (36).

However, this study found that the cancer incidence in

Chinese older adults was lower than that in countries with

very high HDI, such as the United States, Britain, South

Korea, Japan. Some studies found that the smoking-caused

respiratory and circulatory diseases [Respiratory and circulatory

diseases accounted for 85.1% of Chinese older adults suffering

from chronic diseases in 2016 (37), and the prevalence was

higher than that in countries with very high HDI (8, 38,

39)] may reduce the proportion of Chinese older adults to

accept cancer screening and their willingness to seek medical

advice (40, 41), this phenomenon could mask the true cancer

incidence of Chinese older adults. For example, we known that a

national cancer screening program was launched by the Chinese

government in 2005, covering eight common cancers, including
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lung, breast and colorectal cancer (42). But studies have shown

that people with comorbidities were 0.79, 0.62, and 0.93 times

likely to be screened for lung, breast and colorectal cancer than

those without chronic conditions, respectively (43, 44). And a

study of lung cancer patients showed that patients with chronic

obstructive pulmonary disease (COPD) took twice as long to

consult with lung cancer symptoms (45). Therefore, China

should continue to take strong measures to control the smoking

prevalence in order to reduce the occurrence of respiratory and

other diseases, increase the likelihood of participating in cancer

screening, and reduce the disease burden.

In addition, the cancer incidence among older people in a

country is also related to factors such as the number and life

expectancy of older adults (46, 47). The relatively lower life

expectancy in China compared to countries with very high HDI

may also contribute to the low cancer incidence in Chinese

older adults (48). In 2019, the coverage rate of China’s cancer

registry was 27.60%, while as of July 2019, the coverage rate

of the US cancer registration system was 96%, and that of the

United Kingdom and South Korea was close to 100% (49).

Incomplete coverage of cancer registries may lead to the low

incidence among Chinese older adults. Therefore, improving

the construction of China’s cancer registration system, making

full use of big data and new information technology and

achieving accurate monitoring of cancers are prerequisites for

understanding the epidemic trend of cancers among Chinese

older adults (50).

From the perspective of the differences between urban and

rural areas in China, the cancer incidence among older adults in

rural areas was decreased, while the incidence in urban areas was

stable. There has been a reversal of the incidence ratio between

urban and rural areas in China. In 2005, the incidence in rural

areas was 6% higher than that in urban areas; by 2016, the

incidence in urban areas was 7% higher than that in rural areas.

This may be due to differences in living habits, eating habits, and

environmental pollution between urban and rural areas (51).

The large number of rural migrant elderly people choosing to

seek medical treatment in cities and the growing awareness of

cancer prevention among rural residents may also contribute

to this phenomenon (52–54). For example, China launched a

major national health care reform project “early diagnosis and

early treatment of cancer in rural areas” in 2009 and launched

screening work for high-risk groups such as lung cancer in rural

areas (55). Moreover, the decreasing trend in cancer incidence

among rural older adults was mainly reflected in male with more

serious morbidity, and the sex ratio dropped from 2.02 in 2005

to 1.72 in 2016. This may be related to the cancer control strategy

taken for male high-risk groups in China.

Aging is a risk factor for cancer. Theoretically, the cancer

incidence increases with age. Countries with very high HDI

levels, such as the United States and Japan, have shown this

trend (56, 57). However, the results of this study showed that

the cancer incidence in older people aged 85 years and above

was lower than that in the 75–79 and 80–84 groups, which

may be due to the competitive death of diseases such as the

circulatory and respiratory systems after 80 years of age (8). This

may also be due to the decrease in the possibility of seeing a

doctor in the group aged≥ 85 years, which could lead to missed

diagnosis (58).

The cohort effect is regarded as the interaction between age

growth and period change, which shows that after suffering

specific historical events, the change of exposure risk factors

affects all age groups at the same time, and different birth cohorts

often have different risks (59). In this study, whether male or

female, urban or rural areas, the RR decreased in birth-cohorts

born from 1935 to 1949. It indicated that people born during

this period experienced a lower risk of cancer. Environmental

improvements may reduce the risk of cancer (60). With China’s

industrial reforms in 1920 (61), air pollution began to improve,

and environmental change could have a lasting impact on

people born between 1935 and 1949, which may promote cancer

prevention. Therefore, environment management should be

continued to prevent cancer.

In terms of the cancer composition, lung, gastric, and

colorectal cancers were the main cancers that threaten the health

of Chinese older adults, among which lung cancer ranked first

in both male and female. The top 10 cancers in Chinese older

adults were the same as those in countries with very high HDI,

but the order was different. China had a high incidence of lung

cancer and digestive system cancers, such as liver, gastric, and

esophageal cancers, whereas countries with very high HDI in

Europe and the United States had a high incidence of thyroid,

breast, and prostate cancers (62–64). The difference between the

cancer spectrum in China and that in countries with very high

HDI has caused a serious disease burden in China. China should

expand the screening of cancers and vigorously perform health

education to reduce the incidence of related cancers among

older adults. Lung cancer showed an increasing trend among

Chinese older females except the 70–74 and 75–79 age groups,

however, it decreased among males aged 75–79 and 80–84 age

groups. The different trends may be related to the change in

the concept of smoking, the decrease in smoking prevalence in

males with age, and the increase in females (65, 66). Females’

exposure to second-hand smoke, outdoor air pollution and the

use of indoor solid fuels for heating and cooking may also

contribute to an increased incidence of lung cancer (67, 68).

Breast cancer ranked first in older females aged 60–64 years, and

showed an increasing trend, suggesting that older females of 60–

64 years should be considered as the key object of prevention

and treatment of breast cancer. Although the incidence of gastric

cancer and colorectal cancer in Chinese older adults showed an

overall decreasing trend, gastrointestinal cancers still had a high

incidence. Screening and treatment of gastrointestinal cancers

should be strengthened to reduce the disease burden.

In summary, the cancer incidence in Chinese older adults

showed a decreasing trend, but it was still high. The incidence
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of Chinese older males was higher than that of females, and

the incidence of urban elderly was higher than that in rural

areas. The cancer incidence increased with age in bothmales and

females, urban and rural areas. The RR of the later-born cohort

was lower than that of the earlier-born cohort in rural areas.

In the future, China should regard males, urban, and low-age

elderly as the key population for the prevention and treatment of

cancer, and focus on the control of lung, gastrointestinal, breast,

and othermajor cancers that threaten the health of Chinese older

adults. In addition, more attention should be paid to prevention

and treatment of cancer in the younger population, which may

reduce the cancer risk in the old age and may even reduce the

cancer incidence in the population as a whole.
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As the Chinese population ages, unhealthfully high body mass index (BMI)

levels in older adults are becoming a public health concern as an unhealthfully

high BMI is an ill-being condition and can contribute to the risk of disease.

Education and lifestyle choices a�ect BMI; however, the evidence on the

relationships and interactions among these factors remains unclear. This study

aimed to investigate the mediating e�ect of lifestyle choices on educational

attainment and BMI among older adults in China. Using the Chinese Family

Panel Studies (CFPS) 2018 panel data, this study integrated personal- and

family-level economic data libraries, including 7,359 adults aged ≥60 years.

Lifestyle parameters included smoking amount and screen time. Height and

weight values were used to calculate BMI. The chi-square test, binary logistic

regression analysis, stepwise regression analysis, and bootstrapping mediating

e�ect tests were used for data analysis. Single-factor chi-square test revealed

di�erences in BMI levels among groups defined by sex, age, residence, marital

status, per capita annual household income, education years, and lifestyle

choices. Binary logistic regression showed that age, residence, education

years, smoking amount, and screen time influenced BMI. Stepwise regression

results showed that education years, smoking amount, and screen time were

associated with BMI (t= 3.907,−4.902, 7.491, P < 0.001). The lifestyle variables

had partial mediating e�ects on BMI. The mediating e�ect of lifestyle on BMI

was 0.009, while smoking amount was 0.003, and screen time was 0.006.

Unhealthfully high BMI levels are increasing among older adults in China and

are a�ected by many factors. Lifestyle factors and educational attainment

can interact, a�ecting BMI. Interventions should consider lifestyle factors and

education attainment to help maintain healthy BMI and reduce unhealthfully

high BMI incidence.

KEYWORDS

educational attainment, BMI, smoking amount, screen time, behavioral lifestyle,

mediating e�ect

Frontiers in PublicHealth 01 frontiersin.org

277

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.1000953
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.1000953&domain=pdf&date_stamp=2022-10-26
mailto:caiwq@wfmc.edu.cn
mailto:man@wfmc.edu.cn
https://doi.org/10.3389/fpubh.2022.1000953
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/fpubh.2022.1000953/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2022.1000953

Introduction

Unhealthfully high BMI levels are a major public health

problem. China has the highest number of people with obesity

worldwide (1–3). A 2020 report indicated that more than

50% of Chinese residents have overweight/obesity; specifically,

34.3% and 16.4% of residents aged ≥18 years have overweight

and obesity, respectively (4). Obesity affects the health of the

Chinese population (4), increasing the risk of disease and death

(5, 6). Poor population health is associated with high disease

management costs (3). Obesity is particularly harmful to older

adults, among whom it co-occurs with other diseases and a

general decline in body resilience (7). China has an aging

population, making high BMI among older adults a public

health concern.

The increase in obesity rates in China is associated with

rapid economic growth, urbanization, and lifestyle changes (2).

China’s economy has undergone rapid growth in the past three

decades, while the rate of urbanization has increased, affecting

lifestyle choices and living standards. Lifestyle choices are a

significant contributor to obesity (8). For example, lifestyle risk

factors such as smoking, unhealthy diet (e.g., insufficient intake

of vegetables and fruits, excessive intake of fat and sodium),

lack of physical activity, sedentary behavior, and the prevalence

of alcohol use all influence obesity (2, 8, 9). Behavioral

interventions targeting these factors may help achieve weight

loss and reduce obesity risks (10–12).

Educational attainment and obesity rates are linked (13, 14);

this relationship may be mediated by socioeconomic status,

with negative correlations commonly reported in high-income

countries and positive correlations commonly reported in low-

income countries (15, 16). Education attainment is associated

with the extent of health knowledge and access to health-related

resources, which can affect obesity rates (17). Some evidence

suggests that education may help reduce the incidence of obesity

and some obesity-related diseases (18), including among older

adults. Older men and women with relatively low education

levels are more likely to have obesity than their more highly

educated counterparts (7). The impact of education level on

obesity needs further research (19).

Education and health literacy levels are correlated (20),

whereby people with greater health literacy tend to make

better health choices (21) and are more concerned with the

consequences of their choices (22). Overall, some evidence

suggests that education may affect high BMI rates via lifestyle

choices. Further research is required to validate these findings

(23) and elucidate the interactions among these parameters.

The evidence on the interactions among education level,

lifestyle choices, and BMI among older adults is scarce both

in China and worldwide. This study aimed to examine these

associations among Chinese older adults. This evidence can be

used to design interventions aimed at reducing unhealthfully

high BMI levels among older adults in China. Further, older

adults in China as a cohort have a specific background. They

have experienced extensive changes across a variety of eras,

especially the major turning point of reform. Given their history,

levels of education vary greatly among older adults in China. In

their youth, China’s compulsory education system was not yet

universal. Therefore, in this cohort, some individuals received

no education while others achieved higher education. Similarly,

the concept, behavior, and lifestyle of older adults is different

from other age groups. Therefore, it is of great significance

to study the relationship between lifestyle and BMI among

older adults.

Materials and methods

Data sources

Data for this study were obtained from the 2018 Chinese

Family Panel Studies (CFPS) database. The CFPS is managed

by the Institute of Social Science Survey, Peking University, for

the purpose of tracking the population of 25 Chinese provinces

(cities and districts, excluding Hong Kong, Macao, and Taiwan).

It includes 95% of the Chinese population and is considered

nationally representative. A stratified, multi-stage probabilistic

sampling method proportional to the population size was used

in this study. The survey aims to reflect the country’s economic,

social, demographic, health, and other types of changes.

Data extraction

In the CFPS database, the database for personal includes

the questionnaire data of all individuals aged >10 years,

with a sample size of 32,669. The family economy database

contains 14,241 samples, covering information related to family

economy. This study screening of the 2018 CFPS person

database and family economy database.

By integrating the variables of the two databases, a

comprehensive database needed for research is formed. The

variable extracted from the family economy database in this

study were per capita annual household income (yuan). The

reason for inclusion is that under the special social background

of China, the living standard of older adults aged >60 largely

depends on the level of family support. Except for the per

capita annual household income (yuan), the other variables were

obtained from the personal database.

Data categories and filters

In this study, we screened the 2018 CFPS person database

and family economy database. First, 32,669 original samples of

the personal database were screened according to the sample

age, and 7,872 samples aged 60 and above were obtained.

Other variables in this study included sex, age, height, weight,
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residence, marital status, per capita annual household income

(yuan), education years, smoking amount per day, and screen

time per week (h). Among them, the education years variable is a

comprehensive education variable generated by the CFPS official

according to the education information of different modules

during the survey. Smoking amount per day is determined

by the question that “How many cigarettes do you currently

smoke on average per day?.” Screen time per week (h) was

measured by the question that “How many hours per week

do you spend watching TV, movies, and other video programs

in various ways?.” Other variables were obtained by self-

report and were screened one by one and some samples

were excluded as inapplicable or missing data. The 88 missing

values of education years were mainly excluded, and then

BMI was calculated using height and weight data, and 210

missing values of BMI were excluded, followed by 25 missing

values of smoking amount per day and screen time per week

(h). A total of 190 missing values of the remaining research

variables were excluded, and 7,359 final sample data were

obtained. The smoking amount, and screen time were used

as measures of lifestyle habits. Because adults aged ≥60 years

tend to be retired or have reduced professional engagements,

and with the decline of activities, such as work, the smoking

amount, and screen times will more significantly influence their

lifestyle, which affects bodymass index (BMI) (4). Consequently,

smoking amount and screen time were used as measures of

lifestyle habits.

Height and weight were used to calculate BMI [BMI =

weight (kg)/height (m2)]. The height and weight variables in

this database were directly obtained from the statistical tracking

results of the CFPS in 2018, and were reviewed and verified

by the CFPS official to be reliable. According to the Chinese

standard, BMI values of <24 kg/m2, 24 ≤ BMI < 28 kg/m2,

and BMI≥ 28 kg/m2 represent underweight and normal weight,

overweight, and obesity, respectively (4). According to the main

purpose of this study, wemainly study the related conditions and

influencing factors of unhealthfully high BMI, in older adults

to determine the potential influencing factors and mediating

factors of unhealthfully high BMI. Therefore, according to the

Chinese standard of BMI values, BMI < 24 was assigned as the

non-high BMI group and BMI ≥ 24 the high BMI group, which

represented overweight and obesity. The above two groups were

analyzed with chi-square test and binary logistic regression

to explore factors that may affect BMI. Based on previous

studies, we classified variables required for the chi-squared test.

Based on available data and previous reports, we classified

education years as follows: 0–6, 7–9, 10–12, and >12 years.

These groups correspond to primary school and below, junior

high school, high school, and higher education, respectively.

According to the original database information and the review

of relevant data, the smoking amount among older adults who

do not smoke is 0, 1–10 cigarettes is moderate smoking, 11–

20 cigarettes is a large amount of smoking, and more than

20 cigarettes is heavy smoking. For the assessment of weekly

screen time, this study evaluated the proportion of weekly

screen time based on daily life patterns: 0 h indicates no screen

time, 1–20 h relatively little weekly screen time and relatively

healthy life, while 20–40 h is a relatively great screen time. More

than 40 h was determined to be a huge amount screen time.

In other analyses, in order to maximize the data validity of

continuous variables, they were treated as continuous variables

without classification.

Statistical analyses

Single factor analysis was performed with the chi-square

test. Binary logistic regression analysis was used to explore

factors affecting BMI. Binary logistic regression analysis with

the forward method was used to estimate odds ratios (OR)

and 95% confidence intervals (CI) for variables. The p-value

was truncated according to the inclusion criterion of 0.05

and the exclusion criterion of 0.10. Regression coefficients

were estimated.

Mediating effects were evaluated based on the methods

reported by Wen et al. (24). The bootstrap method was used

to evaluate intermediary effects, starting with estimates of the c-

coefficients, which were then assessed as indicators of mediating

or masking effects. Subsequent tests were performed regardless

of c-coefficient significance and involved stepwise analyses of

coefficients a and b. The significance of both was considered

indicative of an indirect effect, leading to the fourth step of

the analysis. Otherwise, step three was implemented. The third

step was to use the Bootstrap method to test H0: ab = 0. If the

result was significant, the indirect effect was deemed significant,

and then the fourth step is carried out. Otherwise, the indirect

effect is not significant, and the analysis was stopped. Significant

results at this step indicated an indirect effect, allowing the

fourth step to be undertaken; when an indirect effect was non-

significant, further analyses were not performed. The fourth

step was to test the c’-coefficient; a non-significant c’-coefficient

indicated a mediation effect only, leading to step five, which

compared the a, b, and c’ coefficients for evidence of partial

mediating effects.

According to the above methods, stepwise regression

analysis was used to examine the mediating effect of lifestyle

factors and educational attainment on BMI. Mediating effect

analysis used in this study was the parallel multiple mediating

effect analysis that used model 4. This method can analyze

the mediating effect of two or more mediating variables,

respectively, and compare the mediating effect, etc. Compared

with the simple mediating model with a single mediating

variable, it can reflect the problem we want to discuss more

comprehensively. The bias-corrected percentile bootstrap (5,000

repeated samples) method was used to test the mediating effect

of lifestyle at α = 0.05.
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In this study, STATA software was used for data

screening, and IBM SPSS Statistics 24 software was used

for statistical analyses.

Results

Chi-square analysis of BMI among
Chinese older adults

The rate of Chinese older adults with BMI ≥ 24 was 37.2%.

This rate is higher among females (38.9%) than among males

(35.5%). Additionally, in the age group of 60–69 years, the rate

of BMI ≥ 24 was 39.0%. This rate was among older adults

who live in urban areas was 42.4%, which was higher than in

rural areas. Divorced older adults had higher rates of BMI ≥

24 (41.2%) than their married counterparts (38.1%). This rate

increased with higher income and peaked at 51.2% at the income

level of 75,000 and 99,999 yuan; the corresponding value for

income levels≥100,000 yuan was 44.1%. The prevalence of BMI

≥ 24 among those with 10–12 education years (high school and

below) was the highest at 42.9%. The rate of BMI ≥ 24 among

non-smokers was 40.1%. Longer weekly screen times increased

BMI≥ 24 risk. Older adults reporting 21–40 h of screen time per

week had BMI≥ 24 rates of 42.4% (Table 1).

Single-factor chi-square test revealed differences in BMI

levels among groups defined by sex, age, residence, marital

status, per capita annual household income, education years,

and lifestyle choices (Table 1). Considering the limitations of the

chi-square test itself and the possible confounding factors in the

inclusion of variables in this study, the results of the chi-square

test only provide the basis and reference for subsequent research,

and do not provide the final conclusion for this study. Based on

the results of the single factor chi-square test, this result suggests

that these factors influence BMI in Chinese older adults.

Factors a�ecting BMI

After a binary logistic regression model was established,

the omnibus test of model coefficients were performed (χ2

= 221.956, P < 0.001), suggesting that the overall model was

statistically significant. The Hosmer and Leme showed test

results suggested good model fit (χ2
= 11.904, P = 0.156). Age,

marital status, and smoking amount were risk factors for BMI≥

24; urban residence, higher education years, and reduced screen

time were protective factors for BMI ≥ 24 (Table 2).

Mediating e�ects

The variables included in stepwise regression analysis are

presented in Table 3. Model 1 indicates the directing effect of

education years on BMI, model 2 indicates the direct effect

of education years on smoking amount, model 3 indicates the

direct effect of education years on screen times, while model 4

indicates the parallel multiple mediating effect of independent

variable education years on BMI when smoking amount and

screen time were included as two mediating variables (Table 3).

After controlling for demographic variables, education years

affected smoking amount, screen time, and BMI (t = −4.642,

7.150, 0.048, P < 0.001). When the mediating variables, smoking

amount and screen time, were included, smoking amount,

screen time, and education years all affected BMI (t = −4.902,

7.491, 3.907, P < 0.001), and the partial regression coefficient

associated with education years decreased from 0.048 to 0.039.

The estimated direct effect is 0.039, lower than the total effect

value of 0.048. Coefficients a1, b1, and c were the same symbol

as a2, b2, and c, suggesting that the mediating effect of lifestyle

choice on education level and BMI is a partial mediator, that

is, both the direct effect and the mediating effect were present.

Education years had a direct impact on BMI, but also an impact

on BMI through the intermediary variable, namely behavioral

lifestyle (Figure 1).

Bootstrap mediating e�ect tests

The non-parametric percentile bootstrap test was used to

test the hypothesis of the partial mediating effect of smoking

amount and screen time on education years and BMI. The

resulting CI did not contain zero, suggesting a partial mediating

effect of smoking amount and screen time on the influence of

education years on BMI (Table 4).

Discussion

The purpose of this study was to investigate whether lifestyle

factors mediate the association between education attainment

and BMI. The evidence for these relationships is complex,

providing preliminary insights into the mediating effects of

lifestyle on the relationship between education and BMI.

The rate of BMI ≥ 24 among older adults in China is

37.2%; this estimate is consistent with that recently reports (25)

and is alarming (9, 26, 27). The prevalence rate of BMI ≥ 24

in this group is affected by sex, age, residence, marital status,

per capita annual household income, years of education, and

lifestyle choices. The obesity epidemic translates into a chronic

disease epidemic in China and worldwide (28). The Chinese

government and other organizations have attempted to control

and prevent the increase in obesity and chronic disease rates in

China (29). Evidence on the root causes of the increases in the

rate of BMI ≥ 24 is required to develop effective prevention and

management strategies.
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TABLE 1 BMI among older adults in China (comparisons were made with the chi-square test; n = 7,359).

BMI < 24 BMI ≥ 24 Chi-square value P

N (%) N (%)

Sex

Male 2,428 (64.5) 1,334 (35.5) 9.587 <0.01**

Female 2,196 (61.1) 1,401 (38.9)

Age (years)

60–69 2,906 (61.0) 1,859 (39.0) 32.840 <0.001***

70–79 1,369 (64.6) 750 (35.4)

≥80 349 (73.5) 126 (26.5)

Residence

Urban 2,054 (57.6) 1,515 (42.4) 82.838 <0.001***

Rural 2,570 (67.8) 1,220 (32.2)

Marital status

Spinsterhood 51 (82.3) 11 (17.7) 21.227 <0.001***

Married 3,812 (61.9) 2,343 (38.1)

Cohabiting 16 (64.0) 9 (36.0)

Divorce 40 (58.8) 28 (41.2)

Widowed 705 (67.2) 344 (32.8)

Per capita annual household income (yuan)

<25,000 3,469 (66.0) 1,785 (34.0) 82.944 <0.001***

25,000–49,999 722 (55.4) 581 (44.6)

50,000–74,999 255 (55.1) 208 (44.9)

75,000–99,999 79 (48.8) 83 (51.2)

≥100,000 99 (55.9) 78 (44.1)

Education years

0–6 3,340 (64.7) 1,825 (35.3) 25.919 <0.001***

7–9 810 (59.3) 555 (40.7)

10–12 373 (57.1) 280 (42.9)

>12 101 (57.4) 75 (42.6)

Smoking amount per day

0 3,121 (59.9) 2,090 (40.1) 74.025 <0.001***

1–10 677 (72.9) 252 (27.1)

11–20 684 (68.7) 312 (31.3)

>20 142 (63.7) 81 (36.3)

Screen time per week (h)

0 605 (70.7) 251 (29.3) 45.029 <0.001***

1–20 2,904 (63.5) 1,668 (36.5)

21–40 953 (57.6) 702 (42.4)

>40 162 (58.7) 114 (41.3)

Total 4,624 (62.8) 2,735 (37.2)

*P < 0.05; **P < 0.01; ***P < 0.001.

The risk of BMI ≥ 24 in older adults in China increases

with age. Older age is associated with metabolic changes in

the body, including gastrointestinal absorption and digestive

function decline, and heat absorption reduction. Concurrently,

the risk of disease increases; some diseases may affect body tissue

composition and increase the risk of malnutrition and body

wasting (30). Smoking negatively affects the risk of BMI ≥ 24.

Epidemiological and empirical studies have described an inverse

relationship between smoking or nicotine use and body weight

(27, 31). Thus, long-term exposure to nicotine may prevent

excess weight gain; meanwhile, weight loss ormanagement tends

to be the causes of continued smoking (32). The rate of BMI ≥

24 among older adults who live in urban areas is higher than

in rural areas. Urban lifestyles are considered obesogenic due to
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TABLE 2 Binary logistic regression analysis results of factors a�ected of BMI in older adults in China.

Independent variable

(control group)

B SE Waldχ2
P OR 95%CI

Age −0.029 0.004 46.969 0.000*** 0.971 0.963–0.980

Marital status (Widowed) 8.974 0.062

Spinsterhood −0.867 0.343 6.398 0.011* 0.420 0.214–0.823

Married 0.081 0.075 1.161 0.281 1.085 0.936–1.258

Cohabiting 0.149 0.427 0.122 0.727 1.161 0.503–2.679

Divorce 0.048 0.261 0.034 0.854 1.049 0.629–1.750

Residence (Rural)

Urban 0.373 0.051 53.829 0.000*** 1.452 1.314–1.604

Education years 0.016 0.006 7.895 0.005** 1.016 1.005–1.027

Smoking amount/day −0.018 0.003 38.576 0.000*** 0.982 0.976–0.987

Screen time/week 0.012 0.002 35.441 0.000*** 1.012 1.008–1.016

Constant 1.044 0.313 11.153 0.001** 2.841

B stands for regression coefficient; SE stands for standard error; The Wald χ2 and P-values correspond to hypothesis tests expressed as B coefficients; OR stands for odds ratio; 95% CI

stands for 95% confidence interval.

*P < 0.05; **P < 0.01; ***P < 0.001.

TABLE 3 Regression analysis results of smoking amount, screen time, and education years on BMI of older adults.

Predictive variable Model 1 Model 2 Model 3 Model 4

β t β t β t β t

Education years 0.048 4.798*** −0.102 −4.642*** 0.246 7.150*** 0.039 3.907***

Smoking amount −0.026 −4.902***

Screen time 0.025 7.491***

R2 0.033 0.192 0.044 0.042

F 41.415*** 291.615*** 55.882*** 40.659***

*P < 0.05; **P < 0.01; ***P < 0.001.

high fat intake and low physical activity levels (33). Education

level may protect against BMI ≥ 24. The rate of BMI ≥ 24 was

the highest among older adults with 10–12 years of education;

it decreased slightly among those with ≥12 years of education.

Higher education may be associated with better quality of life,

which reduces the risk of obesity (34). It is also associated with

greater health literacy, which may enable better lifestyle choices

and greater awareness of the associated consequences (7, 17).

Individuals with high health literacy tend to be aware of the

harm associated with obesity and may be more proactive in

pursuit of habit change (35). The results of this study show that

increased screen time is a risk factor for the occurrence of BMI

> 24 and promotes increases in BMI. Increased screen time is

associated with a sedentary lifestyle, which increases the risk of

obesity (36, 37); among older adults, screen time is a risk factor

for obesity (38, 39).

Lifestyle choices reflect older adults’ attitude to health

(8, 9). For most older adults, educational attainment and

socioeconomic status tend to be stable variables; consequently,

the association between educational attainment and obesity

follows a relatively fixed pattern (40). We chose to evaluate

smoking amount and screen time as indicators of lifestyle

choices, which mediate the relationship between educational

attainment and BMI, which is an indicator of overweight/obesity

(39). Older adults should be encouraged to increase their

health literacy, maintain their cognitive fitness, understand

the relationship between lifestyle and obesity, and adjust their

lifestyle choices, including exercise levels, to help maintain

health (41). Population-level interventions should aim at

achieving smoking cessation, moderate alcohol consumption,

healthy diets, and increased physical activity, among others

(42), helping older adults establish health-promoting habits.

Community-level interventions should include fitness activities

for older adults, such as square dancing and art clubs, reducing

sedentary lifestyles and screen time among older adults.

Through the above measures, the elderly are encouraged to

maintain a reasonable BMI, thus promoting physical health.

This study had some limitations, which may affect the

validity of our findings. First, the CFPS is a national, large-

scale, multidisciplinary social tracking survey, which includes,
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FIGURE 1

Mediating e�ect of smoking amount and screen time on education years and BMI. a1 represents the e�ect value of education years on smoking

amount; a2 represents the e�ect value of education years on screen time; b1 represents the e�ect value of smoking amount on BMI index; b2

represents the e�ect value of screen time on BMI index; c represents the total e�ect value of education years on BMI index; c’ represents the

direct e�ect value of education years on BMI index. *P < 0.05; **P < 0.01; ***P < 0.001.

TABLE 4 Bootstrap tests of mediating e�ect between smoking amount, screen time, education years, and BMI in older adults.

Coeff Boot SE Boot LLCI Boot ULCI

Total effect 0.048 0.010 0.028 0.067

Direct effect 0.039 0.010 0.019 0.059

Parallel multiple mediating effects 0.009 0.002 0.006 0.012

Smoking amount 0.003 0.001 0.001 0.004

Screen time 0.006 0.001 0.004 0.009

Difference −0.004 0.001 −0.007 −0.001

The difference value reflects the difference between effect size values of smoking status and screen time.

but is not limited to, older adults. Therefore, there may

be some limitations in the representation of older adults.

Second, this study was based on cross-sectional data. Cross-

sectional data are subject to omitted variable bias, where

individual, unobserved effects may be associated with the

observed variables. Consequently, the presented values may be

over- or underestimates of the true effects. Given the available

data, we used smoking amount and screen time to evaluate

lifestyle factors. However, this study did not include positive

behavioral variables. This may affect the results of our study to a

certain extent by exaggerating the influence of smoking amount

and screen time, namely, poor lifestyle habits, on unhealthfully

high BMI levels, among older adults in China, while ignoring

the mechanism of benign lifestyles on BMI. However, there is

no doubt that smoking amount, as an important factor of bad

behavior habits, and the length of screen time, as an important

factor in measuring the degree of sedentary behaviors, both

play a mediating role in the mechanism of BMI among Chinese

elderly adults by education years, and also provide a basis for

the control of BMI. Future studies should evaluate the impact

of positive behaviors on BMI. Finally, some studies have shown

that the feedback effects between the mediator and dependent

variable will lead to simultaneity bias (43), which may have

affected the presented results.

Frontiers in PublicHealth 07 frontiersin.org

283

https://doi.org/10.3389/fpubh.2022.1000953
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2022.1000953

Conclusion

This study examined the mediating impact of lifestyle

choices on the relationship between educational attainment

and BMI in older adults in China. The present findings may

contribute to the development of prevention and management

policies for unhealthfully high BMI levels. The BMI among

older adults in China is alarming and is also affected by a

variety of factors, including lifestyle choices and education

levels. This evidence suggests that national-, community-,

and individual-level interventions should be multifaceted to

promote healthy choices among older adults in China, helping

reduce unhealthfully high BMI levels in this population.
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Background: Reduced physical function and reduced social networks place

older adults with hypertension at high risk for medication-related harm.

Medication literacy is one of the preventable factors that a�ect the success

of drug therapy for hypertension. However, little is known about the level of

medication literacy and its influencing factors in older adults with hypertension.

Objective: The purpose of this study was to investigate the levels of social

support and medication literacy, and the association between them in older

Chinese adult patients with hypertension.

Methods: A total of 362 older adult patients with hypertension were

investigated using a demographic characteristics questionnaire, the Chinese

Medication Literacy Scale for Hypertensive Patients (C-MLSHP) and the Social

Support Rating Scale (SSRS). Pearson correlation analysis, canonical correlation

analysis (CCA) and hierarchical linear regression were used to analyse the

relationship between social support and medication literacy.

Results: Our results showed that the mean scores for the C-MLSHP and

the SSRS for older adult patients with hypertension were 23.89 (SD = 4.66)

and 39.22 (SD = 5.53), respectively. The results of the Pearson correlation

analysis suggested that the score for social support was positively correlated

with the score for medication literacy (r = 0.431, P < 0.01). The results of

CCA demonstrate that older adult patients with hypertension who had more

subjective (rs = 0.682) and objective support (rs = 0.817) performed better in

knowledge (rs = 0.633), skills (rs = 0.631) and behavior literacy (rs = 0.715).

Hierarchical linear regression indicated that two dimensions of subjective

support (B = 0.252, P < 0.001) and objective support (B = 0.690, P < 0.001) in

social support were found to be independent predictors of medication literacy

(R² = 0.335, F = 19.745, P < 0.001).

Conclusion: Social support is positively associated with medication literacy

in older Chinese adult patients with hypertension. The study highlights the

importance of social support in promoting medication literacy among older

adult patients with hypertension.
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Introduction

Hypertension is a common disease characterized by elevated

arterial pressure, and it is a major risk factor for many

common causes of morbidity, including stroke, myocardial

infarction, congestive heart failure, and end-stage renal disease

(1). In 2019, the total number of people with hypertension

was estimated to exceed 1.2 billion globally (2). As the most

populous developing country, China faces a serious burden of

hypertension. According to the data published in the “China

Cardiovascular Disease Report 2021,” approximately 18.8%

of Chinese adults (aged ≥ 18 years) were diagnosed with

hypertension, and almost 50% of them were older adults (aged

≥ 60 years) (3).

Antihypertension medication still serves as a major therapy

choice for treating hypertension. Most hypertensive patients

need to take antihypertensive medications consistently and

correctly to maintain blood pressure within target levels

and to reduce the risk of complications and death. Medical

therapy, however, is a double-edged sword. Medication-related

harm (MRH) caused by non-adherence, medication error

and improper medication use are major hidden dangers

that threaten patients’ health and waste medical resources.

Studies have revealed that older adults with chronic conditions

are high-risk groups for the occurrence of MRH due to

their high exposure to medicines, difficulty in monitoring

prescribed medications, and age-related pharmacokinetic and

pharmacodynamic changes (4–7). Unsafe medication practices

are very common in older adults, which results in a variety

of adverse consequences. A systematic review found that

MRH was the reason for hospitalization in one in ten

hospitalized older adults (8), and another study estimated that

avoiding hospitalization of one older people due to MRH

could save approximately 5,600 euros (9). In a prospective

study analyzing the risk of MRH in older hospitalized

patients, 12% of patients experienced MRH events associated

with antihypertensive medications. Eighty percent of MRH

events were classified as “severe,” requiring dose changes or

discontinuation of treatment. Moreover, further analysis showed

that almost half of MRH cases could be prevented (10). The

degradation of physiological and cognitive functions caused

by aging, such as the reduction of vision, attention and

memory and the decline of executive ability and judgment,

all interfere with safe medication practice in older adults (11–

13). On the other hand, the lack of pharmaceutical guidance

services and the complexity of medication-related information

(prescriptions and drug instructions) also increase the difficulty

of obtaining, comprehending, communicating, calculating and

processing medication-related information (14–16). Therefore,

the problem of safe medication use in older adult patients with

hypertension is worthy of attention.

The level of medication-related health literacy affects

whether patients with chronic diseases can safely adhere

to medication in the long term. Medication literacy is a

new concept in the field of medicine that was proposed in

recent years; it is defined as “the degree to which individuals

can obtain, comprehend, communicate, calculate and process

patient-specific information about their medications to make

informed medication and health decisions in order to safely

and effectively use their medications, regardless of the

mode by which the content is delivered (e.g., written,

oral and visual)” (17, 18). Medication literacy reflects the

specific literacy competencies required to act on medication-

related information (19). Our research team has conducted

a series of exploratory studies on the medication literacy

of hypertensive patients, which showed that knowledge,

attitude, skills and behavior are the four core elements of

hypertensive patients’ medication literacy, and each domain

is essential and critical for processing medication information

and correct medication use (20–23). First, correct and

adequate knowledge about hypertension and its medication

treatment is fundamental to safe medication use and persistent

adherence (24, 25). Second, hypertensive patients’ attitudes,

including their beliefs related to hypertension severity and

susceptibility, their beliefs about the effectiveness or necessity

of taking antihypertensive medication, and their self-efficacy

in hypertension disease management, also play critical roles

in their adherence to antihypertensive drug use and disease

management (26, 27). Third, appropriate skills to calculate and

process information about their medications are prerequisites

for making informed medication and health decisions to

achieve safe and e?ective medication behavior (25, 28).

Finally, correct medication use is one of the indicators of

optimal goals and outcomes in the process of medication

use (17, 20). Specifically, patients’ medication-taking behavior,

decision-making regarding type of medication, medication

information-seeking, blood pressure monitoring, and responses

to adverse effects.

Previous studies have found that medication literacy is

closely related to appropriate medication use and safe self-

care (23, 29). The improvement of medication literacy could

help reduce non-adherence to treatments, enabling patients to

participate more fully in their medication therapy (23, 30). In

recent years, some studies have investigated the medication

literacy level of hypertensive patients and found that the

medication knowledge level among the older adult group was

lower than that of other age groups (19, 21, 22). The prevalence

of inadequate levels of literacy is high among older adults,

making them more susceptible to medication errors (31). These

studies, however, did not specifically focus on older adult

patients with hypertension and did not explore the relationship

between social support and medication literacy.
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Social support was defined as “the social resources that

individuals perceive to be available or that are actually provided

to them by non-professionals in the context of both formal

support groups and informal helping relationships” (32). Xiao

(33) further categorized social support into three dimensions:

subjective support, objective support, and utilization of support.

Social support can be provided by family members, close friends,

colleagues, neighbors, relatives, and healthcare personnel.

Subjective support is the emotional and spiritual support

obtained by individuals, which can result in psychological

satisfaction and a sense of being respected. Objective support

refers to the actual help and the visible assistance given by

organizations and social relations in which the individual

is located. The utilization of support indicates that patients

are seeking social support and their degree of acceptance of

social support.

Prior studies have demonstrated that receiving social

support from formal or informal social networks can help

hypertensive patients improve their medication adherence and

self-care behaviors and even reduce the risk of hypertension

(34–36). In addition, studies have shown that inadequate

social support may be a direct or indirect predictor of

poor health literacy among patients with hypertension (37,

38). Therefore, we speculate that medication literacy, as in

health literacy with regard to the process of medication

use, may be associated with social support. In fact, in the

conceptual model of medication literacy proposed by Neiva

et al. (19), medication literacy can be considered an interaction

between the demands of the social environment, including

the health system, and the competencies of individuals to use

the medication properly; thus, the supportiveness of family

and social networks are emerging as important social and

environmental determinants of medication literacy. This theory

has been supported by a study that revealed a significant

association of social support with medication literacy in Chinese

patients with coronary heart disease (39). However, there

is a lack of empirical evidence exploring the relationship

between medication literacy and social support in older adult

patients with hypertension. Assessing the medication literacy of

older adults with hypertension can provide insight into their

ability to acquire, understand, process, and apply medication-

related information. Meanwhile, analyzing the impact of social

support on medication literacy can provide a valuable reference

for formulating strategies to improve the medication literacy

of older adult patients with hypertension, improving safe

medication practice and preventing MRH.

To our knowledge, this study is the first to investigate the

level of medication literacy and explore the relationship between

social support and medication literacy in older adult patients

with hypertension. Meanwhile, based on the extant literature

and related theory of medication literacy, we hypothesized that

social support is associated with medication literacy in older

adult patients with hypertension.

Methods

Study design and participants

This cross-sectional study was conducted at three general

hospitals and three community healthcare services in a southern

province of China from June 2020 to January 2021. Patients

were included if they (1) were aged 60 years or older; (2)

had been diagnosed with hypertension by a cardiologist; (3)

were being treated with antihypertensive medication; (4) spoke

Chinese and communicated well with others; and (5) had an

understanding of the purpose and process of the study and

gave informed consent. Patients were excluded if they (1) were

diagnosed with other serious diseases, such as other cancers,

acute myocardial infarction, cerebral hemorrhage or chronic

renal failure; (2) had secondary hypertension, such as elevated

blood pressure caused by chronic renal dysfunction diseases; or

(3) were diagnosed with psychological or mental impairment

according to International Classification of Diseases guidelines

or were receiving psychotherapy treatment. Investigations

were conducted by two trained researchers. The diagnosis of

hypertension and the number of antihypertensive medications

that patients were taking were abstracted from medical records.

Hypertensive patients who were eligible were invited to

participate in the study while they were waiting for clinical

consultations or after the clinic visit in the waiting room

of the outpatient clinic. Each participant was provided with

information on the purpose, content, investigation procedures

and anonymity of respondents. Upon signing an informed

consent form, each patient completed a self-administered (self-

completed) questionnaire. For illiterate patients, the researchers

communicated with both them and their family members.

If they agreed to participate in the study, then they were

instructed by one of their family members to sign the informed

consent forms. Next, the researchers read the items word by

word, and the responses of the subjects were recorded on the

questionnaires. All completed questionnaires were immediately

collected onsite and checked for missing information to ensure

data integrity.

