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Editorial on the Research Topic

Health literacy and disease prevention, volume II

Introduction

In the twenty-first century, societies driven by knowledge face a dilemma in making

health-related decisions. Individuals are ill-prepared and lack support in addressing the

increasing challenges of navigating complex healthcare systems and making choices for

personal and family wellbeing (1). Even those with higher education find it challenging to

navigate healthcare systems in so-called “modern” societies, and education systems often

fall short of providing people with the necessary skills to access, comprehend, evaluate,

and apply information for improving their health. The quality and quantity of available

evidence are influenced by factors such as the field, environment, healthcare system, or

methodologies employed. Low health literacy levels have a significant negative impact

on health placing a significant burden on the financial and personnel resources of the

health system of any country (2). Policy initiatives to increase the health literacy epidemic

are challenging due to multiple reasons. This editorial aims to contribute to reversing

this situation by advocating health literacy by addressing micro, meso, and macro-level

factors (3).

The Health Literacy and Disease Prevention series was launched 3 years ago. Its second

volume included 22 research articles contributed by 138 authors and many reviewers

around the globe. The series was launched with the goals of compiling the best available

data on the subject, derived from complex scientific research and reviews and identifying

policy implications and specific actions to translate these concepts into tangible results.

Examples from Europe

The World Health Organization (WHO) has released the survey titled

“Conceptual Model of Health Literacy of the European Health Literacy Survey,”

where eight European countries contributed sample sizes 1,000 for validating

this questionnaire. This dataset is the determinant of four levels of HL:

which are “inadequate, problematic, sufficient, and outstanding.” Limited HL
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was operationalized as either poor or problematic HL, aiming

to identify populations facing vulnerabilities. These statistics

highlighted significant disparities and facilitated comparisons

within and across these nations (4).

Higher levels of health literacy were associated with improved

educational attainment, better self-reported overall health, and

elevated indices of empowerment. Healthcare providers must

acknowledge that people have varying degrees of HL, particularly

those who have less education and self-reported health issues.

Customizing health information to a person’s HL level is essential

to encouraging proactive disease management and giving people

the confidence to take charge of their health (5).

Being health literate is essential to be able to get enough

health information, navigate the healthcare system, receive the

correct care, and be able to take charge of your health. As

such, it is a significant predictor of health. According to

Masquillier et al., innovative methods are needed to improve

HL among socioeconomically disadvantaged people. Published

research indicates that this innovation needs to offer dependable

and understandable health information that is specific to the target

population, facilitate “low-threshold access” to health resources

through outreach in the community, and help people feel confident

enough to act on that information. To meet this requirement,

this article describes how the Integrated Community Care (ICC)

framework was developed and put into use.

Examples from Asia

Abu-Humaidan et al., demonstrated satisfactory knowledge,

attitudes, and practices (KAP) toward TB among Jordanian

university students. The study emphasized the importance of

raising awareness of TB transmission routes, treatment options,

and availability, particularly among students pursuing careers

unrelated to healthcare. It also revealed positive health-seeking

behavior about tuberculosis, but it also revealed a concerning

tendency of university students to question the value of mask wear.

It makes sense to investigate the KAP toward tuberculosis among

Jordanian refugee populations and risk groups to reduce the burden

of disease going forward.

A study was conducted by Al-Gburi et al., on sexually

transmitted infections among Baghdad University students. They

reported that most participants had moderate to high knowledge,

but there were gaps in knowledge regarding systemic symptoms of

STIs and HIV. Respondents agreed on the need for sex education,

but traditional and religious barriers were cited as major obstacles.

There are specific knowledge gaps for certain high-risk groups, and

negative attitudes and stigma should be addressed by increasing

focused STI knowledge.

Li et al., conducted a study to analyze health literacy trends in

China from 2008 to 2020 and found an improvement from 6.48

to 23.15%. However, significant disparities were noted between

urban and rural areas, and the Eastern region had higher health

literacy than the Central andWestern regions. Age, education level,

and social development index were found to be correlated with

health literacy.

Marzo, ElSherif et al., examined the factors affecting burnout,

resilience, and quality of life (QoL) among healthcare workers

(HCWs) during the COVID-19 pandemic inMalaysia. Nurses were

more susceptible to burnout and had lower resilience than doctors

but reported higher QoL. Older HCWs had higher resilience,

while younger and less experienced HCWs were overburdened.