Measures

Sociodemographic and clinical characteristics

The following information about patients’

sociodemographic and clinical characteristics was collected

using a homemade questionnaire: gender, education level,
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annual income, marital status, duration of hypertension, family

history of hypertension, number of antihypertensive drugs

prescribed, and number of cohabitating persons.

Chinese medication literacy scale for
hypertensive patients

The C-MLSHP is a self-administered medication literacy

measure for hypertensive patients (20). This scale includes

37 items on four domains of knowledge literacy (e.g.,

“Hypertension can be induced by weight gain and obesity.”),

attitude literacy (e.g., “Patients with hypertension should

visit doctors periodically.”), skill literacy (e.g., “According

to this prescription sheet, how many times a day should

Tom take antihypertensives in total?”), and behavior literacy

(e.g., “Have you ever searched for any information about

antihypertensives?”). The scale-level content validity index (S-

CVI/Ave) of this scale was 0.97, and the I-CVI for each item

ranged from 0.83 to 1.00, indicating a good and acceptable

content and face validity. Cronbach’s α coefficient was 0.85 for

the full scale, 0.75 for the knowledge dimension, 0.78 for the

attitude dimension, 0.76 for the skill dimension, and 0.74 for

the behavior dimension. Spearman-Brown split-half reliability

was 0.89 for the full scale, 0.82 for the knowledge dimension,

0.87 for the attitude dimension, 0.79 for the skill dimension,

and 0.81 for the behavior dimension. The test–retest reliability

was 0.97 for the full scale, 0.96 for the knowledge dimension,

0.96 for the attitude dimension, 0.88 for the skill dimension,

and 0.93 for the behavior dimension (20). For items in the

domains of knowledge and skill, a correct answer for each item

scored 1, and an incorrect or “I don’t know” response scored

0. Each item in the attitude domain was measured on a 5-point

Likert scale: 1.00 = Totally Agree, 0.75 = Agree, 0.5 = Do Not

Agree, 0.25 = Disagree, 0.00 = Totally Disagree. In the practice

domain, responses were also measured on a 5-point Likert scale:

always, often, sometimes, seldom, never), for scores of 1.0, 0.75,

0.5, and 0.25, respectively. The total score for this scale ranged

from 0 to 37, with higher scores indicating higher medication

literacy levels. The scale has been attached as Appendices in the

Supplementary material.

Social support rating scale

This scale is used to measure individual social relations. It

includes 10 items in three dimensions: subjective support (e.g.,

“How many intimate friends do you have? From whom can

you receive support and help?”), objective support (e.g., “In the

past, when you encountered difficulties, what was your source

of comfort and caring?”), and utilization of social support (e.g.,

“What is the way of talking when you are in trouble?”) (33).

The highest possible score is 66, with higher scores indicating

better social support. Scores are categorized as follows: scores

< 22 indicate a low level, scores 23∼44 indicate a medium

level, and scores 45∼66 indicate a high level. The Cronbach’s

α coefficient was 0.81 for the full scale, 0.72 for the subjective

support dimension, 0.73 for the objective support dimension,

and 0.81 for the utilization of support dimension. The scale and

scoring method are shown in Supplementary material.

Data analysis

Data were analyzed using IBM SPSS Statistics (Version

24.0, Armonk, NY, USA). Continuous variables are expressed

as the means ± standard deviations (M ± SD), and categorical

variables are summarized as absolute numbers and percentages.

The scores of medication literacy among participants with

different sociodemographic and clinical characteristics were

compared using the independent-sample t test or analysis of

variance with the LSD post-hoc test. Three strategies were

employed to determine the association between medication

literacy and social support. First, Pearson correlation analysis

was used to determine the correlation between medication

literacy and social support. Second, a canonical correlation

analysis (CCA) was conducted using the three social support

variables (X1: Subjective support; X2: Objective support; X3:

Support utilization) as predictors of the four medication literacy

variables (Y1: Knowledge literacy; Y2: Attitude literacy; Y3:

Skill literacy; Y4: Behavior literacy) to further examine the

relationships between the multiple dimensions of medication

literacy and social support. Canonical variables U and V

represent the comprehensive variables formed by X1-X3

and Y1-Y4, respectively. CCA is a method of identifying

associations between two multidimensional variables, which

has the advantage of being able to examine multiple causes

and multiple effects between complex constructs and to

identify a variable’s importance in terms of degree (40).

Third, hierarchical linear regression analysis was conducted

with the scores of medication literacy as dependent variables.

The clinical and socio-demographic variables demonstrated

statistical significance at the level of P < 0.05 in the univariate

analysis were entered into the model as independent variables

on the first step (including gender, education level, annual

income, duration of hypertension, number of antihypertensive

drugs prescribed and number of co-lived persons), and the

scores of each dimension of social support on the second step.

Hierarchical linear regression analysis was performed according

to the standard of α in = 0.05 and α out = 0.10 with the

Enter method. Two-sided P-values < 0.05 were considered

statistically significant.

Results

Patient characteristics

In this study, a total of 400 questionnaires were distributed,

of which 387 were completed, yielding a response rate of 96.75%.
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TABLE 1 Patient characteristics (n = 362).

Factors Items N % Medication literacy t/F value P-value

Gender Male 187 51.7 24.35± 4.98 1.986 0.048

Female 175 48.3 23.39± 4.24

Education level Junior middle school or below 217 60 22.56± 4.73 30.746 0.000

Senior high school or

secondaryspecialized school

88 24.3 24.94± 3.37a

Junior college or above 57 15.7 27.30± 3.93ab

Annual income <30,000/year 150 41.4 22.97± 4.91 5.419 0.005

30,000–49,999/year 110 30.4 24.80± 4.38a

≥50,000/year 102 28.2 24.25± 4.36a

Marital status Married 320 88.4 23.93± 4.71 0.032 0.974

Single 42 11.6 23.54± 4.27

Duration of hypertension <5 years 106 29.3 22.97± 4.89 7.153 0.001

5–9.9 years 119 32.9 25.15± 4.59a

≥10 years 137 37.8 23.50± 4.31b

Family history of hypertension Yes 196 54.1 24.28± 4.45 1.746 0.082

No 166 45.9 23.42± 4.86

Number of antihypertensive drugs prescribed One 233 64.4 23.57± 4.07 5.639 0.004

2–3 kinds 118 32.6 24.81± 5.29a

4 or more 11 3 20.66± 6.81ab

Hypertension complication Yes 121 33.4 23.28± 4.93 1.739 0.083

No 241 66.6 24.19± 4.49

Number of co-lived person 1 or 0 32 8.8 23.30± 4.34 10.587 0.000

2–4 194 53.6 24.89± 4.84

≥5–7 136 37.6 22.59± 4.11b

aCompared with the first layer, P < 0.05; bCompared with the second layer, P < 0.05.

Of these, there were 362 valid questionnaires, for a valid rate

of 90.5%. The demographic and clinical characteristics of the

362 participants in the study are presented in Table 1. The

mean age of the participants was 67.3 years (SD = 6.7 years).

Approximately half of the patients (51.7%) were male, 60% had

a lower level of education (in China, every citizen must complete

6 years of primary school education and 3 years of junior middle

school education), and 30.4% had a family annual income of

30,000–49,999 Chinese yuan. The majority of the patients in the

study population were married (88.4%). A total of 37.8% of the

participants had been diagnosed with hypertension for at least

10 years, 54.1% had a family history of hypertension, 64.4% were

taking only one antihypertensive drug, and only 8.8% lived alone

or with one person.

Medication literacy of older adults with
hypertension

The mean score for medication literacy was 23.89 ± 4.66

(range: 11.50–35.00). Additionally, the mean scores for each

dimension of medication literacy were 6.35 ± 2.15 (range:

1.00–9.00) for the knowledge dimension, 5.18 ± 1.08 (range:

2.75–7.75) for the attitude dimension, 4.33 ± 2.15 (range:

0.00–7.00) for the skill dimension, and 8.03 ± 2.01 (range:

3.00–12.00) for the behavior dimension. Patients with different

sociodemographic and clinical characteristics had different

medication literacy scores, and the results of independent-

sample t tests and analysis of variance for each item are shown

in Table 1.

Social support for older adults with
hypertension

The results showed that the mean score of social support

was 39.22 ± 5.53 (range: 28.00–53.00), and the mean scores for

subjective support, objective support and utilization of support

were 22.87 ± 4.23 (range: 14.00–31.00), 9.04 ± 2.22 (range:

1.00–16.00), and 7.31 ± 1.95 (range: 3.00–12.00), respectively.

According to the scoring standard of the SSRS, the score for

social support of older adult patients with hypertension was at a

medium level. Specifically, 32 (8.8%) had low social support, 265
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TABLE 2 Pearson correlation analysis between medication literacy and social support (n = 362).

Dimensions Subjective support Objective support Utilization of support Total social support scores

Knowledge literacy 0.164** 0.325** 0.041 0.242**

Attitude literacy 0.106* 0.221** 0.043 0.155**

Skill literacy 0.241** 0.236** 0.046 0.296**

Behavior literacy 0.244** 0.234** 0.182** 0.345**

Total medication literacy scores 0.316** 0.408** 0.072 0.431**

*P < 0.05; **P < 0.01.

(73.2%) had medium social support, and 65 (18.0%) had high

social support.

Association between medication literacy
and social support

First, the results of the Pearson correlation analysis

suggested that the total scores of social support (r = 0.431,

P < 0.01), subjective support (r = 0.316, P < 0.01) and objective

support (r = 0.408, P < 0.01) were positively correlated with

the total score of medication literacy, respectively. However,

the utilization support dimension was found to be positively

correlated only with behavior literacy (r = 0.182, P < 0.01)

(Table 2).

Second, the results of the CCA are shown in Table 3. Two

pairs of canonical variables (U1V1, U2V2) were generated with

canonical correlation coefficients of 0.484 (Wilks’s λ = 0.727, F

= 10.031, P < 0.001) and 0.218 (Wilks’s λ = 0.949, F = 3.157, P

= 0.005). The standardized canonical correlation coefficient and

canonical loadings of U1V1 and U2V2 are presented in Table 3.

Redundancy analysis performed on the two pairs of canonical

variables demonstrated that U1V1 and U2V2 explained 39.4 and

30.2% of the variance of the observed social support variables

and 37.1 and 12.3% of the variance of the observed medication

literacy variables, respectively. Since U1V1 had the largest

canonical correlation coefficient and the highest contribution

rate, which could fully express the correlation between the two

groups of variables, U1V1 was selected for interpretation in this

study. The normalized expression for U1V1 is as follows:

U1 = 0.495X1 + 0.729X2 + 0.300X3

V1 = 0.344Y1 + 0.163Y2 + 0.466Y3 + 0.587Y4

From the expression, it is clear that U1 was mainly affected

by subjective support (X1) and objective support (X2), and V1

had a large weight in knowledge literacy (Y1), skill literacy (Y3)

and behavior literacy (Y4). Because all of the observed variables

had the same sign, the results indicated that older adult patients

with hypertension with higher subjective and objective support

performed better in the three dimensions of knowledge literacy,

skill literacy and behavioral literacy (Figure 1).

TABLE 3 Canonical correlation analysis of medication literacy and

social support.

Variable U1V1 U2V2

Coef rs Coef rs

Subjective support (X1) 0.495 0.682 0.377 0.261

Objective support (X2) 0.729 0.817 0.522 0.519

Support utilization (X3) 0.300 0.223 0.760 0.830

Knowledge literacy (Y1) 0.344 0.633 0.688 0.631

Attitude literacy (Y2) 0.163 0.416 0.448 0.496

Skill literacy (Y3) 0.466 0.631 0.207 0.012

Behavior literacy (Y4) 0.587 0.715 0.686 0.498

Coef, standardized canonical correlation coefficient; rs , canonical loadings.

Finally, the results of hierarchical linear regression analysis

showed that independent variables such as gender explained

17.7% of the variance of medication literacy in the first layer

(R² = 0.177, F = 12.695, P < 0.001). Social support variables

were added on the basis of Model 1, and the power to explain

the variance of medication literacy increased by 15.8% in Model

2 (R² = 0.335, F = 19.745, P < 0.001). The final hierarchical

regression model explained 33.5% of variability in medication

literacy. Education level (B = 1.068, P = 0.001), annual income

(B= 0.741, P= 0.007), number of co-lived person (B= −1.521,

P < 0.001), subjective support (B = 0.252, P < 0.001) and

objective support (B = 0.690, P < 0.001) were the factors

affecting patients’ medication literacy (Table 4).

Discussion

This study is the first to describe the association between

social support and medication literacy among older Chinese

adult patients with hypertension. In this study, we found that

social support had a positive relationship with medication

literacy, and older adult patients with hypertension who had

more subjective and objective support performed better in

knowledge, skills and behavior literacy. Furthermore, two

dimensions of subjective support and objective support in
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FIGURE 1

Conceptual model for the canonical correlation.

TABLE 4 Hierarchical linear regression analysis of factors influencing medication literacy (n = 362).

Variables Model 1 Model 2

B SE t P B SE t P

Constant 22.503 1.629 13.814 <0.001 10.741 2.095 5.126 <0.001

Gender −0.777 0.502 −1.547 0.123 −0.319 0.458 −0.696 0.487

Education level 2.210 0.311 7.106 0.000 1.068 0.307 3.476 0.001

Annual income 0.201 0.295 0.682 0.496 0.741 0.274 2.704 0.007

Duration of hypertension 0.227 0.303 0.750 0.454 −0.196 0.281 −0.698 0.485

Number of antihypertensive drugs prescribed 0.492 0.490 1.005 0.315 0.867 0.444 1.954 0.052

Number of co-lived person −1.060 0.373 −2.841 0.005 −1.521 0.342 −4.441 <0.001

Subjective support 0.252 0.052 4.867 <0.001

Objective support 0.690 0.100 6.914 <0.001

Support utility 0.175 0.107 1.635 0.103

R² 0.177 0.335

F value F (6,355) = 12.695, P < 0.001 F (9,352) = 19.745, P < 0.001

B, unstandardized regression coefficients; SE, Standard error.

social support were found to be independent predictors of

medication literacy.

Medication literacy of older adult patients
with hypertension

Our results showed that the mean score for the C-

MLSHP for older adult patients with hypertension was 23.89

± 4.66, which is lower than the survey results of hypertensive

patients in the 18–44 years (27.10 ± 4.77) and 45–59 years

(24.87 ± 5.02) age groups by Ma et al. (22). Although some

studies used different medication literacy assessment tools than

this study, their results also showed that medication literacy

decreased with increasing patient age (41, 42). The results

showed that education level, annual income and number of

cohabitating persons were the demographic factors affecting the

level of medication literacy among older adult patients with

hypertension. Similar influencing factors of medication literacy

for hypertensive patients have also been identified in previous

studies (20, 22). Patients with higher education level have

better ability to obtain, understand and calculate information

related to complex medication, and are more able to make

correct medication decisions (43). Therefore, they have higher

medication literacy than patients with lower education level. In

addition, the results in the present study showed that with the

increase of annual income, the level of medication literacy of the

patients will be improved. One possible reason is that patients

with higher annual incomes are more likely to value the health

education ofmedical staff than those with lower annual incomes.

Secondly, patients with higher annual incomes are more willing

to spend money on health care and health promotion than

patients who lack sufficient and stable sources of income,

including long-term purchase and use of antihypertensive drugs

(22, 44). A study showed that a lack of family support caused
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by ≤2 people living together is one of the main risk factors for

hypertension in men (45). However, this study found that the

medication literacy of older adult patients with hypertension is

reduced when the number of cohabitating persons is more than

five. The reason might be that living with more family members

does not mean that patients can obtain more effective family

support. In contrast, they may be distracted from their health

by their families.

Social support of older adult patients
with hypertension

In this study, the social support score was 39.22 ± 5.53,

which revealed that older adult patients with hypertension

received mid-level social support. Furthermore, the scores of

objective support, subjective support and support utilization

were lower than the norm level of Chinese adults’ social support

(44.34 ± 8.38) (46). The reason for this phenomenon may be

that the older population in China have fewer social activities

after retirement or are unable to work. Their sources of social

support are mainly family members, such as spouses and

children, while support from other social networks, such as

friends, organizations and professional medical personnel, is

limited. A qualitative study found that with increasing age, the

demand for social support of patients with hypertension also

gradually increases (47). Therefore, if family members of older

hypertensive people lack time and energy to care for them, their

social support level, including subjective support and objective

support, will be further reduced (48).

Relationship between social support and
medication literacy

The results of the present study revealed the important

impact of social support on medication literacy in older adult

patients with hypertension. When taken as a whole, the results

of Pearson correlation analysis suggested that social support

was positively correlated with medication literacy (r = 0.431,

P < 0.01). This result was consistent with a previous study in

which the impact of social support onmedication literacy among

patients with coronary heart disease was tested (39). It indicates

that strengthening patient social support can, to some extent,

improve patient medication literacy levels.

To further analyse how social support influences medication

literacy, CCA was used. According to the first pair of canonical

correlation variables (U1V1), the comprehensive variables

reflecting social support (U1) are mainly determined

by objective support and subjective support, and the

comprehensive variables reflecting medication literacy are

mainly determined by behavior literacy, knowledge literacy

and skill literacy. Therefore, the results suggest that older

adult patients with hypertension with more subjective and

objective support perform better in knowledge, skills and

behavior literacy.

Moreover, the results of hierarchical regression analysis

showed that subjective support (B = 0.252, P < 0.001)

and subjective support (B = 0.175, P < 0.001) had a

significant impact on medication literacy level in older adult

with hypertension. Subjective support and objective support

independently explained 15.8% of the variation of medication

literacy, suggesting that the increase of subjective support and

objective support would possibly improve medication literacy of

older adult patients with hypertension. This result was consistent

with a previous study, in which the relationship between social

support and medication literacy among discharged patients

after percutaneous coronary intervention was tested (49).

These findings suggest the potential value of social support in

promoting medication literacy among older adult patients with

hypertension. Strengthening subjective support and objective

support for older adult patients with hypertension may help to

improve their medication literacy.

However, in the CCA and regression analysis, no

relationship was found between the dimension of support

utilization and medication literacy. This was consistent with

the study of Qiao et al. (39). The study reported by Lu and

Chen (50) indicated that with increasing age, the physiological

function of individuals degenerates, resulting in inconvenient

movement, cognitive function degradation and slow behavioral

responses. Therefore, these negative changes prevent them from

actively using social support to a certain extent. Considering this

contradiction, further studies might be required to explain the

interaction between support utilization and medication literacy.

Study limitations

This study had some limitations. First, we only selected older

adult patients with hypertension in Changsha, Hunan Province,

China, which resulted in a small sample size. Second, this study

adopted an across-sectional design and lacked follow-up of

survivors across different time periods. Further studies using

a multicentre, large-sample longitudinal cohort are needed to

validate the observed trajectory of medication literacy, examine

its dynamic changes, and provide a reference for the clinical

development of targeted interventions.

Conclusion

This study was conducted to examine the relationship

between medication literacy and social support among older

adults Chinese patients with hypertension. Higher social support

was found to be associated with better medication literacy.

In the absence of other studies on older adult patients

with hypertension, our study provides important information

for medical health providers to conduct medication literacy
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interventions for older adult patients with hypertension. Further

prospective studies and intervention trials are warranted.
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The gender-specific
bidirectional relations between
chronic diseases and total
bilirubin/urea in the elderly
population: A 3-year
longitudinal study

Na Wu1,2†, Xiangyu Zhai3†, Mofan Feng2, Jie Li1, Ning Yu1,

Fengwei Zhang1, Dong Li4, Jianying Wang1, Lei Zhang1,

Yi Shi2*, Guang He2*, Guang Ji5* and Baocheng Liu1*

1Shanghai Innovation Center of Traditional Chinese Medicine Health Service, Shanghai University of

Traditional Chinese Medicine, Shanghai, China, 2Key Laboratory for the Genetics of Developmental

and Neuropsychiatric Disorders, Bio-X Institutes, Shanghai Jiao Tong University, Shanghai, China,
3Graduate School of Sport Sciences, Waseda University, Saitama, Japan, 4Zhangjiang Community

Health Service Center of Pudong New District, Shanghai, China, 5Longhua Hospital, Institute of

Digestive Diseases, Shanghai University of Traditional Chinese Medicine, Shanghai, China

Aging is accompanied by changes in physiology over time, which remains

the largest risk of chronic diseases. The aim of this study was to explore the

gender-specific bidirectional relations between the risk of chronic diseases

and serum traits in a 3-year longitudinal study. A hierarchical non-linear

model with random e�ects was used to assess the temporal patterns of

anthropometric and serum traits from 2017 to 2019 among 2,338 participants.

To assess the directional e�ect between the risk of chronic diseases and serum

traits, a bivariate cross-lagged panel model (CLPM) was used to estimate the

structural relations of repeatedly measured variables at three di�erent time

points. Candidate SNPs were analyzed and genotyped in MassARRAY Analyzer

4 platforms. In this study, metabolic syndrome (MS) score increased with aging

in females, whereas the fatty liver disease (FLD) index decreased with aging

in males; the MS score was negatively correlated with TB in females, and

FLD index was positively related to urea in males; CLPM showed that the MS

score predicted total bilirubin (TB) in females, and urea predicted the FLD

index in males. Additionally, rs2292354 in G protein-coupled receptor kinase

interactor 2 (GIT2) was associated with the MS score and TB in aged females.

Our study suggests the potential gender-specific causal associations between

development in MS and increase in TB level in females, and rise in urea level

and improved FLD index in males. The SNP rs2292354 we investigated might

be a biomarker for predicting MS in the elderly Chinese Han population.
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aging, gender-specific, chronic diseases, longitudinal study, bidirectional relation
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Introduction

By the year 2050, the population aged over 60 years old is

estimated to increase by nearly 0.4 billion in China (1). Aging is

accompanied by changes in physiology over time, which remains

the largest risk of chronic diseases, such as neurodegenerative

diseases, cardiovascular diseases, metabolic syndrome (MS) and

non-alcoholic fatty liver (NAFLD) (2). As major public health

problems, these chronic diseases have led to a cumulative burden

on society. Thus, it is urgently required to explore the key

mechanisms of aging and age-related chronic diseases.

Age-related impairment of endocrine function results from

phenotypic alterations of different cell types, such as endothelial

cells, cytokine, adipocytes and hepatocytes (3). The mechanism

of MS during aging is likely driven by those phenotypic

changes. Evidence has shown that bilirubin can function as an

antioxidant by reducing reactive oxygen species and suppressing

the oxidative activity of nicotinamide adenine dinucleotide

phosphate, resulting in oxidative stress alleviation (4), which

is involved in the pathogenesis and development of MS (5).

In recent cross-sectional studies, Hwang and Kim observed

an inverse relationship between total bilirubin (TB) and MS

in Korean women (6); Li et al. (7) confirmed the negative

association between bilirubin and MS incidence among Chinese

men; Zhong et al. (8) found that TB was negatively associated

with MS among the aged Chinese women. Although the

association of TB with MS appears to be reported a lot, it

still lacks the support from longitudinal studies, which might

be helpful to clarify the inconsistency between females and

males, and further provide the causality clues. Notably, the

urea cycle plays an essential role in NAFLD progression (9).

The conversion process from nitrogen into urea has been

disrupted, especially in the elderly population with chronic

diseases; the bidirectional relation between fatty liver and urea

is seldom mentioned.

As we all know, genetic factors play essential roles in the

occurrence and progression of chronic diseases. While the

genetic susceptibility in the aging population with chronic

diseases was seldom mentioned.

Our objective was to evaluate whether TB and urea levels

change with aging and predict the later development of the MS

and NAFLD in the aged females and males by using longitudinal

studies. In addition, candidate genes related to chronic diseases

in aging population was also investigated.

Methods and materials

Subjects

Participants were recruited from the outpatient registration

pool of those who participated in annual health checks from

2014 to 2019 at the Zhangjiang area of Pudong District

Health Care Service Centers, Shanghai, China. The study

followed the Helsinki Declaration. A standard protocol has been

developed by the Shanghai Innovation Center of Traditional

Chinese Medicine Health Service and approved by the Shanghai

University of Traditional Chinese Medicine Ethics Committee.

Consent was obtained from all subjects. Participants with

age over 60 years, who live in Shanghai, can complete

measurements and informed consent were included in the

inclusion criteria. This study excluded participants with mental

disorders, malignant tumors, or incomplete medical records.

During the investigation, six male subjects with age <60 years

were excluded, resulting in a total of 2,338 (female, n = 1,303;

male, n = 1,035) Chinese elderly subjects with complete data

overlapped in 2017, 2018, and 2019 (Figure 1). To elucidate the

association between genetic variants and NAFLD in the elderly

Chinese Han population, we did a sub-analysis of SNPs in 2017.

The questionnaire, anthropometry, and
physical examinations

Collection of information such as age, gender, alcohol

consumption, smoking and medical history were collected by

questionnaire (Supplementary Table 1). Body mass index (BMI)

was calculated as weight (kg) divided by height squared (m2).

Electronic sphygmomanometers were used to measure blood

pressure (Bio-space, Cheonan, South Korea). Blood pressure

was measured by electronic sphyg-momanometers (Biospace,

Cheonan, South Korea). Waist and hip circumference were

reliably measured using a non-stretch tape by the trained

professional. Blood samples from the antecubital vein after

fasting overnight were collected in the morning. Fasting glucose,

alanine transaminase (ALT), aspartate transaminase (AST), total

cholesterol (TC), low-density lipoprotein (LDL), high-density

lipoprotein (HDL), triglyceride (TG), hemoglobin, hemameba,

erythrocyte, urea, uric acid, total bilirubin, creatinine and

alpha-fetoprotein (AFP) were measured using the biochemistry

analyzer (Hitachi, Tokyo, Japan). The tumor marker carcinoma

embryonic antigen (CEA) was quantitatively determined by an

electro-chemiluminescence immunoassay (ECLIA).

Genotyping

Genomic DNA was extracted from venous blood leukocytes

using the EZ1 DNA Blood 350 µL kit (Qiagen) according to

the manufacturer’s instructions for genotyping. Seven SNPs

related to NAFLD relevant traits, including rs2071518 in

cellular communication network factor 3 (CCN3), rs12409877

in leptin receptor (LEPR), rs10770141 in tyrosine hydroxylase

(TH), rs4430796 in hepatocyte nuclear factor 1-beta (HNF1B),

rs2292354 in G protein-coupled receptor kinase interactor 2

(GIT2), rs5186 in angiotensin II receptor type 1 (AGTR1) and
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FIGURE 1

Study flowchart.

rs2206277 in transcription factor AP-2 beta (TFAP2B) from

NCBI database of SNP database (www.ncbi.nlm.nih.gov/SNP)

were analyzed, and genotyped by matrix-assisted laser

desorption/ionization time-off light mass spectrometer in

MassARRAY Analyzer 4 platforms (Sequenom, San Diego, CA).

Probes and primers were determined with online Assay Design

Suite version 2.0 software. Polymerase chain reaction was

performed according to the instructions of the manufacturers.

More detailed information about primers and polymerase chain

reaction conditions is available upon request.

Statistical analysis

Shapiro-Wilk test was used to check the normality of

the data using IBM SPSS Statistics (version 26.0). If data

were not normally distributed, their natural logarithms were

used. Clinical data were presented as mean and standard

deviation. Categorical data were calculated as percentages. FLD

index was calculated by the following formula: FLD index =

BMI + TG + 3 × (ALT/AST ratio) + 2 × Hyperglycemia

(presence of Hyperglycemia, 1; absence of Hyperglycemia, 0)

(10). Hyperglycemia was defined as fasting glucose≥6.1mmol/L

and/or 2-h glucose ≥7.8 mmol/L and/or a previous clinical

diagnosis of type 2 diabetes (11). MS score was calculated by

the following formula: MS score = 2∗waist/height + fasting

glucose/5.6 + TG/1.7 + SBP/130 - HDL/1.02 (male) or 1.28

(female) (12).

A hierarchical non-linear model with random effects was

used to assess the temporal patterns of anthropometric and

serum traits from 2017 to 2019 (MLwin 2.26 software, Multiple

Project, Institute of Education, University of London, UK).

Age was entered as the explanatory variable in the form of

polynomial spline functions to explain the change of target

variables over time. Additionally, to determine the longitudinal

associations of the FLD index or MS score with serum traits,

this hierarchical model analysis was also used with urea and

TB as independent variables and FLD index or MS score as an

outcome variable.

To assess the directional effect between MS score and TB

in females or FLD index and urea in males from 2017 to

2019, a bivariate cross-lagged panel model (CLPM) was used

to estimate the structural relations of repeatedly measured

variables at three different time points. The auto-regressive part

of the model indicates the temporal stability of the variables

from one-time point to the next. Meanwhile, CLPM was

used to assess reciprocal relationships between the variables at

consecutive time points, that is, MS score and TB in females

and FLD index and urea in males during the follow-up.

Structural equation modeling was conducted by Lavaan in R

software (13).

For the sub-analysis, allelic and genotypic distributions

and Hardy-Weinberg equilibrium (HWE) were analyzed

with the online software SHEsis (http://analysis.bio-x.

cn/myAnalysis.php) (14). The association between each

SNP with NAFLD in five genetic models (codominant,

dominant, recessive, over-dominant and log-additive

models, respectively) was analyzed by using “SNPassoc”

R package (15). P < 0.05 was considered statistically

significant.
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TABLE 1 Participants information of this longitudinal study.

Female (N = 1,303) Male (N = 1,035)

2017 2018 2019 2017 2018 2019

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age (years) 71 5.67 72 5.62 73 5.62 71 5.67 72 5.62 73 5.62

BMI (kg/m2) 24.20 3.49 24.66 3.46 24.91 3.49 24.32 3.19 24.87 3.29 25.03 3.21

SBP (mmHg) 143.70 21.74 142.27 21.26 143.57 19.85 142.29 21.24 140.48 19.96 140.42 18.69

DBP (mmHg) 81.87 11.22 75.86 9.45 77.33 7.41 80.72 11.54 76.37 9.27 77.84 7.85

Waistline (cm) 81.68 8.84 82.55 8.79 81.52 8.64 84.99 9.18 85.56 8.91 84.30 8.66

Albumin (g/L) 44.29 2.54 42.02 2.01 44.17 2.44 44.21 2.63 41.93 2.02 44.11 2.45

ALT (U/L) 22.97 13.79 19.89 12.18 21.26 26.67 24.58 13.48 21.74 14.68 22.28 13.12

AST (U/L) 23.73 8.74 22.39 9.96 22.49 16.92 23.32 7.85 22.24 11.55 21.64 7.17

Urea (mmol/L) 5.52 1.51 5.64 1.44 5.57 1.48 5.58 1.53 5.76 1.59 5.65 1.65

Fasting glucose (mmol/L) 6.09 1.52 6.05 1.68 6.07 1.71 6.20 1.64 6.15 1.71 6.11 1.69

Hemoglobin (g/L) 132.82 10.28 132.81 10.85 133.84 11.81 147.83 12.32 146.90 12.85 146.84 13.63

TC (mmol/L) 5.27 0.93 5.02 0.89 4.95 0.94 4.79 0.91 4.52 0.97 4.47 0.87

HDL (mmol/L) 1.30 0.28 1.30 0.28 1.32 0.30 1.18 0.25 1.17 0.24 1.19 0.27

LDL (mmol/L) 3.25 0.83 3.12 0.78 1.32 0.30 3.03 0.85 2.88 0.79 1.19 0.27

TG (mmol/L) 1.53 1.03 1.68 1.24 1.63 1.18 1.36 1.03 1.52 1.46 1.43 1.07

UA (µmol/L) 319.76 76.96 320.26 75.56 300.90 82.08 374.33 85.62 371.95 84.80 351.01 90.14

TB (µmol/L) 14.99 4.75 13.31 4.37 13.63 4.72 17.10 6.03 14.73 4.93 15.22 5.31

Creatinine (U/L) 62.79 14.42 61.97 14.69 66.53 17.47 79.01 17.64 78.78 18.69 83.43 22.86

FLD index 29.22 4.41 29.54 4.48 29.92 4.51 29.51 4.22 29.92 4.61 30.11 4.35

MS score 3.14 0.89 3.21 1.02 3.18 1.01 2.87 0.90 2.95 1.14 2.87 0.96

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; FLD index, fatty liver disease index; HDL, high density lipoprotein;

LDL, low density lipoprotein; MS score, metabolic syndrome score; SBP, systolic blood pressure; TB, total bilirubin; TC, total cholesterol; TG, triglyceride; UA, uric acid.

Results

Changes in patterns of anthropometric
and serum traits over the 3 years from
2017 to 2019

Characteristics of the study participants are

shown in Table 1. The average ages of females

and males were 71 (in 2017) and 73 years old

(in 2019).

For anthropometric traits, waistline and SBP increased

significantly over time, while DBP showed the opposite

trend (p < 0.001 for all) and BMI showed no significant

trend both in females (Figure 2) and males (Figure 3); For

serum traits, albumin, erythrocyte, hemoglobin, ALT, TC,

LDL and urea decreased steadily with aging, AST and HDL

showed no significant trend in both females and males,

while TB and glucose increased with aging only in females

(p < 0.05 for all) (Supplementary Figures 1, 2). Notably,

MS score increased with aging in females (p < 0.001),

whereas the FLD index decreased with aging in males

(p < 0.001).

Longitudinal associations between MS
score/FLD index and serum traits

To further explore the mechanism differing in females

and males, we assessed the longitudinal association between

MS score or FLD index and serum traits in females and

males. We found that MS score was negatively correlated

with TB in females (p < 0.001), and FLD index was

positively related to urea in males (p < 0.05) (Figure 4).

Notably, no significant associations were found between

MS score and urea in females or FLD index and TB

in males.

Bidirectional relationship between MS
score/ FLD index and TB/urea in
females/males

In females, the CLPM showed that MS score predicted

subsequent MS score at each time point (p < 0.001), and similar

patterns were observed between the repeated measurements of

TB (p < 0.001). The CLPM also showed that the MS score in
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FIGURE 2

Longitudinal change pattern in females. BMI, body mass index; DBP, diastolic blood pressure; FLD index, fatty liver disease index; MS score,

metabolic syndrome score; SBP, systolic blood pressure; TB, total bilirubin.
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FIGURE 3

Longitudinal change pattern in males. BMI, body mass index; DBP, diastolic blood pressure; FLD index, fatty liver disease index; MS score,

metabolic syndrome score; SBP, systolic blood pressure; TB, total bilirubin.
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2017 predicted TB in 2018 (β = 0.048, p = 0.016), while TB

in 2017 did not predict the MS score in 2018 (β = −0.002,

p= 0.906) (Figure 5).

In males, the CLPM presented that the FLD index predicted

subsequent FLD index at each time point (p < 0.001), the

same as repeated measurements of urea (p < 0.001). Moreover,

the CLPM also showed that urea in 2017 predicted the FLD

index in 2018 (β = −0.039, p = 0.015), whereas the FLD

index in 2017 did not predict urea in 2018 (β = 0.010,

p= 0.718).

Sub-analysis of the genetic variants in
NAFLD

As genetic factors play essential roles in the occurrence

and progression of NAFLD, we also conducted the SNPs test

among 732 participants (NAFLD, n = 479; control, n =

253) in 2017 (Supplementary Table 2). There was no significant

difference in age between NAFLD and control groups. The BMI

of NAFLD patients was much higher than the controls (p <

0.001). The detailed information on seven SNPs is presented in

Table 2.

All the SNPs met HWE (p > 0.05). The allele frequencies

of rs2071518, rs12409877, rs10770141, and rs4430796, and

the genotype frequencies of rs2071518, rs10770141, rs2292354,

rs5186, and rs2206277 were significantly different between

NAFLD and controls (p < 0.05) (Table 3).

As the longitudinal association between MS score and

TB in females, FLD index and urea in males were different;

here, we also checked the association of seven SNPs with

NAFLD in females and males, respectively. In females, for

rs12409877, A/G-G/G genotype under the dominant model (OR

= 1.87, 95%CI = 1.07–3.26, p = 0.029) and A/G genotype

under the overdominant model (OR = 1.90, 95%CI = 1.07–

3.37, p = 0.031) were statistically related to increased risk

of NAFLD, as well as the log-additive model (OR = 1.68,

95%CI = 1.03–2.76, p = 0.041), even after adjusting for

age and BMI (FDR1 < 0.05); for rs10770141, A/G genotype

under the codominant model (OR = 1.67, 95%CI = 0.94–

2.96, p = 0.022) and A/G-A/A genotype under the dominant

model (OR = 1.81, 95%CI = 1.03–3.17, p = 0.040) were

significantly associated with increased risk of NAFLD, as

well as the log-additive model (OR=1.89, 95%CI=1.11-3.22,

p=0.022); for rs2292354, there was a significant association

between G/A genotype under the overdominant model and

the increased risk of NAFLD (OR = 1.54, 95%CI = 1.11–

3.22, p = 0.022) (Table 4). Notably, we also analyzed the

association between these SNPs, the MS score, and TB. We

found that rs2292354 was significantly related to MS score in

the dominant and overdominant genetic model (p = 0.025

and p = 0.023, respectively), as well as TB in the codominant

FIGURE 4

Longitudinal association in females and males. (A) Longitudinal

association between MS score and TB in female. (B)

Longitudinal association between FLD index and urea in male.

FLD index, fatty liver disease index; MS score, metabolic

syndrome score; TB, total bilirubin.

and overdominant genetic model (p = 0.034 and p = 0.019,

respectively) (Supplementary Table 3).

In males, for rs2071518, T/C and T/T genotype under the

codominant model (OR= 1.99, 95%CI= 1.17–3.39; OR= 1.17,

95%CI= 0.27–5.02, FDR= 0.049), T/C-T/T genotype under the

dominant model (OR= 1.90, 95%CI= 1.14–3.17, FDR= 0.036)

and T/C genotype under the overdominant model (OR = 1.98,

95%CI = 1.17–3.36, FDR = 0.036) were significantly related

to increased risk of NAFLD, as well as the log-additive model

(OR = 1.62, 95%CI = 1.03–2.53, FDR = 0.049), even after

adjusting age and BMI (FDR1 < 0.05); for rs2206277, C/T and

T/T genotype under the codominant model (OR = 0.85, 95%CI

= 0.52-1.39; OR = 0.09, 95%CI = 0.01–0.71, FDR = 0.017) and

T/T genotype under the recessive model (OR = 0.10, 95%CI

= 0.01–0.75, FDR = 0.010) were significantly associated with

the decreased risk of NAFLD, as well as the log-additive model

(OR = 0.63, 95%CI = 0.42–0.95, FDR = 0.043), even after

adjusting age and BMI (p1 < 0.05) (Table 5). No significant

associations between above SNPs and FLD index or urea were

found (Supplementary Table 3).
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TABLE 2 The SNPs analyzed in this sub-analysis.

Gene SNP ID Chromosome Function Allele

CCN3 rs2071518 8:119423572 3_prime_UTR_variant T/C

LEPR rs12409877 1:65478189 intron_variant genic_upstream_transcript_variant A/G

TH rs10770141 11:2172610 upstream_transcript_variant 5_prime_UTR_variant 2kb_upstream_variant A/G

HNF1B rs4430796 17:37738049 intron_variant A/G

GIT2 rs2292354 12:109930396 3_prime_UTR_variant, genic_downstream_transcript_variant G/A

AGTR1 rs5186 3:148742201 3_prime_UTR_variant A/C

TFAP2B rs2206277 6:50830813 intron_variant C/T

AGTR1, angiotensin II receptor type 1; CCN3, cellular communication network factor 3; GIT2, G protein-coupled receptor kinase-interactor; HNF1B, hepatocyte nuclear factor 1-beta;

kb, kilobase; LEPR, leptin receptor; SNPs, single nucleotide polymorphisms; TFAP2B, transcription factor AP-2 beta; TH, tyrosine hydroxylase; UTR, untranslated regions.

Discussion

In the present study, we observed that the MS score

increased with aging in females, and FLD index decreased with

aging in males; further, the longitudinal negative association

between MS score and TB in females, and positive association

between FLD index and urea in males were found; additionally,

it suggests potential causal associations between development

in MS and increase of TB level in females, and rise in urea

level and improved FLD index in males by CLPM. Additionally,

this gender-specific distinction might be explained by the

genetic variants.

Aging is accompanied with changes in body composition

and blood traits. Waistline seems a better indicator to determine

the health risk associated with obesity in the elderly (16).

Lee et al. (17) reported that waistline was superior to BMI

as a predictor of hypertension, dyslipidemia and type II

diabetes in females and males. Our study also showed that

waistline decreased with aging rather than BMI. Further, as

cardiomyocyte has a limited capacity for regeneration and repair,

evidence has shown that cardiac output decreases with aging

(18). Instead, SBP increased with aging in our study, which

was highly associated with arterial stiffness (19). In addition,

decreased serum albumin, erythrocyte, hemoglobin, ALT, AST,

and TC were strongly associated with aging and could reflect

the inflammation, metabolic demand and several pathological

conditions, including NAFLD, non-alcoholic steatohepatitis,

fibrosis and hepatocyte carcinoma (20–27). Our results were

consistent with the previous studies. Notably, TC and LDL levels

declined with aging in both men and women, but HDL levels

did not change much or even slightly increase with aging. This

was supported by the finding from a cross-sectional study (28),

and this phenomenon might suggest that people with longer life

expectancy need maintain a high HDL concentration. All these

physiological changes directly or indirectly led to the occurrence

of MS and NAFLD with aging.

Aging seems to underlie many of the most prevalent chronic

diseases, such as MS and NAFLD. In the present longitudinal

study, we used MS score to quantify MS (12) as this continuous

quantitative trait could reflect the changing pattern with aging

and easily compare across studies and populations. TB was

suggested as a biomarker to monitor the resistance against

chronic diseases and successful aging (29). Kang et al. (30)

found that individuals in the highest bilirubin quartile had a

41% reduced risk of coronary atherosclerosis compared with

individuals in the lowest bilirubin quartile. Temme et al. (31)

observed that the risk of cancer mortality decreased as bilirubin

increased, and the effects were retained in the females but with

no significance. Of note, Ong et al. (32) showed that the older

females had higher TB levels, and the prevalence of self-reported

cardiovascular diseases also tended to decrease with higher TB.

These were in line with our results. Although TB increased

with aging, MS score was negatively associated with TB in

females. Besides, the MS score predicted TB level in females

through CLPM. This finding might help answer the cause-and-

effect relationship between MS and TB. Combined with the

Kao’ finding, which showing that estrogen receptor signaling

could facilitate bilirubin metabolism (33), it may imply the

importance of estrogen between TB and MS, especially for the

elderly female population. This finding may also help us explain

the link between TB and MS only occurring in the females.

FLD index was also applied to reflect the extent of NAFLD

(10) in our study. And FLD index declined with aging and

urea changed in vice versa; urea predicted FLD index in males.

Aging is the most common cause of NAFLD progression and is

associated with changes in urea metabolism (9, 34). Our study

provided more evidence on the causal link between NAFLD

and urea.

For the above gender-specific pattern, it might be explained

through genetic susceptibility. As genetic variants play essential

roles in the occurrence and progression of chronic diseases,

such as MS and NAFLD, here we found different associations

between SNPs and the risk of NAFLD in females and males.

And rs12409877 in LEPR, rs10770141 in TH and rs2292354

in GIT2 were significantly associated with the increased risk

of NAFLD in females; rs2071518 in CNN3 and rs2206277 in
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TABLE 3 Allele and genotype distribution in the subjects of the sub-analysis.

SNPs Allele frequency X2 P FDR 95% CI Genotype frequency X2 P FDR HWE

rs2071518 T C 6.876 0.008** 0.109 0.510–0.908 T/C C/C T/T 9.973 0.006** 0.085 0.700

NAFLD 132 (0.138) 824 (0.861) 98 (0.205) 363 (0.759) 17 (0.035)

Non-NAFLD 96 (0.19) 408 (0.809) 78 (0.309) 165 (0.654) 9 (0.035)

rs12409877 A G 5.402 0.020* 0.241 0.419–0.931 A/A G/G A/G 5.263 0.071 0.419 0.539

NAFLD 866 (0.937) 58 (0.062) 407 (0.88) 3 (0.006) 52 (0.112)

Non-NAFLD 448 (0.903) 48 (0.096) 203 (0.818) 3 (0.012) 42 (0.169)

rs10770141 A G 4.479 0.034* 0.343 0.428–0.97 A/G G/G A/A 8.82 0.012* 0.145 0.972

NAFLD 56 (0.06) 870 (0.939) 56 (0.120) 407 (0.879) 0 (0)

Non-NAFLD 45 (0.09) 451 (0.909) 37 (0.149) 207 (0.834) 4 (0.016)

rs4430796 4.107 0.042* 0.110 0.617–0.992 A/G G/G A/A 4.735 0.093 0.203 0.303

NAFLD 697 (0.733) 253 (0.266) 193 (0.406) 30 (0.063) 252 (0.53)

Non-NAFLD 343 (0.683) 159 (0.316) 119 (0.474) 20 (0.079) 112 (0.446)

rs2292354 G A 2.225 0.135 0.637 0.627–1.065 G/A G/G A/A 7.84 0.019* 0.136 0.934

NAFLD 775 (0.810) 181 (0.189) 135 (0.282) 320 (0.669) 23 (0.048)

Non-NAFLD 392 (0.777) 112 (0.222) 96 (0.380) 148 (0.587) 8 (0.031)

rs5186 A C 0.060 0.805 0.840 0.673–1.663 A/A C/A C/C 7.071 0.029* 0.437 0.991

NAFLD 888 (0.936) 60 (0.063) 414 (0.873) 60 (0.126) 0 (0)

Non-NAFLD 470 (0.94) 30 (0.06) 223 (0.892) 24 (0.096) 3 (0.012)

rs2206277 C T 2.254 0.133 0.571 0.942–1.567 C/C C/T T/T 6.384 0.041* 0.41 0.229

NAFLD 707 (0.741) 247 (0.258) 273 (0.572) 161 (0.337) 43 (0.09)

Non-NAFLD 393 (0.776) 113 (0.223) 150 (0.592) 93 (0.367) 10 (0.039)

CI, confidence interval; FDR, false discovery rate; HWE, Hardy-Weinberg equilibrium; NAFLD, non-alcoholic fatty liver disease; SNPs, single nucleotide polymorphisms. * and ** indicate p < 0.05 and p < 0.01, respectively.
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TABLE 4 Genotype distribution in five genetic models in females.

Genotype Genetic model NAFLD (N) Non-NAFLD (N) OR 95% CI p FDR p1 FDR1

rs12409877 Codominant 0.089 0.111 0.034* 0.043*

A/A 254 111 1.00

A/G 30 25 1.91 1.07 3.39

G/G 3 2 1.53 0.25 9.26

Dominant 0.029* 0.069 0.011* 0.028*

A/A 254 111 1.00

A/G-G/G 33 27 1.87 1.07 3.26

Overdominant 0.031* 0.069 0.010* 0.028*

A/A-G/G 257 113 1.00

A/G 30 25 1.90 1.07 3.37

log-Additive 0.041* 0.069 0.021* 0.036*

0,1,2 287 138 1.68 1.03 2.76

rs10770141 Codominant 0.022* 0.056 0.217 0.281

G/G 255 111 1.00

A/G 33 24 1.67 0.94 2.96

A/A 0 2 0

Dominant 0.040* 0.067 0.225 0.281

G/G 255 111 1.00

A/G-A/A 33 26 1.81 1.03 3.17

log-Additive 0.022* 0.056 0.167 0.281

0,1,2 288 137 1.89 1.11 3.22

rs2292354 Overdominant 0.049* 0.229 0.047* 0.202

G/G-A/A 218 89 1.00

G/A 81 51 1.54 1.00 2.37

CI, confidence interval; FDR, false discovery rate; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; SNPs, single nucleotide polymorphisms. p1 and FDR1 indicate p value and adjusted p value by FDR method after adjusting age and BMI. * and

** indicate p < 0.05 and p < 0.01, respectively.
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TABLE 5 Genotype distribution in five genetic models in males.

Genotype Genetic model NAFLD (N) Non-NAFLD (N) OR 95% CI p FDR p1 FDR1

rs2071518 Codominant 0.039* 0.049* 0.027* 0.034*

C/C 136 70 1.00

T/C 38 39 1.99 1.17 3.39

T/T 5 3 1.17 0.27 5.02

Dominant 0.015* 0.036* 0.008** 0.021*

C/C 136 70 1.00

T/C-T/T 43 42 1.90 1.14 3.17

Overdominant 0.011* 0.036* 0.008** 0.022*

C/C-T/T 141 73 1.00

T/C 38 39 1.98 1.17 3.36

log-Additive 0.035* 0.049* 0.019* 0.032*

0,1,2 179 112 1.62 1.03 2.53

rs2206277 Codominant 0.007** 0.017* 0.014* 0.036*

C/C 97 71 1.00

C/T 66 41 0.85 0.52 1.39

T/T 15 1 0.09 0.01 0.71

Recessive 0.002** 0.010* 0.004** 0.020*

C/C-C/T 163 112 1.00

T/T 15 1 0.10 0.01 0.75

log-Additive 0.026* 0.043* 0.048* 0.080

0,1,2 178 113 0.63 0.42 0.95

CI, confidence interval; FDR, false discovery rate; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; SNPs, single nucleotide polymorphisms. p1 and FDR1 indicate p value and adjusted p value by FDR method after adjusting age and BMI. * and

** indicate p < 0.05 and p < 0.01, respectively.
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FIGURE 5

Cross-lagged panel model for (A) TB and MS score in females and (B) urea and FLD index in males. FLD index, fatty liver disease index; MS score,

metabolic syndrome score; TB, total bilirubin.

TFAP2B were statistically related to the risk of NAFLD in males.

Regarding the distinctive finding after gender stratification,

we investigated SNPs’ role in regulating NAFLD-related traits,

such as TB and urea. It showed that rs2292354 in GIT2

gene potentially regulated TB levels and MS in aging females.

And this was supported by the following studies, GIT2 was

identified as a hub gene to connect with the aging process

and aging-related diseases (35); as metabolic status influences

aging, Martin et al. (36) deleted GIT2 and found it altered

transcriptomic signatures of the hypothalamus, which affects

type II diabetes and metabolic pathways; GIT2 is also highly

responsive to oxidative stress (37); TB, as the end product

of heme degradation, can improve the endothelial function

of MS through inhibiting oxidative stress. All these clues

suggested genetic variants in GIT2 might play critical roles

in the susceptibility of MS. Considering the possible sexual

dimorphism, our results also highlighted the importance of

consideration of gender in exploring risk factors for the

progression in chronic diseases.

The main strength of this study is that longitudinal analysis

was conducted in a homogenous, regionally representative

cohort of aging females and males, and chronological patterns of

anthropometric and blood traits were displayed. CLPM analysis

was used to investigate the direction of associations between MS

score and TB in females, and FLD index and urea in males,

which allows for examining temporal associations better than

logistic regression analysis and provides some clues to prevent

the chronic diseases. Additionally, the associations of rs2292354

in GIT2 with MS score and TB supported the gender-specific

pattern in females in genetics. The limitation of this study is

that the associations between MS score and TB in females, and

FLD index and urea in males were required regardless of the
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effects of the hormone, while hormones might profoundly affect

the chronic diseases in aging. In addition, since multiple factors

would affect the gene variation, more research in different ethnic

groups and regions with larger sample size are needed to verify

the current result.

Conclusions

Our study suggests the potential causal associations between

development in MS and increase in TB level in females, and

rise in urea level and improved FLD index in males. Moreover,

the associations of rs2292354 in GIT2 with MS score and TB

in females were found. The SNP rs2292354 we investigated

might be a biomarker for predicting MS in the elderly Chinese

Han population.
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Background: Older adults with mild cognitive impairment (MCI) have

the possibility of reverting to normal cognitive function. Leisure activity

engagement (LAE) plays a critical role in the progress of the cognitive

function. A better understanding of the dynamic relationship between LAE

and MCI reversion would inform the implementation of preclinical dementia

interventions. This study aimed to investigate the association between change

patterns of LAE and MCI reversion among older adults using the Chinese

Longitudinal Healthy Longevity Survey (CLHLS) database.

Study design: Longitudinal population-based study.

Methods: Older adults with MCI at the baseline were enrolled in this

study. Information about cognitive function, overall, cognitively stimulating,

physically active/demanding, and socially engaged LAE was collected at

baseline and follow-up. Adjusted hazard ratios (HRs) for reversion and 95%

confidence intervals (CIs) were calculated by Cox hazard models with time as

the underlying time metric. We also assessed potential e�ect modifications by

creating a cross-product of the stratifying variable with LAE change patterns in

the fully adjusted model.

Results: The restricted cubic spline showed that the association between

LAE change scores and MCI reversion rate was statistically significant and

nonlinear (p<0.01). Taking participants in the low–low group as a reference,

participants in the low–medium, low–high, medium–medium, medium–high,

high–medium, and high–high groups had increased possibilities of MCI

reversion with HRs (95% CI) of 2.19 (1.57–3.06), 2.97 (2.13–4.13), 0.87

(0.64–1.19), 2.28 (1.71–3.03), 2.78 (2.10–3.69), 1.93 (1.43–2.59), and 2.74

(2.09–3.60), respectively. Further stratified models showed that the impact of

LAE change patterns on MCI reversion varied in di�erent ages (nonagenarian,

octogenarian, and younger elderly) and gender.

Frontiers in PublicHealth 01 frontiersin.org

310

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.1035762
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.1035762&domain=pdf&date_stamp=2022-11-22
mailto:tqb1980@hebmu.edu.cn
https://doi.org/10.3389/fpubh.2022.1035762
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/fpubh.2022.1035762/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xu et al. 10.3389/fpubh.2022.1035762

Conclusions: Participants who maintained the highest LAE had the greatest

possibility of MCI reversion. Meanwhile, a higher level of LAE maintenance was

associatedwith the increased possibility ofMCI reversion. These results provide

a practical message to older adults about how dynamic changes in LAE are

associated with improved cognitive function.

KEYWORDS

leisure activity, mild cognitive impairment, reversion, older adults, longitudinal study

Introduction

Mild cognitive impairment (MCI) is the transitional stage

between normal aging and dementia in which individuals

demonstrate objective cognitive impairment that does not

interfere with daily functional independence (1). Recent

evidence reported that the prevalence of MCI was around 14.8%

in people aged 75–79 years and 25.2% in people aged 80–84 years

(2). Even though older adults with MCI have a higher risk of

progressing to dementia than individuals with normal cognitive

function (3, 4), nearly 30% of them could still revert to normal

cognitive function (5).

To date, few studies have focused on individuals who

reverted to normal cognitive function after a diagnosis of MCI.

Knowing the predictors of MCI reversion in older adults with

the increasing need to treat dementia at an early stage is

important. In addition, most previous studies investigated the

association between MCI reversion and non-modifiable factors

and lifelong factors that cannot be changed in later life (e.g.,

gender, age, educational level, economic status, and living place)

(6, 7). Evidence on modifiable predictors for MCI reversion is

still limited.

Leisure activity engagement (LAE) plays a critical role in the

progress of cognitive function (8). Many resources found that

LAE may delay or prevent Alzheimer’s disease (AD) or related

dementia (9). However, few researchers studied the impact of

LAE on MCI reversion. It is critical to investigate the impact

of LAE on MCI reversion among community-dwelling older

adults to prevent dementia at an early stage. It is also valuable

to differentiate the types of leisure activities, that is, cognitive,

physical, and social when studying their effects onMCI reversion

since these three subtypes of LAE have varied pathways

which converge within three major etiological hypotheses (such

as the cognitive reserve hypothesis, the vascular hypothesis,

and the stress hypothesis) for dementia and other cognitive

disorders (10).

Although a cohort study identified some specific activities

positively associated with MCI reversion (4), the LAE and

cognitive ability measurements were conducted at a given age.

They only assessed the change in cognitive ability from the

point award, which ignored dynamic features of LAE over

time and could introduce some measurement errors (11, 12).

It is critical to capture changes in LAE since they reflect the

associated risks when individuals change their lifestyle in the

real world from a public health perspective (13). A better

understanding of the dynamic relationship between LAE and

MCI reversion would inform the implementation of preclinical

dementia interventions and improve our understanding of the

aging mind and the brain.

The association between changes in LAE, such as changing

from a higher engagement at the baseline to a lower engagement

at follow-up, and MCI reversion rate remains unclear, and

we aimed to fill in this blank. To address this question, we

investigated the association between change patterns of overall,

cognitive-based, physical-based, and social-based LAE and MCI

reversion among older adults by using the data from the Chinese

Longitudinal Healthy Longevity Survey (CLHLS) database.

Materials and methods

Study design, participants, and
procedures

Participants were selected from older adults enrolled in the

population-based cohort study titled CLHLS. The CLHLS was

a nationwide prospective cohort study that enrolled individuals

aged 65 years or older. The sample was randomly selected from

806 cities and counties in 23 provinces of China using multi-

stage stratified sampling, covering about half of the cities and

counties in each province (14). More detailed information on

the study design and data quality assessment of the CLHLS has

been presented in previous studies (15). All baseline and follow-

up surveys were administered at the homes of participants

by trained interviewers with a structured questionnaire. Proxy

respondents, usually a spouse or other close family members,

were interviewed when the participants were unable to answer

questions, but questions regarding cognitive function were

answered by the participants themselves.

In this study, we included participants who had MCI at the

baseline. The baseline exclusion criteria were health problems,

such as clinical diagnosis of dementia, missing data regarding

the exclusion criteria, relocation or death during the follow-up

period, without MCI (MMSE<18 orMMSE>23) at the baseline.
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FIGURE 1

Flow diagram of sample selection.

Among 35,474 participants enrolled in the CLHLS from 2002

to 2014, 31,930 participants were excluded according to the

exclusion criteria. Finally, 3,544 participants with MCI at the

baseline were enrolled in the study (Figure 1).

The Chinese Longitudinal Healthy Longevity Survey study

was approved by the Institutional Review Board of Duke

University (Pro00062871) and the Biomedical Ethics Committee

of Peking University (IRB00001052-13074). Each participant

signed written informed consent.

Assessment of leisure activity

The frequency of engaging in eight typical leisure activities:

housework, personal outdoor activities, garden work, reading

newspapers/books, raising domestic animals, playing cards

and/or Mahjong, watching TV and/or listening to the radio,

social activities (organized) was recorded as “almost every

day,” “not daily, but once a week,” “not weekly, but at least

once a month,” “not monthly, but sometimes,” or “never.”

The frequency of engaging in each activity was recoded on a

three-point Likert scale: frequently, occasionally, and rarely, and

they were scored as 2, 1, and 0, respectively. The classification

resembles that used in a study by Fernández-Mayoralas, Rojo-

Pérez (16), which categorized participation in leisure activities as

“active,” “moderately active,” and “inactive.” This categorization

has drawn out more differences among the three categories,

as opposed to categorizing participation into a two-category

variable (“active” and “inactive”).

According to the predominant element of each activity,

these activities were categorized into cognitively stimulating,

physically active/demanding, and socially engaged (17). The

range of overall, cognitively stimulating (such as reading

newspapers/books and watching TV/listening to the radio),

physically active/demanding (such as housework, personal

outdoor activities, and garden work), and socially engaged

(such as playing cards/Mahjong, engagement in social activities,

and raise domestic animals) were 0–16, 0–4, 0–6, and 0–6,

respectively, following established studies (18).

Definitions of LAE change patterns

Leisure activity engagement (LAE) change patterns of

overall, cognitively stimulating, physically active/demanding,

and socially engaged were calculated according to LAE from
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the baseline to follow-up. The overall LAE was categorized

into three groups [low (0–2 score), medium (3–5 score), and

high (6–16 score] according to the distribution of participants.

Then, nine relative LAE change patterns were created:

low–low, low–medium, low–high, medium–low, medium –

medium, medium–high, high–low, high–medium, and high–

high. Accordingly, cognitively stimulating LAE was categorized

into low, medium, and high with 0, 1–2, and 3-−4, and

physically active/demanding LAE was categorized into three

groups with 0, 1–3, and 4–6, and socially engaged LAE was

categorized into three groups with 0, 1, and 2–6.

Cognitive assessment

The mild cognitive impairment was measured by the

Chinese version of the Mini-Mental State Examination (MMSE)

and adapted and validated from the scale developed by Folstein

et al. (19). The Chinese version of the MMSE considers the

cultural and socioeconomic conditions of the older Chinese

adults so that all question items in the test could be easily

comprehended and answered by a survey participant with

normal cognitive functioning (20). The Chinese version of

the Mini-Mental State Examination (CMMSE) made small

modifications based on the social-cultural differences of the

Chinese population. According to regional divisions of China,

test items for the orientation to the place were adapted as to

province, district, street, place, and floor to replace the phrase

country, town, street, place, and floor. The reliability and validity

of the CMMSE in the CLHLS have been established in prior

studies (21, 22). In particular, previous research showed that

participants were more likely to be unable to answer relatively

difficult tasks when they exhibited poor health and/or existing

cognitive limitations (23). Therefore, following prior research,

we categorized responses of “unable to answer” as incorrect

answers. This approach has been widely used in previous studies

and will not introduce potential bias (24). The MMSE measured

5 aspects of cognitive function (such as orientation, reaction,

attention and calculation, recall, and language) by 24 items. The

total score ranged from 0 to 30 and a higher score indicated

better cognitive function. Mild cognitive impairment (MCI)

was defined as a CMMSE score between 18 and 23 (25, 26),

and reversion was defined as a participant with MCI reaching

24 or above in the follow-up tests for the first time. Reliable

change in MMSE should be at least 2 to 4 points (27), and we

added an additional restriction of MMSE change≥3 points to

the definition of MCI reversion. Sensitivity analysis was also

conducted for other thresholds (≥4).

Covariates

The following covariates were assessed: age, sex, residence

(urban or rural), education (years of schooling), marital status

(married, divorced/widowed/never), economic status (favorable

or unfavorable), living pattern (living with family members,

alone, or at the nursing home), number of people living with,

smoke at present (yes or no), drinking alcohol at present (yes or

no), exercise at present (yes or no), activity of daily living (ADL),

instrumental ADL (IADL), and chronic diseases including

hypertension, diabetes, heart disease, stroke or cardiovascular

disease (CVD), cataract, digestive system diseases, arthritis, and

Parkinson’s disease were coded into yes and no.

The activity of daily living (ADL) was measured at each wave

using six items (such as dressing, bathing, indoor transferring,

toileting, continence, and feeding). Participants were asked

if they needed assistance with each of the six activities.

Instrumental ADL (IADL) was composed of eight items (such

as shopping, visiting neighbors, washing clothes, making food,

walking 1 km, crouching and standing [repeated three times],

carrying 5 kg weight, and taking public transport). Respondents

were categorized as having an IADL disability if they needed help

in performing at least one of the eight items according to the

Lawton scale (28).

Statistical analysis

Baseline characteristics are presented as the mean (standard

deviation [SD]) for continuous variables and the number

(percentages [%]) for categorical variables. Pearson’s Chi-

squared test and t-test were used to examine the difference in the

baseline characteristics of participants in different LAE change

patterns. The reversion rate was calculated during the follow-

up assessments. We applied Cox hazard models with time as the

underlying time metric to calculate the hazard ratios (HRs) and

95% confidence intervals (95% CIs) for analyzing the association

between LAE changes and MCI reversion. We examined the

proportional hazards assumption by creating a cross-product

of follow-up time and LAE change patterns. Possible nonlinear

relationships by nonparametrically restricted cubic splines were

analyzed between the continuous LAE change points and MCI

reversion (29, 30).

Demographic variables, functional ability, and chronic

medical illness were listed as possible covariates. The association

between changes in LAE and MCI reversion was investigated

in three models: Model 1, adjusted for sex and age; Model

2, further adjusted for residence, years of schooling, marital

status, economic status, living pattern, and the number of people

living with based on Model 1; Model 3, further adjusted for

smoking, alcohol drinking, ADL, IADL, and chronic diseases

(such as hypertension, diabetes, heart disease, stroke or CVD,

cataract, digestive system diseases, arthritis, and Parkinson’s

disease) based on Model 2. Adjusted hazard ratios (HRs) for

reversion and 95% confidence intervals (CIs) were calculated.

We performed stratified analyses to evaluate potential

effect modifications by baseline age (younger elderly 65–79

years, octogenarian 80–89 years, nonagenarian: ≥90 years),
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sex (male or female), residence (urban or rural), marital

status (married, divorced/widowed/never), economic status

(favorable or unfavorable), living pattern (living with family

members, alone, or at the nursing home). We assessed

potential effect modifications by creating a cross-product of

the stratifying variable with LAE change patterns in the fully

adjusted model.

To assess the possibility of reverse confounding between

LAE andMCI reversion, people who can domore leisure activity

may have less severe MCI (than others with similar CMMSE

scores) and therefore, a better chance of reversion. We included

TABLE 1 Baseline characteristics of older adults according to LAE change patterns.

Low-low Low-

medium

Low-high Medium-

low

Medium-

medium

Medium-

high

High-low High-

medium

High-

high

P-value

Number of participants 500 153 115 494 313 279 376 309 599

Age in years 93.1± 7.4 88.7± 8.1 86.4± 9.0 91.05± 7.9 86.3± 8.4 83.7± 9.7 89.5± 8.7 84.3± 9.6 79.4± 8.5 <0.001***

Age group in years <0.001***

Younger elderly 20 (4.0) 18 (11.8) 22 (19.1) 37 (7.5) 58 (18.5) 91 (32.6) 42 (11.2) 93 (30.1) 322 (53.8)

Octogenarian 140 (28.0) 63 (41.2) 53 (46.1) 170 (34.4) 140 (44.7) 115 (41.2) 136 (36.2) 122 (39.5) 201 (33.6)

Nonagenarian 340 (68.0) 72 (47.1) 40 (34.8) 287 (58.1) 115 (36.7) 73 (26.2) 198 (52.7) 94 (30.4) 76 (12.7)

Sex

Male 115 (23.0) 49 (32.0) 47 (40.9) 122 (24.7) 104 (33.2) 99 (35.5) 105 (27.9) 108 (35.0) 213 (35.6) <0.001***

Educational level

Years of schooling 1.3± 8.9 0.8± 2.2 2.8± 13.1 1.1± 6.2 1.0± 5.3 1.9± 10.0 1.3± 1.0 1.6± 6.3 1.4± 2.8 0.335

Location of residence

Urban residence 181 (36.2) 56 (36.6) 30 (26.1) 208 (42.1) 107 (34.2) 92 (33.0) 134 (35.6) 120 (38.8) 215 (35.9) 0.054

Marital status <0.001***

Married 66 (13.2) 39 (25.5) 37 (32.2) 69 (14.0) 70 (22.4) 83 (29.7) 82 (21.8) 93 (30.1) 267 (44.6)

Divorced/widowed /never 407 (81.9) 114 (74.5) 78 (67.8) 425 (86.0) 242 (77.6) 196 (70.3) 294 (78.2) 216 (69.9) 332 (55.4)

Economic status 0.017*

Favorable 407 (81.9) 117 (76.5) 86 (74.8) 404 (82.1) 232 (74.6) 205 (73.7) 308 (82.1) 237 (76.7) 470 (78.9)

Unfavorable 90 (18.1) 36 (23.5) 29 (25.2) 88 (17.9) 79 (25.4) 73 (26.3) 67 (17.9) 72 (23.3) 126 (21.1)

Number of people living with 2.8± 2.2 2.5± 2.2 2.7± 2.2 2.7± 2.3 2.4± 2.3 2.3± 2.0 2.9± 5.6 2.4± 2.2 2.3± 2.2 0.005**

Living pattern <0.001***

Living with family members 420 (84.2) 117 (76.5) 92 (80.0) 388 (78.7) 214 (68.4) 215 (77.1) 307 (82.1) 242 (78.3) 476 (79.1)

Alone 69 (13.8) 29 (19.0) 21 (18.3) 89 (18.1) 81 (25.9) 56 (20.1) 60 (16.0) 60 (19.4) 118 (19.7)

At nursing home 10 (2.0) 7 (4.6) 2 (1.7) 16 (3.2) 18 (5.8) 8 (2.9) 7 (1.9) 7 (2.3) 7 (1.2)

Functional status

ADL 7.2± 2.3 6.7± 1.7 6.6± 1.4 6.5± 1.2 6.3± 0.8 6.2± 0.7 6.3± 1.0 6.2± 0.8 6.1± 0.4 <0.001***

IADL 17.9± 5.0 15.8± 5.3 15.2± 5.1 14.7± 4.6 12.7± 4.1 12.3± 4.2 12.5± 4.1 10.9± 3.3 10.1± 2.7 <0.001***

Lifestyle

Smoke at present 53 (10.6) 24 (15.7) 16 (13.9) 67 (13.6) 52 (16.7) 38 (13.7) 59 (15.7) 56 (18.2) 155 (25.9) <0.001***

Drink at present 66 (13.2) 17 (11.2) 14 (12.3) 60 (12.2) 53 (16.9) 45 (46.2) 82 (21.9) 59 (19.1) 149 (24.9) <0.001***

Exercise at present 39 (7.8) 21 (13.7) 14 (12.3) 138 (28.0) 80 (25.6) 64 (23.0) 135 (36.0) 118 (38.2) 229 (38.2) <0.001***

Chronic disease

Hypertension 91 (18.9) 35 (23.5) 25 (22.7) 106 (22.6) 69 (23.0) 55 (20.8) 73 (0.4) 68 (23.6) 132 (23.3) 0.772

Diabetes 9 (1.9) 1 (0.7) 1 (0.9) 8 (1.7) 8 (2.6) 3 (1.1) 6 (1.7) 6 (2.1) 12 (2.1) 0.869

Heart disease 25 (5.2) 13 (8.8) 7 (6.4) 34 (7.2) 21 (6.9) 11 (4.2) 39 (11.0) 26 (8.9) 51 (9.0) 0.026*

Stroke or CVD 22 (4.6) 5 (3.4) 6 (5.3) 25 (5.4) 14 4.6) 10 (3.8) 18 (5.0) 12 (4.2) 28 (4.9) 0.984

Cataract 55 (11.4) 23 (15.8) 9 (8.0) 49 (10.4) 39 (13.0) 24 (9.1) 34 (9.6) 32 (11.0) 47 (8.3) 0.188

Digestive system diseases 21 (4.6) 6 (4.2) 8 (7.3) 23 (5.3) 10 (3.4) 10 (3.9) 17 (4.9) 17 (6.0) 31 (5.6) 0.768

Arthritis 86 (17.8) 23 (15.6) 22 (20.0) 96 (20.4) 64 (21.0) 55 (0.6) 75 (20.8) 69 (23.4) 122 (21.4) 0.627

Parkinson’s disease 4 (0.9) 1 (0.7) 0 (0) 3 (0.7) 3 (1.0) 2 (0.8) 2 (0.6) 0 (0) 2 (0.4) 0.815

*P < 0.05 **P < 0.01 ***P < 0.001.
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the baseline MMSE score in the multivariate Cox hazard model

for the sensitivity analysis.

Analyses were performed by using IBM SPSS v26.0 and R

4.2.1. Statistical tests were two-sided, and the p-values of <0.05

were considered to indicate statistical significance.

Results

Baseline characteristics

Among 3,544 participants, the mean age was 86.7 years

(SD, 9.6 years) at the baseline and 30.1% of participants were

male. Over a mean of 3.8 years (SD, 1.7 years) of follow-

up, 1,742 participants (49.2%) reverted to normal cognitive

function over 6,045 person-years. Table 1 presents the baseline

characteristics of the participants by the LAE change patterns.

Most participants were in the low–low group (599, 16.9%),

and the low–high group had the least participants (115, 3.2%).

Participants in the high–high group were more likely to be

younger elderly, female, and have lower ADL and IADL scores.

Supplementary Table S1 presents the baseline characteristics of

the participants by the MCI reverting status.

Dose-response association between LAE
change points and MCI reversion

After adjusting for sex, age, residence, years of schooling,

marital status, economic status, living pattern, number of

people living with, smoking, alcohol drinking, ADL, IADL, and

chronic disease (such as hypertension, diabetes, heart disease,

stroke or CVD, cataract, digestive system diseases, arthritis,

and Parkinson’s disease), the restricted cubic spline model

showed a nonlinear relationship between LAE change patterns

and MCI reversion (Figure 2 nonlinear test, χ2 = 157.97,

Pnon−linearity <0.001).

LAE change patterns and MCI reversion

The high–high group has the highest MCI reversion rate

at 84.8%, and the low–low group has the lowest reversion

rate at 23.4%. Figure 3 and Supplementary Table S2 show the

association between overall LAE change patterns and the

reversion rate. Taking participants in the low–low group as a

reference, participants in the low–medium, low–high, medium–

medium, medium–high, high–medium, and high–high groups

had increased possibilities of MCI reversion with HRs (95%

CI) of 2.19 (1.57–3.06), 2.97 (2.13–4.13), 2.28 (1.71–3.03), 2.78

(2.10–3.69), 1.93 (1.43–2.59), and 2.74 (2.09–3.60), respectively.

The association among cognitively stimulating, physically

active/demanding, and socially engaged LAE change

FIGURE 2

Association between the LAE change points and MCI reversion

rate based on restricted cubic spline model. The results derived

from the full-adjusted models were presented as hazard ratios

with 95% confidential intervals. The model adjusted for sex, age,

residence, years of schooling, marital status, economic status,

living pattern, number of people living with, smoking, alcohol

drinking, activity of daily living (ADL), instrumental activity of

daily living (IADL), and chronic disease (such as hypertension,

diabetes, heart disease, stroke or CVD, cataract, digestive system

diseases, arthritis, and Parkinson’s disease).

patterns and MCI reversion is also shown in Table 2.

The associations between cognitively stimulating LAE

change patterns and MCI reversion were similar to the

main results, as physically active/demanding LAE change

patterns. However, physically active/demanding LAE

showed a larger effect on MCI reversion than cognitively

stimulating LAE. For social-based LAE change patterns,

participants in the medium–medium group and the high–

medium group did not have increased possibilities of MCI

reversion with HRs (95% CI) of 1.26 (0.75–2.11) and 1.30

(0.94–1.80), respectively.

In addition, the associations between absolute LAE change

patterns and MCI reversion in eight activities are shown

in Table 3. For most of the leisure activities, compared

with participants in the rarely–rarely group, participants in

the rarely–frequently, and frequently–frequently groups had

increased possibilities of MCI reversion.

Stratified analysis

In the stratified analysis (Table 4), among participants with

unfavorable economic status, compared with those in the

low–low group, only participants in the medium–high and

high–high groups had increased possibilities with HRs (95%
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FIGURE 3

The association between overall LAE change patterns and MCI reversion. The results derived from the full-adjusted models were presented as

hazard ratios with 95% confidential intervals. The model adjusted for sex, age, residence, years of schooling, marital status, economic status,

living pattern, number of people living with, smoking, alcohol drinking, activity of daily living (ADL), instrumental activity of daily living (IADL), and

chronic disease (such as hypertension, diabetes, heart disease, stroke or CVD, cataract, digestive system diseases, arthritis, and Parkinson’s

disease).

CI) of 2.44 (1.29–4.60) and 2.17 (1.18–3.98), respectively.

Among participants living alone or living at nursing homes,

the association between LAE change patterns and MCI

reversion was insignificant. Among participants who were

divorced/widowed/never married, compared with participants

in the low–low group, participants in the low–medium, low–

high, medium–medium, medium–high, and high–high groups

had increased possibilities with HRs (95%CI) of 2.45 (1.65–

3.62), 3.30 (2.20–4.93), 2.19 (1.56–3.07), 2.86 (2.04–4.00), 1.88

(1.32–2.70), and 3.01 (2.17–4.17), respectively. In addition,

LAE presented a larger effect on MCI reversion among urban

residents than rural residents.

When stratified by age (Supplementary Table S3), the

associations between overall LAE and MCI reversion were

insignificant among the younger elderly. For cognitively

stimulating LAE, compared to younger elderly in the low–

low group, those in the low–high and high–high groups had

increased possibilities of MCI reversion with HRs (95% CI) of

2.61 (1.23–5.55) and 1.96 (1.09–3.52), respectively. In addition,

an octogenarian in the medium–low group had a statistically

significant lower possibility of MCI reversion with an HR

(95% CI) of 0.59 (0.41–0.85). For physically active/demanding

LAE, compared with the low–low group, nonagenarians in the

medium–medium, medium–high, and high–high groups had

increased possibilities of MCI reversion with HRs (95% CI) of

1.71 (1.09–2.70), 2.98 (1.82–4.90), 2.72 (1.55–4.78), respectively.

The associations between overall physically active/demanding

and MCI reversion were not significant among the younger

elderly. For socially engaged LAE, only nonagenarians did

not show a statistically significant result in the medium–

medium group.

When stratified by sex (Supplementary Table S4), the

associations between different types of LAE change patterns

and MCI reversion among female participants were similar to

the main results. For physically active/demanding LAE, male

participants in the low–high, medium–high, and high–high

groups have higher possibilities of MCI reversion with HRs

(95% CI) of 2.32 (1.22–4.40), 1.95 (1.17–3.24), and 3.28 (1.73–

6.23), respectively.

Sensitivity analysis

Supplementary Table S5 shows the associations among

overall, cognitively stimulating, physically active/demanding,

and socially engaged LAE changes patterns and MCI reversion

after setting MMSE change≥4 points as MCI reverted status.

All of the associations were similar to results when setting

MMSE change≥3 points as MCI reverted to normal cognitive

function status.

Supplementary Table S6 shows the associations between all

variables and MCI reversion after adding the baseline MMSE

score as a covariate. All of the associations were similar to the

main results. Taking participants in the low–low group as a

reference, participants in the low–medium, low–high, medium–

medium, medium–high, high–medium, and high–high groups

had increased possibilities of MCI reversion with HRs (95%

CI) of 2.42 (1.64–3.58), 3.58 (2.49–5.15), 2.80 (2.02–3.89), 3.34

(2.42–4.62), 2.36 (1.68–3.31), and 3.46 (2.54–4.73), respectively.

Meanwhile, the baseline MMSE score was not significantly

associated with MCI reversion.
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TABLE 2 The association between cognitively stimulating, physically active/demanding, and socially engaged LAE change patterns and MCI reversion.

Low-low Low-medium Low-high Medium-low Medium-medium Medium-high High-low High-medium High-high

Cognitively stimulating

No of reverters/ person years 195/2,604 258/1,575 27/109 225/3,250 799/4,533 83/351 12/210 47/250 72/267

Reversion rate 28.6 59.3 79.4 28.6 64.5 79.0 21.4 65.3 87.8

Model 1 1 ref 1.85 (1.53–2.24)*** 2.60 (1.73–3.90)*** 0.85 (0.70–1.03) 1.88 (1.60–2.21)*** 2.32 (1.78–3.03)*** 0.65 (0.36–1.16) 1.95 (1.41–2.70)*** 2.51 (1.90–3.33)***

Model 2 1 ref 1.94 (1.57–2.39)*** 2.74 (1.78–4.21)*** 0.89 (0.72–1.10) 1.98 (1.65–2.38)*** 2.45 (1.82–3.29)*** 0.74 (0.40–1.37) 2.04 (1.44–2.89)*** 2.65 (1.95–3.61)***

Model 3 1 ref 1.88 (1.50–2.35)*** 2.57 (1.61–4.11)*** 0.86 (0.68–1.09) 1.90 (1.56–2.32)*** 2.22 (1.60–3.08)*** 0.81 (0.44–1.51) 1.78 (1.20–2.65)** 2.53 (1.80–3.57)***

Physically active/demanding

No of reverters/ person years 69/1,147 66/511 51/212 137/2,083 289/1,759 290/1,189 74/1,278 243/1,497 385/1,666

Reversion rate 21.8 42.9 77.3 25.0 57.0 84.5 23.7 58.8 79.7

Model 1 1 ref 1.93 (1.38–2.71)*** 3.18 (2.21–4.59)*** 1.02 (0.76–1.36) 2.24 (1.72–2.92)*** 2.96 (2.25–3.88)*** 0.87 (0.63–1.21) 2.13 (1.62–2.80)*** 2.79 (2.14–3.65)***

Model 2 1 ref 1.91 (1.34–2.74)*** 3.24 (2.19–4.79)*** 1.04 (0.76–1.41) 2.27 (1.71–3.00)*** 2.93 (2.20–3.91)*** 0.90 (0.63–1.28) 2.08 (1.55–2.78)*** 2.84 (2.14–3.77)***

Model 3 1 ref 1.86 (1.27–2.73)** 3.20 (2.10–4.88)*** 0.97 (0.69–1.35) 2.13 (1.56–2.91)*** 2.61 (1.89–3.60)*** 0.85 (0.57–1.25) 1.93 (1.39–2.69)*** 2.62 (1.90–3.63)***

Socially engaged

No of reverters/ person years 589/6,016 91/460 211/1,001 82/895 20/112 57/261 246/2,469 65/370 355/1,546

Reversion rate 36.6 72.2 72.8 35.8 62.5 76.0 41.7 71.4 80.5

Model 1 1 ref 1.78 (1.43–2.22)*** 1.85 (1.58–2.17)*** 0.90 (0.71–1.13) 1.36 (0.87–2.13) 1.75 (1.33–2.30)*** 0.94 (0.80–1.09) 1.42 (1.09–1.84)** 1.70 (1.47–1.96)***

Model 2 1 ref 1.94 (1.53–2.48)*** 1.95 (1.64–2.32)*** 0.93 (0.73–1.20) 1.28 (0.77–2.11) 1.82 (1.35–2.46)*** 0.97 (0.83–1.15) 1.41 (1.07–1.86)* 1.79 (1.54–2.09)***

Model 3 1 ref 2.05 (1.58–2.65)*** 1.98 (1.64–2.40)*** 0.96 (0.73–1.26) 1.26 (0.75–2.11) 1.77 (1.29–2.43)*** 0.95 (0.79–1.14) 1.30 (0.94–1.80) 1.67 (1.40–1.98)***

*P < 0.05**P < 0.01***P < 0.001.