Higher-income was associated with better resilience, while longer

work hours led to lower QoL. Policymakers and healthcare

practitioners must prioritize interventions that promote a healthy

workplace environment, address ethical concerns, and prevent

burnout among HCWs. Managing long working hours could

improve resilience, burnout, and QoL among HCWs.

In Malaysia, Marzo, Khaled et al., explored factors influencing

parents’ hesitancy to vaccinate their children. Based on their

findings, they found that parents with higher levels of education

tend to be more doubtful and believe that the vaccine is harmful

and inefficient for their kids. It is critical to disseminate the required

information about vaccine safety to the educated group.

Tao et al., examined the relationship between Ningbo citizens’

knowledge of COVID-19 and HL. The knowledge of COVID-19

is associated with the following factors: age, gender, marital status,

education, occupation, annual household income, and chronic

conditions. To improve individuals’ health literacy and stop the

development of COVID-19, different demographic groups should

undertake targeted health education and promotion programs.

To create a robust health literacy assessment in Hong Kong,

Tian et al., conducted a study to develop the Hong Kong Health

Literacy Scale (HLS-HK) and assess its “psychometric properties”

among the Chinese adult population. The study concludes that

the HLS-HK serves as a valid and dependable tool, and offers

valuable insights into the challenges individuals might encounter

when utilizing health-related information and services.

Wilandika et al., conducted a systematic review to describe

the roles of nurses in promoting patient HL and identify its

determinants. By facilitating patients’ access to, comprehension,

evaluation, and use of health information linked to their conditions,

nurses can help patients become more health literate. They also

need to be aware of the several elements that affect health literacy

and take advantage of these elements to maximize the advancement

of health literacy. Nurses can tackle health issues and enhance

patient care by using a health literacy approach.

A study by Yang et al. found that the average rate of knowledge

of cancer prevention and control measures among adults in

Fujian Province was below the 70% target set by the Chinese

Department of Health. Those living in urban areas, with white-

collar jobs, married, having a bachelor’s degree, family history of

cancer, and good health, had higher knowledge. These findings

can help policymakers design interventions to improve the general

population’s understanding of cancer prevention and control.

Correct medicine dosing is a crucial component of the safe

and effective delivery of oral liquid medicines, particularly for

the pediatric population. Younas et al., conducted a pre- and

post-intervention survey to assess the knowledge and practice of

university students for the same. The use of a tablespoon was

significantly reduced, low-volume spoons were preferred, and a

wide range of home spoons were rejected. The post-intervention

survey also revealed a significant improvement in the proper
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naming of spoons, the definition of the acronym “tsp,” and

the accurate amount of a standard teaspoon. They promoted

the use of straightforward instruments, such as awareness

seminars and brief video presentations, to enhance the appropriate

administration and selection of dosing aids for oral liquid

dose forms. This would reduce medication safety concerns and

treatment failures.

Examples from Africa

Authors have created HL resources for Africa, but there is still a

shortage of research. Research in 14 African nations showed lowHL

rates in rural, hard-to-reach areas and difficulties in understanding

questionnaire responses. HL assessment tools specific to Africa are

necessary (6).

Sah et al., opined that stigma about monkeypox in healthcare

is a significant issue. Healthcare workers may conceal their

condition due to stigma, posing a threat to transmit the infection.

Educational campaigns to reduce stigma and urge infected cases to

report their infection are necessary. Culturally acceptable health-

promoting messages that provide accurate and timely information

on monkeypox are essential. This helps create an environment

where the disease and its effects can be discussed openly, honestly,

and effectively, helping to prevent and control the disease and

the outbreak.

Examples from America

Improving health literacy in Latin America requires a robust

approach. International organizations recommend concerted

efforts across sectors to enhance health literacy, improve outcomes,

and reduce costs. Despite awareness among government officials,

the issue remains inadequately addressed. There is a lack of

understanding about how to achieve the goal of increasing health

literacy (7).

Examples from Australia

Australia and other countries have policies for public health.

Health literacy is poor in 60% of adult Australians, which affects

their ability to make informed healthcare decisions. People with

poor health literacy use more healthcare services and have worse

health outcomes (8).

To ensure authentic engagement of all stakeholders and

generate contextually appropriate, culturally sensitive, and

implementable multisectoral solutions to identify the HL strengths,

needs, and preferences of the former refugee community in

Melbourne, Australia, Jawahar et al., presented a protocol that is

a detailed adaptation of the Ophelia (Optimizing Health Literacy

and Access) process. This protocol will develop and test new and

improved approaches that are likely to be useful for community-

based organizations and health services to thoroughly investigate

and improve communication, services, and outcomes among

disadvantaged groups, particularly migrants and refugees.

Conclusion

This Research Topic emphasized that HL is determined by

various factors as mentioned above. To improve KAP, certain

culturally acceptable, target-specific, health-promoting messages

as well as required information about the epidemiology of the

disease, its prevention, and treatment as well as other health-

related practices should be disseminated through the Integrated

Community Care approach. It also advocates the provision of a

healthy workplace environment, addressing ethical concerns of

HCWs, to improve resilience, burnout, and QoL so that they can

tackle health-related issues and enhance patient care. This can be

done by only developing and adapting a valid and dependable

HL tool. Utilizing straightforward digital instruments, such as

awareness seminars and brief video presentations can enhance HL,

by enabling individuals to make informed choices.
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Monkeypox is an emerging viral zoonotic disease that is endemic in Central andWest

Africa. The first cases outside the African continent were detected in the United States

of America (USA) in 2003 following the importation of infected animals. On July 23,

2022, the World Health Organization (WHO) declared monkeypox a Public Health

Emergency of International Concern (PHIEC), following the rapid spreading into

multiple continents in short time (1). Since July 6, 2022, 12,989 confirmed monkeypox

cases have been detected, showing a more than 200% increase. The total number of

cases has gone beyond 21,000 cases and has spread to 75 countries involving all six

WHO regions (www.who.int) up to July 30, 2022. We need to increase the awareness

about disease transmission, signs and symptoms, and how to prevent ourselves from

this emerging infection. Lessons from research on past infectious disease outbreaks

have taught us that stigma will pose a significant hurdle to health and wellness during

any pandemic.

This problem of stigma needs to be identified in the current monkeypox pandemic.

A stigma is a negative attitude about a person’s mental, physical or social features

or group of people. It is considered a type of social disapproval when the affected

person thinks that society will not accept him/her due to this condition. Such social

stigma in case of an outbreak can lead to many adverse effects, especially in low-

and middle-income countries. That may mean people are being labeled, stereotyped,

discriminated against, treated separately or are experiencing a loss of status given a

perceived link with diseases (2). Stigma makes the people to hide the disease which boost

the untrace spreading of the virus and making the outbreak worse. It has been seen in

many infectious diseases, including HIV/AIDS, H1N1 and more recently in COVID-19,

mainly due to false news published about a new condition and the fear of death when

that new disease is associated with significant morbidity and fatality rates. In general,

a new disease is always associated with many unknowns, and we are afraid of those

unknowns, and thus, fear can be easily associated with them. New diseases transmitted

via air and droplet are invariably associated with high social stigma, and COVID-19

is a perfect example of that. Healthcare workers and patients who survived COVID-19

faced substantial social stigma and discrimination worldwide. It created unprecedented

panic in people’s minds, with several socially stigmatized. Such discrimination resulted

in affected people hiding their illness, prevented them from visiting hospitals and
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ultimately led to certain psychological problems such as anxiety

and depression and grave complications from the diseases due

to lack of proper health care (3).

Such social stigma has now started appearing in monkeypox

patients as the first confirmed case in Thailand could not be

traced for nearly 5 days. He was a 27 years old Nigerian male

who tested positive on July 18, 2022, in Phuket, Thailand, after

which he went on the run, turned off his phone and failed

to respond to messages from police and healthcare workers.

After a countrywide chase across Thailand, his phone signal

was detected in a northeastern province bordering Cambodia.

Then Cambodian police captured him at Phnom Penh guest

house and sent him to the Khmer–Soviet Friendship Hospital

for medical care. The story of this Nigerian guy was like

a movie where two country police were together trying to

tract a single monkeypox-infected patient just like they were

searching for some international mafia/terrorist. During the

whole episode, he infected many others, all of whom are being

screened. He had visited two entertainment venues and had

unprotected sex with women. As a result, 142 people are now

being screened for the monkeypox virus. Due to stigma, people

avoid admitting infection or signs/symptoms and unknowingly

spread the disease to others. This episode demonstrates the

rising stigma associated with monkeypox and the difficulty in

fighting the spread of the disease (4). The question is, then, how

to combat this stigma associated with monkeypox?

Addressing stigma is fundamental in healthcare sector.