Model 1 Adjusted for age (continuous), gender.

Model 2 Adjusted for model 1 plus residence, years of schooling, marital status, economic status, living pattern, number of people living with.

Model 3 Adjusted for model 2 plus tobacco smoking, alcohol drinking, regular exercise, ADL, IADL, chronic disease (hypertension, diabetes, heart disease, stroke or CVD, cataract, digestive system disease, arthritis, Parkinson’s disease).
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TABLE 3 The association between absolute LAE change patterns and MCI reversion in eight activities.

Rarely-rarely Rarely-

occasionally

Rarely-

frequently

Occasionally

-rarely

Occasionally-

occasionally

Occasionally

-frequently

Frequently-

rarely

Frequently-

occasionally

Frequently-

frequently

Cognitive activity

Read newspapers/books

No of reverters/ person years 1,436/11,693 46/212 74/322 37/258 8/24 15/61 41/340 12/46 49/193

Reversion rate 46.9 71.9 77.1 51.4 100.0 83.3 44.1 80.0 83.1

HR (95%CI) 1 ref 1.53 (1.10–2.13) * 1.49 (1.12–1.98) ** 1.04 (0.71–1.52) 1.84 (0.87–3.91) 1.74 (0.89–3.43) 0.88 (0.61–1.26) 1.69 (0.87–3.29) 1.62 (1.16–2.27) **

Watch TV and/or listen to radio

No of reverters/ person years 2,078/2,706 53/358 232/1,335 60/817 39/203 138/730 180/2,615 83/630 728/3,767

Reversion rate 29.1 54.1 62.4 30.2 65.0 71.5 28.3 49.7 69.0

HR (95%CI) 1 ref 1.74 (1.22–2.46) ** 1.93 (1.54–2.42) *** 0.93 (0.66–1.31) 2.31 (1.57–3.41) *** 1.87 (1.44–2.43) *** 0.81 (0.64–1.03) 1.59 (1.18–2.16) ** 1.93 (1.58–2.35) ***

Physical activity

Housework

No of reverters/ person years 308/3,840 31/226 164/752 59/735 9/54 54/205 258/3,329 42/333 796/3,689

Reversion rate 29.8 46.3 73.5 30.4 52.9 87.1 32.7 50.6 77.7

HR (95%CI) 1 ref 1.67 (1.12–2.50) * 2.31 (1.85–2.89) *** 0.96 (0.70–1.32) 2.04 (0.96–4.35) 2.79 (2.03–3.84) *** 0.92 (0.74–1.13) 1.54 (1.05–2.26) * 2.23 (1.84–2.70) ***

Personal outdoor activities

No of reverters/ person years 185/2,181 43/268 265/1,264 61/707 31/149 106/503 255/2,813 91/563 567/2,877

Reversion rate 30.8 53.8 72.4 32.2 72.1 74.6 34.9 58.7 68.1

HR (95%CI) 1 ref 1.65 (1.12–2.43) * 1.86 (1.49–2.32) *** 1.02 (0.73–1.41) 2.02 (1.34–3.05) ** 1.73 (1.30–2.31) *** 0.92 (0.73–1.16) 1.42 (1.06–1.91) * 1.76 (1.43–2.16) ***

Garden work

No of reverters/ person years 1,285/10,771 46/216 152/647 66/456 3/11 8/24 94/750 14/57 50/221

Reversion rate 26.2 30.6 29.5 26.5 36.4 33.3 26.3 29.8 29.4

HR (95%CI) 1 ref 1.45 (1.04–2.01) * 1.39 (1.31–1.70) ** 1.10 (0.83–1.47) 1.80 (0.25–12.85) 2.21 (0.98–4.96) 0.87 (0.68–1.10) 1.54 (0.87–2.73) 1.38 (0.98–1.94)

Social activity

Raise domestic animals

No of reverters/ person years 908/8,080 47/240 161/750 76/609 3/25 33/145 214/2,090 30/161 248/1,057

Reversion rate 42.0 71.2 71.9 48.7 37.5 78.6 44.0 71.4 81.3

HR (95%CI) 1 ref 1.66 (1.20–2.29) ** 1.72 (1.42–2.09) *** 1.12 (0.86–1.48) 1.04 (0.33–3.23) 1.69 (1.13–2.54) * 0.84 (0.71–1.01) 1.18 (0.76–1.84) 1.46 (1.22–1.74) ***

Play cards and/or mahjong

No of reverters/ person years 1,347/11,062 58/262 68/314 62/446 10/55 22/92 68/523 16/92 66/300

Reversion rate 46.1 74.4 80.1 48.8 66.7 81.5 51.9 66.7 81.5

HR (95%CI) 1 ref 1.47 (1.09–1.99) * 1.64 (1.21–2.23) ** 1.02 (0.75–1.38) 1.20 (0.59–2.42) 1.26 (0.79–1.99) 1.03 (0.79–1.35) 0.91 (0.51–1.62) 1.48 (1.10–1.98) **

Social activities (organized)

No of reverters/ person years 1,353/11,123 144/667 58/254 82/606 17/71 9/52 35/293 14/53 5/16

Reversion rate 46.1 77.4 85.3 49.7 89.5 75.0 43.4 93.3 100.0

HR (95%CI) 1 ref 1.41 (1.15–1.73) ** 2.07 (1.50–2.84) *** 1.03 (0.79–1.34) 1.46 (0.82–2.59) 1.30 (0.61–2.76) 0.89 (0.60–1.32) 1.62 (0.83–3.15) 1.70 (0.70–4.14)

*P < 0.05 **P < 0.01 ***P < 0.001.

Adjusted for age (continuous), gender, residence, years of schooling, marital status, economic status, living pattern, number of people living with, tobacco smoking, alcohol drinking, regular exercise, ADL, IADL, chronic disease (hypertension, diabetes,

heart disease, stroke or CVD, cataract, digestive system disease, arthritis, Parkinson’s disease).
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TABLE 4 The association between LAE change patterns and MCI reversion in subgroups.

Low-low Low-medium Low-high Medium-low Medium-medium Medium-high High-low High-medium High-high

Age

Younger elderly

No of reverters/ person years 6/72.0 11/56 19/78 11/150 43/179 76/302 15/147 61/341 274/1,030

Reversion rate 30.0 64.7 86.4 30.6 81.1 90.5 40.5 73.6 90.4

HR (95%CI) 1 ref 1.62 (0.53–5.01) 1.70 (0.57–5.07) 0.50 (0.15–1.67) 1.88 (0.67–5.24) 1.92 (0.70–5.28) 1.05 (0.35–3.10) 1.41 (0.51–3.86) 1.94 (0.72–5.20)

Octogenarian

No of reverters/ person years 43/505 33/190 42/168 42/639 85/469 86/375 38/616 66/448 150/640

Reversion rate 32.1 57.9 80.8 25.8 64.9 78.9 28.6 57.9 80.6

HR (95%CI) 1 ref 2.23 (1.36–3.65) ** 2.86 (1.76–4.65) *** 0.77 (0.48–1.26) 1.98 (1.29–3.05) ** 2.42 (1.58–3.70) *** 0.65 (0.39–1.09) 1.52 (0.95–2.42) 2.37 (1.56–3.60) ***

Nonagenarian

No of reverters/ person years 50/1,181 20/230 26/140 48/997 42/383 38/211 34/705 43/305 46/245

Reversion rate 15.2 30.3 65.0 17.1 38.2 56.7 17.4 47.8 63.9

HR (95%CI) 1 ref 2.14 (1.23–3.70) ** 3.48 (1.96–6.20) *** 1.02 (0.66–1.59) 2.22 (1.38–3.55) ** 3.22 (1.94–5.36) *** 1.15 (0.71–1.87) 2.31 (1.36–3.93) ** 3.67 (2.24–6.03) ***

Sex

Male

No of reverters/ person years 34/386 20/152 36/143 28/420 61/357 78/302 26/386 71/351 178/665

Reversion rate 30.4 44.4 78.3 23.1 61.6 84.8 25.2 69.6 87.7

HR (95%CI) 1 ref 1.41 (0.79–2.52) 2.37 (1.40–4.04) ** 0.62 (0.35–1.09) 1.62 (1.01–2.61) * 2.29 (1.45–3.63) *** 0.71 (0.41–1.24) 1.67 (1.02–2.71) * 2.10 (1.34–3.27) **

Female

No of reverters/ person years 65/1,371 44/324 51/242 73/1,366 109/674 122/587 61/1,082 99/743 292/1,250

Reversion rate 17.6 46.3 75.0 20.3 55.9 72.6 23.3 53.2 81.6

HR (95%CI) 1 ref 2.75 (1.82–4.15) *** 3.47 (2.26–5.31) *** 1.01 (0.69–1.48) 2.68 (1.87–3.84) 2.99 (2.08–4.29) *** 1.08 (0.73–1.61) 2.02 (1.39–2.94) *** 3.10 (2.20–4.37) ***

Economic status

Favorable

No of reverters/ person years 76/1,446 52/366 69/286 84/1,437 130/754 144/653 71/1,205 129/827 366/1,456

Reversion rate 19.2 48.1 81.2 21.5 60.2 74.6 23.9 58.6 84.3

HR (95%CI) 1 ref 2.38 (1.63–3.48) *** 3.18 (2.19–4.61) *** 0.93 (0.66–1.32) 2.41 (1.75–3.33) *** 2.85 (2.08–3.93) *** 0.96 (0.67–1.38) 1.97 (4.41–2.74) *** 2.86 (2.11–3.89) ***

Unfavorable

No of reverters/ person years 84/303 32/110 29/100 87/344 76/261 66/233 67/260 68/267 124/447

Reversion rate 25.0 37.5 62.1 18.4 51.3 83.3 23.9 60.3 81.5

HR (95%CI) 1 ref 1.44 (0.68–3.05) 2.00 (0.94–4.25) 0.61 (0.30–1.25) 1.71 (0.91–3.22) 2.44 (1.29–4.60) ** 0.89 (0.42–1.90) 1.83 (0.93–3.58) 2.17 (1.18–3.98) *

(Continued)
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TABLE 4 (Continued)

Low-low Low-medium Low-high Medium-low Medium-medium Medium-high High-low High-medium High-high

Marital status

Married

No of reverters/ person years 17/222 18/122 29/114 16/253 47/211 69/268 31/316 59/304 225/844

Reversion rate 27.9 50.0 78.4 23.9 75.8 89.6 39.2 71.2 88.6

HR (95%CI) 1 ref 1.54 (0.80–2.98) 2.26 (1.23–4.16) ** 0.57 (0.28–1.14) 2.19 (1.25–3.83) ** 2.32 (1.34–4.02) ** 1.05 (0.58–1.91) 1.75 (1.00–3.07) 2.19 (1.30–3.70) **

Divorced/ widowed /never

No of reverters/ person years 82/1,536 46/354 58/272 85/1,533 123/817 131/621 56/1,152 111/790 245/1,071

Reversion rate 19.5 44.2 75.3 20.6 53.2 71.6 19.6 54.1 79.8

HR (95%CI) 1 ref 2.45 (1.65–3.62) *** 3.30 (2.20–4.93) *** 0.96 (0.68–1.36) 2.19 (1.56–3.07) *** 2.86 (2.04–4.00) *** 0.84 (0.57–1.24) 1.88 (1.32–2.70) ** 3.01 (2.17–4.17) ***

Living pattern

Living with family members

No of reverters/ person years 77/1,471 51/360 69/310 76/1,385 117/687 152/682 71/1,185 129/847 379/1,510

Reversion rate 18.9 47.2 75.8 20.0 59.3 75.2 23.7 57.6 85.2

HR (95%CI) 1 ref 2.36 (1.64–3.40) *** 3.23 (2.28–4.59) *** 0.88 (0.62–1.23) 2.60 (1.91–3.54) *** 3.05 (2.25–4.14) *** 1.02 (0.72–1.45) 2.12 (1.54–2.92) *** 3.06 (2.28–4.10) ***

Alone or at nursing home

No of reverters/ person years 21/28.8 13/40.6 18/78.3 25/25.3 53/54.6 48/82.8 16/25.0 41/64.1 90/78.3

Reversion rate 284 116 76 399 344 207 276 247 402

HR (95%CI) 1 ref 1.28 (0.53–3.11) 1.46 (0.45–4.70) 0.80 (3.56–1.80) 1.11 (0.49–2.50) 1.37 (0.62–3.04) 0.61 (0.25–1.51) 1.06 (0.46–2.44) 1.24 (0.57–2.68)

*P < 0.05 **P < 0.01 ***P < 0.001.

Adjusted for age (continuous), gender, residence, years of schooling, marital status, economic status, living pattern, number of people living with, tobacco smoking, alcohol drinking, regular exercise, ADL, IADL, chronic disease (hypertension, diabetes,

heart disease, stroke or CVD, cataract, digestive system disease, arthritis, Parkinson’s disease).
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Discussion

In this prospective study, we found that participants who

maintained the highest level of LAE had the greatest possibility

of MCI reversion. A higher level of LAE maintenance was also

associated with the increased possibility of MCI reversion. In

contrast, maintaining lower LAE was not associated with MCI

reversion among older adults in subsequent years. The results

of this study could provide practical instructions to older adults

on how dynamic changes in LAE are associated with cognitive

ability. These findings highlighted the significance of addressing

higher LAE among older adults for promoting MCI reversion in

later life.

Taking the general association between LAE and cognitive

ability first, the current findings replicated those widely reported

in the literature. Individuals participating in more leisure

activities generally score higher on cognitive ability tests.

However, the association between LAE changes over time

and MCI reversion is still unclear. Our study found that

participants with MCI who maintained higher LAE had a

greater possibility to reverse to normal cognitive function. These

findings were in line with the previous study, which suggested

that community-dwelling older adults with MCI who continued

their multi-domain lifestyle activities (such as cognitive, social,

and productive) were more likely to revert to normal cognitive

function (31). However, this previous study did not investigate

which level of LAE is mostly beneficial for cognitive ability. Our

study showed that maintaining the highest level of most types

of LAE is positively associated with MCI reversion in various

populations, which has important public health implications for

older adults.

Results from the subgroup analysis of three sub-types of LAE

showed that physically active/ demanding LAE had the most

robust association with a higher possibility of MCI reversion

compared with cognitively stimulating and socially engaged

LAE. Previous studies have shown that physical activities

were positively associated with a reduced risk of cognitive

decline and dementia (32). For example, in a Swedish cohort,

physical activity positively predicted changes in cognitive ability

(33). In older adults of the offspring cohort, total physical

activity (measured in steps/day) was associated with better

executive function (34). In addition, the positive effect of high-

intensity exercise on cognitive ability was also reported in

some interventional studies (35, 36). Some evidence showed

that household physical activity benefits the brain volume,

especially the gray matter volume, which might delay the

decline in memory function and executive control process

among older adults (37). Physical activity, which might more

directly contribute to the levels of brain structure and function

than cognitive and social activities among older adults with

MCI (38, 39), may be able to stop the neuronal decline

caused by age and aid in the growth of capillaries in the

brain (40).

Meanwhile, our findings also reinforced the arguments that

changing to or maintaining a higher level of cognitive-based

LAE is beneficial for MCI reversion. Even though previous

findings suggested that more frequent cognitive leisure activities

were associated with a higher level of cognitive function in later

life (41, 42), few reported the association between changes in

cognitively stimulating LAE and cognitive ability. Our study

found that if a participant changed their frequency of watching

TV and/or listening to the radio from “low–low” to “low–

high,” the possibilities of MCI reversion of this participant will

increase. This goal is achievable for almost all older people

since these activities are frequently carried out daily. Intellectual

stimulation has been found to strengthen synaptic transmission

(i.e., neural plasticity) and increase cognitive reserve (43).

Therefore, it might be desirable for older adults with MCI to

participate in more cognitive leisure activities later in life.

Another interesting finding was that even though the

MCI reversion rates of younger elderly were higher than

octogenarians and nonagenarians, the impact of LAE on

MCI reversion was more evident among octogenarians and

nonagenarians than younger elderly. We have also found that

the impact of improvement in cognitively stimulating LAE

on MCI reversion was most evident in nonagenarians, who

were nonagenarian adults. Some studies have reported that

younger age was positively associated with the possibility

of MCI reversion (5, 26). However, few studies investigated

the moderating effect of age on the relationship between

leisure activity and MCI reversion. Bielak et al. found that

nonagenarian adults showed a stronger relationship between

cognitive-based LAE level and cognitive ability than young–

old adults (44). This finding may indicate that there appears

to be something unique about how cognitive-based LAE and

perceptual speed ability change over time for nonagenarian

individuals compared with young–old individuals. Later-life

LAE among older adults with MCI may predict later cognitive

status, but individuals might respond differently to such effects

(45). In addition, older adults with younger age tend to

participate in more challenging activities than those in later

older years. In fact, the nonagenarian adults are more likely to

preoccupy themselves with passive activities, such as watching

TV or listening to the radio (46). The results implicated that

an age-stratified policy to prevent the decline of cognitive

function while promoting lifestyle adjustment is needed in

older Chinese adults. For example, simple cognitive leisure

activities are encouraged in nonagenarian adults to improve

their cognitive functions. However, Ihle et al. suggested that

mental leisure activity only supported cognitive ability in

young–old individuals (47). Another possible reason for the

different relationships between LAE and cognitive ability among

older adults in different age groups was that nonagenarians

accounted for the largest proportion of participants, which

might pose significant results. Age is typically overlooked as

a possible moderator in the relationship between LAE and
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cognitive ability. More studies are necessary to determine

how the relationship between LAE and cognitive ability differ

according to age.

The leisure activity engagement-cognitive ability relations

may also be modified by sex. In our study, the relations

were less significant in male participants than in female

participants. Compared to maintaining low–low physically

active/demanding LAE, only maintaining or changing to

a high level of participation could increase the possibility

of MCI reversion for male participants. The most recent

work considered gender difference was on physical activity.

Since activities included in physical-based LAE were mainly

about domestic activity, which was usually finished by older

female adults under traditional Chinese culture (48). As

noted by Biek (49), gender differences in LAE-cognitive

ability relations may be partially explained by traditional roles

(50). Fellendorf et al. also found that female individuals in

the vigorous physical activity group performed significantly

higher in most cognitive domains than female individuals

with moderate or low physical activity (51). However, this

significant difference was not found in male participants.

It is important to consider gender-specific intervention

in leisure activities to improve cognitive function among

older adults.

We also found that compared to older adults with

unfavorable economic status, those with favorable economic

status were more likely to revert to normal cognitive function

when they increased their LAE. In addition, older adults

who lived with family members had a higher possibility

of MCI reversion than older adults who lived alone or

stayed at nursing homes. Meanwhile, LAE presented a larger

effect on MCI reversion among urban residents than rural

residents. These results showed that older adults of higher

socioeconomic status could enjoy extra benefits from leisure

activities. A recent study detected a substantial interaction

between life course economic status and LAE on cognitive

function (52). Even though older adults selected the same

activity category, those with higher socioeconomic status might

choose specific types that were more cognitively engaging.

For example, Di Liegro et al. (53) reported that the brain-

derived neurotrophic factor (BDNF), which is positively

related to cognition, tends to be elevated more by open-

skill exercise (e.g., basketball and badminton) than by closed-

skill exercise (e.g., walking and running), probably due

to additional attention required when facing ever-changing

situations (53). However, open-skill exercise requires specific

equipment and facilities, which needs investment. Therefore,

older adults with higher socioeconomic status may benefit more

from LAE.

Even though this study provides clear implications for the

reversion from MCI to normal cognitive function in Chinese

older adults, some limitations still exist. In this study, MCI

was measured by MMSE and its sensitivity in screening MCI is

lower than Montreal Cognitive Assessment (MOCA). However,

MMSE still has comparable performance in the detection of

MCI with 0.62 sensitivity and 0.87 specificity in the Chinese

population (54). As the definition of MCI in this study was

a bit different from the diagnostic criteria by Petersen et al.

(55), participants without IADL disability at the baseline were

used to assess sensitivity. The results were largely similar

(Supplementary Table S7). The measure of leisure activities is

also limited in its scope. Many activities not included, such

as traveling, entertaining, and volunteering (56), and there is

no measure of the intensity, duration, or quality of included

activities. Meanwhile, the classification may not be perfectly

mutually exclusive for some activities that can encompass one

or more cognitively stimulating, physically active/demanding,

and socially engaged domains. For example, playing Mahjong

may fall into overlapping classes of cognitively stimulating and

socially engaging activities, whereas raising domestic animals

involves physical and social elements. However, the index of

these leisure activities in each activity dimension could not

be calculated without measuring the intensity, duration, and

quality. Further studies are needed to investigate LAE in a more

detailed way to avoid the underestimation or overestimation of

effects (57).

In conclusion, maintaining or improving to a higher

overall, cognitively stimulating, physically active/demanding,

and socially engaged LAE was associated with a significantly

higher MCI reversion rate in subsequent years among older

adults. These results provided a practical message to the older

adults about how dynamic changes in LAE were associated with

improved cognitive function. Since the sample included in this

study was mainly extremely aged, more studies between young

and older adults were suggested. These findings also emphasized

the importance of promoting a higher LAE across old age for

preventing dementia in later life.
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Satisfaction of family physician
team members in the context of
contract system: A
cross-sectional survey from
Shandong Province, China

Weiqin Cai1†, Yuanze Du2†, Qianqian Gao1, Runguo Gao2,

Hongqing An2, Wenwen Liu3, Fang Han4, Qi Jing1* and

Chunping Wang2*

1School of Management, Weifang Medical University, Weifang, China, 2School of Public Health,

Weifang Medical University, Weifang, China, 3Department of Organization and Human Resource,

A�liated Hospital of Weifang Medical University, Weifang, China, 4Department of Pathology,

A�liated Hospital of Weifang Medical University, Weifang, China

Background: Family physicians play a key role in responding to the growing

demand for primary healthcare due to aging. The work attitude of family

physician team members (FPTMs) impacts their work e�ciency and quality.

Knowing how satisfied they are with their jobs can help identify potential

directions and entry points for incentives. The purpose of this study is to

analyze the job satisfaction status and influencing factors of grassroots health

service personnel after the implementation of the family physician contract

system in China.

Methods: The study conducted a cross-sectional survey with 570 FPTMs

in three prefecture-level cities in the Shandong Province. Satisfaction was

measured using 30 items across seven dimensions. Responses were recorded

on a 5-point Likert scale. Descriptive statistical analysis was used to analyze

the general information and satisfaction of FPTMs. Multiple linear regression

analysis was used to analyze the factors influencing job satisfaction.

Results: The overall job satisfaction among FPTMs was not high. Among

the seven dimensions, interpersonal relationships had the highest satisfaction

(4.10 ± 0.78), while workload had the lowest satisfaction (3.08 ± 0.56). The

satisfaction levels of the three sample regions were di�erent, and the results

were opposite to their regional economic development levels. The results

of the multifactor analysis showed that gender, income level, educational

background, working years, daily working hours, number of training sessions

per year and the proportion of performance pay had significant impact on

overall job satisfaction.

Conclusions: The development of a family physician contract system has

increased the workload of FPTMs. In addition to the implementation of the

new policy, attention should be paid to the workload and working attitude

of family physicians. The fundamental measures should focus on attracting

more personnel to work at the grassroots level by accelerating education and
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training to solve the problem of insu�cient health personnel at the grassroots

level. Simultaneously, attention should be paid to the improvement of the

medical sta�’s salary level and the need for self-promotion, such as training.

KEYWORDS

family physician teams, job satisfaction, contract system, cross-sectional survey,

China family physician teammembers

Introduction

As the aging process accelerates, demand for primary

healthcare services continues to increase (1). Family physicians

and general practitioners have always been the main providers

of primary healthcare and the fundamental building blocks of

the healthcare system, especially in response to the increasing

demand for primary healthcare due to aging (2). Currently,

many countries and regions have established an optimal

family physician system (3–5). The family physician system

is a model that provides continuous, safe, effective, and

appropriate comprehensive medical and health services and

health management for residents in the community by means

of contract services with general practitioners at the core (6).

By signing a contract with residents and implementing the first

consultation system, family physicians have become gatekeepers

of residents’ health and have played an important role in

standardizing the utilization of health resources and reducing

residents’ medical expenses (7, 8).

The work attitudes of family medical team members have

an impact on their work efficiency and quality. Those who

are satisfied with their work can maintain high enthusiasm,

put more energy into their work, and are willing to continue

working on their own posts to complete medical service

work (9, 10). Investigating the satisfaction of family physicians

is conducive to mastering their job satisfaction status and

determining the potential direction and entry point of incentive

measures (11). Recent studies on the satisfaction of family

physicians and general practitioners provide a good reference

for conducting research (12). For example, one study examined

the job satisfaction of 7,379 general practitioners in 34 countries

and confirmed a wide variation in job satisfaction between

countries (13). A study that analyzed mental health and job

satisfaction among general practitioners in Denmark showed a

high prevalence of poor mental health and low job satisfaction,

especially among mid-career general practitioners and male

general practitioners (14). A cross-country study examined the

working conditions and career satisfaction of female family

physicians, who play an increasingly important role in family

medicine. Although they have higher cumulative satisfaction,

they are less satisfied in terms of pay, personal time, and

administrative tasks (15). In recent years, many studies have

focused on doctors’ job satisfaction or professional identity, but

few have focused on the satisfaction of family physicians or

general practitioners (16). Moreover, most studies have focused

on the satisfaction of family physicians or general practitioners

alone, and there is a lack of satisfaction surveys regarding all

family physicians.

China’s family physician system started relatively late. In

2016, the Guiding Opinions on Promoting Contracted Family

Physician Services were predominantly aimed at speeding up

contracted family physician services in combination with the

comprehensive reform of community-level medical and health

institutions, and the construction of the general practitioner

system (17). Since then, family physician contract services

have been promoted in all parts of China. On the one hand,

the implementation of this policy has enabled the contracted

residents to receive more adequate primary health care services

(18). Simultaneously, it plays an important role in establishing a

reasonable and orderly medical order. At present, the promotion

of the signing policy in various regions is mainly carried

out by family physician teams. The family physician team is

mainly composed of family physicians, nurses, and public health

practitioners (assistants). Family physicians include general

practitioners, practicing (assistant) doctors in township health

centers and community health service institutions, rural doctors

who have obtained the qualification of practicing (assistant)

doctors, and retired clinicians in public hospitals. The funds

for contracted services include social medical insurance funds,

financial funds for national basic public health service projects,

and contracted residents’ fees. According to the policy, no< 70%

of the contracted service fee is used for the salary distribution

of the family physician contracted service personnel, and the

contracted service fee will be paid after the task performance

assessment is qualified.

The signing system is a new policy, which not only brings

performance income to grass-roots medical personnel, but also

brings new workload. With the development of contracted

services, a shortage of family physicians in China has also been

exposed. Statistics show that China is still far from its goal of

having five qualified general practitioners for every 10,000 urban

and rural residents by 2030 (19). In addition, family physician

team members (FPTMs) need to complete not only household

services specified in the contract, but also a lot of daily clinical
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work, as well as many public health services, including residents’

establishment of health records, provision of personalized health

guidance services, outpatient appointment services and two-way

referral services (20). As the provider of contracted services, the

family physician service team plays the role of “gatekeeper” of

the residents’ health, and its teamwork efficiency and service

quality are key to the smooth implementation of contracted

services. It is necessary to pay attention to the job satisfaction

of family physician teams in a timely manner when the number

of human resources is small and the task load is heavy (21).

This study conducts a survey with FPTMs to analyze the

current situation and influencing factors of job satisfaction

of FPTMs in China under the condition of more work tasks

than that before China began to implement the new policy of

signing contracts. Additionally, we explore the differences in

job satisfaction of FPTMs across different dimensions, providing

a reference for improving the overall efficiency and service

quality of FPTMs, and encouraging institutions to implement

incentive measures.

Methods

Study design and data sources

Multistage stratified random sampling was used within this

study. Jinan City, Weifang City, and Heze City of Shandong

Province were selected based on their economic development

levels. Counties or districts were randomly selected from each

district. Three community service centers and one township

central health center were selected from each county (district).

A specific sampling plan, combined with the actual local

situation, adopted the local community service agencymanager’s

opinion and selected the appropriate agency. All members of the

family physician team in the sample institutions were surveyed.

Members include general practitioners, nurses, public health

personnel, pharmacists, and psychological counselors. A total

of 570 members of the family physician team participated in

the survey. Among them, 179 were from Jinan, 148 were from

Weifang, and 243 were from Heze.

Measurement

The questionnaire was adapted from the short Minnesota

Satisfaction Questionnaire developed byWeiss, Dawis, England,

and Lofquist (22), which is a well-known instrument over

the time and quite reliable. We used the Chinese version

of the questionnaire. It includes demographic information

and questions related to job satisfaction. The job satisfaction

measurement includes seven dimensions: workload, training

and career development, remuneration, working conditions and

environment, interpersonal relationships, management systems,

and social achievement. There were a total of 30 items. This

is similar to the measurements used in other studies (23).

Responses were provided on a 5-point Likert scale, with 1 being

“least satisfied” and 5 being “most satisfied.” The Cronbach’s

alpha coefficient of the questionnaire was 0.902, indicating that

the questionnaire had good reliability.

After the questionnaire was completed, we conducted a

pre-survey in Weicheng District, Weifang City. In view of

the problems in the pre-survey process, we modified the

questionnaire. The formal investigation was conducted between

January and February 2018. The investigation was led and

assisted by the local health administrator, and the investigation

team found and completed a survey of all family physician team

members. During the survey, members of the family physician

team completed a self-administered questionnaire, which was

then examined one by one by an investigator. If the investigator

found any vacant items, the questionnaire was sent to the

respondents and corrected.

Statistical analyses

Epidata 3.1 software was used to establish the database and

input the questionnaire. Statistical analysis was performed using

IBM SPSS Statistics 24 software. General data and satisfaction

with FPTMs were analyzed using descriptive statistical analysis.

In the absence of data for a variable, the effective percentage

was calculated. The differences in satisfaction with FPTMs in

general and among different regions were demonstrated using

radar maps. Multiple linear regression was used to analyze

the factors influencing job satisfaction, including cumulative

satisfaction and the factors influencing each dimension of

satisfaction. The significance level of the P-value was set to

be 0.05.

Results

General information characteristics of
FPTMs

As shown in Table 1 570 FPTMs were investigated in this

study, including 242 males (42.4%) and 326 females (57.1%).

Most of the FPTMs were aged 45 years and below, accounting

for 84.8%. The income of most FPTMs was concentrated at

2001–4000 yuan, accounting for 77.4%. Junior college is the

main degree of education. Junior professional title accounted

for the highest proportion of 38.0%. The number of people who

had worked for < 10 years was the largest. The working hours

per day were mainly 6–8 h, but the number and proportion

of people who work more than 8 h requires attention. Most

FPTMs participated in training 1–3 times a year. Performance-

based pay between 26–50% accounted for the majority (52.1%).
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TABLE 1 Basic characteristics information of FPTMs investigated.

Variable Total

(N = 570)

Jinan

(N = 179)

Weifang

(N = 148)

Heze

(N = 243)

χ² P–value

n (%) n (%) n (%) n (%)

Gender*

Male 242 (42.5) 97 (40.1) 39 (16.1) 106 (43.8) 26.001 <0.001

Female 326 (57.2) 82 (25.2) 109 (33.4) 135 (41.4)

Age (years)*

≤35 224 (39.3) 43 (19.2) 63 (28.1) 118 (52.7) 45.020 <0.001

36–45 260 (45.6) 99 (38.1) 77 (29.6) 84 (32.3)

46–55 67 (11.8) 33 (49.3) 8 (11.9) 26 (38.8)

≥56 11 (1.9) 3 (27.3) 0 (0.0) 8 (72.7)

Income level (yuan)*

≤2000 31 (5.4) 14 (45.2) 6 (19.4) 11 (35.4) 96.560 <0.001

2001–3000 287 (50.4) 83 (28.9) 53 (18.5) 151 (52.6)

3001–4000 155 (27.2) 60 (38.7) 31 (20.0) 64 (41.3)

>4000 89 (15.6) 22 (24.7) 58 (65.2) 9 (10.1)

Education*

Junior high school and below 12 (2.1) 1 (8.3) 1 (8.3) 10 (83.4) 236.524 <0.001

High school 159 (27.9) 8 (5.0) 22 (13.8) 129 (81.2)

Junior college 214 (37.5) 53 (24.8) 69 (32.2) 92 (43)

Undergraduate or above 183 (32.1) 117 (63.9) 56 (30.6) 10 (5.5)

Professional title*

No/other 155 (27.2) 12 (7.7) 41 (26.5) 102 (65.8) 98.829 <0.001

Junior title 217 (38.1) 64 (29.5) 59 (27.2) 94 (43.3)

Intermediate title 182 (31.9) 93 (51.1) 47 (25.8) 42 (23.1)

Deputy senior title or above 13 (2.3) 10 (76.9) 1 (7.7) 2 (15.4)

Working years*

<10 237 (41.6) 31 (13.1) 53 (22.4) 153 (64.5)

11–20 178 (31.2) 75 (42.1) 50 (28.1) 53 (29.8) 102.861 <0.001

21–30 112 (19.6) 53 (47.3) 38 (33.9) 21 (18.8)

>30 19 (3.3) 11 (57.9) 0 (0.0) 8 (42.1)

Daily working hours*

6–8 378 (66.3) 100 (26.4) 119 (31.5) 159 (42.1) 23.343 <0.001

9–11 162 (28.4) 68 (42.0) 25 (15.4) 69 (42.6)

≥11 23 (4.0) 11 (47.9) 3 (13.0) 9 (39.1)

Average number of residents served per month*

≤300 282 (49.5) 102 (36.2) 77 (27.3) 103 (36.5) 19.131 0.004

301–600 188 (33.0) 57 (30.3) 47 (25.0) 84 (44.7)

601–900 45 (7.9) 7 (15.6) 7 (15.6) 31 (68.8)

>900 54 (9.5) 13 (24.1) 16 (29.6) 25 (46.3)

Average number of patients referred per month*

≤30 455 (79.8) 154 (33.9) 123 (27) 178 (39.1) 13.348 0.010

31–60 34 (6.0) 8 (23.5) 8 (23.5) 18 (53.0)

>60 79 (13.9) 16 (20.3) 16 (20.3) 47 (59.4)

Average number of door–to–door services per

month*

≤100 307 (53.9) 120 (39.1) 99 (32.2) 88 (28.7) 71.859 <0.001

(Continued)
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TABLE 1 (Continued)

Variable Total

(N = 570)

Jinan

(N = 179)

Weifang

(N = 148)

Heze

(N = 243)

χ² P–value

n (%) n (%) n (%) n (%)

101–200 148 (26.0) 45 (30.4) 32 (21.6) 71 (48.0)

>200 114 (20.0) 14 (12.3) 16 (14.0) 84 (73.7)

Number of training sessions per year*

No 77 (13.5) 41 (53.2) 30 (39.0) 6 (7.8) 129.050 <0.001

1–3 251 (44.0) 112 (44.6) 64 (25.5) 75 (29.9)

≥4 241 (42.3) 26 (10.8) 54 (22.4) 161 (66.8)

Proportion of performance salary*

≤25 119 (20.9) 14 (11.8) 69 (58.0) 36 (30.2) 157.207 <0.001

26–50 297 (52.1) 134 (45.1) 61 (20.5) 102 (34.4)

51–75 87 (15.3) 26 (29.9) 15 (17.2) 46 (52.9)

>75 52 (9.1) 2 (3.8) 0 (0.0) 50 (96.2)

*Calculated the effective percentage if missing data exists.

The distribution of FPTMs with different basic information

characteristics was statistically significant in the different regions

(P < 0.05) (Table 1).

Job satisfaction scores of FPTMs

As shown in Table 2, the cumulative satisfaction score of

the FPTMs was 3.54 ± 0.63. Among the seven dimensions,

interpersonal relationships scored the highest, with an average

score of 4.10 ± 0.78, and was the only dimension that

exceeded 4 points. The satisfaction of workload dimension

was the lowest, with an average score of 3.08 ± 0.56. The

other five dimensions remained between 3 and 4. In terms

of specific items, the highest satisfaction degree was “Q7:

Usefulness of training” in the dimension of training and career

development, and “Q20: relationship with colleagues” in the

dimension of interpersonal relationships, scoring 4.18 ± 0.87

and 4.18 ± 0.78, respectively, followed by “Q21: relationship

with patients/residents,” scoring 4.13 ± 0.79. The problems

with the lowest satisfaction were “work pressure” and “work

difficulty” in the workload dimension, scoring 2.32 ± 0.78 and

2.54± 0.81 respectively.

The radar chart in Figure 1 shows the satisfaction levels

in general and for each of the three regions. As shown in

Figure 1, there are differences in satisfaction results in the

sample regions, and the satisfaction results of FPTMs in different

regions were the opposite to the regional economic development

level. Jinan, with the best economic level, had the lowest degree

of satisfaction in all dimensions, especially in the workload

dimension, where the average degree of satisfaction was 2.94,

which was lower than 3.0. Heze, which had the lowest economic

level, had the highest satisfaction in all dimensions, especially

in interpersonal relationships, with an average of 4.23. Weifang,

which has a medium economic level, has a medium level of

satisfaction in all dimensions among the three regions, which

tends to be consistent with the overall level.

Multifactor analysis of job satisfaction

Table 3 shows the influence factors of the seven dimensions

and cumulative satisfaction. The results demonstrated that the

number of training sessions affected the seven dimensions and

cumulative satisfaction. There was a significant difference in

gender and a positive correlation in six of the dimensions,

except the workload dimension. Age was negatively correlated

with workload (−0.080, 95%CI:−0.141-−0.019). Seven factors

affecting cumulative satisfaction were identified: gender, income

level, education, working years, daily working hours, number of

training sessions per year, and the proportion of performance

pay. Among them, females had higher satisfaction levels than

males (0.182, 95%CI: 0.084–0.280). Income level (0.092, 95%CI:

0.029–0.156), number of training sessions (0.219, 95%CI:

0.145–0.292), and proportion of performance pay (0.058,

95%CI: 0.001–0.116) were positively correlated with cumulative

satisfaction, indicating that the higher the income level, themore

training sessions, and the higher the proportion of performance

pay, the higher the job satisfaction. Education (−0.091, 95%

CI: −0.155-−0.027), working years (0.116, 95% CI: 0.175–

0.056), and daily work time (0.180, 95% CI:−0.270-−0.091)

were negatively correlated with cumulative satisfaction. This

indicates that higher education, longer working years, and

longer working hours are associated with lower job satisfaction.

The tolerance of all influencing factors in the equation was >

0.1, and the variance inflation factor was < 5, indicating that
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TABLE 2 Job satisfaction scores of FPTMs.

Dimension/item Total

(N = 570)

Jinan

(N = 179)

Weifang

(N = 148)

Heze

(N = 243)

(M ± SD) (M ± SD) (M ± SD) (M ± SD)

Workload 3.08± 0.56 2.94± 0.60 3.09± 0.42 3.18± 0.59

Q1: Task quantity 3.49± 0.84 3.25± 0.78 3.50± 0.81 3.66± 0.86

Q2: Work and rest Schedule 3.27± 0.96 2.97± 1.04 3.12± 0.78 3.59± 0.92

Q3: Working pressure 2.32± 0.78 2.34± 0.81 2.34± 0.77 2.29± 0.77

Q4:Workflow 3.84± 0.95 3.53± 1.00 3.87± 0.85 4.04± 0.90

Q5:Work difficulty 2.54± 0.81 2.62± 0.79 2.62± 0.70 2.44± 0.88

Training and career development 3.71± 0.79 3.38± 0.78 3.71± 0.79 3.96± 0.72

Q6: Equality of training opportunities 3.75± 0.98 3.39± 1.00 3.68± 1.01 4.07± 0.83

Q7: Usefulness of training 4.18± 0.85 3.97± 0.92 4.24± 0.86 4.29± 0.75

Q8: Training cost bearing method 3.88± 1.04 3.53± 1.11 3.97± 1.05 4.08± 0.92

Q9: Career development opportunities 3.51± 1.03 3.16± 1.07 3.48± 1.06 3.80± 0.88

Q10: Ways of professional title promotion 3.37± 1.05 2.98± 1.13 3.32± 0.96 3.68± 0.93

Remuneration 3.33± 0.87 3.00± 0.97 3.46± 0.74 3.50± 0.80

Q11: Salary income level 3.26± 0.97 2.95± 0.98 3.26± 0.96 3.49± 0.90

Q12: Financial subsidy level of essential drugs policy 3.43± 1.01 2.96± 1.12 3.54± 0.82 3.71± 0.91

Q13: Financial subsidy level of basic public health services 3.43± 1.02 3.03± 1.10 3.47± 0.90 3.71± 0.92

Q14: Welfare benefits of the institution 3.28± 1.07 2.97± 1.12 3.33± 1.01 3.48± 1.03

Q15: Pension security 3.32± 1.06 3.08± 1.07 3.73± 0.84 3.25± 1.10

Working conditions and environment 3.70± 0.87 3.39± 0.87 3.73± 0.77 3.90± 0.86

Q16: Working conditions of the institution 3.78± 0.93 3.4± 0.95 3.85± 0.91 4.00± 0.84

Q17: Living environment around the institution 3.7± 0.94 3.48± 0.94 3.56± 0.99 3.95± 0.85

Q18: Cultural construction of the institution 3.69± 0.98 3.34± 1.03 3.85± 0.91 3.98± 0.92

Interpersonal relationship 4.10± 0.78 3.88± 0.71 4.16± 0.79 4.23± 0.78

Q19: Relationship with superiors and subordinates 4.03± 0.83 3.76± 0.82 4.10± 0.88 4.20± 0.76

Q20: Relationship with colleagues 4.18± 0.78 3.94± 0.77 4.24± 0.85 4.32± 0.70

Q21: Relationship with patients/residents 4.13± 0.79 3.93± 0.75 4.14± 0.87 4.27± 0.75

Management system 3.73± 0.88 3.35± 0.91 3.85± 0.76 3.95± 0.84

Q22: Management system of the institution 3.76± 0.96 3.45± 1.02 3.76± 0.93 4.00± 0.86

Q23:Reward and punishment system of the institution 3.68± 0.97 3.23± 1.02 3.84± 0.85 3.92± 0.88

Q24: Performance salary assessment standard 3.67± 0.97 3.22± 1.03 3.79± 0.87 3.92± 0.86

Q25: Implementation of superior policies in the institution 3.8± 0.91 3.45± 1.00 3.85± 0.84 4.03± 0.79

Q26: Timely response from relevant departments 3.83± 0.96 3.41± 1.06 3.99± 0.88 4.04± 0.82

Social achievement 3.38± 0.75 3.14± 0.73 3.43± 0.72 3.53± 0.73

Q27: Sense of achievement in work 3.4± 0.91 3.13± 0.91 3.42± 0.90 3.60± 0.86

Q28: The future of family physicians 3.38± 0.96 3.11± 1.02 3.44± 0.99 3.55± 0.85

Q29: Local people’s respect for you 3.63± 0.78 3.37± 0.80 3.78± 0.75 3.73± 0.73

Q30: Social status of family physicians 3.12± 0.82 2.94± 0.81 3.08± 0.79 3.28± 0.82

Cumulative satisfaction* 3.54± 0.63 3.26± 0.66 3.60± 0.54 3.71± 0.59

*Cumulative satisfaction score refers to average satisfaction scores of all dimensions.
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the established regression equation did not have a significant

collinearity problem.

Discussion

Since the implementation of the family physician contract

system in 2016, China has established a family physician

system that conforms to local characteristics through practical

exploration in various regions. This has played a positive role

in the rational utilization of health resources, reduction of

medical and health costs, and improvement of residents’ health

conditions. However, the implementation of contracted services

also increases the daily workload of the FPTMs. In the case of a

small number of staff and a large number of work tasks, whether

this will affect the work enthusiasm of family physician teams is

an urgent issue that needs to be studied. This study conducted

a survey on the job satisfaction of FPTMs and divided it into

seven dimensions, which is conducive to finding the link of work

enthusiasm, and provides a theoretical basis for the government

and primarymedical and health institutions to carry out targeted

incentive measures.

Overall, the satisfaction of FPTMs was not high, which

is consistent with the results of a study conducted in a

city in eastern China (3.60 ± 0.70) (24). Satisfaction in the

interpersonal relationship dimension was the highest. This

shows that in the three relationships with superiors and

subordinates, colleagues, and patients, FPTMs generally get

along well with others, which is consistent with earlier research

results (25). Satisfaction in the workload dimension was the

lowest. With the change in direction of the “strengthening the

grassroots level” of China’s medical reform, various grassroots

level policies have been continuously promoted. The family

physician signing system is a new policy. As a result of the

implementation of the family physician signing service, the

workload of medical staff in the signing team has increased.

Furthermore, the work content has changed, whereby medical

staff are required to not only to provide basic medical services

but also to provide basic public health services, and to not only

passively sit down and complete basic medical services, but also

to complete active door-to-door services (20, 26). The results

of this survey show that the average working hours of medical

staff is 8.65 h per day, exceeding the statutory 8-h working

hours per day. Therefore, after the implementation of the new

FIGURE 1

Radar chart of job satisfaction results of FPTMs. (A) In general and three regions, (B) Jinan, (C) Weifang, and (D) Heze.
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TABLE 3 Multi–factor analysis of FPTMs’ job satisfaction.

Workload Training and career development Remuneration

B(95%CI) AB*(95%CI) B(95%CI) AB*(95%CI) B(95%CI) AB*(95%CI)

Gender 0.129

(0.036–0.222)

0.194 (0.063–0.326) 0.124 (0.002–0.245) 0.389 (0.247–0.530) 0.301

(0.162–0.440)

Age −0.095

(−0.157–−0.032)

−0.080

(−0.141–−0.019)

−0.134

(−0.223–0.045)

−0.082

(−0.179–0.015)

Income level −0.026

(−0.083–0.031)

−0.009

(−0.089–0.071)

0.071

(−0.017–0.158)

0.149

(0.060–0.239)

Education −0.105

(−0.160–−0.050)

−0.066

(−0.123–−0.010)

−0.206

(−0.283–−0.129)

−0.082

(−0.159–−0.006)

−0.177

(−0.262–−0.092)

−0.109

(−0.199–−0.018)

Working years −0.085

(−0.138–−0.031)

−0.214

(−0.289–−0.139)

−0.134

(−1.205–−0.064)

−0.175

(−0.257–−0.092)

−0.140

(−0.225–−0.056)

Professional title −0.096

(−0.151–−0.040)

−0.186

(−0.265–−0.108)

−0.104

(−0.191–−0.017)

Daily working hours −0.250

(−0.330–−0.170)

−0.230

(−0.311–−0.148)

−0.275

(−0.390–−0.161)

−0.210

(−0.318–−0.101)

−0.280

(−0.406–−0.154)

−0.210

(−0.334–−0.086)

Average number of residents

served per month

−0.033

(−0.082–0.015)

0.077 (0.009–0.146) 0.010

(−0.066–0.085)

Average number of patients

referred per month

0.020

(−0.045–0.086)

−0.045

(−0.137–0.048)

0.019

(−0.120–0.082)

Average number of door–to–door

services per month

0.046

(−0.012–0.104)

0.078

(−0.005–0.160)

0.006

(−0.085–0.097)

Number of training sessions per

year

0.190

(0.126–0.254)

0.157

(0.089–0.225)

0.473

(0.389–0.558)

0.401

(0.310–0.492)

0.350

(0.250–0.450)

0.232

(0.127–0.337)

Proportion of performance salary 0.007

(−0.047–0.061)

0.056

(−0.020–0.132)

0.040

(−0.045–0.124)

(Continued)
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TABLE 3 (Continued)

Working conditions and environment Interpersonal relationship Management system

B(95%CI) AB*(95%CI) B(95%CI) AB*(95%CI) B(95%CI) AB*(95%CI)

Gender 0.314

(0.171–0.456)

0.264

(0.123–0.405)

0.255

(0.127–0.383)

0.258

(0.129–0.386)

0.307

(0.162–0.452)

0.206

(0.062–0.350)

Age −0.134

(−0.231–0.037)

−0.071

(−0.159–0.016)

−0.144

(−0.243–−0.045)

Income level 0.011

(−0.077–0.098)

0.105

(0.012–0.197)

−0.007

(−0.085–0.072)

0.057

(−0.032–0.146)

0.171

(0.077–0.265)

Education −0.204

(−0.289–−0.119)

−0.117

(−0.194–−0.040)

−0.175

(−0.261–−0.088)

Working years −0.164

(−0.246–0.082)

−0.104

(−0.178–−0.031)

−0.224

(−0.307–−0.142)

−0.155

(−0.254–−0.056)

Professional title −0.175

(−0.260–−0.089)

−0.203

(−0.297–−0.109)

−0.092

(−0.170–0.015)

−0.093

(−0.170–−0.015)

−0.159

(−0.246–−0.072)

−0.112

(−0.219–−0.005)

Daily working hours −0.090

(−0.217–0.038)

−0.115

(−0.229–0.002)

−0.202

(−0.332–−0.073)

−0.191

(−0.322–−0.059)

Average number of residents

served per month

0.033

(−0.042–0.108)

0.019

(−0.048–0.086)

0.064

(−0.012–0.140)

Average number of patients

referred per month

−0.006

(−0.107–0.095)

−0.020

(−0.110–0.069)

−0.063

(−0.166–0.039)

Average number of door–to–door

services per month

0.109

(0.020–0.199)

0.119

(0.039–0.199)

0.111

(0.019–0.202)

Number of training sessions per

year

0.332

(0.233–0.432)

0.260

(0.158–0.362)

0.180

(0.089–0.272)

0.124

(0.031–0.217)

0.333

(0.232–0.435)

0.247

(0.143–0.350)

Proportion of performance salary 0.087

(0.003–0.171)

0.096

(0.014–0.177)

0.079

(0.004–0.154)

0.091

(0.016–0.165)

0.081

(−0.005–0.167)

0.103

(0.018–0.187)

(Continued)

F
ro
n
tie

rs
in

P
u
b
lic

H
e
a
lth

fro
n
tie

rsin
.o
rg

333

https://doi.org/10.3389/fpubh.2022.1000299
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


C
a
i
e
t
a
l.

1
0
.3
3
8
9
/fp

u
b
h
.2
0
2
2
.1
0
0
0
2
9
9

TABLE 3 (Continued)

Social achievement Cumulative satisfaction

B(95%CI) AB*(95%CI) B(95%CI) AB*(95%CI)

Gender 0.179

(0.056–0.303)

0.161

(0.038–0.285)

0.251

(0.148–0.353)

0.182

(0.084–0.280)

Age −0.043

(−0.127–0.042)

−0.102

(−0.172–−0.032)

Income level 0.018

(−0.058–0.093)

0.018

(−0.045–0.082)

0.092

(0.029–0.156)

Education −0.149

(−0.222–−0.075)

−0.092

(−0.169–−0.015)

−0.162

(−0.224–−0.101)

−0.091

(−0.155–−0.027)

Working years −0.112

(−0.183–−0.040)

−0.158

(−0.217–−0.099)

−0.116

(−0.175–−0.056)

Professional title −0.083

(−0.157–−0.008)

−0.129

(−0.191–−0.067)

Daily working hours −0.189

(−0.298–−0.080)

−0.144

(−0.255–−0.034)

−0.214

(−0.304–−0.123)

−0.180

(−0.270–−0.091)

Average number of residents served

per month

0.026

(−0.039–0.091)

0.028

(−0.026–0.083)

Average number of patients referred

per month

0.035

(−0.052–0.122)

−0.016

(−0.089–0.057)

Average number of door–to–door

services per month

0.062

(−0.016–0.140)

0.071

(0.006–0.136)

Number of training sessions per year 0.239

(0.154–0.324)

0.183

(0.091–0.276)

0.307

(0.237–0.378)

0.219

(0.145–0.292)

Proportion of performance salary −0.007

(−0.078–0.065)

0.046

(−0.014–0.107)

0.058

(0.001–0.116)

Abbreviations: B, crude partial regression coefficient; AB, adjusted partial regression coefficient (significant predictors were included in the models using the stepwise model building strategy); 95% CI, 95% confidence intervals.
*Adjusted for the effect of region (Jinan, Weifang, Heze).
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contracted services, local health administrative departments

must also consider the relative shortage of personnel caused

by the increase in workload. Moreover, there is a great lack

of general practitioners, public health personnel, and nurses

at the grassroots level (27). Therefore, we must adopt a more

vigorous policy to attract medical personnel to the grassroots

level formedical treatment and continue to strengthen the policy

of order-oriented free medical students at the grassroots level,

which has previously been widely implemented. In addition, we

should also focus on strengthening medical education in general

medicine, public health, and other majors in order to cultivate

personnel that can join the family physician team in the future

from a long-term perspective (28).

There are differences in the level of satisfaction between

different regions, which follows the opposite trend to the level

of economic development. This is not consistent with the

conclusion that general practitioner satisfaction is higher in

countries with higher GDP per capita based on the study of

34 countries (13). But this may be more in line with China’s

reality. Overall, in areas with low economic development, the

cost level is not high, the pace of life is not fast, the pressure

of life is small, and the expectation of all aspects of work is

relatively low (21). At the same time, the implementation of the

new policy brings financial subsidies for performance related

pay. Therefore, the medical staff will be more motivated than

before, and it will be easier to produce a sense of satisfaction,

so the level of satisfaction is relatively high. However, this

does not mean that this area does not need to continue

to strengthen the measures to motivate the family physician

team, and there is still a certain gap from the high level of

satisfaction. Among the three regions, Jinan has the highest

level of economic development, potentially because it is the

provincial capital city with fierce job competition, scarce social

resources, high living pressure, and relatively high expectations

of various incentive measures, so the degree of satisfaction is

relatively low. In future work, at the provincial level, we should

consider the differences between regions with different levels of

economic development, investigate incentive measures suitable

for each region, and improve the satisfaction level of medical

personnel (29).

Regression analysis showed that the satisfaction level of

FPTMs was affected by factors such as “number of training

sessions per year,” “qualifications,” “working hours per day”

and “education level.” The first regards the number of training

sessions, which had a positive effect on cumulative satisfaction

and the seven dimensions of satisfaction. This demonstrates

that medical personnel are highly satisfied with training

opportunities, the fairness of opportunities, and training costs,

which is related to the importance of grassroots medical

and health institutions for training since the new medical

reform. This also reflects that grassroots medical personnel have

the most obvious desire for self-improvement. Research has

confirmed that training can effectively improve the medical

technology of grassroots medical personnel, and enhance

their satisfaction (24, 30). Therefore, we should continue to

strengthen the training of medical personnel, establish an

optimal family medicine education and training system, and

strengthen the skills of family physicians through training

(31). Additionally, we should pay attention to the impact

of other factors on satisfaction. Long working hours are the

key factor that generally leads to low satisfaction of general

practitioners. On the one hand, we should fundamentally

continue to encourage medical students who can become

general practitioners to work at the grassroots level, increase

the supplement of grassroots human resources, and ease the

contradiction between more tasks and less human resources. On

the other hand, we should continue to increase the basic wage

level of grassroots medical personnel. Through various effective

incentive measures, we should improve the performance wage

income of grassroots medical personnel, and improve the overall

income level, improve the enthusiasm of medical personnel who

work long hours every day (10).

Despite these findings, our study has some limitations.

First, although the internal consistency of the measurement

tools was good, there may have been some reporting bias

in the self-reported data regarding job satisfaction. Second,

although the factors of different levels of economic development

were considered in the selection of sample areas, the selection

of a wider geographical area will give rise to more robust

and externally valid research conclusions, and future research

should; therefore, be extended to more provinces and sample

areas. In addition, although the selection of samples in this

study has been scientifically selected and calculated, the number

of samples selected by the three cities is not consistent, which

may lead to sample bias to a certain extent, thus affecting the

validity of the results of this study. Third, this study only reflects

the cross-sectional survey status of satisfaction. After the policy

has been implemented for a longer time, in future longitudinal

research, we should continue to pay attention to the changes in

the satisfaction of FPTMs and determine the positive factors to

improve satisfaction.

Conclusion

Family physicians play a key role in responding to

the growing demand for primary healthcare due to aging.

Conducting a survey with FPTMs, this study analyzed the

current job satisfaction of FPTMs and its influencing factors

after the implementation of the contract signing system in

China. (1) The cumulative satisfaction of FPTMs is not high,

so while developing contracted services for family physicians,

China should also pay close attention to the workload and

attitude of the medical staff, and adopt multiple approaches to

increase the allocation of healthcare personnel at the community

level and attract more general practitioners to work at the
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community level. (2) There are regional differences in FPTMs’

satisfaction, which are influenced by many factors. Therefore, it

is necessary to raise the salaries of primary healthcare workers,

improve their material conditions, and pay attention to their

self-improvement needs, which will contribute to increasing

family physicians’ satisfaction. Different incentive measures and

strategies should be adopted in different regions to improve the

overall work efficiency and service quality of FPTMs and the

level of primary medical and health services.
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Who will treat older patients?
Should medical education focus
more on activities aimed at
displaying positive attitudes
toward older people? The
prevalence of ageism among
students of medical and health
sciences

Marta Podhorecka1*, Jakub Husejko1, Agnieszka Woźniewicz1,

Anna Pyszora2 and Kornelia Kȩdziora-Kornatowska1

1Department of Geriatrics, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in

Toruń, Bydgoszcz, Poland, 2Department of Palliative Care, Collegium Medicum in Bydgoszcz,

Nicolaus Copernicus University in Toruń, Bydgoszcz, Poland

In the conditions of an aging society, a justification is found to explain the issue

of the attitude of future health care workers, who are to care for elderly people

in the future, toward these people, which will make it possible to predict in

advance what problems related to the care of seniors may soon arise. After

clarifying this issue, it will be important to distinguish the individual factors

influencing this attitude in order to determine which social phenomena will

require special attention. Eight hundred and three medical and health sciences

students participated in the research from various fields of medical studies.

A Survgo system was used, where an online questionnaire was placed and

then posted in social media. Only students ofmedicine and healthcare facilities

participated in the study. The first questionnaire contained socio-demographic

questions. Then, the KOAP questionnaire and Welch’s t-test were used, and

finally the proprietary questionnaire on contact with seniors. Analyses were

conducted using the R Statistical language. Scores on the KAOP questionnaire

ranged from122.4 to 134.57. The highest scoreswere shown for physiotherapy

students and the lowest for pharmacy students. The highest level of attitude

toward elderly was reported in students of 1st to 3rd year of study. For

4th-5th year or supplementary level students, attitude levels were decreasing.

Welch’s t-test showed that the level of attitude toward old people in men

was significantly higher than in women. There was no significant correlation

between the age factor on the quotient scale and the KOAP score. Married

individuals had significantly higher KAOP scores compared to singles and those

in an informal relationship. No significant di�erences between the study stage

factor and KAOP score have been found. Those who live and/or have regular

contact with the elderly were characterized by higher KAOP questionnaire

scores. The attitude toward the elderly depends on many factors, such as the
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chosen field of study, stage of education, contact with the elderly, gender or

marital status. In order to develop proper contactwith seniors, the solutionmay

be to influence modifiable factors, especially the correct education of future

health care workers.

KEYWORDS

ageism, gerontology, attitudes toward the elderly, education system, public health

Introduction

Aging of society and the still existing
problem of ageism

Due to the aging of societies in highly developed countries,

there is an increasing global social burden with diseases of

old age. In order to prevent these tendencies, special attention

should be paid to prophylaxis, in the form of appropriate

physical activity, adherence to proper dietary principles or

maintaining proper mental activity (1). Adequate education of

future medics in the correct principles of preventing premature

occurrence of diseases of old age and proper management in the

event of their occurrence will also play an important role, which

may provide a greater number of necessary specialists.

While the very fact that investment in the education of

future specialists in the treatment of old age diseases is necessary,

the implementation itself is associated with many limitations,

especially in the realities of highly developed societies. An

example can be the situation described in Taiwan, where the

society is aging so quickly that general social measures have

been taken to educate not only younger people who will work

in learned professions in the future, but also middle-aged and

even advanced people (2). It is a favorable phenomenon from

the point of view of involving seniors in social and scientific

activity, but it shows a significant problem of the shortage of

young people in which investing would lead to the creation of

specialists who during their professional career help seniors.

The fact that it is worth investing in activities aimed at

proper conduct toward the elderly population is evidenced by

the experience of the Japanese society, which is characterized

by rapid aging. The proportion of elderly people in Japan has

quadrupled in the past 50 years, from 5.7% in 1960 to 23.1%

in 2010, the fastest growth in the world. In order to deal

with such a situation, ageism was fought, i.e., the phenomenon

of exclusion on the basis of age. While creating networks of

connections aimed at creating appropriate conditions for seniors

to implement pro-health behaviors, thus reducing the frequency

and speed of occurrence of negative effects of pathological aging,

thus reducing the social costs related to the possible need for

treatment (3). In such a model, which is a role model for other

developed countries, the correct education of medical staff plays

an important role.

In order for similar solutions to be introduced, the first

step should be to limit the phenomenon of ageism in a given

society. As proven in many studies, the exclusion of elderly

people reduces cognitive functioning in seniors affected by this

exclusion, mainly through the self-stereotyping mechanism, in

which people in advanced age, who are discriminated against,

begin to believe in stereotypes about themselves and thus

limit their physical activity and mental (4). Until actions are

taken to reduce the negative phenomenon of ageism and its

consequences, attempts to create more advanced programs and

actions aimed at activating seniors in order to prevent premature

occurrence of diseases of old age, including education of future

gerontologists, may not bring the expected results.

However, are there any methods to reduce the phenomenon

of ageism, especially among young people who will be working

with elderly people in the future? According to research

conducted in Turkey on students of last years of nursing,

there is a significant correlation between professional values,

defined as individual standards effective in solving the problem

of interaction with patients and making therapeutic decisions,

and their correct attitudes toward people in advanced age (5).

In this way, the very emphasis on developing the right models

of behavior in students reduces the risk of the phenomenon of

ageism in the medical community.

Another factor important in shaping attitudes that protect

against ageism is the level of empathy. In a study of nursing

students in China, three levels of empathy were identified: high

(n = 42), medium (n = 399) and low (n = 181). During the

analysis of the attitudes of individual groups toward elderly

patients, it was noticed that the low level of empathy had a

moderating role in the relationship between knowledge about

aging and negative attitudes toward seniors (6). This means that

even properly communicated knowledge about aging may not

be able to reduce the phenomenon of ageism, if appropriate

measures are not taken to increase empathy in future doctors.

In addition to the described dependence, one should not

forget how important it is to promote correct attitudes from

an early age. According to the analysis conducted by Teater

and Chonody (7) among younger people entering the age

of adolescence (11–13 years of age), contact with people

at an advanced age in childhood was important in shaping

positive attitudes toward seniors. Promoting a wide-ranging

intergenerational integration already in childhood may very
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likely reduce the occurrence of the phenomenon of ageism in

the future environment of medical personnel.

Interventions in education on how to
deal with the elderly

In order to shape appropriate attitudes of health care

workers toward people of advanced age, taking into account the

factors described above, it is necessary to ensure an appropriate

level of education at the stages before starting work. According

to a review by Hovey et al. such education produces the best

results when it is introduced directly in a clinical setting and

can be checked immediately. However, attention was drawn to

the fact that the available literature has gaps, and the results of

the analyzes should be confirmed in multicentre and large-scale

studies (8). In turn, in another systematic review and meta-

analysis, which analyzed 63 studies from 1976 to 2018, it was

shown that the education of correct attitudes toward people

in advanced age brings the best results when combined with

active intergenerational integration (9), which is somehow an

explanation of the effectiveness of education conducted in a

clinical setting.

Noting the importance of intergenerational integration in

the education of future doctors, one can refer to the study

by Cadieux et al., which showed a correlation between the

mentioned integration and stereotypes in predicting attitudes

toward people in advanced age. It was also noted that a very

important element of education is to refute stereotypes of

incompetence, assuming that seniors are unable to perform

certain advanced activities (10).

The attitude of medics to the elderly and
the e�ectiveness of treatment

Ageism undoubtedly affects the quality of doctor-patient

communication and relationship. The way that healthcare

practitioners communicate with eldery patients may impact

treatment effectiveness and adherence. First of all, older people

do not want to be called “elderly”. Medical providers should

address older adults by their preferred terminology to ensure

compliance (11).

Among nurses caring for older adults, perception of using

cognitive behavior therapy might target ageism and is crucial for

optimal clinical practice (12).

A very important aspect of elderly is coping with pain.

Attitudes and beliefs of clinicians play an essential role in the

care of older patients in pain. Ageism and the special situation

of older people should be taken into account when talking about

therapeutic choices and activity recommendations by health care

professionals (13). On the other hand, patients’ beliefs are also

very important. One of the reasons why older adults not seek

care for restricting back pain were beliefs about the age-related

inevitability of restricting back pain (14).

Another important aspect is “age” in oncological treatment.

Habr (15) claims that we must end ageism in cancer clinical

trials. Older patients suffering from cancer are often excluded

from clinical trials and are undertreated when compared to

younger ones (16). One of the factors standing in the way of

older people obtaining high-quality cancer treatment is the lack

of clinical trial evidence that can help oncologistsmake informed

decisions about the best possible treatment options. The data

shows that older patients are underrepresented in oncological

clinical trial research, people over 65 years old living with cancer

represent only about 40 percent of enrollees in registration trials

of new cancer therapies (15).

Increasing age was associated with markedly decreased

rates of histological verification, surgery and chemotherapy in

Scottish colorectal cancer patients. It is not possible to be sure

whether there was ageism in the management of older patients

with cancer, nevertheless, the rate of histological verification fell

markedly with increasing age, making it questionable whether

decisions to treat were based on best clinical practice at the

time (17).

The negative consequences of ageism have an impact on the

attitudes of those who deal with these people such as health care

professionals, they are not limited to elderly people themselves.

In everyday geriatric oncology practice, one should bear in mind

the risk of stating that the patient is physiologically too old for a

particular treatment (16).

Purpose

The aim of the work was to answer research questions:

• What are the attitudes toward the elderly among students

of medical and health sciences?

• Can attitudes toward the elderly among students of medical

and health sciences depend on socio-geographic factors,

field of study and seniority?

• Can the attitudes toward the elderly among students of

medical and health sciences depend on private contacts

with the elderly?

Participants and methods

Participants and data collection

A cross-sectional online survey was conducted between

February and September 2021. Eight hundred and three medical

and health sciences students participated in the research (616

women, 180 men, 28 respondents do not specify their gender)
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from various fields of medical studies (physiotherapy, nursing,

medicine, psychology, pharmacy, medical analysis, dietetics,

occupational therapy, audiophonology, laboratory diagnosis,

obstetrics, electro-radiology, emergency medical and other).

Participation in the study was anonymous. Sampling was

based on volunteers. We used an online platform (Survgo

system), where an online questionnaire was placed and then

posted on social media. Only students of medicine and

healthcare facilities participated in the study. Before starting

to complete the questionnaires, participants were informed

that their responses were anonymous. Only fully completed

questionnaires were included in the analysis.

Procedure and measurements

Measurements

The first questionnaire contains socio-demographic

questions about the represented ages, gender, place of residence,

field of study and year of study.

The KAOP questionnaire consists of 34 items

that measure attitudes toward older adults (see

Supplementary Attachment 1). Seventeen of the items are

negatively worded and 17 are positively worded (18). The

scale was constructed using a 6-point summed Likert response

attitude measure ranging from: 1 (strongly disagree), 2 (slightly

disagree), 3 (disagree), 4 (agree), 5 (slightly agree), and 6

(strongly agree). To obtain the total score, scores for negatively

worded items are reversed and added in with the positive

responses. Scores for the KAOP range from 34 to 240 with

higher scores represented a more positive attitude toward

older adults (18, 19). Cronbach’s α for the results of the KAOP

questionnaire was estimated at the level of 0.86 with 95%

confidence boundaries [0.85, 0.87] which corresponded to a

good level of reliability (20).

The survey “Contact with older people” originally consisted

of five single-choice questions. The characteristics of the survey

are shown in Table 1.

Ethical approval

The study was approved by the Bioethics Committee of

the Nicolaus Copernicus University Collegium Medicum in

Bydgoszcz, Poland (KB 83/2021). The research was conducted

in accordance with the Helsinki Declaration. The survey was

voluntary and anonymous.

Statistical analysis

Analyses were conducted using the R Statistical language

(version 4.1.1; R Core Team, Vienna, Austria, 2021) onWindows

10 PRO 64 bit (build 19044), using the packages base (21),

sjPlot [version 2.8.9; (22)], report (version 0.5.1; (23)), gstatsplot

[version 0.9.0; (24)], and psych [version 2.1.6; (25)].

TABLE 1 Characteristics of the “contact with older people” survey.

Question Response options

Have you ever lived with an elderly

person?

Yes

No

Do you have contact with elderly people

in your private life?

Never

Only on occasion

Occasionally

Yes, few times a week

Yes, I live/d with an elderly

Do you have contact with people over 65

at your college?

Yes

No

I have no occasion

Do you keep in touch with elderly

people, who are not your family?

Yes

No

I have no occasion

How important are contacts with elderly

people for you?

Not important

Indifferent

Important

Very important

The significance level of the statistical tests in this analysis

was considered to be α = 0.05.

The normality of the distributions of the variables was

examined using the Shapiro-Wilk test and based on the

calculated skewness and kurtosis parameters.

In the case of two groupsWelch’s t-test (with the assumption

of inequality of variance) was used along with Hedges’ effect

size estimate, ĝHedges. The effect interpretations were based on

Cohen’s convention (26).

In the case of more than two groups the ANOVA

Welch test was conducted with the partial omega-squared

effect size, ŵ2
p. The effect size interpretations were based

on Field’s convention (27). For all-pairs comparisons in

one-factorial layout with normally distributed residuals but

unequal between-groups variances the Games-Howell test

was performed.

The correlation test statistic was based on Pearson’s product

moment correlation coefficient and follows a t distribution with

degrees of freedom length (npairs −2). An asymptotic confidence

interval was given based on Fisher’s Z transform.

A graphical representation of the comparisons is

presented using a combination of box and violin plots

along with separating data points in the between-subject

designs, with detailed statistics attached to the plot as

a subtitle.
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TABLE 2 Characteristics of the sample.

Parameter Group N n Shares p
a
gof

Gender Female 796 616 77.3% <0.001

Male 180 22.7%

Age Up to 20 yrs. 803 225 28.0% <0.001

21–25 yrs. 236 29.4%

26–30 yrs. 12 1.4%

Over 30 yrs. 6 0.7%

Lack of data 324 40.5%

Residence Village 796 212 26.6% <0.001

Town <50 k 133 16.7%

City 50–100 k 65 8.2%

City 100–250 k 88 11.1%

City >250 k 298 37.4%

Marital status Single 796 306 38.4% <0.001

Informal relationship 219 27.5%

Married 253 31.8%

Other (separated, divorced, widower) 18 2.3%

Major Physiotherapy 789 453 57.4%

Nursing 35 4.4%

Medicine 101 12.8%

Psychology 46 5.8%

Pharmacy 25 3.2%

Medical analysis 24 3.0%

Dietetics 21 2.7%

Obstetrics 21 2.7%

Other* 63 8.0%

Stage of study BSc/ MSc, 1–3 yr. 619 568 91.8% <0.001

MSc. 4–5 yr. 43 6.9%

Supp. MSc. 8 1.3%

*Occupational therapy, audiophonology, laboratory diagnosis, electroradiology, emergency medical.
aPearson goodness-of-fit test.

Bold value indicates statistically significant values.

TABLE 3 The descriptive statistics of KAOP scores with the normality test results, N = 803.

M SD Mdn IQR Min Max. Sk. Kurt. W pShapiro−Wilk

131.8 17.1 131.0 23.0 74.0 177.0 −0.1 0.00 1.0 0.103

Bold value indicates statistically significant values.

The significance of the difference between the frequencies

of the values within a variable was tested using the Pearson

goodness-of-fit test1.

Results

Characteristics of the sample

Eight hundred and three medical and health sciences

students participated in the study. The frequencies and shares

1 The null hypothesis assumed equal proportions between the

categories of the variable.

of the sample by sex, age, place of residence, marital status, field

of study and stage of study are shown in Table 2.

Exploration the attitudes toward elderly
(KAOP questionnaire) among medical
and health sciences students

The descriptive statistics of the KAOP scores for the

whole sample shown in Table 3. From the data in Table 3,

it is shown that the distribution of KAOP scores meets

the assumptions of a normal distribution (pShapiro−Wilk

> 0.05).
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TABLE 4 The KAOP scores grouped by gender, N = 796.

Gender KAOP scoresa ptWelch

Female 130.8 (16.9) 0.002

Male 135.3 (17.8)

aIn the form of M (SD)—here and hereafter.

Bold value indicates statistically significant values.

The KAOP scores grouped by gender

Overall, women had lower attitudes toward elderly

compared to men. The results of the KAOP questionnaire by

gender are shown in Table 4.

The KAOP scores grouped by age

Above average scores were obtained by students in the age

groups of 21–25 yrs. and over 30 yrs. Below average scores were

recorded for students up to 20 yrs. and 26–30 yrs (see Table 5).

The KAOP scores grouped by major factor

Scores on the KAOP questionnaire relative to the major

ranged from 122.4 to 134.57. The highest scores were shown

for physiotherapy students and the lowest for pharmacy students

(see Table 6).

Results of the KAOP questionnaire by study
stage

The highest level of attitude Toward elderly was reported

in students of 1st to 3rd year of study. For 4th-5th year or

supplementary level students, attitude levels were decreasing

(see Table 7).

Exploring the relationships of attitudes
toward elderly (KAOP questionnaire)
among college students

The e�ect of the gender, on attitudes toward
elderly

The Welch’s t-test conducted showed that the level of

attitude toward old people in men (M= 135.33, SD= 17.75, n=

180) was significantly higher than in women (M = 130.77, SD=

16.85, n= 616) with a small effect size, tWelch (280.01)= −3.06,

p= 0.002, ĝHedges =−0.26.

The e�ect of the age factor on attitudes toward
elderly

There was no significant correlation between the age factor

on the quotient scale and the KOAP score, r = 0.03, p = 0.440,

df = 597, CI95% [−0.05, 0.11].

TABLE 5 The KAOP scores grouped by age group, N = 803.

Age group KAOP scores pF−Welch

Up to 20 yrs. 129.5 (18.0) 0.423

20–25 yrs. 131.6 (16.8)

26–30 yrs. 127.4 (21.4)

Over 30 yrs. 135.0 (20.9)

TABLE 6 The KAOP scores grouped by major (descending), N = 789.

Major KAOP scores pF−Welch

Physiotherapy 134.6 (16.2) <0.001

Psychology 133.6 (16.5)

Dietetics 131.3 (16.9)

Medical analysis 130.3 (15.6)

Obstetrics 128.5 (13.0)

Medicine 127.9 (19.1)

Other 126.2 (17.4)

Nursing 125.3 (15.3)

Pharmacy 122.4 (19.8)

TABLE 7 The KAOP scores grouped by age study stage, N = 619.

Study stage KAOP scores pF−Welch

BSc/MSc 1–3 yr. 130.9 (17.2) 0.095

MSc 4–5 yr. 128.9 (18.5)

Suppl. MSc 121.6 (11.3)

The e�ect of residence factor on attitudes
toward elderly

The range of mean scores by residence was [130.82, 132.85].

The ANOVA Welch analysis showed no significant differences

between the residence factor and KAOP score (see Figure 1).

The e�ect of the of the marital status on
attitudes toward elderly

Welch’s ANOVA analysis showed that married individuals

had significantly higher KAOP scores (M = 134.88, SD= 15.78)

compared to singles (M = 130.82, SD = 17.06) and those in an

informal relationship (M = 129.80, SD= 18.28) (see Figure 2).

The e�ect the of the major on attitudes toward
elderly

Among the nine majors, the highest scores of attitudes

toward elderly were explored in physiotherapy students (M =

134.57, SD = 16.17) and the lowest scores were observed in

pharmacy students (M= 122.40, SD= 19.78). The KAOP scores

of physiotherapy students were significantly higher the scores
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FIGURE 1

Comparative characteristics of the KAOP mean scores grouped by residence.

FIGURE 2

Comparative characteristics of the KAOP mean scores grouped by marital status.
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FIGURE 3

Comparative characteristics of the KAOP mean scores grouped by major.

FIGURE 4

Comparative characteristics of the KAOP mean scores grouped by study stage.
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TABLE 8 Survey results with the KAOP questionnaire scores.

Response option n Share KAOP score pF−Welch

Have you ever lived with an elderly person? (N = 802)

Yes 281 35.0% 130.1 (16.7) 0.041*

No 521 65.0% 132.7 (17.3)

Do you have contact with elderly people in your private life? (N = 802)

Never 2 0.2% 134.5 (10.6) 0.058

Only on occasion 84 10.5% 132.8 (21.6)

Occasionally 112 14.0% 127.5 (19.4)

Yes, few times a week 503 62.7% 131.9 (16.1)

Yes, I live/d with an elderly 101 12.6% 134.7 (14.5)

Do you have contact with people over 65 at your college? (N = 798)

Yes 615 77.1% 132.5 (16.3) 0.145

No 105 13.2% 129.2 (18.8)

I have no occasion 78 9.7% 129.3 (21.0)

Do you keep in touch with elderly people. who are not your family? (N = 802)

Yes 416 51.9% 133.4 (15.5) 0.013

No 200 24.9% 128.7 (20.0)

I have no occassion 186 23.2% 131.4 (16.9)

How important are contacts with elderly people for you? (N = 802)

Not important 9 1.1% 108.4 (22.1) <0.001

Indifferent 154 19.2% 128.5 (20.0)

Important 433 54.0% 132.4 (16.6)

Very important 206 25.7% 133.9 (14.6)

*ptWelch . Bold value indicates statistically significant values.

of medical, nursing students and other medical majors (see

Figure 3).

The e�ect the study stage factor on attitudes
toward elderly

The range of mean scores by residence was [121.62, 130.91].

The ANOVA Welch analysis showed no significant differences

between the study stage factor and KAOP score (see Figure 4).

Exploring the relationships of attitudes
toward elderly (contact with older people
survey) among college students

The survey questions along with the response rates are

shown in Table 8. In addition, a separate column contains the

average KAOP questionnaire results for each response option.

From the data of Table 8, it is shown that almost 2/3 of the

respondents co-habitated with the elderly. About 75% of people

have contact with the elderly at least once a week in their private

life, 77% of people have contact with the elderly at university.

More than half of people have contact with the elderly without

being in a family relationship with them. Nearly 80% of people

indicated the importance of contact with the elderly.

Those who live and/or have regular contact with the elderly

were characterized by higher KAOP questionnaire scores.

Discussion

In an aging society, we need medical education to focus

more on activities aimed at displaying positive attitudes toward

older people. Results of presented research run among students

from various fields of medical faculties, such as physiotherapy,

nursing, medicine, psychology, pharmacy, medical analysis,

dietetics, occupational therapy, audiophonology, laboratory

diagnosis, obstetrics, electro-radiology and emergency medical

confirm that need. Among the nine majors, the highest scores of

attitude toward elderly were explored in physiotherapy students

and the lowest scores were observed in pharmacy students.

The KAOP scores of physiotherapy students were significantly

higher than the scores of medical, nursing students and other

medical majors. According to attitudes toward older adults,

above average scores were obtained by students in the age

groups of 21–25 yrs. and over 30 yrs. Below average scores

were recorded for students up to 20 yrs. and 26–30 yrs. In
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the systematic review, where 63 studies were analyzed, ageism

interventions demonstrated a strongly significant effect on

attitudes, knowledge, and comfort. What is more, combined

interventions with education and intergenerational contact

showed the largest effects on attitudes. Stronger effects for

females and for adolescent and young adult groups were found

(9), while in our research the level of attitude toward old people

in men was significantly higher than in women and there was no

significant correlation between the age. A more positive attitude

toward the elderly among women was also observed by Luo

et al. (28). They assessed ageism among college students in the

United States and China. However, it should be emphasized

that medical students were not included in the study. Samra

et al. (29), in their systematic review analyzed attitudes toward

the elderly among medical students and doctors. The authors

indicate that four of the five high-quality studies included in this

review reported more positive attitudes in females than males.

What is important is that nearly 80% of students indicated

the importance of contact with the elderly. Students who live

and/or have regular contact with the elderly were characterized

by higher KAOP questionnaire scores. The importance of

intergenerational integration in the education of future doctors,

was underlined in the study which showed a correlation

between thementioned integration and stereotypes in predicting

attitudes toward people in advanced age (10). The study’s

results by Lee et al. (30) also indicate the importance of

time spent with the elderly in eliminating the phenomenon

of ageism. Among the doctors participating in the survey,

ageism was negatively correlated with the percentage of elderly

patients treated.

Zhao et al. (31), who assessed ageism among medical

students in China, emphasizes that one of the factors increasing

negative attitudes toward the elderly is the lack of caring

experiences with older adults during clinical practice. This

can be a barrier to choosing elderly care as a professional

specialization pathway. As emphasized by Liu et al. (32), a very

low proportion of the nursing students ranked caring for older

people as their first choice of work.

The results of the cited studies indicate the need to expand

the curricula with practical activities in direct contact with

the elderly.

Limitations

The study’s main limitation was that although the invitation

to fill in the survey was distributed in the same way in all

faculties, the vast majority of participants were physiotherapy

students (54.7%). The obtained percentage distribution of

representatives of particular fields of study results from how

the students responded to this invitation. All questionnaires

were completed online. The study was carried out during the

COVID-19 pandemic.