Numerous studies during the COVID-19 pandemic have

highlighted stigma and discrimination among healthcare

workers. Lessons from COVID-19, which showed healthcare

workers are vulnerable to such kind of emerging infections

(5–7). Healthcare workers specifically belonging to LGBTQ+

community who get exposed to monkeypox virus can also hide

their diseases status due to the stigma in the initial phase of

the diseases and poses a threat to transmit the infection in the

hospital setting during the working hours. Therefore, healthcare

authorities should adopt educational campaigns to relieve this

stigma and urge infected/suspected cases to report the infection

and properly isolate themselves until proper care is provided. To

reduce the social stigma associated with monkeypox, the Center

for Disease Control and Prevention (CDC) has framed specific

recommendations, including educating the general public about

the disease as a legitimate public health concern (www.cdc.gov).

It must be clear to people that everyone can acquire monkeypox,

regardless of gender identity or sexual orientation, or age.

Proper emphasis regarding the different modes of transmission,

including direct contact with the infectious rash, respiratory

secretions during face-to-face contact and touching infected

objects, is also being given. We also should not stigmatize

the gay and bisexual community (or in general LGBTIQ+

one) by holding them responsible for spreading the disease.

They should be reached using targeted channels like specific

websites, dating apps, or media programs, with a holistic

approach. Reliable sources such as the CDC and WHO should

be sought to obtain correct information about the disease.

Any sign or symptom of the disease should be reported

at the earliest, knowing that it is associated with a good

prognosis in most cases. Besides all of the above, effective

and impactful communication about monkeypox is critical to

combat the disease and avoid fueling fear and stigma. It includes

using friendly words with the patients, promoting the general

population to participate in the spread of accurate scientific

news and especially the social influencers whose voices have

an impact (5–7). It is critically important to develop culturally

acceptable health promoting messages that provide accurate and

timely information onmonkeypox its symptoms and prevention

strategies. This certainly enable communities to fight against

the disease. That ultimately helps create an environment where

the disease and its effects can be discussed openly, honestly

and effectively, finally helping in the prevention and control of

the disease and the outbreak. Studies should explore how the

Monkeypox stigma leads to differential diagnosis of the disease

and its health outcomes including mental hygiene.
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Background:Mild cognitive impairment (MCI), a reversible intermediate state,

plays an important role in the development and prevention of dementia.

The relationship between pulmonary function and MCI risk has not yet been

well-elucidated.

Methods: We included 2,947 rural Chinese residents aged≥35 years whowere

free from a history of stroke, dementia, or other brain diseases and measured

pulmonary ventilatory function using calibrated spirometry according to

the recommended method. MCI was assessed with the Montreal Cognitive

Assessment-Basic for Chinese scale. Logistic regression models and restricted

cubic splines with covariate adjustment were performed to explore the

association between pulmonary function and MCI risk.

Results: The prevalence ofMCI increasedwith decreasing pulmonary function,

from the lowest quartile to the highest quartile of pulmonary function: 63.9,

50.5, 43.8, and 43.6%, respectively. After adjustment for confounding factors,

participants in the first quartile had a significantly increased risk of MCI (ORs,

1.691, 95% CI, 1.267–2.258), with the highest quartile as the reference. In

the subgroup analysis, a significant association of pulmonary function and

MCI was found in females and those with low physical activity. Meanwhile,

we observed an L-shaped relationship between pulmonary function and MCI

(P non−linear = 0.032).

Conclusions: Poor pulmonary function was associated with an increased risk

of MCI among rural Chinese adults, and presented a non-linear relationship.

These findings remind us of the need for early cognitive assessment in local

populations with lower pulmonary function.

KEYWORDS

pulmonary function, mild cognitive impairment, cognition, cross-sectional study,

rural
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Introduction

Dementia is one of the major public health problems and

the leading cause of disability in elderly individuals worldwide

(1). People with dementia in China account for ∼25% of the

global dementia population, imposing immense challenges on

patients, families and public health care systems (2). Mild

cognitive impairment (MCI), a prodromal stage of dementia,

is defined as subjective cognitive decline in combination

with objective memory impairment beyond normal age-related

changes without apparent impact on daily living (3). In China,

large percentages of the population, particularly those living in

rural areas, suffer from cognitive dysfunction. Recent studies

have reported that the prevalence of MCI was 26.5% among

elderly adults in rural areas, compared with 12.2% in urban

areas and an overall prevalence of 15.5% (4–6). Additionally,

adults with MCI are generally considered to have a higher risk

of progression to dementia than the normal population, with an

annual conversion rate ranging from 10 to 20% and a rate of

60–100% over 5–10 years in the elderly (7, 8). Encouragingly,

MCI is a potentially reversible state, and the rate of progression

from MCI to dementia is similar to that of reversion from MCI

to normal (9). Thus, in the absence of any curative treatment for

dementia, early identification of individuals at risk for MCI is

a key interventional target for dementia, and adopting effective

preventive strategies may delay or reverse disease progression to

postpone the onset of dementia, which has prompted researchers

to pay more attention in recent decades.

In addition to well-recognized risk factors, impaired

pulmonary function is becoming increasingly recognized as

a predictor of cognitive performance (10). A recent meta-

analysis of cohort studies demonstrated that people with poorer

pulmonary function and those with respiratory disease may

be a risk factor for dementia (11). Data retrieved from the

AGES-Reykjavik Study revealed that lower pulmonary function

measured in midlife predicted poor memory, processing speed,

executive function, MCI and dementia 23 years later (12).

Accumulating epidemiological studies have also illustrated that

the global cognitive decline and a greater risk of dementia

have a significant relationship to indicators with pulmonary

function expressed as forced vital capacity (FVC), forced

expiratory volume in 1 second (FEV1) and peak expiratory

flow (PEF) (12–17). However, previous studies have either

focused on the association of COPD with dementia or MCI, or

Abbreviations: MCI, mild cognitive impairment; COPD, chronic

obstructive pulmonary disease; FVC, forced vital capacity; FEV1, forced

expiratory volume in 1 second; PEF, peak expiratory flow; PF, composite

pulmonary function; MoCA, montreal cognitive assessment; MoCA-BC,

montreal cognitive assessment-basic for Chinese; ORs, odds ratios; CIs,

confidence interval; BMI, body mass index; CHD, coronary heart disease;

RCS, restricted cubic splines.

have targeted community-dwelling participants with relatively

higher education and socioeconomic backgrounds, whereas

information about the relationship between pulmonary function

and MCI in rural populations is scarce (14–17). Furthermore,

most studies have used only single a measure of ventilatory

capacity to evaluate the respiratory condition and have not

considered the resistance encountered during breathing and the

contribution of respiratory muscles. Our aim, taken together,

was to examine the association between pulmonary function and

MCI among rural adults in China and whether the association

may be modified by vital covariates.

Materials and methods

Study population

All data were collected from a baseline survey in rural areas

of Fuxin County, North China, from June to August 2019.

Based on the demographic characteristics, participants were

recruited from the eastern, southern, and northern townships

to take part in our survey. The inclusion criteria were residents

aged 35 and above who resided locally for at least 5 years and

could sign a consent form during the investigation. Subjects

were excluded if one of the following criteria were met: (1)

were pregnant; (2) developed severe liver and renal failure; or

(3) were unwilling to participate in this study. Finally, 4,689

participants were recruited. All participants gave their informed

consent at the time of the examination and the Committee of

China Medical University authorized the study protocol. The

procedures followed were performed under the ethical standards

of the responsible committee on human experimentation of

China Medical University ([2018]083).

Of all 4,689 eligible participants, 1,600 dropped out due to

missing information about spirometric indicators (n = 1,289),

MoCA scores (n = 227) and confounding factors (n = 84). In

addition, 142 participants with a self-reported history of stroke,

depression, brain disease or dementia were excluded. In the

end, Ultimately, 2,947 participants were enrolled in the analysis.

A flowchart of the specific inclusion and exclusion criteria for

participants in the current analysis is shown in Figure 1.

Assessment of pulmonary function

Spirometry was performed by trained medical physicians

with a calibrated Chest HI-101 (CHESTGRAPH Tokyo, Japan)

according to the recommended method. Participants were asked

to take a sitting position and put the disposable mouthpiece

into the mouth, with lips sealed tightly around the mouthpiece,

while pinching the nose, breathe calmly, then took the deepest

breath possible to fill the lungs with air and blow as hard

and as fast as possible (18). For each participant, at least three
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FIGURE 1

Flowchart of the participants included in the analysis. MoCA-BC, Chinese version of the Montreal Cognitive Assessment-Basic; MCI, mild

cognitive impairment.

maneuvers were conducted to obtain repeatable results in which

the corresponding best values were automatically recorded and

confirmed by a technician. The best values of FVC, FEV1 and

PEF were standardized into z scores by using the means and

standard deviations computed from the entire study. According

to previous studies (15, 16), we created a composite pulmonary

function score by averaging the z-scores for FVC, FEV1, and PEF

and then categorized them into four categories for the study.