Conclusion

The attitude toward the elderly depends on many factors,

such as the chosen field of study, stage of education, contact

with the elderly, gender or marital status. In order to develop

proper contact with seniors, the solution may be to influence

modifiable factors, especially the correct education of future

health care workers. Well-trained medical staff is one of health

care systems’ most critical challenges worldwide. Considering

the forecasts of the growing number of older adults and

the phenomenon of ageism, educating well-prepared medical

staff: nurses, physiotherapists, occupational therapists, and

others seems to be a massive challenge for centers educating

medical staff. Research in this area allows for a closer look

at the phenomenon of ageism and many factors increasing or

decreasing the intensity.
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Introduction: We aim to explore the association between chronic kidney

disease (CKD) and cataracts.

Methods: A total of 121,380 participants with adequate information collected

from 29 community-based recruitment centers since 2008 were analyzed.

The association between CKD and self-reported diagnosed cataracts was

examined in a cross-sectional cohort andwas validated in a longitudinal cohort

of 25,263 participants without cataracts at baseline.

Results and discussion: Of all participants, cataracts occurred in 503/1,947

(26%) and 10,464/119,433 (9%) subjects in the CKD and non-CKD groups,

respectively. Multivariate logistic regression showed that CKD was significantly

associated with a higher prevalence of self-reported diagnosed cataracts. In

the validation cohort, a higher incidence of cataracts was also noted in the

CKD group (65/317, 21%) compared to the non-CKD group (1,964/24,252, 8%)

during a mean 47-month follow-up. After adjusting for confounders, subjects

with CKD had a 1.498-fold higher risk of incident cataracts than those without

CKD (95% confidence interval= 1.114 to 2.013, p value= 0.007). We found that

CKD was associated with a higher prevalence of cataracts as well as incident

cataracts, which suggests CKD patients and their primary physicians should

be aware of this disease and can provide a clue for further exploration of the

possible mechanisms and treatments.

KEYWORDS

chronic kidney disease, cataract, risk factors, epidemiology, longitudinal cohort,

cross-sectional cohort, glomerular filtration rate

Frontiers in PublicHealth 01 frontiersin.org

349

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.1029962
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.1029962&domain=pdf&date_stamp=2022-12-07
mailto:u9001090@hotmail.com
https://doi.org/10.3389/fpubh.2022.1029962
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/fpubh.2022.1029962/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Huang et al. 10.3389/fpubh.2022.1029962

Introduction

Cataracts, or opacification of the lens, are a significant cause

of blindness especially in middle to low-income countries. It is

estimated that over 15.2 million people are blind and over 78.8

million people are moderate to severe vision impaired secondary

to cataracts worldwide (1). Despite advances in cataract surgery,

cataracts continue to be a public health and financial burden due

to the extended life expectancy and growing population. In order

to identify the reversible risk factors of cataracts, it is important

to halt the disease’s development.

Chronic kidney disease (CKD), defined as decreased kidney

function or presence of kidney damage for 3 or more months,

is associated with several diseases, including hypertension (2),

diabetes mellitus (DM) (3), and cerebral vascular disease (4).

Moreover, CKD shares common pathogenetic mechanisms

with various eye diseases, such as microvascular dysfunction,

epithelial dysfunction, oxidative stress an inflammation (5).

Recent studies have examined the association between CKD

and cataracts (6, 7), but lack evidence of large-scale cross-

sectional and longitudinal cohort studies. Here, we present

major evidence for the association between CKD and cataracts.

Materials and methods

Data source and study population

All participants were enrolled at 29 community-based

recruitment centers in Taiwan since 2008. They were between

30 and 70 years old and had no history of malignancies

when joining the cohort. Other detailed information has been

described previously (8–10). In the cross-sectional cohort,

a total of 121,380 participants with adequate information

about age, sex, serum creatinine and history of cataracts,

and possible confounders were analyzed (Figure 1). Then,

a longitudinal cohort enrolled 25,263 participants without

cataracts at baseline and with adequate long-term follow-

up was used to validate the results of the cross-sectional

analysis (Figure 1). The investigations followed the Declaration

of Helsinki and participants signed a consent form. This study

was approved by our institute (KMUHIRB-E(I)-20210058).

Definition of CKD

In the present study, CKD is defined as an estimated

glomerular filtration rate (eGFR)<60ml/min/1.73m2. Based on

eGFR, we divided participants into CKD and non-CKD groups.

Equation used to calculate eGFR (ml/min/1.73m2) is [(140–age)

× body weight / (0.814× Serum creatinine in µmol/L)]× (0.85

if female).

Self-reported diagnosed cataracts

Firstly, participants were asked, “Have you ever been

diagnosed with cataracts?” Self-reported diagnosed cataracts

were defined as participants answering “Yes” to this question.

For those that have a past history of cataracts, they would be

asked “Which eye was diagnosed with cataracts?” and “When

were you diagnosed with cataracts?” Researchers would repeat

these questions to ensure consistent responses.

Variables and variables selection

All the variables in this study came from questionnaires,

physical examination, and blood draws. The potential risk

factors for the association between CKD and cataracts were

identified through literature reviews, including age (11, 12),

gender (13), body mass index (14), smoking status, alcohol

status (15), education status, hypertension (including systolic

and diastolic pressures) (16), diabetes mellitus (including

fasting glucose), dyslipidemia (including total cholesterol and

triglyceride), hemoglobin (17), albumin (18) and uric acid (19).

To further identify the possible confounders, these variables

were further investigated for their association with cataracts

through univariate logistic regression, and then put into

multivariate analysis if they were significant.

Statistical analyses

In the present study, participants were classified as CKD and

non-CKD groups. Their clinical characteristics were described

as percentages for qualitative variables and mean ± standard

deviation for quantitative variables. The differences between

groups were calculated by using Pearson χ2 test or independent

t-test, depending on the types of variables. To determine

the association between the presence of CKD and cataracts,

univariate and multivariate logistic regression analyses were

used with odds ratios (ORs) and 95% confidence intervals (CIs).

SPSS 20.0 (?IBM Corp, Armonk, NY, USA) and R version 3.6.2

(R Foundation for Statistical Computing, Wien, Austria) were

two statistical tools we used and a p-value of<0.05 was regarded

as statistically significant.

Results

Clinical characteristics of the study
participants in the cross sectional cohort

The clinical characteristics for all participants, those with

CKD and those without CKD are shown in Table 1. Of the

121,380 participants, 77,764 (64%) were female, and 1,947
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FIGURE 1

Study participants were classified by the presence of chronic kindey disease.

(2%) and 119,433 (98%) were classified as CKD and non-CKD

groups, respectively. The subjects with CKD were more likely

to be male gender, older, had higher body mass index (BMI),

systolic blood pressure (SBP) and diastolic blood pressure

(DBP), and a higher prevalence of smoking, drinking, past

history of hypertension, past history of DM, and past history

of dyslipidemia compared to the men without CKD (Table 1).

In addition, self-reported diagnosed cataracts occurred in

503/1,947 (26%) and 10,464/119,433 (9%) subjects in the CKD

and non-CKD groups, respectively (Table 1).

The association between CKD and
prevalence of cataracts

To examine the association between CKD and self-reported

diagnosed cataracts, logistic regression analyses were used.

Univariate logistic regression showed that age, sex, BMI,

smoking, drinking, educational status, SBP, DBP, past history of

hypertension, past history of DM, past history of dyslipidemia,

serum hemoglobin, albumin, fasting glucose, total cholesterol,

triglyceride, and CKD were significantly associated with self-

reported diagnosed cataracts (Table 2). After adjustment for

confounders, age, sex, BMI, smoking, DBP, past history of

hypertension, past history of DM, past history of dyslipidemia,

serum albumin and CKD were still significantly related to

cataracts (Table 2). Compared with those in the non-CKD

group, the odds of cataracts in the CKD group were 3.627 (95%

CI = 3.271–4.023, p-value = <0.001) and 1.335 (95% CI =

1.189–1.500, p-value = <0.001) in univariate and multivariate

analyses, respectively. We further divided participants by age

(<60 years old and ≧60 years old) and the results remained the

same (Supplementary Table 1).

The association between CKD and the
development of cataracts

To further validate the association between CKD and

cataracts, the risk of CKD for developing cataracts was evaluated

in a longitudinal subgroup of 24,569 participants who had no

history of cataracts at baseline (Table 3). In this cohort, 15,876

(65%) were female and incident cataracts occurred in 2,029 (8%)

participants during a mean 47-month follow-up. The subjects

with CKD were more likely to be male gender, older, had

higher BMI, SBP, and DBP, and a higher prevalence of smoking,

drinking, past history of hypertension, past history of DM, and

past history of dyslipidemia compared to the men without CKD

(Table 3). A higher incidence of cataracts was noted in the

CKD group (65/317, 21%) compared to the non-CKD group

(1,964/24,252, 8%). Univariate logistic regression showed that

age, sex, smoking, drinking, SBP, past history of hypertension,

past history of DM, past history of dyslipidemia, serum albumin,

fasting glucose, total cholesterol, triglyceride, and CKD were
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TABLE 1 Clinical characteristics of the cross-sectional cohort (n = 121,380).

Characteristics Total

(N = 121,380)

Chronic kidney disease

(N = 1,947)

No chronic kidney disease

(N = 119,433)

p-value

Demographic data

Age, yr 50± 11 60± 8 50± 11 <0.001

Women, n (%) 77,764 (64) 1,183 (61) 77,000 (65) <0.001

Body mass index, kg/m2 24.2± 3.8 25.8± 3.9 24.2± 3.8 <0.001

Smoke, ever, n (%) 33,073 (27) 771 (40) 32,302 (27) <0.001

Alcohol status, ever, n (%) 10,331 (9) 276 (14) 10,055 (8) <0.001

Education status, n (%) <0.001

≦Elementary 6,407 (5) 278 (14) 6,129 (5)

Middle to high school 44,617 (37) 808 (42) 43,809 (37)

≧Collage 70,356 (58) 861 (44) 69,495 (58)

Systolic blood pressure, mm Hg 120± 19 134± 21 120± 19 <0.001

Diastolic blood pressure, mm Hg 74± 11 79± 13 74± 11 <0.001

Comorbidity

Hypertension, n (%) 14,849 (12) 944 (49) 13,905 (12) <0.001

Diabetes mellitus, n (%) 6,258 (5) 464 (24) 5,794 (5) <0.001

Dyslipidemia, n (%) 9,018 (7) 446 (23) 8,572 (7) <0.001

Laboratory data

Hemoglobin, g/dl 13.8± 1.6 13.6± 1.9 13.8± 1.6 0.002

Albumin, g/dl 4.5± 0.2 4.4± 0.3 4.5± 0.2 <0.001

Fasting glucose, mg/dl 96± 21 108± 36 96± 20 <0.001

Total cholesterol, mg/dl 196± 36 194± 41 196± 36 0.043

Triglyceride, mg/dl 116± 94 157± 134 115± 93 <0.001

Uric acid, mg/dL 5.4± 1.4 7.0± 1.8 5.4± 1.4 <0.001

eGFR, ml/min per 1.73 m2 103± 24 48± 14 104± 23 <0.001

Self-reported diagnosed cataracts 10,967 (9) 503 (25) 1,444 (9) <0.001

eGFR, Estimated glomerular filtration rate.

significantly associated with incident cataracts (Table 4). In

multivariate analysis, the risk of developing cataracts was still

higher in participants with older age, past history of DM, past

history of dyslipidemia, and CKD (Table 4). Compared with

those in the non-CKD group, the odds of cataracts in the

CKD group were 2.927 (95% CI = 2.220–3.860, p-value =

<0.001) and 1.498 (1.114–2.013, p-value = 0.007) in univariate

and multivariate analyses, respectively. We further divided

participants by age (<60 years old and >60 years old) and

the results for those ≧60 years old were similar to the entire

cohort; however, for those <60 years old, the relationship

between CKD and cataracts was not statistically significant

(Supplementary Table 2).

Discussion

In this study, we found that the risk of cataracts was higher in

CKD patients (OR = 1.335; 95% CI, 1.189–1.500) in the cross-

sectional cohort after adjusting for confounders. Furthermore,

we examined 24,569 participants who had mean follow up

periods of 47-months from 29 community-based recruitment

centers without a history of cataracts at baseline and found that

the incidence of developing cataracts (OR = 1.498; 95% CI,

1.114–2.013) is significantly higher in patients with CKD. To the

best of our knowledge, this is the first large-scale cross-sectional

and longitudinal study to investigate the relationship between

CKD and risk of cataracts.

There were several previous cohort studies evaluating the

association between CKD and cataracts but the results varied.

Klein et al. (20) conducted a prospective study over a 5 years

period in 1988 and found that renal function abnormalities

were not significantly associated with incidence of cataracts

after controlling for age and gender. Huynh et al. (21) found

that there were no significant effects of CKD stage on the

incidence of any type of cataract in agreement with that of

Klein et al. However, they reported increased odds of incident

cataract surgery in patients with moderate to severe renal

dysfunction younger than 60 years of age. The authors attributed

this effect to additional factors involving patients undergoing
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TABLE 2 Odds ratios for self-reported diagnosed cataracts in univariable and multivariable binary logistic analysis in the cross-sectional cohort (n =

121,380).

Variables Non-adjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P

Age (per 1 year) 1.172 (1.168–1.175) <0.001 1.169 (1.165–1.173) <0.001

Male (vs. female) 0.857 (0.822–0.893) < 0.001 0.706 (0.660–0.756) <0.001

Body mass index (per 1 kg/m2) 0.994 (0.988–0.999) 0.017 0.979 (0.972–0.986) <0.001

Smoking status, ever (vs. never) 0.828 (0.791–0.867) <0.001 1.106 (1.038–1.180) 0.002

Alcohol status, ever (vs. never) 0.918 (0.854–0.987) 0.021 0.973 (0.894–1.060) 0.534

Education status, middle to high school (vs.≦Elementary) 0.374 (0.351–0.400) <0.001 0.929 (0.865–0.997) 0.042

Education status,≦Collage (vs.≧Elementary) 0.251 (0.235–0.267) <0.001 1.064 (0.990–1.144) 0.091

Systolic blood pressure (per 1mm Hg) 1.020 (1.019–1.021) <0.001 0.999 (0.997–1.000) 0.123

Diastolic blood pressure (per 1mm Hg) 1.004 (1.002–1.006) <0.001 0.996 (0.993–0.999) 0.005

Hypertension, yes (vs. no) 2.623 (2.502–2.751) <0.001 1.139 (1.075–1.207) <0.001

Diabetes mellitus, yes (vs. no) 3.775 (3.552–4.012) <0.001 1.755 (1.618–1.904) <0.001

Dyslipidemia, yes (vs. no) 2.862 (2.707–3.026) <0.001 1.378 (1.293–1.470) <0.001

Hemoglobin (per 1 g/dl) 0.986 (0.974–0.998) 0.025 0.981 (0.961–1.000) 0.050

Albumin (per 1 g/dl) 0.393 (0.362–0.427) <0.001 0.848 (0.766–0.938) 0.001

Fasting Glucose, mg/dl 1.010 (1.009–1.010) <0.001 1.001 (1.000–1.002) 0.087

Total cholesterol (per 1 mg/dl) 1.003 (1.002–1.003) <0.001 1.000 (0.999–1.000) 0.202

Triglyceride (per 1 mg/dl) 1.000 (1.000–1.001) <0.001 1.000 (1.000–1.000) 0.922

Uric acid (per 1 mg/dl) 1.013 (0.999–1.027) 0.067 - -

Chronic kidney disease, yes (vs. no) 3.627 (3.271–4.023) <0.001 1.335 (1.189–1.500) <0.001

CI, Confidence interval. Adjusted by age, gender, body mass index, smoking status, alcohol status, education status, systolic blood pressure, diastolic blood pressure, hypertension, diabetes

mellitus, dyslipidemia, hemoglobin, albumin, fasting glucose, total cholesterol, triglyceride, and chronic kidney disease.

cataract surgery. Klein et al. (22) further investigated the

relationship between cystatin C and the 15-year incidence of

age-related cataracts in 2008. They concluded with contradictory

results that increasing cystatin C levels was associated with an

increased risk of age-related cataracts, especially cortical and

posterior subcapsular subtypes. In recent years, Liu et al. (7)

retrospectively analyzed 1-million subjects from a Taiwanese

health insurance database. They found that the risk of cataract

was higher in CKD group (adjusted hazard ratio 1.86) than

non-CKD group and an even higher risk of cataracts in end

stage renal disease group (adjusted hazard ratio 2.33), which

indicated more severe renal dysfunction increased the risk of

cataracts. However, the accuracy of the diagnosis of CKD and

cataracts recorded by the International Classification of Disease

Codes (ICD) has been questioned. The study performed by

Rim et al. (23) also concluded that end stage renal disease

patients who started hemodialysis were more likely to undergo

cataract surgery. The results of our study were consistent

with Liu et al. but constructed on more solid evidence by

combining cross-sectional and longitudinal cohorts. In addition,

patients diagnosed with CKD were based on eGFR in our study

compared to Liu et al. which used ICDs.

Age-related cataracts comprised the vast majority of

cataracts, but the risk factors were different from early-onset

cataracts. Some known risk factors for early-onset cataracts

included trauma, ultraviolet-B exposure, steroid use, diabetes

mellitus and myotonic dystrophy, but not CKD (24–26). In our

longitudinal cohort, we divided participants by age (<60 years

old and ≧60 years old) and found that the relationship between

CKD and cataracts was not statistically significant in those <60

years old, supporting the previous results.

In addition to CKD, we found that diabetes mellitus and

dyslipidemia were associated with an increasing risk of cataracts.

Our investigation was similar to the results of Liu et al.

(7) in which diabetes and hyperlipidemia were independent

risk factors associated with cataracts but contradictory results

of alcohol use. Moreover, several previous studies have been

performed which verified the association between diabetes and

cataracts (27–31), and dyslipidemia and cataracts (32–34).

Proven by Liu et al. (7) the risk for cataracts increased

with the severity of renal impairment. The results indicated

that prevention of CKD progression and early eye screening

programs might decrease the incidence of cataracts. As for

diabetes, previous studies showed better glycaemic control

was associated with a lower incidence of cataracts (34–36).

A meta-analysis concluded that statin therapy could protect

against cataract formation (37). Our study further validated the

association between cataracts and CKD, diabetes mellitus and

dyslipidemia which provided physicians perspectives on early

screening and prevention of cataracts in these populations.
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TABLE 3 Clinical characteristics of the longitudinal cohort (n = 24,569).

Characteristics Total

(N = 24,569)

Chronic kidney disease

(N = 317)

No chronic kidney disease

(N = 24,252)

p-value

Age, yr 50± 10 59± 8 50± 10 <0.001

Women, n (%) 15,876 (65) 131 (41) 15,745 (65) <0.001

Body mass index, kg/m2 24.1± 3.6 25.9± 4.2 24.1± 3.6 <0.001

Smoke, ever, n (%) 6,009 (25) 117 (37) 5,892 (24) <0.001

Alcohol status, ever, n (%) 2,065 (8) 41 (13) 2,024 (8) 0.004

Education status, n (%) <0.001

≦Elementary 1,612 (7) 56 (18) 1,556 (6)

Middle to high school 10,934 (44) 135 (42) 10,799 (45)

≧Collage 12,023 (49) 126 (40) 11,897 (49)

Systolic blood pressure, mm Hg 117± 18 130± 20 117± 18 <0.001

Diastolic blood pressure, mm Hg 73± 11 78± 12 73± 11 <0.001

Hypertension, n (%) 2,906 (12) 138 (44) 2,768 (11) <0.001

Diabetes mellitus, n (%) 1,044 (4) 48 (15) 996 (4) <0.001

Dyslipidemia, n (%) 1,636 (7) 60 (19) 1,576 (7) <0.001

Hemoglobin, g/dl 13.8± 1.6 13.8± 1.8 13.7± 1.6 0.290

Albumin, g/dl 4.6± 0.2 4.5± 0.3 4.6± 0.2 <0.001

Fasting glucose, mg/dl 96± 19 104± 32 95± 19 <0.001

Total cholesterol, mg/dl 195± 35 199± 39 195± 35 0.090

Triglyceride, mg/dl 113± 83 148± 82 113± 83 <0.001

Uric acid, mg/dL 5.5± 1.4 7.3± 1.7 5.5± 1.4 <0.001

eGFR, ml/min per 1.73 m2 103± 24 50± 11 104± 23 <0.001

Follow-up, months 47± 14 48± 15 47± 14 0.338

eGFR, Estimated glomerular filtration rate.

Several mechanisms were proposed to contribute to the

relationship between CKD and cataracts. Urea sequestration in

the lens with subsequent water accumulation and formation

of osmotic cataracts was one of the possible mechanisms (38).

Another possible mechanism was oxidative stress in CKD

patients forming advanced glycation end products (AGEs)

and leading to cataract formation (39, 40). AGEs acting on

endothelial cells could lead to apoptosis, cell cycle arrest

and generation of proinflammatory cytokines. These factors

cause insolubility of lens proteins, accumulation of fluorescent

products in the lens nucleus and the lens eventually losing

its transparency.

This is the first study combining cross-sectional and

longitudinal cohorts to analyze the association between

CKD and risk of cataracts. Additionally, the diagnosis of

CKD was based on eGFR, not by coding. Despite these

strengths, the present study has several limitations. Firstly,

data on cataracts were obtained from questionnaires, thus

the diagnosis of cataracts lacked objective comprehensive

ophthalmic examinations, and we did not have patient data

for cataract subtypes and grades, nor for surgical modality and

surgery-related complications; however, this substitution has

been validated in other large-scale studies (41–43). Secondly,

the database did not include other risk factors of cataracts, such

as myopia, eye trauma, steroid use, ultraviolet light exposure

and uveitis but recruited as many confounders as possible to

strengthen the results. Thirdly, this study only involved Asians,

so the results might not be representative of other ethnicities.

Fourthly, we were unable to analyze the association between

severity of CKD and cataracts because we had fewer than

100 subjects with end-stage renal disease. Fifthly, a rigorous

definition of CKD should include follow-up eGFR data over

3-months and evidence of proteinuria, as opposed to a single

eGFR at the time of admission. However, this substitution has

been validated in other large-scale studies (44, 45). Finally,

information regarding genetic testing was lacking, but most of

the subjects in this study did not have congenital cataracts (46).

Conclusion

We found that CKD was associated with a higher prevalence

of cataracts as well as incident cataracts, which suggests CKD

patients and their primary physicians should be aware of this

disease and can provide a clue for further exploration of the

possible mechanisms and treatments.
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TABLE 4 Odds ratios for self-reported diagnosed cataracts in univariable and multivariable binary logistic analysis in the longitudinal cohort (n =

24,569).

Variables Non-adjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P

Age (per 1 year) 1.137 (1.129–1.144) <0.001 1.143 (1.135–1.152) <0.001

Male (vs. female) 0.793 (0.718–0.874) <0.001 0.667 (0.584–0.763) <0.001

Body mass index (per 1 kg/m2) 0.999 (0.987–1.012) 0.890 - -

Smoking status, ever (vs. never) 0.739 (0.659–0.828) <0.001 0.940 (0.808–1.093) 0.421

Alcohol status, ever (vs. never) 0.787 (0.658–0.941) 0.009 0.925 (0.757–1.131) 0.447

Education status, middle to high school (vs.≦Elementary) 0.709 (0.403–1.246) 0.232 - -

Education status,≦Collage (vs.≧Elementary) 0.766 (0.431–1.363) 0.365 - -

Systolic blood pressure (per 1mm Hg) 1.015 (1.013–1.018) <0.001 0.993 (0.991–0.996) <0.001

Diastolic blood pressure (per 1mm Hg) 1.001 (0.997–1.005) 0.524 - -

Hypertension, yes (vs. no) 2.012 (1.791–2.261) <0.001 1.026 (0.895–1.175) 0.715

Diabetes mellitus, yes (vs. no) 2.698 (2.292–3.176) <0.001 1.427 (1.165–1.748) 0.001

Dyslipidemia, yes (vs. no) 2.111 (1.828–2.437) <0.001 1.254 (1.070–1.470) 0.005

Hemoglobin (per 1 g/dl) 0.978 (0.950–1.006) 0.121 - -

Albumin (per 1 g/dl) 0.521 (0.428–0.634) <0.001 1.149 (0.917–1.440) 0.226

Fasting glucose, mg/dl 1.007 (1.006–1.009) <0.001 1.000 (1.000–1.001) 0.954

Total cholesterol (per 1 mg/dl) 1.003 (1.002–1.004) <0.001 0.998 (0.997–1.000) 0.014

Triglyceride (per 1 mg/dl) 1.001 (1.000–1.001) 0.005 1.000 (1.000–1.001) 0.141

Uric acid (per 1 mg/dl) 0.989 (0.958–1.002) 0.512 - -

Chronic kidney disease, yes (vs. no) 2.927 (2.220–3.860) <0.001 1.498 (1.114–2.013) 0.007

CI, Confidence interval. Adjusted by age, gender, smoking status, alcohol status, systolic blood pressure, hypertension, diabetes mellitus, dyslipidemia, albumin, fasting glucose, total

cholesterol, triglyceride, and chronic kidney disease.
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The World Health Organization (WHO) estimates that about one-third of

people worldwide currently have a need for rehabilitation. This demand is

expected to increase in the coming years due to changes in population

health and characteristics. For example, with the intensification of global

aging, the rehabilitation needs of patients with chronic diseases and disabilities,

postoperative dysfunction, and cognitive impairment continue to grow, and

emergencies such as conflicts, disasters, and epidemics may lead to a

surge in rehabilitation needs. Early and sustained rehabilitation could reduce

complications, improve function, and reduce disability in a�ected populations,

but rehabilitation services are often underestimated due to underfunding

and poor short-term outcomes. WHO sees rehabilitation as an essential part

of achieving universal health coverage and the Sustainable Development

Goals. With the development of China’s economy and society and the trend

of an aging population, the demand for rehabilitation therapists is growing

rapidly. Since the development of rehabilitation education in China at the

beginning of this century, great progress has been made in both the training

mode and the number of people trained, especially in the construction of

higher education of rehabilitation in related colleges and universities. Through

descriptive qualitative analysis, this study collected information from national

policy documents and o�cial websites of colleges and universities on policies

concerning degree systems, cultivating goals and ideas, courses, education

internationalization, continuing education in practice, standardized training

after graduation, the number of colleges and universities with rehabilitation

therapy related majors in China, and summarizes the current situation of the

development of rehabilitation personnel education in Chinese colleges and

universities. Judging from the results, during the development of rehabilitation

education, China has continuously improved in terms of policy support,

educational goals and concepts, the number and quality of institutions,

degree systems, and internationalization, while gradually adapting to China’s

development status. This also provides direction and feasible suggestions
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for China to improve the rehabilitation education development system and

formulate a national rehabilitation education plan in the future to deal with

the challenge of aging.

KEYWORDS

aging, talent development, China, education, rehabilitation

Introduction

With the increase in global life expectancy and changes in

the health status of populations caused by disabilities, chronic

diseases, postoperative dysfunction, cognitive impairments, etc.,

the demand for professional rehabilitation therapists in various

countries has increased significantly. But in many countries,

especially low- and middle-income countries, this growing

demand for rehabilitation is largely unmet, with an average

of fewer than 10 skilled practitioners per 1 million people

(1). In this context, how to improve the quantity and quality

of rehabilitation therapists has become a key issue in the

development of rehabilitation therapy education.

Currently, many countries in the world have gradually

formed a relatively complete rehabilitation therapy education

system, according to the subdivision of rehabilitation therapy

professional hierarchical training, talent training channels

and methods are more diversified, and advanced concepts

such as ICF are integrated into the educational concept

so that the training of rehabilitation therapy talents is

more in line with the current actual needs. Rehabilitation

education originated in the 1950s, and gradually diverged

into physiotherapists, occupational therapists, and speech

therapists in the 1970s. Currently, most of the international

rehabilitation education system is 4 year university education

and postgraduate education, awarded bachelor of science,

master’s, and doctoral degrees, and in a few countries, still

3 years of specialist education exists. In accordance with

the requirements of the World Confederation for Physical

Therapists (WCPT) and the World Federation of Occupational

Therapists (WFOT), many institutions have established

a comprehensive high-level normative training system,

including education, scientific research, and further education.

The qualification examination is carried out according to

the professional scope of the rehabilitation therapist. The

employment of graduates of rehabilitation therapy-related

majors is mainly for the rehabilitation departments, community

rehabilitation institutions, nursing homes, fitness centers,

sports clubs, and sports training equipment management

institutions of hospitals at all levels, and there are also individual

operators (2, 3). By discussing and comparing the development

status of rehabilitation education in the United States, the

United Kingdom, Japan, and other countries, it can be seen

that the development of rehabilitation education in various

countries has a common trend.

To meet the rehabilitation needs of the population in the

context of today’s aging and population health, countries have

taken various measures to improve the level of rehabilitation

in their countries, with special attention to improving

rehabilitation education, which is the fundamental way to

develop rehabilitation therapists. For example, according to

the needs of national social and economic development, the

training of bachelor of rehabilitation in Japan highlights the

acceptance of clinical internships in stages, and the internship

institutions are not limited to medical rehabilitation institutions,

but also include health and welfare institutions to enhance

the comprehensive competence of talents in an all-round way

(4). The Australian and New Zealand Physiotherapy Practice

Thresholds in Australia and Aotearoa New Zealand (5) jointly

developed by the Australian and New Zealand Physiotherapy

Councils in 2015, which clearly describes the basic level of

competency required for a registered physiotherapist to practice

includes: knowledge, skills, attitudes, values, and judgment to

effectively and comprehensively measure the competence of a

physiotherapist (6).

As a large country with a population of more than 1.4

billion and accounting for nearly one-third of the world

(7), China faces multiple challenges such as a high degree

of population aging and rapid growth, a high incidence of

chronic diseases, and an increase in the number of people

with disabilities and postoperative rehabilitation, and the

demand for rehabilitation therapy is relatively large. At the

end of 2019, China’s population aged 60 and over was close

to 254 million, accounting for 18.1% of the world’s elderly

population (8). As of November 2020, China’s population

aged 60 and over has exceeded 264 million, accounting for

18.70% of the country’s total population, an increase of 5.44

percentage points compared with 2010 (9). Therefore, the level

of rehabilitation therapist development is crucial to global health

promotion. China has also done a lot of work in this regard

in recent years and achieved good results. Since about the

1990s, some colleges and universities in China have offered

rehabilitation-related majors (10). In 2001, the Ministry of

Education officially approved five colleges and universities,

including Capital Medical University, to open undergraduate

education in rehabilitation therapy, with a 4 year academic

system and a bachelor of science degree (11), thus opening

up the cultivation of rehabilitation therapists in China (12).

After more than 20 years of development, China’s professional

and technical personnel engaged in rehabilitation therapy
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have exceeded 14,000 people (13), more than 100 colleges

and universities have established undergraduate education in

rehabilitation therapy, nearly 500 colleges and universities have

set up rehabilitation therapy related professional disciplines,

and initially established a multi-level rehabilitation therapy

talent training system of specialty (vocational)–undergraduate–

master–doctoral degree and the world’s first University of

Health and Rehabilitation Sciences, which has made a top-

level design for the comprehensive development and refinement

of rehabilitation therapy education. In terms of integrating

with the international rehabilitation therapy concept and

education model, Capital Medical University, KunmingMedical

University, Sun Yat-sen University, Sichuan University, and

other universities are at the forefront, and they refer to

the international curriculum system and combine the actual

development of rehabilitation therapy in China and integrate

into the development advantages of the institutions themselves,

contributing a better Chinese model to the world’s rehabilitation

therapy higher education.

This study aims to sort out the development status

of mainland China rehabilitation therapy-related majors

in the four education levels of professional(vocational)–

undergraduate–master’s and doctoral degrees, including the

development of colleges and universities, educational objectives,

professional categories, etc. at each education level, which is

of great significance for relevant scholars and public health

policymakers to improve the high-level education concept of

rehabilitation therapy in the field of aging health and healthcare,

and to establish a rehabilitation therapy education development

plan that is more in line with China’s actual situation.

Materials and methods

Data sources

The data sources of this study mainly include (1)

Policy documents: Search for policy documents related to

rehabilitation education, training, and career development

on the official websites of the Ministry of Education of

the People’s Republic of China and the National Health

Commission of the People’s Republic of China. (2) Public

information of relevant colleges and international organizations:

The public information from the China Graduate Admissions

Information Network, the World Physiotherapy Alliance, the

World Occupational Therapy Alliance, and some colleges and

universities in China has been collated, including rehabilitation

therapy related professional training programs and curriculum

settings, the rehabilitation therapy education of relevant

colleges and universities meets international standards, and

published literature: search for literature related to rehabilitation

and education on CNKI, Wanfang Data Knowledge Service

Platform, VIP, PubMed,Web of Science, and other domestic and

foreign websites.

Method

This study used descriptive qualitative analysis, which

mainly contained information on relevant colleges and

majors in each training level of rehabilitation education in

China. First of all, the educational objectives of rehabilitation

therapy-related majors at different training levels were

listed and their characteristics were summarized and

analyzed, and then the number of institutions involved

in each training level was counted, and finally, the level

and category of relevant institutions, the regions they

belong to, the types of degrees they open, the time of

opening and the training years, etc. were analyzed to

further analyze the development ideas, deficiencies, and

countermeasures of China’s rehabilitation education to lay

the foundation.

Results

Relevant policies support is gradually
improved

In 2013, the “Several Opinions of the State Council on

Accelerating the Development of the Old-age Service Industry”

and the “Several Opinions of the State Council on Promoting

the Development of the Health Service Industry” proposed to

scientifically set up professional and technical posts in old-age

institutions, focus on training and introducing rehabilitation

therapists and other professional and technical personnel with

professional or vocational qualifications, increase the training

and vocational training of health service personnel, and

standardize and accelerate the training of practitioners including

rehabilitation therapists. In 2015, the Guiding Opinions of

the General Office of the State Council on Promoting the

Construction of a Graded Diagnosis and therapy System

once again emphasized the need to strengthen the training

of professionals such as rehabilitation therapists in various

ways, strengthen the construction of grass-roots medical and

health personnel, and meet the multi-level and diversified

health service needs of the people. In 2016, the “Several

Opinions of the State Council on Accelerating the Development

of the Rehabilitation Assistive Devices Industry” listed the

teamwork of rehabilitation physicians, rehabilitation therapists,

and rehabilitation assistive device configuration personnel as the

focus of development. In 2017, to further meet the rehabilitation

needs of the elderly, China focused on strengthening the

training of rehabilitation therapists, rehabilitation physicians,

and rehabilitation assistive devices in the “Notice of the

State Council on Printing and Distributing the 13th Five-

Year Plan for the Development of the National Aging Cause

and the Construction of the Pension System,” and extensively

carried out various types of rehabilitation training services for

the elderly.
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Educational goals and ideas are gradually
clarified

Modern rehabilitation has been introduced to China in the

1980s and has only developed for a few decades. According

to literature and relevant statistics, many Chinese colleges and

universities have been carrying out research and education

degree training in the field of rehabilitation therapy since

the end of the 1980s. In 2004, the Rehabilitation Medicine

Education Professional Committee of the Chinese Rehabilitation

Medicine Association put forward the “Rehabilitation therapy

Professional and Technical Personnel Access Standards” and

“Undergraduate Rehabilitation Therapy Professional Education

Setting Standards,” which clearly defined the concept of

rehabilitation therapists, and made clear requirements for

the professional skills they mastered. The personnel training

targets of rehabilitation and therapy-related majors in Chinese

educational levels are listed below (Table 1).

Rehabilitation education at the specialist (vocational college)

level emphasizes the mastery and proficiency of relevant skills.

Currently, Chinese colleges and universities are gradually

paying attention to physical therapy and sports therapy, while

they are relatively weak in occupational therapy and speech

therapy, and they also lack attention to traditional Chinese

rehabilitation skills, such as TCM rehabilitation and Tuina. The

undergraduate degree in rehabilitation therapy focuses more on

translating theoretical knowledge into practical experience and

cultivating application-oriented professionals who can engage in

rehabilitation evaluation and rehabilitation therapy in medical

and health units and rehabilitation institutions. Compared

with the specialty, the undergraduate program has higher

requirements for students’ lifelong learning ability and sense of

innovation. Postgraduate education requires students to go hand

in hand with theoretical learning, operational exercises, and

subject research so that they can continuously discover scientific

problems in clinical practice and carry out creative scientific

inquiries and scientific research activities.

In addition, graduate education in rehabilitation can provide

a clearer career framework for therapists. Obviously, vigorously

developing postgraduate education in rehabilitation therapy is

an important way to improve the overall level of rehabilitation

therapy, and it is also the general trend in the development of

rehabilitation education in China.

The number of colleges and universities
with rehabilitation related majors has
increased year by year

In recent years, the number of colleges and universities

officially approved by the Ministry of Education to open

rehabilitation therapy majors has increased year by year,

especially high-level colleges. As of 2022, the statistics of various

education levels of rehabilitation therapy related majors in

China are carried out, and the results are as follows (Figure 1);

from the figure, it can be seen that the educational levels of

China’s rehabilitation therapy related majors are still mainly

specialized (vocational) and undergraduate education, and the

development of master’s and doctoral degrees is relatively weak.

According to the collection of professional information related

to rehabilitation therapy in various colleges and universities, a

total of 79 colleges and universities in mainland China carry

out master’s education in rehabilitation therapy related majors,

and the provinces (municipalities directly under the central

government) with 5 or more master’s programs are Beijing (8),

Shanghai (6), Liaoning (6), Shandong (5), and Sichuan (5), all

of which are provinces with more developed medical and health

industries. Thirteen colleges and universities carry out doctoral

education in rehabilitation related majors, of which seven are

comprehensive colleges and universities with a level of 985,211

and double first-class, and the remaining six are provincial

medical and health colleges. For information on colleges and

universities related to rehabilitation therapy in mainland China

at all levels of education (Table 2).

From Table 2, it can be seen that the level of rehabilitation

education in China mainly stays at the professional (vocational)

level, the number of master’s and doctoral colleges and

universities is far lower than that of the professional (vocational)

level, and the overall level of talent training needs to be

improved. International rehabilitation therapy majors are

mainly offered in somemedical schools, science and engineering

colleges, and scientific research institutes. For example, the

University of Cambridge, New York University, the University

of Sydney, and the Hong Kong Polytechnic University in

Australia. Among them, more than 200 universities and

research institutions in the United States carry out rehabilitation

therapeutic education and research work (14), mainly to

cultivate senior talents, and the above only cultivate or mainly

train master of science and doctorate.

There are slight di�erences between the
degree systems of rehabilitation
education in China and other countries

Most of the undergraduate education in rehabilitation

therapy majors in mainland China is of 4 years, with a

bachelor’s degree in science, the 1st to 3rd year for theoretical

courses, and the 4th academic year for the internship stage.

After entering the clinic in the third academic year, most of

them are divided into physical therapy (PT) and occupational

therapy (OT) directions, and a few colleges and universities

have also carried out speech therapy (ST) direction classes,

focusing on strengthening the teaching of professional courses
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TABLE 1 Educational objectives of each training level of rehabilitation.

Cultivating category College

(Example)

Major (Example) Educational objectives

Junior college Guangzhou Health

Science College

Rehabilitation

technology

Master the professional knowledge and technical skills of rehabilitation technology, oriented to the position group of rehabilitation therapists in

health and social work and other industries, capable of physical therapy, occupational therapy, speech therapy and other work of high-quality

technical skills.

Undergraduate Weifang Medical

University

Rehabilitation

techniques

Training to meet the need of the development of Chinese medical and health undertakings, has the good professional quality and humanistic

accomplishment, with basic medicine, clinical medicine, traditional Chinese medicine base knowledge, a solid system of rehabilitation medicine

basic theory and the stronger rehabilitation therapy technology, immunity-lower disease rehabilitation therapy and evaluation work ability,

life-long learning ability and innovation consciousness, Applied technical personnel capable of rehabilitation evaluation and therapy in medical

and health units and rehabilitation institutions.

Master Zhejiang University Sports medicine (sports

rehabilitation)

Master comprehensive and solid basic theories and professional knowledge of sports medicine, understand the frontier and trends of sports

medicine discipline development, have the ability to engage in sports rehabilitation, sports health care, sports training monitoring and other aspects

of the research work, or independently undertake the professional technical work. Combine theory with practice, have innovative consciousness,

can analyze and solve the new issues emerging in the development of modern medical science and interdisciplinary, and independently carry out

research work in sports medicine discipline and related disciplines.

Doctor Fudan University Rehabilitation medicine

and physiotherapy

With solid basic theoretical knowledge of clinical medicine and knowledge of rehabilitation medicine, deeply understand the latest research results

and developments of rehabilitation medicine, master the diagnosis and therapy technology of rehabilitation medicine, and can independently

undertake the diagnosis and therapy, scientific research and teaching of rehabilitation medicine.
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FIGURE 1

Number of colleges and universities at various levels of education in rehabilitation therapy-related majors in China (according to incomplete

statistics by authors).

and clinical practice in their directions (15). There are not a few

universities that have determined the establishment of master’s

programs, including Nanjing Medical University, Weifang

Medical University, Shanghai University of Traditional Chinese

Medicine, etc., mainly concentrated in the comprehensive

colleges and universities, medical and health and sports colleges

that have carried out postgraduate education in rehabilitation

medicine and physiotherapy and undergraduate education in

rehabilitation therapy earlier. Applicants must be rehabilitation

therapy majors, sports rehabilitation majors, clinical medicine

majors, etc., and have obtained medical and science degrees,

full-time master’s degrees are mostly 3 years of study, except

for rehabilitation medicine and physiotherapy, sports medicine

to obtain a master’s degree in medicine, the rest of the master’s

degree is a master’s degree in science.