Assessment of MCI

The Montreal Cognitive Assessment (MoCA), published

in 2005, has been proven more sensitive and reliable in MCI

screening than other scales (19). For the present study, we used

the Chinese version of the Montreal Cognitive Assessment-

Basic (MoCA-BC) to detect MCI in rural Chinese adults with

different education levels, which is a 30-point test covering

nine cognitive domains: executive function, episodic memory,

orientation, calculation, abstraction, delayed recall, visuospatial

skill, naming and attention, with higher scores reflecting a higher

level of global cognition (20). The optimal cutoff scores for

MCI assessment by the MoCA-BC were 19 for individuals with

6 or fewer years of education, 22 for those with 7–12 years

of education, and 24 for those with more than 12 years of

education (21, 22). The MOCA scale was conducted by specially

trained investigators.

Assessment and definition of other
variables

Relevant data on demographic variables (age, gender,

ethnicity, education level), lifestyle factors (smoking, alcohol

consumption), and history of disease were collected by face-to-

face interview with a standardized questionnaire. Histories of

disease were defined as self-reported and confirmed by medical

records. Current smokers were defined as people who smoked at

least one cigarette per day and continued for half a year. Alcohol

ingestion was defined as at least three drinks every week for 6

months. Physical activity was rated three levels, low, moderate

and high, based on the occupation engaged in.

Height and weight were measured using standardized

procedures. BMI was calculated as weight (kg)/height (m)2.

Hypertension was taken as an antihypertensive medication

in the last 2 weeks, DBP ≥90 mmHg or SBP ≥140 mmHg

(23). Diabetes mellitus was defined as fasting serum glucose

concentration ≥7.0 mmol/L, using hypoglycemic drugs or

insulin, or self-reported diabetes diagnosis by a physician or

other health professionals (24).

Statistical analysis

Continuous variables are represented as the mean ±

standard deviation (SD) or medians (interquartile ranges),
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and categorical variables are reported as frequencies

(percentages). Analysis of variance or the Kruskal–Wallis

rank-sum test for continuous variables, respectively,

while the chi-square test for categorical variables was

used to compare differences in basic characteristics

of different pulmonary function quartile groups. In

addition, baseline characteristics comparisons between

MCI and non-MCI were also made using Student’s t-

test for continuous variables or the chi-square test for

categorical variables.

We examined associations of each pulmonary function

parameter (FVC, FEV1, PEF) and MCI. Binary logistic

regression models were used to estimate the odds ratios (ORs)

and 95% confidence intervals (CIs) for composite pulmonary

function and MCI. The composite pulmonary function score

was assessed as quartiles 1–4 and quartile 1 vs quartiles 2–

4. Three models were assessed, each building upon the prior

model. Model 1 was unadjusted, model 2 was further adjusted

for age and sex, and model 3 controlled for the variables in

Model 2 plus body mass index (BMI), marital status, ethnicity,

education level, smoke exposure, alcohol consumption, physical

activity, hypertension, diabetes, histories of coronary heart

disease (CHD), and chronic obstructive pulmonary disease

(COPD). Tests for trends across quartiles were examined using

ordinal values in separate models.

Moreover, we used restricted cubic splines (RCS) based on

logistic regression models to visualize the relationship between

pulmonary function andMCI on a continuous scale by adjusting

the same confounders, with knots placed at the 10th, 50th, and

90th percentiles of the z-score of composite pulmonary function

distribution. The threshold level for each section was determined

using likelihood-ratio tests and bootstrap resampling methods.

We further applied a piecewise regression model to examine

the specific relationship between composite pulmonary function

and MCI.

To assess relevant factors that had a modifying effect

on the relationship between pulmonary function and MCI,

we further conducted subgroup analyzes with study subjects

stratified by sex, age (<65 or ≥65 years), smoking status (yes

or no) and low physical activity (yes or no), respectively. We

performed sensitivity analyzes to test the robustness of the

results by repeating the analysis after excluding participants

with respiratory symptoms (n = 176), histories of respiratory

diseases, including COPD (n= 61), asthma (n= 4), pneumonia

(n = 5), and other chronic lung diseases (n = 2). Subjects with

occupational exposure (n = 176) or current smokers (n = 980)

were also excluded.

The RCS analysis and threshold effect analyzes were

conducted in R software, version 4.2.0 (http://www.R-project.

org/) and other statistical analyzes were performed using IBM

SPSS statistical software version 25.0 (SPSS Inc, USA). A 2-sided

P value of <0.05 was considered statistically significant.

Results

Out of 2,947 subjects with available data, 1,487 (50.5%)

were observed to have MCI. The average age of the participants

was 57.5 ± 9.8 years, and 1,939 (65.8%) were females. The

characteristics of the study participants are described by

different quartiles of pulmonary function in Table 1. Participants

in the lowest quartile of pulmonary function tended to be slightly

older, female, lower BMI, less educational attainment, lower

physical activity, poorer MoCA scores and more likely to have

hypertension, diabetes mellitus, and a more extensive history

of CHD and COPD. At the same time, Supplementary Table S1

summarizes the differences in baseline characteristics among

people with and without MCI. Compared to the participants

without MCI, a higher proportion of those with MCI were

generally older and significantly related to lower education

levels, less physical activity, a higher prevalence of hypertension

and diabetes mellitus, and self-reported CHD and COPD, and

were more prone to be current smokers and drinkers. There

were significant differences between the included and excluded

groups in baseline characteristics except BMI (P = 0.359).

There were inverse associations between FVC, FEV1

and PEF and the risk of MCI (Supplementary Table S2).

Consistently, the prevalence of MCI in the participants

decreased with increasing pulmonary function, being 63.9%

(471/737), 50.5% (372/736), 43.8% (323/738), and 43.6%

(321/736) in the lowest to highest quartiles of pulmonary

function, respectively (Table 1). The association between

composite pulmonary function and the risk of MCI is presented

in Table 2. Compared to the highest quartile of pulmonary

function, the risk of MCI was 1.691 (95% CI, 1.267–2.258)

in quartile 1, 1.280 (95% CI, 0.979–1.674) in quartile 2 and

1.127 (95% CI, 0.881–1.441) in quartile 3, with a significant

trend test (P < 0.001) in the fully adjusted model. When

quartiles 2–4 were further combined, the participants in the

lowest quartile had a 42.4% higher risk of MCI than those

in the upper quartiles (ORs, 1.424; 95% CI, 1.164–1.741).

Additionally, we observed a non-linear relationship between

pulmonary function and the risk of MCI (P non−linear =

0.032, Figure 2). A cutoff point of z-score for composite

pulmonary function = 0.214 yielded the best fitting model in

a piecewise regression after multivariable adjustment. The risk

of MCI declined rapidly with increasing pulmonary function

until to the turning point and then started relatively flat. As

shown in Table 3, an increase of 1 SD in pulmonary function

was associated with an OR of 0.715 (95% CI, 0.604–0.845)

for MCI, while there was no significant difference between

pulmonary function and the risk of MCI when the z score of

composite pulmonary function was ≥0.214 (ORs, 0.967; 95%

CI, 0.821–1.131).

We further performed subgroup analyzes to explore

potential modifier and interaction effects on the PF-MCI
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TABLE 1 Baseline characteristics of participants by quartiles of composite pulmonary function.

Quartile of PF a
P-value

Q1 (n = 737) Q2 (n = 736) Q3 (n = 738) Q4 (n = 736)

Age, mean (SD) 63.2 (9.1) 58.5 (8.8) 54.9 (9.3) 53.5 (8.8) <0.001

BMI, mean (SD) 24.2 (3.7) 25.0 (3.8) 24.9 (3.5) 24.8 (3.6) <0.001

Female, n (%) 621 (84.3) 620 (84.2) 526 (71.3) 172 (23.4) <0.001

Ethnicity, n (%)

Han 472 (64.0) 439 (59.6) 486 (65.9) 485 (65.9) 0.055

Mongolian 240 (32.6) 255 (34.6) 227 (30.8) 223 (30.3)

Others 25 (3.4) 42 (5.7) 25 (3.4) 28 (3.8)

Education level, n (%)

Primary school or below 417 (56.6) 327 (44.4) 230 (31.2) 145 (19.7) <0.001

Junior high school 236 (32.0) 302 (41.0) 393 (53.3) 431 (58.6)

Senior high school or above 84 (11.4) 107 (14.5) 115 (15.6) 160 (21.7)

Marital status, n (%)