Most period of rehabilitation therapy education is 4 years

of undergraduate education, while postgraduate education is

different. In the United States, the physical therapy major

is a degree in education, but since 2014, the United States

has phased out the master’s degree in physical therapy, so

the degree level is Doctor of Physical Therapy (DPT). Most

students go through 4 years of undergraduate basic course

study and clinical internship, and a few colleges and universities

allow students who have completed 3 years of rehabilitation

preparatory education to apply for 3 years of DPT study

from higher institutions, the most common undergraduate

majors are sports medicine, biomedicine, and sports science. In

Japan, undergraduate rehabilitation therapy departments, such

as Kyoto University and Capital University, mostly implement

4 year theoretical courses and annual internship courses, such

as physical therapy and occupational therapy, and their master’s

and doctoral programs are implemented according to the

credit system.

The degree of rehabilitation education
internationalization has been improved

Mainland China’s rehabilitation education has gradually

been in line with international standards in recent years, and

the independent training of PT and OT with reference toWCPT

and WFOT education standards is becoming the future trend

of related professional education in the field of rehabilitation

therapy in China. As the highest level and most authoritative

organization in the field of PT and OT rehabilitation therapy in
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TABLE 2 Rehabilitation-related professional colleges and universities at all levels of education in China.

Cultivating

category

Major College/University Degree College level College/University

classes

Region Opening time Cultivation of a

fixed number of

years

Junior college Rehabilitation

technology

Guangzhou Health Science

College

Higher vocational

college

Medical and health Guangdong 2003 3 years

Yingkou Vocational and

Technical College

Higher vocational

college

Comprehensive Liaoning 2019 3 years

Speech and hearing

rehabilitation technology

Changsha Social Work

College

Higher vocational

college

Comprehensive Hunan 2014 3 years

NingBo College of Health

Sciences

Higher vocational

college

Medical and health Zhejiang 2014 3 years

Traditional Chinese

medicine rehabilitation

technology

Jiangsu Health Vocational

College

Higher vocational

college

Medical and health Jiangsu 2017 3 years

Heze Medical College Technical college Medical and health Shandong 2016 3 years

Undergraduate Rehabilitation

therapeutics

Harbin Medical University Bachelor of Science Provincial institutions

of higher learning

Medical and health Heilongjiang 2005 4 years

China Medical University Bachelor of Science Provincial institutions

of higher learning

Medical and health Liaoning 2013 4 years

Hearing and speech

rehabilitation

Kunming Medical University Bachelor of Science Provincial institutions

of higher learning

Medical and health Yunnan 2014 4 years

Shandong University of

Traditional Chinese Medicine

Bachelor of Science Provincial institutions

of higher learning

Medical and health Shandong 2017 4 years

Rehabilitation therapy

(physical therapy)

Capital Medical University Bachelor of Science Provincial institutions

of higher learning

Medical and health Beijing 2021 4 years

Weifang Medical University Bachelor of Science Provincial institutions

of higher learning

Medical and health Shandong 2022 4 years

Rehabilitation therapy

(occupational therapy)

Capital Medical University Bachelor of Science Provincial institutions

of higher learning

Medical and health Beijing 2021 4 years

Weifang Medical University Bachelor of Science Provincial institutions

of higher learning

Medical and health Shandong 2021 4 years

(Continued)
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TABLE 2 (Continued)

Cultivating

category

Major College/University Degree College level College/University

classes

Region Opening time Cultivation of a

fixed number of

years

Rehabilitation of

traditional Chinese

medicine

Heilongjiang University Of

Chinese Medicine

Bachelor of

Medicine

Provincial institutions

of higher learning

Medical and health Heilongjiang 2017 5 years

Nanjing University Of

Chinese Medicine

Bachelor of

Medicine

Double First- Class Medical and health Jiangsu 2018 5 years

Educational

rehabilitation

East China Normal University Bachelor of

Education

Project 985, Project 211,

Double First- Class

Normal Shanghai 2015 4 years

Nanjing Normal University of

Special Education

Bachelor of

Education

Regular undergraduate

universities

Normal Zhejiang 2017 4 years

Master Rehabilitation medicine

and physiotherapy

TianJin University of Sport Master of Medicine Provincial institutions

of higher learning

Sports Tianjin 2004 3 years

Wenzhou Medical University Master of Medicine Provincial institutions

of higher learning

Medical and health Zhejiang 2006 3 years

Sports medicine (sports

rehabilitation)

Beijing Sport University Master of Medicine Project 211, Double

First- Class

Sports Beijing 2015 3 years

Zhejiang University Master of Medicine Project 985, Project 211,

Double First- Class

Comprehensive Zhejiang 2021 3 years

Sports rehabilitation Wuhan Institute of Physical

Education

Master of Science Provincial institutions

of higher learning

Sports Hubei 2015 3 years

Shandong Sport University Master of Science Provincial institutions

of higher learning

Sports Shandong 2015 3 years

Medical technology

(rehabilitation therapy)

China Medical University Master of

Medicine/Science

Provincial institutions

of higher learning

Medical and health Liaoning 2013 3 years

Kunming Medical University Master of

Medicine/Science

Provincial institutions

of higher learning

Medical and health Yunnan 2018 3 years

Doctor Rehabilitation medicine

and physiotherapy

Fudan University Doctor of Medicine Project 985, Project 211,

Double First- Class

Comprehensive Shanghai 2005 4 years

Xi’an Jiaotong University Doctor of Medicine Project 985, Project 211,

Double First- Class

Comprehensive Shaanxi 2017 4 years

Medical technology Sun Yat-sen University Doctor of

Medicine/Science

Project 985, Project 211,

Double First- Class

Comprehensive Guangdong 2018 4 years

Sichuan University Doctor of

Medicine/Science

Project 985, Project 211,

Double First- Class

Comprehensive Sichuan 2018 3 years
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TABLE 3 Colleges and universities certified by the WCPT/WFOT in mainland China.

College/University Physical therapy

programme

Status

awarded

Accreditation

ends

Occupational

therapy programme

Status

awarded

Accreditation

ends

Capital Medical

University

Bachelor Degree in

Physical Therapy

2017 2022 Bachelor Degree of

Occupational Therapy

2020 2024

Fujian University of

Traditional Chinese

Medicine

Bachelor Degree in

Physical Therapy

2017 2022 Bachelor of Science Degree

in Occupational Therapy

2020 2024

Kunming Medical

University

Bachelor of Science in

Physical Therapy

2017 2022 BSc Occupational Therapy 2020 2024

Shanghai University of

Traditional Chinese

Medicine

Bachelor of Science

(BSc) in Rehabilitation

Therapy (Physical

Therapy)

2016 2023 Bachelor of Occupational

Therapy

2019 2023

Sichuan University Bachelor of Science in

Physical Therapy

2017 2022 Bachelor of Occupational

Therapy

2013 2027

Tongji University Bachelor Degree in

Physical Therapy

2017 2024

Guangzhou Medical

University

Bachelor Degree of

Occupational Therapy

2020 2027

Nanjing Medical

University

Bachelor of Science Degree

in Occupational Therapy

2020 2027

the world, WCPT and WFOT have promulgated the minimum

education standards for physical/occupational therapists in the

world to promote the development of physical/occupational

therapists, and have absorbed the registration of many countries

and their related colleges and universities. Since 2013, the

PT and OT professional courses at Sichuan University,

Shanghai University of Traditional Chinese Medicine, Capital

Medical University, Kunming Medical University, Fujian

University of Traditional Chinese Medicine, Tongji University,

Guangzhou Medical University, Nanjing Medical University,

and other eight institutions in China have successively passed

the certification of WCPT and WFOT (16, 17) (Table 3),

reflecting China’s improvement in the internationalization

of physical/occupational therapy education, which is also

China’s compliance with international standards. Proof of active

exploration on the road of rehabilitation therapy professional

construction with national characteristics.

In recent years, China’s emphasis on rehabilitation-

related majors has also been reflected in the construction

of rehabilitation professional colleges. In 2015, the China

Disabled Persons’ Federation proposed to build the world’s

first University of Health and Rehabilitation Sciences and

positioned it as a high-level national applied research university

with international characteristics based on research and

application-oriented with Chinese characteristics. Since then,

the construction of the University of Health and Rehabilitation

Sciences has been included in the “Outline of the 13th Five-Year

Plan for National Economic and Social Development of the

People’s Republic of China” and the “13th Five-Year Plan

for the Development of National Education.” In 2019, the

Ministry of Education officially approved the preparation and

support for the establishment of the University of Health and

Rehabilitation Sciences, sponsored by Shandong Province, and

jointly built by the China Disabled Persons’ Federation, the

National Health Commission, and other departments. On June

11, 2019, the University of Health and Rehabilitation Sciences

held an unveiling ceremony in Qingdao, Shandong Province,

and the Boao Forum for Asia Global Health Forum Conference

was held in Qingdao on the same day. As one of the sub-forums,

the “Seminar on rebuilding a life for the disabled—Building

the University of Health and Rehabilitation Sciences” invited

experts from the World Health Organization, Japan, New

Zealand, the United Kingdom, Canada, Sweden, Finland, Hong

Kong, China, and relevant universities and research institutions

in China to participate, and put forward valuable suggestions on

the educational philosophy and discipline construction of the

University of Health and Rehabilitation Sciences.

Rehabilitation therapy courses meet the
health needs of the population

Proper curriculum arrangement is the basis for building

knowledge and ability. Many colleges and universities related

to rehabilitation in mainland China have carried out more

refined courses, basically meeting the health needs of the
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TABLE 4 Curriculum design based on Weifang Medical College.

Professional compulsory courses Professional elective courses Senior related

professional courses

Communication skills between doctors and patients Medical ethics Gerontology

Human anatomy Medical Physics Community rehabilitation

Diagnostics Physiology

Neurology Biochemistry

Medicine Pathology

Osteology Immunology

Traditional rehabilitation methods of traditional Chinese medicine Medical Statistics

Introduction to Rehabilitation Therapy Evidence-based medicine

Rehabilitation Assessment Science of health maintenance of traditional Chinese medicine

Physiotherapy Human Developments

Occupational Therapy Gerontology

Clinical Rehabilitation Engineering Pediatrics

Speech Therapy Introduction to Traditional Chinese Medicine

Muscle and bone rehabilitation

Rehabilitation of Neurology

Rehabilitation of internal and external diseases

Rehabilitation Psychology

Community rehabilitation

population. For example, the School of Rehabilitation Medicine

of Weifang Medical University has set up geriatric, community

rehabilitation, and other courses (Table 4) concerning the

elderly as the main research object. The content has almost

covered information about cognitive impairment of the elderly,

frailty, immobility, instability, urinary and fecal incontinence,

communicative incapacity, isolation social, cognitive disability,

and postural instability, which can meet the health needs of

the population.

It is concluded that in the education of rehabilitation

related majors in China, many colleges and universities

have strengthened the teaching of geriatrics, community

rehabilitation, and other courses, and paid attention to the

training and education related to elderly rehabilitation in

practical training. In addition, many colleges and universities’

enterprise cooperation between institutions and rehabilitation

related institutions with a high proportion of elderly people has

been strengthened, such as community rehabilitation centers

and geriatric rehabilitation departments in general hospitals,

which has laid a foundation for promoting students’ practical

courses (18).

Continuing education in practice is
carried in many types

According to the research, the training of clinical ability

of Chinese students majoring in rehabilitation therapy after

graduation mainly depends on the clinical teaching level

of medical institutions participating in an internship before

graduation (19) and continuing education.

There are four main types of continuing education in

practice that rehabilitation therapists participate in ① short-

term continuing education project training, including national,

provincial, and municipal short-term education projects, ②

regular refresher education, 3 to 6 months of further learning

in a superior hospital, ③ participate in academic conferences

and get continuing education credits, and ④ online course

learning. The above types of continuing education in practice

have greatly promoted the profession of rehabilitation therapy.

Taking Weifang People’s Hospital as an example, the hospital

strongly supported the continuing education in the practice of

its rehabilitation therapists and provided sufficient funds and

platform resources. The rehabilitation therapists of the hospital

regularly go to the superior hospital for further study every year

and regularly participate in training classes for various special

rehabilitation therapists, each time for about 3 months or half a

year, mainly for the training, teaching, exchange, and discussion

of theory, operation technology, and actual cases. In addition,

regular learning seminars are held within the department, and

internal staff is organized to summarize and discuss recent cases

to learn from experience. Finally, all employees will also take part

in the online courses organized by the hospital. Online courses

are not aimed at all sub-professional rehabilitation therapists but

mainly focus on the comprehensive quality andmedical ethics of

staff. The credit system is usually implemented in online course

learning, and the course can be concluded only after passing the

corresponding online examination.
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Expert consensus on standardized
training after graduation was proposed

Standardized training after graduation is an important

means to further promote the comprehensive quality of

Chinese rehabilitation therapists and improve their post-

abilities, which has become the consensus of many experts

in China (20). In recent decades, some medical schools in

China, together with their affiliated hospitals, have carried

out standardized training for rehabilitation therapists after

graduation, most of which are 1 or 2 year courses. Colleges

and universities that have standardized training for 1 year

rehabilitation therapists after graduation, such as the First

Affiliated Hospital of the University of Science and Technology

of China and the First Affiliated Hospital of Nanchang

University, have better improved the theoretical level of

professional knowledge and post-ability of trainees through

this training so that they can better meet the needs of

clinical work. Some colleges and universities that carry out

standardized training for 2 year rehabilitation therapists after

graduation have more detailed and comprehensive training.

For example, West China Hospital of Sichuan University and

the Fifth Affiliated Hospital of Zhengzhou University not

only conducted differentiated training on physical therapy

and occupational therapy for trainees but also focused on

sub-professional training on specialized rehabilitation, such as

nerves, musculoskeletal, and cardiopulmonary. At the same

time, with post-competency as the core, we focus on training

students’ clinical teaching ability, medical ethics, management

ability, and other comprehensive qualities.

Discussion

The development of rehabilitation staff is a powerful

measure to cope with aging and chronic diseases, disabilities,

and postoperative rehabilitation. Currently, the problem of

population aging cannot be ignored, in addition to various

chronic diseases and physiological decline, etc. are increasing the

demand for rehabilitation therapy. The establishment of China’s

rehabilitation higher education system and the University of

Health and Rehabilitation Sciences as the basis for promoting

the development of a rehabilitation therapy team can well

promote the aging response and meet the rehabilitation therapy

needs of the population.

Policy emphasis has become an
important means to promote
rehabilitation education

In recent years, China has issued a series of policies related

to the health and pension system of the elderly, which has

played a major role in promoting the development of China’s

health field, especially rehabilitation. In 2013, the introduction

of policy documents such as “Several Opinions of the State

Council on Accelerating the Development of the Old-age Service

Industry” and “Several Opinions of the State Council on

Promoting the Development of the Health Service Industry” has

rapidly promoted the development of rehabilitation and therapy

education in China. FromTable 2, it can be seen that after 2013, a

large number of rehabilitation therapy-relatedmajors in Chinese

colleges and universities emerged. In 2016, the introduction of

the “Several Opinions of the State Council on Accelerating the

Development of the Rehabilitation Assistive Device Industry”

and the subsequent “Notice of the State Council on Printing and

Distributing the “13th Five-Year Plan” National Aging Cause

development and Pension System Construction Plan” once

again promoted the overall rapid development of rehabilitation

and therapy education in China.

Currently, public health and healthcare policymakers

and leaders should fully carry out rehabilitation medical

research, clarify the existing rehabilitation therapy education

development problems and weak links, and promote the

continuous growth of rehabilitation therapy talents and the

continuous improvement of disciplinary capabilities. Increase

the training of rehabilitation therapy talents, improve the

construction of rehabilitation universities, and increase the

training and training of compound rehabilitation talents. At

the same time, we will actively promote the construction

of rehabilitation medical professional personnel training

bases, promote the improvement of policies related to the

access standards for rehabilitation therapists, actively set up

rehabilitation therapy related majors and related secondary

disciplines and interdisciplinary disciplines, and cultivate more

high-quality rehabilitation therapy professionals.

Improving the concept of education is
the top priority in the development of
rehabilitation education

Public health and healthcare policymakers and leaders

attach great importance to the development of physicians’

practical ability, emphasizing that educational teaching

concepts and training goals should be based on actual needs

(21) while adjusting to the latest international rehabilitation

concepts and their own disciplinary development advantages.

The international community has taken ICF as the basis for

the development of rehabilitation science and has built a new

rehabilitation education discipline system and rehabilitation

education curriculum system according to the classification

system of human function and disability. Most of the existing

rehabilitation education concepts, goals, and curriculum

settings in China refer to the “Rehabilitation Therapy

Frontiers in PublicHealth 11 frontiersin.org

368

https://doi.org/10.3389/fpubh.2022.1000048
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2022.1000048

Professional and Technical Personnel Access Standards”

and the “Undergraduate Rehabilitation Therapy Professional

Education Setting Standards” published in China in 2004

and the examination content of the rehabilitation therapist’s

professional qualification certification examination, which is

lacking in terms of comprehensive competence such as practical

operation methods and collaboration with relevant clinical

disciplines, and it is difficult to meet the current population

rehabilitation therapy needs.

Reference can be made to the WHO International

Classification of Functioning, Disability and Health (ICF)

(22) theories and methods of function and disability,

The characteristics of the development of contemporary

rehabilitation disciplines, and the demand for therapists

in the field of rehabilitation and the requirements of the

WHO Rehabilitation Competency Framework (RCF) (23) for

rehabilitation disciplines and rehabilitation services in different

practice scenarios. At the same time, the teaching of the basic

theories and methods of Traditional Chinese medicine unique

to China is added, such as acupuncture and Tuina.

Improving the comprehensive quality of
rehabilitation therapy personnel

The overall training level of rehabilitation therapy talents in

China still needs to be improved. With the continuous increase

in people’s demand for rehabilitation therapy services, the

comprehensive quality requirements for rehabilitation therapy

personnel are getting higher and higher, and it can be seen from

Figure 1 that the number of rehabilitation therapy education

masters and doctoral colleges in China is far lower than the

professional (vocational) level, and the training direction is not

as rich as the professional (vocational) level. This may be related

to the late start and short development time of rehabilitation

education in China.

We should actively respond to the national policy to

cultivate high-level rehabilitation and therapy talents, and

cultivate rehabilitation therapy masters and doctoral students in

a targeted manner in combination with the national conditions

of our country, and gradually improve the academic level of

rehabilitation therapy talents. In addition, due to the limitations

of undergraduate science degrees in rehabilitation therapy in

China, the training direction of its graduates is limited to

academic masters, and the training of clinical skills and practical

operations is less, which to a certain extent leads to students

failing to achieve a better combination of theory and practice.

Therefore, relevant colleges and universities should improve the

training program for master’s degree students in rehabilitation

therapy related majors, standardize the design of clinical courses

for graduate students, and promote standardized training

in related majors. For example, strengthen the supporting

construction of laboratories (24), establish professional training

rooms such as PT, OT, ST, rehabilitation engineering, traditional

rehabilitation of traditional Chinesemedicine, etc., actively carry

out practical training courses, take the cultivation of students’

vocational ability as the core, and evaluate students in various

forms such as theoretical examinations, course assessments,

internship reports, and internship appraisals, so that the training

of students can achieve more ideal results.

Referring to international rehabilitation
standards and developing Chinese
characteristics

The degree of standardization of rehabilitation-related

professional education in China is not easy to be in line

with international standards. The current mature international

rehabilitation education model is to cultivate separately

according to PT and OT and set up different professional

types under them (25). There are only five universities

in mainland China that have carried out PT, OT sub-

professional classification, and obtainedWCPT andWFOT dual

international certification, such as Capital Medical University,

andmost colleges and universities and higher vocational colleges

and universities have not yet met the minimum standards of

rehabilitation education in the alliance, and even have not yet

enrolled students in rehabilitation therapy subtype majors.

With the national “Healthy China 2030” policy orientation

and the need for continuous precision in the rehabilitation

therapy of the population, the reform of rehabilitation

education, and the refinement of the teaching of rehabilitation

therapy majors is the general trend. In addition, compared

with the professional education certification standards required

by WCPT and WFOT, there are still many problems in the

current training programs and curriculum systems of China

PT and OT that need to be revised and improved. We should

keep up with the development trend of international higher

education, based on the WCPT and WFOT international

curriculum certification standards, carry out the revision of the

core curriculum program of PT and OT majors and further

optimization of the curriculum system, and at the same time

give full play to the unique advantages of rehabilitation therapy

in China, add traditional Chinese rehabilitation therapies such

as acupuncture and Tuina to the curriculum, and explore the

path suitable for rehabilitation therapy education in China on

the basis of learning from international experience.

Adapting the curriculum according to the
health needs of the population is the
trend of future development

Currently, the curriculum of rehabilitation therapy related

specialties in China still has some limitations, such as the
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insufficient connection between the curriculum content and

the necessary professional knowledge points of vocational

technology, insufficient depth and breadth of knowledge, the

structural lack of talent quality training, and the lack of targeted

practice courses. With the support of the state and the efforts of

talents from all sides, it is urgent to carry out the development

and reform of the curriculum of rehabilitation therapeutics in

full consideration of China’s national conditions.

With reference to Japan, where aging is very serious, some

colleges and universities pay much more attention to elderly

rehabilitation than other rehabilitation courses, accounting for

more class hours, which indicates that Japanese curriculum

content settings have a precise understanding of social

applicability. Taking Japan International Welfare University

as an example, it has set up teaching and practical courses in

different stages for gerontology, geriatrics, geriatric physical

therapy, occupational therapy for the elderly, occupational

therapy for the elderly, and other disciplines (26). In the future,

the curriculum structure of rehabilitation therapy-related

specialties in China should fully take into account the social

background of the accelerating aging and high incidence

of chronic diseases, and build a comprehensive curriculum

system based on the health needs of the population, market

employment, and knowledge, skills and quality that meet

the requirements of job standards. In terms of curriculum

content, it is also necessary to fully consider the development

characteristics of rehabilitation therapy in China and the

national health needs, and emphasize the combination of

traditional Chinese medicine and western medicine, as

well as the combination of institutional rehabilitation and

community rehabilitation.

Continuous and orderly development of
standardized training after graduation
and continuing education in practice has
become the consensus in the industry

Currently, most medical colleges and universities in

China have not jointly carried out standardized training for

rehabilitation therapists after graduation with their affiliated

hospitals, which is not conducive to the improvement of the

individual professional abilities of rehabilitation therapists

and the progress of rehabilitation therapy. In 2017, the

expert group of the Rehabilitation therapy Professional

Committee of the Chinese Rehabilitation Medical Association

put forward the expert consensus on the standardization

of Chinese rehabilitation therapists and believed that

the standardized training of rehabilitation therapists was

imperative. Standardized training after graduation should

achieve the following points: First of all, it is necessary to define

the training objectives. Second, we should formulate a sound

system of teacher selection and qualification, teacher training

and appointment, and teacher evaluation. Third, standardize

the training time and management system of students. Finally,

a post-competence examination shall be arranged after the

training, and those who pass the examination shall be issued

with corresponding post-competence certificates.

As for the continuing education of rehabilitation therapists,

the current education methods of short-term training and

regular refresher education have been developed more maturely

in China. The content of the existing training and refresher

learning includes theoretical and technical explanations and

case discussions of various types of rehabilitation therapy,

greatly improving the theoretical and practical level of on-the-

job rehabilitation therapists. However, due to such factors as

funds and platforms, the popularity of short-term training and

regular refresher education in grass-roots hospitals, community

rehabilitation centers, and other places still needs to be

improved. In the future, it can also be developed in the

following aspects: First of all, the government should promote

the construction of an academic exchange platform for the

education and training of rehabilitation therapists including

medical institutions at all levels, and promote that rehabilitation

therapists in primary medical institutions can also continuously

improve their professional knowledge and skills. Second, we

should improve the professionalism and pertinence of the

content of online training courses for rehabilitation therapists,

and encourage rehabilitation therapists to actively participate in

online education courses, such as Moo classes. Finally, enrich

the training content, for example, regularly hold research and

training classes for senior management talents of rehabilitation

therapists to improve the quality of management cadres.

This study had a few limitations. First of all, this study

only introduces the professional education system related to

mainland China rehabilitation therapy and lacks comparison

with similar projects inHong Kong,Macao, and Taiwan. Second,

the development of master’s and doctoral higher education in

China’s rehabilitation-related majors has only been 7 years, and

experience and lessons coexist. Therefore, this study hopes to

incorporate more recommendations and opinions to aid in the

development of higher education in rehabilitation therapy.

Conclusion

Rehabilitation education is essential to improve the overall

quality of rehabilitation staff, which in turn directly affects

the satisfaction of many health needs brought about by

aging and chronic diseases, disabilities, and postoperative

dysfunction. From the perspective of China’s rehabilitation

education system, this study uses daily data from Chinese

and international rehabilitation therapy-related professional

institutions to study the current development status of

rehabilitation therapy education in China and summarizes
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the rehabilitation therapy education model with Chinese

characteristics that are suitable for the development of

rehabilitation therapy in China in comparisonwith international

rehabilitation education. On the one hand, based on ICF,

RCF, and other international rehabilitation-related classification

concepts and method guidance, it can promote the goals

and system settings of rehabilitation therapy education and

training in China to continuously meet the current health

needs of the population. On the other hand, based on

national conditions, the basic theories and methods of

traditional Chinese medicine with Chinese characteristics

should be integrated into the training of disciplines related to

rehabilitation and therapy. It is also necessary to accelerate the

promotion of rehabilitation education in national policies, and

at the same time further optimize the existing rehabilitation

discipline majors and curriculum settings in accordance with

the requirements of relevant international education majors and

curriculum settings, and enhance the international recognition

of Rehabilitation Therapy education training and personnel

qualifications in China. Most of the previous research has

focused on a certain level of rehabilitation education, and

this article innovatively summarizes the professional education

related to rehabilitation in China from the aspects of the

full-time (vocational)–undergraduate–master–Ph.D. high-level

education system, providing a better reference for health

policymakers, leaders, and scholars to formulate a more realistic

rehabilitation therapy education Chinese program, and even the

formulation of internationally recognized rehabilitation therapy

education projects.
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Background: Although early dementia detection is crucial to optimize the

treatment outcomes and the management of associated symptoms, the

published literature is scarce regarding the e�ectiveness of active screening

protocols in enhancing dementia awareness and increasing the rate of early

detection. The present study compared the detection ratio of an active

community-based survey for dementia detection with the detection ratio of

passive screening during routine clinical practice. Data for passive screening

were obtained from the National Health Insurance (NHI) system, which was

prospectively collected during the period from 2000 to 2003.

Design: A population-based cohort study with historical control.

Setting: Taiwan.

Participants: A total of 183 participants aged 65 years or older were involved

in a community-based survey. Data from 1,921,308 subjects aged 65 years or

older were retrieved from the NHI system.

Measurements: An adjusted detection ratio, defined as a ratio of dementia

prevalence to incidence was used.

Results: The results showed that the dementia prevalence during the

2000–2003 period was 2.91% in the elderly population, compared

with a prevalence of 6.59% when the active survey was conducted.

The incidence of dementia in the active survey cohort was 1.83%.

Overall, the dementia detection ratio was higher using active surveys

[4.23, 95% confidence interval (CI): 2.68–6.69] than using passive

detection (1.45, 95% CI: 1.43–1.47) for those aged 65–79 years.

Similar findings were observed for those aged 80 years and older.
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Conclusion: The implementation of an active community-based survey led to

a 3-fold increase in the detection rate of early dementia detection compared

to passive screening during routine practice.

KEYWORDS

dementia, early detection, prevalence, incidence, awareness

Background

The burden of dementia has substantially increased over the

recent decades [previously estimated as a 117% increase from

1990 to 2016 (1)], exerting public health and financial burden.

Recent epidemiological figures demonstrated that nearly 57

million people were living with dementia in 2019, which is

projected to increase to 153 million by 2050 (2). Dementia is a

progressive disorder affecting mainly the elderly population, and

it is characterized by impairment in various cognitive domains

to the extent that affects the social and occupational functions

of the affected individuals (3). The disorder can be debilitating

for the affected individuals, particularly in the advanced stage,

and negatively impact the quality of life (QoL) of the patients

and their families (4). To date, dementia is an incurable disease

with modest clinical effectiveness of disease-modifying agents

in the late stages (5, 6). Therefore, early dementia detection is

crucial to optimize the treatment outcomes and themanagement

of associated symptoms; previous reports showed that early

dementia detection and treatment can positively influence

the natural history and the neurodegenerative process of the

disease (7).

Dementia awareness plays an important role in the early

diagnosis and treatment of dementia. Primary care practitioners

are vital in evaluating early signs of dementia and patient referral

for specialized investigations. However, passive screening of

early dementia signs may lead to under-diagnosed of the

affected patients. Besides, previous reports showed that passive

screening can lead to a false positive and incorrect diagnosis

of some psychiatric disorders with dementia (7). Therefore,

several scientific bodies have advocated active case-finding

in the elderly population using validated cognitive tests and

functional questionnaires (8). Despite the potential advantages

of active case-finding, there is a lack of population-based

studies comparing the effectiveness of active case-finding with

passive screening.

Developing an indicator for awareness can be useful to

reflect the general awareness of dementia in a given population.

The simple ratio of prevalence to incidence (defined as the

detection ratio) has been useful in neuroepidemiological studies.

The disease incidence rate is a fundamental measurement

of disease etiology, whereas prevalence is affected by disease

awareness and detection efforts. For example, the detection ratio

determined by a door-to-door survey of Parkinson’s disease

has demonstrated that women are more likely to seek medical

attention than men (9). Combining prevalence and incidence

into the detection ratio may serve as a good indicator of

dementia awareness healthcare quality among patients with

dementia. Higher detection ratios have been attributed to earlier

diagnoses due to active detection methods using community-

based surveys.

The present study compared the detection ratio of an

active community-based survey for dementia detection with

the detection ratio of passive screening during routine clinical

practice. Data for passive screening were obtained from the

National Health Insurance (NHI) system and were prospectively

collected during the period from 2000 to 2003.

Methods

Study design

The present study was a cohort study with historical control

that compared the dementia detection rate between an active

community-based dementia detection survey and the passive

dementia detection achieved through routine clinical practice.

Data sources

Two data sources were utilized to estimate the prevalence of

dementia using different detection methods.

Passive survey for dementia (population-based
health insurance registry)

The dementia detection rate using the passive survey

method was retrieved from the NHI system in Taiwan, which

was enacted in 1995. The NHI covers more than 99% of

the total population (10), and ∼97% of hospitals and clinics

are contracted with the NHI (11). The NHI database is

available for public policy use, and this dataset can be used

to perform longitudinal follow-up studies on a national cohort

that includes 23 million insured people. The dataset contains

information on all medical services, such as ambulatory care

claims, inpatient claims, and prescriptions (12). Data from the
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medical records of patients with dementia who visited health

service locations from 2000 to 2003 were digitized and treated as

a passive survey for dementia detection among the underlying

Taiwanese population.

Active survey for dementia (community-based
dementia survey)

An active survey with a three-phase design was conducted

to estimate the prevalence of dementia through an active

detection method. Subjects in this study were recruited from

a community-based, integrated screening program conducted

in 2013 in Tainan, the southern area of Taiwan. A total of 183

participants were enrolled in our investigation.

The Chinese versions of the Mini-Mental State Examination

(MMSE) and the Eight-Item Informant Interview to

Differentiate Aging and Dementia (AD8) questionnaire

(13) were used. The MMSE is a brief mental status test, with

scores ranging from 0 to 30, for which lower values indicate

greater cognitive impairments. The AD8 is a brief, sensitive

screening tool that reliably differentiates between dementia

and non-dementia at the very mild stage. Scores on AD8 range

from 0 to 8, with higher values indicating greater cognitive

impairment. The three-phase study design was as follows: (1)

the AD8 questionnaire was completed by participants; (2) the

Chinese version of the MMSE was administered to participants

by a psychologist; and (3) participants were diagnosed by

neurologists using the 2011 National Institute on Aging–

Alzheimer’s Association (NIA-AA) guidelines regarding criteria

for all-cause dementia. Six psychologists and three neurologists

participated in the screening process.

Using the MMSE, a cutoff value of 21 was established for

distinguishing dementia from non-dementia. A cutoff value of

2 was selected for differentiating dementia from non-dementia

using AD8.

Statistical analysis

We first estimated the age- and sex-specific prevalence rates

based on the NHI data from 2000 to 2003. We also estimated the

prevalence rates for dementia based on the active community-

based survey to represent the prevalence associated with early

detection. Using an initially dementia-free cohort from the

year 2000, we estimated the incidence rate of dementia by

dividing the number of cases diagnosed with dementia during

a 3-year follow-up (2000–2003) by the total person-years of

the study population. The age-specific incidence of dementia

during 2000–2003 was calculated as the number of new cases

of dementia divided by the total person-years for each 5-year

age band starting at 65 years. The dementia-free person-years

contributed by each individual were calculated as the time from

the date of study entry study to the end of the study, the date

of first dementia diagnosis, or the date of death, whichever

came first. The effects of age, sex, and geographic area on

dementia incidence were assessed using a multivariable Poisson

regression model.

The detection ratio was estimated as the ratio of prevalence

to incidence. Adjustments were made using the Bayesian

method based on the premise that prevalence follows a

binominal distribution and incidence follows a Poisson

distribution. Using a generalized linear model framework,

the relationships between the detection ratio and covariates

of interest, including age, sex, and geographic area, were

regressed through a logarithm link function. After assessing the

interaction terms in the Bayesian regression model, a strong

interaction between age and sex was noted. Therefore, models

stratified by sex were also developed. To better understand

the differences in detection ratios between passive and active

survey methods, we also developed a Bayesian regression model

that allows for the estimation of detection ratios for each

survey method.

Results

Table 1 shows the age-specific prevalence and incidence

rates of dementia in Taiwan, estimated for both the health

insurance registry data and the active community-based survey.

The overall prevalence rate for subjects aged 65 years and

older was 2.9% using data from the health insurance registry

database, which was lower than the 9.29% prevalence rate

estimated from the community-based survey. Data from the

NIH showed that there was a trend toward increased prevalence

with age, doubling for each 5-year age until 80 years, reaching

approximately 20% for the oldest group (≥90 years). A similar

increasing trend in prevalence was observed in the community-

based survey, but only two age groups could be assessed.

Using the NHI data from 2000, we identified the population

without dementia and extracted their data through the period

from 2000 to 2003. Overall, 99,609 new dementia cases were

diagnosed from 2000 to 2003, leading to an incidence rate of

1.83%. The dementia incidence rate increased with age, doubling

for increasing 5-year age bands, similar to the trend observed

for prevalence. Among individuals 90 years and older, an ∼19-

fold increase in incidence was observed compared with those

aged 65–69 years. Incidence was slightly higher among women

(19.4%) than among men (17.3%).

The detection ratio was calculated to assess the extent of

dementia awareness. The age-specific dementia detection ratios

are presented in the last column of Table 1. Using the health

insurance registry database, the overall dementia detection

ratio was 1.53 in our study, and the detection ratio increased

with age. In contrast, the detection rate for the community-

based survey was larger than those estimated using the health

insurance registry.
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TABLE 1 Age and gender specific prevalence and incidence rate of dementia.

Gender Age Prevalent
case

Total
population

Prevalence
%

Incident
case

Person
years

Incidence
%

Detection
ratio

(prevalence/
incidence)

Male 65–69 2,620 333,391 0.79 5,757 983,219 0.59 1.34

70–74 4,247 326,658 1.3 10,349 948,879 1.09 1.19

75–79 6,000 205,981 2.91 13,622 575,801 2.37 1.23

80–84 6,564 94,920 6.92 11,009 248,459 4.43 1.56

85–89 5,041 38,710 13.02 6,279 93,985 6.68 1.95

90+ 3,445 11,363 30.32 2,278 23,246 9.8 3.09

Subtotal 27,917 1,011,023 2.76 49,774 2,873,587 1.73 1.6

Female 65–69 2,850 325,651 0.88 5,803 960,760 0.6 1.47

70–74 5,203 255,964 2.03 8,976 742,221 1.21 1.68

75–79 7,198 172,188 4.18 11,695 481,181 2.43 1.72

80–84 6,481 93,801 6.91 11,098 245,000 4.53 1.53

85–89 4,101 45,555 9 7,730 109,449 7.06 1.27

90+ 2,132 17,126 12.45 4,563 33,389 13.67 0.91

Subtotal 27,965 910,285 3.07 49,865 2,571,999 1.94 1.58

All 65–69 5,470 659,042 0.83 11,560 1,943,978 0.59 1.41

70–74 9,450 582,622 1.62 19,325 1,691,100 1.14 1.42

75–79 13,198 378,169 3.49 25,317 1,056,982 2.4 1.45

80–84 13,045 188,721 6.91 22,107 493,459 4.48 1.54

85–89 9,142 84,265 10.85 14,009 203,434 6.89 1.57

90+ 5,577 28,489 19.58 7,291 56,635 12.87 1.52

Total 55,882 1,921,308 2.91 99,609 5,445,586 1.83 1.59

Active survey

data

65–79 11 135 8.15∗ 56,202 4,692,060 1.2 6.79

80–90+ 6 51 11.76∗ 43,407 753,528 5.76 2.04

Total 17 183 9.29∗ 99,609 5,445,586 1.83 5.08

∗Prevalence was estimated from other active survey study.

We also compared age-specific dementia incidence rates in

four main geographical areas of Taiwan and found regional

differences. Northern Taiwan has a higher incidence rate than

Eastern Taiwan, and these findings suggest that urban areas

have a higher incidence rate than rural areas. Table 2 shows the

effects of age, sex, and geographical area on dementia risk based

on the results of univariate and multivariate Poisson regression

models. The results show that age, sex, and geographical area are

associated with dementia risk.

Table 3 shows adjusted dementia detection rates. After

adjusting for the geographical area, the detection ratio increased

from 1.20 [95% confidence interval (CI): 1.15–1.24] for men

in the 70–74-year-old group to 3.27 (95% CI: 3.13–3.41) for

men in the ≥90-year-old group. A higher detection ratio of

1.45 (95% CI: 1.41–1.49) for men was observed for Northern

Taiwan than for the three other geographical areas (Table 3).

An opposite pattern was noted for women, with the detection

ratio decreasing from 1.69 (95% CI: 1.63–1.74) for the 70–74-

year-old group to 0.90 (95% CI: 0.86–0.94) for the ≥90-year-old

group after adjusting for the geographical area. The detection

rates among women were higher than those among men for all

geographical areas.

Table 4 shows the adjusted detection ratios for the passive

(health insurance registry-based) and active (community-based)

surveys. In the passive survey, detection rates increased from

1.45 (95% CI: 1.43–1.47) for the 65–79-year-old group to 1.64

(95% CI: 1.61–1.66) for the ≥80-year-old group. In the active

survey, detection ratios increased from 4.23 (95% CI: 2.68–6.69)

for the 65–79-year-old group to 4.77 (95% CI: 3.02–7.54) for the

≥80-year-old group.
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TABLE 2 E�ects of age, gender, geographic on the risk of incidence rate of dementia by Poisson regression model.

Variable Univariate Multivariate

RR (95% CI) P-value RR (95% CI) P-value

Age <0.0001 <0.0001

65–69 1.00 1.00

70–74 1.02 (0.99, 1.04) 1.01 (0.99, 1.04)

75–79 1.03 (1.01, 1.06) 1.03 (1.01, 1.05)

80–84 1.05 (1.03, 1.08) 1.05 (1.03, 1.07)

85–89 1.09 (1.06, 1.12) 1.09 (1.06, 1.12)

90+ 1.14 (1.11, 1.18) 1.14 (1.11, 1.18)

Gender 1.01 (1.00, 1.02) 0.2003 1.01 (1.00, 1.03) 0.0450

Area 0.0057 0.0146

Central 1.00 1.00

North 1.02 (1.00, 1.04) 1.01 (1.00, 1.04)

South 1.00 (0.98, 1.01) 0.99 (0.98, 1.02)

East 1.03 (0.99, 1.07) 1.02 (0.97, 1.06)

The dementia detection rates estimated in our study were

also compared with those reported by other community-based

studies. Table 5 shows the dementia prevalence, incidence, and

detection ratios in Taiwan as reported by other community-

based studies. Generally speaking, these community-based

surveys resulted in active dementia detection, with most

reporting detection rates larger than 3, compared with the

detection ratio of 1.59 estimated for the passive survey in

the current study. Earlier studies, such as those conducted

in Denmark and Sweden, reported lower detection rates.

However, different diagnostic criteria over time may account for

this disparity.

Discussion

To the best of our knowledge, this is the first large-

scale population-based study examining the dementia detection

rate to simultaneously estimate the dementia prevalence

and incidence within the same study. Our findings have

significant implications for informing dementia etiology, patient

behavior, healthcare infrastructure, and healthcare quality. The

detection rate reflects the extent of dementia awareness, with

a larger rate indicating enhanced awareness. Low awareness

of dementia has been identified for routine healthcare, with

active detection methods such as community-based surveys

resulting in increased detection ratios than the passive detection

approach utilized in the current healthcare system. The crude

detection rate based on the health insurance registry data

was 1.59, compared with 5.08 for the community-based

study. Similar findings were observed for the age-adjusted

detection ratios [passive: 1.45 (95% CI: 1.43–1.47) vs. active:

4.23 (95% CI: 2.68–6.69)] for individuals aged 65–79 years.

A lack of dementia awareness among family members may

result in delayed diagnosis and treatment. Several prospective

longitudinal studies have demonstrated serious deficiencies in

the ability of the healthcare system to recognize dementia,

and most dementia remains unrecognized in the primary care

setting. Persons with mild dementia are more likely to go

unrecognized by both physicians and family members (over

90%) than persons with moderate to severe dementia (over

70%); however, those diagnosed during early disease stages

are the most likely to benefit from treatment using currently

available medications (15, 16). Our findings suggest that

passive dementia detection results in underdiagnosis compared

with active detection approaches, such as the community-

based survey. Improved community-based dementia screening

efforts should be considered to enhance dementia awareness

and improve the early detection and treatment of dementia

in Taiwan.

The statistical regression model used in the current study

was developed to estimate the adjusted detection ratio to

determine differences in dementia awareness and quality of

care according to age, sex, and geographical area. This novel

method takes into account associated covariates and is useful

for estimating the degree to which disease detection is enhanced

using active methods compared with passive methods.

We also compared the detection ratios estimated in the

current study with those reported by other studies conducted

in other countries (Table 5). The detection rates were 2.4 in

Denmark (17), 3.72 in Japan (18), 3.30 in Sweden (19), 6.2

in Italy (20), 4.52 in Spain (21), 3.68 in the USA (22), and
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TABLE 3 Adjusted detection ratios of dementia measured by passive

survey.

Variables Regression
coe�cient
(2.5–97.5%)

Adjusted
detection ratios
(2.5–97.5%)

Male

Intercept 0.197 (0.145, 0.248)

Age

65–69 Baseline 1.35 (1.29, 1.41)

70–74 −0.12 (−0.176, 0.063) 1.20 (1.15, 1.24)

75–79 −0.091 (−0.145, 0.037) 1.23 (1.19, 1.27)

80–84 0.141 (0.087, 0.195) 1.55 (1.51, 1.60)

85–89 0.36 (0.304, 0.417) 1.93 (1.86, 2.00)

90+ 0.886 (0.823, 0.949) 3.27 (3.13, 3.41)

Area

Central Baseline 1.20 (1.17, 1.24)

North 0.186 (0.15, 0.222) 1.45 (1.41, 1.49)

South 0.096 (0.056, 0.136) 1.32 (1.29, 1.37)

East −0.322 (−0.417, 0.228) 0.87 (0.80, 0.96)

Female

Intercept 0.251 (0.2, 0.302)

Age

65–69 Baseline 1.47 (1.41, 1.54)

70–74 0.137 (0.082, 0.191) 1.69 (1.63, 1.74)

75–79 0.152 (0.1, 0.205) 1.71 (1.66, 1.76)

80–84 0.032 (−0.021, 0.085) 1.52 (1.47, 1.57)

85–89 −0.148 (−0.204, 0.091) 1.27 (1.22, 1.32)

90+ −0.492 (−0.557, 0.428) 0.90 (0.86, 0.94)

Area

Central Baseline 1.37 (1.32, 1.41)

North 0.211 (0.175, 0.247) 1.69 (1.64, 1.73)

South 0.025 (−0.015, 0.066) 1.40 (1.60, 1.44)

East 0.889 (0.807, 0.97) 3.32 (3.07, 3.59)

4.90 in China (25). The detection rates reported for Japan and

USA are similar to each other and were conducted during

the same time frame. The studies conducted in Denmark and

Sweden were also conducted in a similar time frame and

reported lower detection ratios than the other studies, likely

because these two studies were conducted earlier than the

other studies, and they may not have included mild dementia

cases. Dementia awareness and the application of approaches

for early dementia detection were generally less common two

decades ago. The lowest detection rate was reported at 2.4

among the Danish population for individuals aged between 65

TABLE 4 Adjusted detection ratios of dementia in comparison

between passive and active survey.

Variables Regression
coe�cient
(2.5–97.5%)

Adjusted
detection ratios
(2.5–97.5%)

Intercept 0.252 (0.220, 0.283)

Age 65–79 vs. age

80+

0.120 (0.100, 0.140)

Active survey vs.

passive survey

1.071 (0.614, 1.530)

Passive survey

Age 65–79 1.45 (1.43, 1.47)

Age 80+ 1.64 (1.61, 1.66)

Active survey

Age 65–79 4.23 (2.68, 6.69)

Age 80+ 4.77 (3.02, 7.54)

and 84 years, whereas the Swedish study reported a higher

detection rate (3.3) for an older population (aged over 75 years).

The inconsistency in reported detection ratios may be due to

differences in the underlying ages of the study cohorts and the

use of different criteria for diagnosing dementia. The Danish

study used the Diagnostic and Statistical Manual of Mental

Disorders, Third Edition Revised (DMS-III-R) combined with

the National Institute of Neurological and Communicative

Diseases and Stroke/Alzheimer’s Disease and Related Disorders

Association (NINCDS-ADRDA) criteria to diagnose dementia,

whereas the Swedish study only used the DMS-III-R criteria.

The detection ratios reported by studies conducted after 1990

were considerably higher than those for earlier studies. Most

high detection ratios were reported by studies based on active

community-based surveys, reflecting a high awareness of the

importance of early dementia detection.

Although the incidence rates did not differ substantially

between men and women younger than 90 years, the prevalence

in younger women was higher than that in younger men, which

may account for higher detection ratios observed for younger

women. The opposite results were noted for individuals older

than 80 years, with a higher prevalence in men than in women,

associated with a similar trend in detection ratios.

In the present study, we also estimated the age and sex-

specific dementia incidence and prevalence rates in Taiwan.

Women had an increased risk of dementia compared with men,

which may be due to the longer life expectancy among women

with dementia compared with men who are diagnosed with

dementia at the same age.

Age is an independent risk factor for Alzheimer’s disease

(AD), and people aged 85 years or older are at the highest

risk for AD. Jorm et al. documented the exponential rise

in dementia diagnoses with age in several prevalence studies
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TABLE 5 Prevalence, incidence, and ratio of dementia in Taiwan and other community-based studies.

References Study
period/
countries

Age
range

N for
prevalence

study

N for
incidence
study

Area Prevalence
%

Incidence
%

Detection
ratio

(prevalence/
incidence)

Current (passive

survey)

2000–

2003/Taiwan

65+ 1,921,308 1,921,308 Urban/rural 2.91 1.83 1.59

Current (active

survey)

2013/Taiwan 65+ 183 1,921,308 Rural 9.29 1.83 5.08

Chen et al. (9) 2004/Taiwan 65+ 1,308 1,921,308 Urban/rural 10.55 1.83 5.77

Sun et al. (14) 2011–

2013/Taiwan

65+ 10,432 1,921,308 Urban/rural 8.14 1.83 4.45

Andersen et al.

(17)

1985–

1993/Denmark

65–84 3,299 3,086 Urban 7.10 2.95 2.40

Yoshitake et al.

(18)

1985/Japan 65+ 887 826 Sub-rural 6.7 1.8 3.72

Fratiglioni et al.

(19)

1987/Sweden 75+ 1,810 1,473 Urban 13.2 4.00 3.30

Fillenbaum et al.

(20)

1986–

1987/USA

68+/65+∗ 363 1,093 Urban/rural 7.10 1.93 3.68

Di Carlo et al.

(21)

1992–

1993/Italy

65–84 3,497 3,208 Urban/rural 8.26 1.33 6.20

Bermejo-Pareja

et al. (22)

1994–

1995/Spain

65+ 5,278 3,891 Urban/rural 5.79 1.28 4.52

Chen et al.

(23, 24)

2001–

2003/China

65+ 2,917 1,526 Rural 7.2 1.47 4.90

∗Prevalence and incidence investigation for aged over 68 and over 65, respectively.

(26). In our study, starting at the age of 65 years, prevalence

doubled every 5 years of age. However, our prevalence rate

was considerably lower than those reported in other previous

studies. Comparisons across studies should be taken with great

caution as the majority of studies were based on an active

community-based survey rather than population-based registry

data, and the prevalence of dementia in the active community-

based survey in our study increased to 9.3%, similar to the

prevalence rates reported by previous community-based surveys

conducted in Taiwan and other Western countries (Table 5).

The awareness of dementia might also be lower in developing

countries, and Libre et al. reported lower prevalence rates

for developing countries, such as China and India, compared

with more developed countries. Even with the active survey of

prevalence, the underestimation of the true dementia prevalence

remains a possibility because informant-based scores tended

to be lower for heads of household and male participants in

low- and middle-income countries (26). Although variations in

incidence across countries exist, these disparities are smaller

than those observed for prevalence, suggesting that dementia

etiology is not substantially heterogeneous across different

racial groups.

Only a few studies investigated the difference in the

dementia detection ratio between active and passive screening.

Nonetheless, we acknowledge that the present study has

some limitations. The historical control in the present study

was based on the NIH database, which collected the data

from routine clinical practice. It was suggested that dementia

diagnosis in clinical practice shows substantial variability in

the detection methods and functional consequences of mild

cognitive impairment (27). Therefore, the present study carries

the risk of misclassification and ascertainment bias. Besides, the

sample sizes between active and passive screening groups were

substantially different; although we utilized adjustment models

to account for this difference, sampling bias and errors cannot

be excluded.

Conclusion

The current study suggests that active screening of dementia

can be beneficial and increase the detection ratio among the

elderly. We demonstrated that the dementia detection ratio was

higher for an active community-based survey than for a passive

study based on health insurance registry data. Although these

data can provide insights for healthcare stakeholders regarding

the importance of increasing dementia awareness and the use of

active surveillance in the elderly, our study should be supported

by further evidence from prospectively collected data.
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IMPACT statement

This novel study has potential impacts on health policies.

This study proposes that the detection ratio, defined as the

ratio between prevalence and incidence, can provide new

insights regarding awareness of early dementia detection

in different medical care systems. The ratio can be derived

using information available in either active or passive

databases. This approach may encourage policymakers

to routinely survey the potential dementia burden in

communities and initiate early interventions in populations

with low awareness.
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Objective: This study aimed to examine age and cohort trends in disability among

Chinese older adults and explore the disablement process factors that may explain

the cohort trends in disability.

Methods: This study used data from five waves of the Chinese Longitudinal

Healthy Longevity Survey (CLHLS). A hierarchical logistic growth model was used

to analyze the A–P–C e�ects and the contributors of cohort trends.

Results: ADL, IADL, and FL among Chinese older adults showed increasing age

and cohort trends. FL was more likely to result in IADL disability than ADL disability.

Among the disablement process factors, gender, residence, education, health

behavior, disease, and family income contributed to most of the cohort trends

in disability.

Conclusions: As older adults face increasing disability trends, it is necessary

to distinguish age and cohort trends and develop more e�ective interventions

according to relative contributors to prevent disability among them.

KEYWORDS

older adults, A-P-C model, disability, disablement process model, China

Introduction

In recent years, the development of economy and medical care systems have largely

expanded life expectancy. However, a longer life expectancy also made older adults

suffer more from disability. Preventing disability can reduce huge healthcare expenditure,

hospitalization, and mortality rates (1). China has the largest population of older adults in

the world and the country is aging much faster than other countries (2). This may cause a

large number of older adults to live with disabilities. In 2020, more than 40 million Chinese

older adults were disabled, and it was estimated that disabled older adults in China will

reach 65 million by 2030 (3). Therefore, more research into disability patterns and related

determinants among older persons is required to develop more effective interventions to

alleviate the financial burden of healthcare costs on families and society.

In the field of demography, time can be captured by three temporal dimensions: age,

period, and cohort (A–P–C) (4). Each aspect of A–P–C makes a unique contribution

to population health. Age (A) is an indicator of biological processes that cause

internal physiological changes and eventually lead to morbidity, disability, and/or death.

Period (B) describes morbidity, disability, or/and death at a given time and reflects

economic, sociocultural, and technological aspects. Cohort (C) captures the health

Frontiers in PublicHealth 01 frontiersin.org382

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.998948
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.998948&domain=pdf&date_stamp=2023-03-08
mailto:luoshuren1023@163.com
mailto:caona008@163.com
https://doi.org/10.3389/fpubh.2023.998948
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/fpubh.2023.998948/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Pan et al. 10.3389/fpubh.2023.998948

status of successive generations who are born in a social system

during a similar period of time and experience similar social

experiences in their lifetime (4–6). Failure to distinguish A–P–C

trends may lead to a non-negligible bias and provide an incomplete

analysis of population health trends (7).

Though many studies explored the trends in disability, only

a few studies explored the A-P-C trends in disability among

older adults (4, 6, 8, 9). The results consistently displayed an

increasing age trend. However, the period and cohort trends

were more equivocal. Lin et al. found decreasing period and

cohort trends for both Blacks and whites among the oldest-old

in America by studying a cross-classified random effect model

(4). Lin et al. also found a decreasing period trend and an

increasing cohort trend among people aged 70 years and over

in America by performing a fixed-effects approach (6). A study

conducted in Hong Kong showed an increasing period trend of

ADL disability and no cohort effect among Chinese older adults

(9). Zhang indicated an increasing period trend and a declining

cohort trend among the oldest-old in China using the intrinsic

estimator method (8). However, this study was focused on the

oldest-old, which was too old to represent the older population

in China. The differences in cultural context, age, indicators of

disability, or methods used in the analysis may account for the

inconsistent results of previous studies. So, further studies are

needed to explore the A–P–C trends in disability among Chinese

older adults.

The disablement process model proposed by Verbrugge

and Jette in 1994 may help us to understand the process

involved in disability (10). According to the disablement process

model, disability, defined as difficulties in the performance

of socially defined roles and tasks, is commonly measured

by the Activity of Daily Living (ADL) and the Instrumental

Activities of Daily Living (IADL) and reflects the Functional

Limitation (FL) in real-life contexts. FL refers to a disability,

independent of the situational requirement. Recently, more

researchers recognized that FL may improve the evaluation of

disability (11, 12).

The disablement process model is widely used to explore

the influencing factors of disability among older adults

(13, 14). According to the disablement process model, risk

factors, accommodating factors, and disease could affect

the disability process. For instance, risk factors contained

demographic factors and health behaviors. Demographic

factors included gender, education, and so on (13, 14).

Health behaviors contained smoking, exercising, and so on

(15). Accommodating factors included social supports [e.g.,

spouse, living arrangement, household income, and social

participation (SP)] and so on (16, 17). Disease included

chronic disease and psychological resilience (18). However,

few studies included these variables to explain the cohort and

disability trends in disability, especially using multiple indicators

of disability.

The current study aimed to examine age and cohort

trends in disability among Chinese older adults and explore

the disablement process factors that may explain the

cohort trends in disability by analyzing survey data from

five waves of the Chinese Longitudinal Healthy Longevity

Study (CLHLS).

Methods

Study design and participants

This study draws on data from five waves (2005, 2008, 2011,

2014, and 2018) of CLHLS. To ensure sample representativeness,

the CLHLS randomly selected 23 out of 31 provinces in

China, which covered 85% of the total population in China. In

the survey, individuals aged 65 years and over were studied,

and the baseline number of participants in 2005 was 15,638.

Survey details were provided in previous studies (16, 19). The

datasets presented in this study are openly available in CLHLS

at https://opendata.pku.edu.cn/dataset.xhtml?persistentId=doi:10.

18170/DVN/WBO7LK. As there were only a few respondents older

than 106 years, this study only focused on individuals 65–105 years

old. After excluding those individuals older than 105 years, the

numbers of respondents in each wave were as follows: wave 2005, n

= 15,613; wave 2008, n= 16,563; wave 2011, n= 9,679; wave 2014,

n= 7,107; and wave 2018, n= 15,771.

In the analysis of longitudinal data, participant attrition is an

issue of particular concern. In this study, intermittent missing

data were assumed as missing at random (MAR). The multiple

imputation (MI) method was efficient to handle MAR missing

values; therefore, this study applied the MI method to deal with

the missing values of independent variables (20). We also included

alive, dead, or lost to follow-up as a categorical variable into the

growth A–P–C model to control for any bias due to these statuses.

Dependent variables

Activity of Daily Living (ADL) was measured at each wave

using six items: dressing, bathing, indoor transferring, toileting,

continence, and feeding. Participants were asked if they needed

assistance with each of the six activities. Individuals were defined

as having ADL disability if they needed assistance in performing at

least one of the six daily activities.

Instrumental Activities of Daily Living (IADL) was composed

of eight items: shopping, visiting neighbors, washing clothes,

making food, walking 1 km, crouching and standing (repeated

three times), carrying 5 kg weight, and taking public transport.

Respondents were categorized as having IADL disability if they

needed help in performing at least one of the eight items.

Functional Limitation (FL) was formed by five items: standing

up from sitting in a chair, holding a hand behind the neck, holding

a hand behind the lower-back, being able to pick up a book from

the floor, and holding up arms. Older adults unable to perform

at least one of the five items were treated as having FL and were

coded as 1 and those who were able to perform all the items were

coded as 0.

Independent variables

Time variables
Age was taken as a continuous variable and included in the

model after mean centralization to facilitate the interpretation of
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the intercept. The birth cohorts were established by subtracting

individual ages from the survey years and were treated as

categorical variables. The values were grouped into groups of 5

years (1906–1945). Those who were born in or before 1905 were or

in and after 1946 were combined into one group to gather enough

group members.

Control variables
Disease

Disease included chronic disease and psychological resilience.

Chronic disease was a count of self-reported health conditions

(ranging from 0 to 12), including diabetes, hypertension, cancer,

arthritis, respiratory diseases (bronchitis, emphysema, pneumonia,

and asthma), tuberculosis, stroke, cataract, duodenal ulcer,

glaucoma, bedsore, and Parkinson’s disease.

Psychological resilience was measured by three items, including

“look on the bright side of things,” “keep my belongings neat and

clean,” and “be happy when younger”. Each question was assessed

on four grades: always (0), often (1), sometimes (2), seldom (4), and

rarely or never (5). The score for psychological resilience ranged

from 0 to 12, with a higher score representing worse psychological

resilience (21).

Risk factors and accommodating factors

Risk factors included demographic factors (gender and

education) and health behaviors (smoking and drinking). Gender

was categorized as men (coded as 0) and women (coded as 1).

Education was measured by years of education. We classified

smoking as having a smoking habit (coded as 1) or not (coded as

0) and classified exercise as having exercise habits (coded as 1) or

not (coded as 0).

Accommodating factors included social supports and were

measured by co-residence, marital status, family income, and SP.

Co-residence was categorized as living alone (coded as 0) and not

living alone (coded as 1). Marital status was defined as having a

spouse (coded as 1) and not having a spouse (coded as 0). Family

income was divided into seven levels: RMBU 0∼9,999, RMBU

10,000∼19,999, RMBU 20,000∼29,999, RMBU 30,000∼39,999,

RMBU 40,000∼49,999, and RMBU 50,000 and above (coded as 5),

respectively, coded 0–5. SP was assessed by asking participants the

following questions: “Do you play cards/mah-jongg at present?”;

“Do you take part in some social activities at present?”; and “Do

you travel beyond home county?”. The total score was 0–3, with a

higher score representing a better SP.

Data analysis

Many methods can analyze the A–P–C effects, such as intrinsic

estimation, generalized constrained estimation, the cross-classified

random effect model, and the hierarchical logistic model (4, 7, 8).

In this study, A–P–C effects were analyzed using a hierarchical

logistic growth model, which can be employed in the analysis of

longitudinal data and does not require specific constraints. The

hierarchical logistic growth model classified time-varying variables

(e.g., age) into level 1 and time-invariant variables (e.g., gender)

into level 2. We conducted a series of hierarchical logistic models

to examine age and cohort trends and explored related factors,

in which age, residence, co-residence, marital status, smoking,

exercising, chronic disease, and psychological resilience were all

included in the level 1 part of the model as they are time-varying

variables. Cohort, gender, education, and attrition (alive, dead, or

lost to follow-up) were included in the level 2 part of the model as

they are time-invariant variables. The square term of age was used

to estimate the non-linear effects of age. Cohort was included as a

categorical variable. Consistent with most previous studies, period

was not included in the model due to the collinearity of age, period,

and cohort effects (7). We used SAS 9.4 and “glimmix” procedure

to perform the analysis. The model is shown as follows.

Level 1:

ln (
Pij

1− Pij
) = β0j + β1agei + β2agei

2
+

K
∑

k=3

βkcovariateki

Level 2:

β0j = Π0 + γ01cohort1j +

Q
∑

q=2

γ0qcovariateqj + c0j

To explore the contribution of each element to the disablement

process, we added the variables into the model separately.

We compared the OR values before and after including each

covariate variable separately in the model and then estimated

the contribution of each variable (7, 22). The formula is shown

as follows.

Contributions = (ORbefore − ORafter)/(ORbefore − 1)

Results

Descriptive characteristics

The sample descriptive characteristics based on cohorts are

shown in Table 1. The results showed that older adults in more

recent cohorts suffered less from ADL, IADL, and FL disabilities.

Individuals were younger in more recent cohorts. Women had a

higher proportion thanmen in earlier cohorts, which was narrowed

in more recent cohorts. The proportion of urban older adults

increased from 44% in the 1905 and earlier cohort to 52% in the

1946 and subsequent years cohort. In more recent cohorts, older

adults had better psychological resilience, higher income, higher

SP, and better education. They smoked and exercised more as

well. Greater proportions of respondents had a spouse in more

recent cohorts.

Figure 1 displays the age trends of ADL, FL, and IADL

disabilities, which increased from 0.003, 0.046, and 0.044 at the

age of 65 years to 0.329, 0.719, and 0.955 at the age of 105 years,

respectively. Overall, the age trend for IADL disability was the

highest among the three kinds of disabilities, followed by the FL

disability, and the age trend for ADL disability was the lowest.

Figure 2 displays the cohort trends of ADL, FL, and IADL

disabilities, with 0 to 9 representing the 1905 and earlier cohort
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TABLE 1 The sample descriptive characteristics based on cohorts.

Variables 1905 and before 1906–2010 1911–1915 1916–1920 1921–1925 1926–1930 1931–1935 1936–1940 1941–1945 1946 and after

ADL 0.56 (0.50) 0.50 (0.50) 0.38 (0.48) 0.35 (0.48) 0.24 (0.43) 0.17 (0.37) 0.11 (0.31) 0.07 (0.25) 0.05 (0.21) 0.04 (0.19)

IADL 0.98 (0.15) 0.95 (0.95) 0.91 (0.28) 0.86 (0.35) 0.77 (0.42) 0.66 (0.47) 0.50 (0.50) 0.36 (0.48) 0.29 (0.45) 0.21 (0.41)

FL 0.81 (0.40) 0.75 (0.75) 0.67 (0.47) 0.59 (0.49) 0.48 (0.50) 0.39 (0.49) 0.28 (0.45) 0.20 (0.40) 0.16 (0.37) 0.14 (0.35)

Age 100.45 (4.56) 99.51 (99.51) 95.44 (4.13) 92.52 (5.18) 88.00 (4.79) 83.49 (5.05) 78.34 (5.10) 73.57 (5.14) 71.55 (3.80) 68.46 (2.31)

Gender 0.81 (0.39) 0.73 (0.73) 0.62 (0.48) 0.58 (0.49) 0.52 (0.50) 0.50 (0.50) 0.50 (0.50) 0.49 (0.50) 0.47 (0.50) 0.47 (0.50)

Education 0.16 (0.36) 0.19 (0.19) 0.28 (0.45) 0.32 (0.47) 0.37 (0.48) 0.44 (0.50) 0.50 (0.50) 0.61 (0.49) 0.72 (0.45) 0.78 (0.41)

Residence 0.44 (0.50) 0.40 (0.49) 0.44 (0.50) 0.49 (0.50) 0.44 (0.50) 0.46 (0.50) 0.48 (0.50) 0.49 (0.50) 0.48 (0.50) 0.52 (0.50)

Smoke 0.08 (0.27) 0.09 (0.09) 0.12 (0.33) 0.15 (0.35) 0.17 (0.37) 0.19 (0.39) 0.21 (0.41) 0.24 (0.42) 0.24 (0.43) 0.22 (0.42)

Exercise 0.16 (0.37) 0.18 (0.18) 0.21 (0.41) 0.24 (0.43) 0.27 (0.44) 0.33 (0.47) 0.39 (0.49) 0.41 (0.49) 0.40 (0.49) 0.41 (0.49)

Chronic

disease

0.70 (0.90) 0.71 (0.71) 0.73 (0.88) 0.80 (0.92) 0.90 (0.98) 0.99 (1.03) 1.01 (1.01) 1.03 (1.03) 1.04 (1.02) 1.06 (1.00)

Psychological

resilience

4.44 (1.75) 4.48 (4.48) 4.43 (1.79) 4.33 (1.81) 4.34 (1.84) 4.22 (1.89) 4.06 (1.91) 3.99 (1.92) 3.90 (1.86) 3.89 (1.94)

Family

income

0.73 (1.24) 1.28 (1.28) 1.27 (1.61) 1.56 (1.76) 1.59 (1.78) 1.62 (1.81) 1.56 (1.83) 1.59 (1.81) 2.13 (1.88) 2.58 (1.97)

SP 0.10 (0.35) 0.13 (0.13) 0.18 (0.46) 0.23 (0.53) 0.30 (0.59) 0.39 (0.67) 0.49 (0.73) 0.59 (0.79) 0.68 (0.83) 0.79 (0.89)

Living alone 0.91 (0.28) 0.89 (0.89) 0.84 (0.36) 0.84 (0.37) 0.81 (0.39) 0.80 (0.40) 0.81 (0.39) 0.85 (0.36) 0.86 (0.34) 0.90 (0.30)

Having a

spouse

0.03 (0.18) 0.06 (0.06) 0.11 (0.31) 0.16 (0.37) 0.27 (0.45) 0.39 (0.49) 0.51 (0.50) 0.63 (0.48) 0.70 (0.46) 0.78 (0.42)

Standard errors are given in parentheses. Continuous variables are shown as mean (standard deviation). As all classification variables are dichotomous, categorical variables are also presented as mean (standard deviation).
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FIGURE 1

Age trends in disabilities among older adults.

FIGURE 2

Cohort trends in disabilities among older adults.

and the 1946 and subsequent years cohort, respectively. The results

showed that the cohort trends of ADL, FL, and IADL disabilities

increased from 0.029, 0.201, and 0.509 in the 1905 and earlier

cohort to 0.147, 0.406, and 0.748 in the 1946 and above cohort,

respectively. Overall, the cohort trend of IADL disability was

the highest among the three types of disabilities, followed by FL

disability, and ADL disability had the lowest cohort trend.

Table 2 shows the contributions of disablement process factors

to cohort trends in ADL, IADL, and FL disabilities. As for risk

factors, gender had made a considerable contribution to disability

and negatively contributed to cohort trends in FL and IADL

disabilities, and the contributions decreased from −14.7 and

−347.1% in the 1906–2010 cohort to −9.9% and −21.7% in the

1946 and above cohort. Except for the 1906–2010 cohort, residence

also made sizable contributions and positively contributed to the

cohort trends in ADL disability among older adults, and the

contributions increased from 3.3% in the 1911–1915 cohort to

17.8% in 1946 and later cohort. Education was also an important

contributor and negatively contributed to the cohort trends in

disability, and overall, the contributions were larger in more

recent cohorts. Health behaviors also significantly contributed to

cohort trends in disability. Smoking positively contributed to the

disability trend, and the contributions to FL and ADL increased

from 5.6 and 3.3% in the 1906–2010 cohort to 9.8 and 7.4% in

the 1946 and above cohort, and the contributions (except for the

1906–2010 cohort) to IADL increased from 5.1% in the 1911–

1915 cohort to 14.5% in the 1946 and above cohort. Exercise

positively contributed to the cohort trends in ADL and IADL

disabilities, and the effects of IADL disability decreased from 135.3

to 11.4%. Exercise also negatively contributed to the cohort trend

in FL disabilities, and the contributions increased from −1.4% in

the 1906–2010 cohort to −24.5% in the 1946 and after cohort.

Overall, chronic disease positively contributed to the increment

of cohort trends in disability, and the contribution had increased

from 0.7, −0.7, and 0.0% in the 1906–2010 cohort to 30.0, 26.0,

and 38.5% in the 1946 and later cohort. Psychological resilience

had relatively few contributions to cohort trends in disability.

As for accommodating factors, family income made a positive

contribution to the increment of cohort trends in ADL disability

but a negative contribution to cohort trends in FL and IADL

disabilities. Having a spouse showed negative effects on ADL

disability in the earlier cohorts, which then turned into a positive

one, from 52.9 to −12.3% in later cohorts. Living arrangements

and SP made relatively minor contributions to cohort effects

in disability.

Sensitivity analysis

Figure 3 displays the age trends in disability without controlling

for the cohort effect, which showed a higher disability level at the

age of 65 years and a lower increasing rate compared to Figure 1.

Figure 4 displays the results of the cohort trends in disability

without controlling for the age effect and the results showed

declining cohort trends, while the results in Figure 2 showed

increasing cohort trends.

Discussions

This study explored age and cohort trends in disability and

related factors among Chinese older adults. We found increasing

age and cohort trends in ADL, IADL, and FL disabilities, and the

results of the sensitivity analysis indicated that neglecting cohort

or age effect can cause significant bias when estimating time trends

in disability. More specifically, the age trend in FL was lower than

IADL but higher than ADL.We also found that IADL disability and

FL began earlier than ADL disability. The results were consistent

with those of other studies (19, 23). According to the disablement

process model, FL eventually leads to ADL and IADL disabilities

(10). In this study, the results further indicated that FL was more

likely to result in IADL disability than ADL disability. Our results

have policy implications, and health policies, such as the Health

Country Action in China and other countries similar to China,

should pay more attention to identifying and reducing FL to

prevent disabilities, especially IADL disability.

Older adults in more recent cohorts suffered more from

disabilities after controlling for age and other disablement process
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TABLE 2 The contributions of disablement process factors to ADL, IADL, and FL disabilities trends.

Cohorts Risk factors Disablement process Accommodating factors

Gender Residence Education Smoking exercise Chronic
disease

Psychological
resilience

Living
arrangement

Having a
spouse

Family
income

SP

FL (ref: 1905 and before)

1906–2010 −0.147 0.007 −0.014 0.056 −0.022 0.007 0.147 −0.007 0.028 −0.308 0.035

1911–1915 −0.134 −0.002 −0.059 0.006 −0.066 −0.002 0.008 −0.016 0.022 −0.198 0.043

1916–1920 −0.116 −0.007 −0.062 0.004 −0.088 0.046 −0.033 −0.012 0.012 −0.228 0.034

1921–1925 −0.126 −0.005 −0.060 0.019 −0.129 0.104 −0.019 −0.016 −0.012 −0.265 0.044

1926–1930 −0.105 −0.009 −0.082 0.031 −0.134 0.163 −0.042 −0.021 −0.026 −0.292 0.031

1931–1935 −0.085 −0.011 −0.093 0.050 −0.114 0.216 −0.070 −0.024 −0.040 −0.341 0.028

1936–1940 −0.090 −0.015 −0.153 0.066 −0.108 0.261 −0.082 −0.022 −0.054 −0.387 0.012

1941–1945 −0.104 −0.016 −0.230 0.077 −0.134 0.295 −0.101 −0.021 −0.078 −0.458 −0.016

1946 and after −0.099 −0.018 −0.245 0.098 −0.159 0.300 −0.076 −0.018 −0.070 −0.473 −0.048

ADL (ref: 1905 and before)

1906–2010 −0.023 −0.069 0.000 0.033 0.092 −0.007 0.056 −0.003 0.003 0.246 0.013

1911–1915 −0.042 0.033 −0.005 0.009 0.119 −0.005 0.011 −0.057 0.004 0.225 0.026

1916–1920 −0.034 0.068 −0.006 0.006 0.098 0.028 −0.012 −0.033 0.003 0.211 0.020

1921–1925 −0.042 0.057 −0.006 0.016 0.114 0.090 −0.002 −0.055 −0.005 0.240 0.028

1926–1930 −0.035 0.085 −0.008 0.028 0.099 0.154 −0.013 −0.068 −0.010 0.268 0.021

1931–1935 −0.024 0.116 −0.009 0.043 0.087 0.191 −0.029 −0.069 −0.014 0.291 0.021

1936–1940 −0.028 0.139 −0.016 0.051 0.083 0.230 −0.033 −0.066 −0.018 0.319 0.005

1941–1945 −0.033 0.154 −0.024 0.056 0.101 0.248 −0.047 −0.061 −0.024 0.354 −0.014

1946 and after −0.040 0.178 −0.028 0.074 0.114 0.260 −0.041 −0.060 −0.021 0.382 −0.028

IADL (ref: 1905 and before)

1906–2010 −3.471 0.000 −0.706 0.647 1.353 0.000 1.471 −0.235 0.529 −3.176 0.588

1911–1915 −0.674 −0.005 −0.274 0.051 0.312 −0.014 0.093 −0.065 0.107 −0.563 0.228

1916–1920 −0.421 −0.007 −0.201 0.026 0.208 0.087 0.019 −0.035 0.052 −0.492 0.130

1921–1925 −0.342 −0.006 −0.153 0.050 0.206 0.156 0.038 −0.035 −0.012 −0.474 0.131

1926–1930 −0.276 −0.007 −0.191 0.061 0.161 0.229 −0.002 −0.041 −0.044 −0.493 0.098

1931–1935 −0.227 −0.009 −0.204 0.088 0.129 0.281 −0.033 −0.040 −0.060 −0.543 0.094

1936–1940 −0.220 −0.010 −0.311 0.107 0.108 0.334 −0.039 −0.036 −0.088 −0.597 0.055

1941–1945 −0.234 −0.012 −0.433 0.118 0.131 0.372 −0.061 −0.034 −0.128 −0.687 0.020

1946 and after −0.217 −0.013 −0.469 0.145 0.114 0.385 −0.044 −0.031 −0.123 −0.721 −0.040
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FIGURE 3

Age trends in disability without controlling for cohort e�ects.

FIGURE 4

Cohort trends in disability without controlling for age e�ects.

factors. The results were inconsistent with those of Zhang’s studies

conducted in China, which found decreasing cohort trends in

disabilities (8). Two reasons may explain the inconsistent results:

one was because a different method was used to estimate the A-P-C

model. Zhang’s study used an IE estimator, while the current study

used the hierarchical logistic model. The other difference between

the two may be that Zhang’s study focused on the oldest-old, while

our study focused on older adults younger than those in Zhang’s

study. According to our study, health policies such as long-term

health insurance should increase the financial support for older

adults in a younger cohort. In our study, we found decreasing

trends in disabilities in descriptive analysis and sensitivity analysis,

and the main reason was that the age effect was not controlled for

and younger age was more likely to be part of the earlier cohorts.

Based on the disablement process model, we further explored

the contributors of cohort trends in disability. As for demographic

factors, gender negatively contributed to cohort trends in IADL

disability and FL, which was consistent with what was observed in

another study (15). We also found that the contributions decreased

in more recent cohorts. The improvement in the social-economic

status of women in more recent cohorts may explain the result.

Hence, health services should pay more attention to the health

demands of older women in earlier cohorts. Residence positively

contributed to the cohort trends in ADL disability among older

adults, and the contributions were larger in more recent cohorts.

The development of urbanization has expanded the gap between

urban and rural public resources. This calls for a more equitable

distribution of health resources between rural and urban areas.

Education reduced the increasing trends in disability, which was

consistent with observations from another study (24). Moreover,

we also found that the negative contributions were larger in more

recent cohorts. This may be because older adults in more recent

cohorts obtained more education and had more health resources

or health knowledge to maintain functional health in later life.

Therefore, more health services should be provided for older adults

in earlier cohorts.

As for health behaviors, drinking positively contributed to the

cohort trends in disability with larger contributions in more recent

cohorts. Exercise negatively contributed to the cohort trends in

FL disability, and the effects were larger in more recent cohorts.

The results were inconsistent with those of Chen and Frank’s

study, which only found minor contributions of health behavior

to disability trends (15). The difference might have been caused

by Chen and Frank only using two-time point data. Older adults

were more likely to smoke and exercise in more recent cohorts,

which may explain these results. However, exercise also positively

contributed to cohort trends in ADL and IADL disabilities, and

the contributions increased in more recent cohorts. This outcome

could be because disabled older adults were more likely to change

their unhealthy lifestyles. Therefore, health policies, such as the

Health Country Action in China and other countries similar to

China, should promote exercise in older adults in earlier cohorts

and reduce smoking in more recent cohorts.

As for social support, family income made the largest

contribution to cohort trends in IADL and ADL disabilities,

showing a negative contribution to cohort trends in IADL

disability, but a positive contribution to the increment of cohort

trends in ADL disability. The results were inconsistent with those of

Zajacova’s studies, which only found declining trends in economic

status, which were associated with increasing disability prevalence

(24). The reason may be that Zajacova’s study did not distinguish

between ADL and IADL disabilities. Current results might be

explained by the fact that higher family income was more likely

to prevent mild disability (FL or IADL disability), while it can

only maintain the lives of older adults with severe disability (ADL

disability). The results indicated that families should provide timely

support to prevent mild disability in older adults. Overall, the

contributions of family income were larger in more recent cohorts.

The results could be explained by the rising family income in

more recent cohorts. As older adults had low family incomes,

health services, such as integrated medical and nursing services,

should be provided more affordably to older adults, especially in

earlier cohorts. It is also necessary to promote the establishment of

long-term care insurance in China and other countries similar to

China to provide support for less severe disabilities and eventually
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improve the functional health of older adults and reduce the

long-term care burden to the family. We only found minor

contributions of living arrangement to cohort trends in disabilities

and increasing negative contribution of having a spouse, which

may be caused by fewer children in the family and the increase of

“empty-nest” older adults in more recent cohorts. Thus, policies

in China and other countries similar to China should encourage

children to live with their parents in the future (e.g., providing

allowances or tax benefits to children living with their parents).

For the disablement process, we found that chronic disease

positively contributed to the escalations of cohort trends in

disabilities. Previous studies showed that chronic disease had a large

effect on disability trends among older adults (18, 25), which was

consistent with the results of our study. Increases in chronic disease

in more recent cohorts may explain these results. According to our

studies, health policies such as the Health Country Action in China

and other countries similar to China should conduct interventions

for chronic disease in more recent cohorts to prevent disability

among older adults.

Limitations and strengths

This study has several limitations. First, as longitudinal data

were used in our study, the period effect was not included in the

A–P–C analysis. However, as our study focused on older adults,

the span of the period was much shorter than age and cohort, so

the effect of period could be trivial and omitted from the model

(7). Second, although we used longitudinal data, we were still

unable to isolate the causal direction of related factors of cohort

trends in disability, such as exercise and family income. Third, the

measurement of disability was gathered from self-reported surveys,

which may cause bias. However, self-reported data are commonly

used in disability research of older adults, which can reflect more

accurately personal status interacting with the real world (26).

Finally, our study only calculated the total contributions of each

disablement process factor, which did not explore the relationships

between these contributions. Therefore, more studies are needed to

explore the mechanism of the contributions.

Nonetheless, this study contributes to the existing literature in

four aspects. First, this study used five-wave national representative

longitudinal data in a developing country, which allowed us to

better investigate age and cohort trends in disability and explore

contributors to cohort trends in disability. Second, it was conducted

in the Chinese context, which fills the gap of lacking A–P–C analysis

beyond the developed countries. Third, this study combined

ADL, IADL, and FL to study age and cohort trends in disability

and related contributors of cohort trends in disability, which

can better reveal the disability trends and related contributors

of disabilities. Finally, we also added the disablement process

model by revealing the age and cohort trends in disability and

the contributions of disablement process factors to cohort trends

in disability.

Conclusions

Our study draws the following conclusions. First, in light

of the declining fertility rate and the rapidly aging society, our

study showed that the likelihood of disability has increased in

both age and cohort trends. This requires society to pay more

attention to reducing disability among older adults. Second, our

study gauged the relative importance of the disablement process

factors in explaining cohort trends in disability, necessitating more

precise interventions to reduce disability among older adults.

Finally, our study divided temporal trends into two dimensions,

age and cohort, and explored various effects of relevant factors on

cohort trends in disability. It may invoke further research in this

area across different cultural contexts and populations and provide

interventions for disability among older adults of other countries

similar to China.
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