Married 605 (82.1) 663 (90.1) 694 (94.0) 692 (94.0) <0.001

Others 132 (17.9) 73 (9.9) 44 (6.0) 44 (6.0)

Physical activity, n (%)

Lower 296 (40.2) 207 (28.1) 176 (23.8) 142 (19.3) <0.001

Moderate 429 (58.2) 509 (69.2) 531 (72.0) 532 (72.3)

Higher 12 (1.6) 20 (2.7) 31 (4.2) 62 (8.4)

Smoking, n (%)

Non-smoker 521 (70.7) 555 (75.4) 539 (73.0) 317 (43.1) <0.001

Current smoker 168 (22.8) 140 (19.0) 164 (22.2) 338 (45.9)

Ex-smoker 48 (6.5) 41 (5.6) 35 (4.7) 81 (11.0)

Drinking, n (%)

Non-drinker 598 (81.1) 600 (81.5) 538 (72.9) 350 (47.6) <0.001

Current drinker 91 (12.3) 103 (14.0) 161 (21.8) 320 (43.5)

Ex-drinker 48 (6.5) 33 (4.5) 39 (5.3) 66 (9.0)

Hypertension, n (%) 309 (41.9) 287 (39.0) 237 (32.1) 267 (36.3) 0.001

Diabetes, n (%) 100 (13.6) 100 (13.6) 78 (10.6) 65 (8.8) 0.008

CHD, n (%) 100 (13.6) 66 (9.0) 57 (7.7) 32 (4.3) <0.001

COPD, n (%) 40 (5.4) 8 (1.1) 3 (0.4) 10 (1.4) <0.001

Occupational exposure, n (%) 76 (10.3) 67 (9.1) 56 (7.6) 97 (13.2) 0.003

MoCA-BC, median (IQR) 19.0 (14.0, 23.0) 21.0 (16.0, 24.0) 22.0 (18.0, 26.0) 23.0 (19.0, 26.0) <0.001

MCI, n (%) 471 (63.9) 372 (50.5) 323 (43.8) 321 (43.6) <0.001

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; PEF, peak expiratory flow; PF, composite pulmonary function; BMI, body mass index; CHD, coronary heart disease;

COPD, chronic obstructive pulmonary disease; MCI, mild cognitive impairment; MoCA-BC, the Chinese version of the Montreal Cognitive Assessment-Basic.
a Q1: PF < −0.6386; Q2:−0.6386 ≤ PF< −0.0687; Q3:−0.0687 ≤ PF < 0.5913; Q4: ≥0.5913.

association in participants with z-score for composite

pulmonary function <0.214. As shown in Figure 3, no

significant evidence of the effects of the interactions between

pulmonary function and important covariables on the risk

of MCI was found (all P ≥ 0.05). Notably, we only found a

relationship between lower pulmonary function and a higher

risk of MCI in the female group and those with low physical

activity, and the multivariate-adjusted ORs for MCI were

1.465 (95% CI, 1.165–1.071) and 2.000 (95% CI, 1.362–2.936),

respectively. The risk of MCI for individuals with lower

pulmonary function in non-smoker was higher (ORs, 1.301;

95% CI, 1.021–1.675), and even higher in smokers (ORs, 1.928;

95% CI, 1.224–3.035).

After exclusion of participants with respiratory symptoms,

histories of respiratory diseases, occupational exposure

and those who were current smokers, sensitivity analyzes

yielded no any substantial differences from the main results

(Supplementary Table S3).
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TABLE 2 Odds ratios (ORs) and 95% confidence intervals (CIs) for the relationship between composite pulmonary function and MCIa.

Model 1 Model 2 Model 3

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

Quartiles

Q1 (<-0.6386) 2.289 (1.857–2.822) <0.001 1.759 (1.328–2.330) <0.001 1.691 (1.267–2.258) <0.001

Q2 (−0.6386 to−0.0687) 1.321 (1.076–1.622) 0.008 1.294 (0.994–1.683) 0.055 1.280 (0.979–1.674) 0.071

Q3 (−0.0687 to−0.5913) 1.006 (0.819–1.236) 0.953 1.135 (0.892–1.446) 0.303 1.127 (0.881–1.441) 0.342

Q4 (≥0.5913) 1.000 (Ref.) 1.000 (Ref.) 1.000 (Ref.)

P for trend b
<0.001 <0.001 <0.001

Categories

Q1 (<-0.6386) 2.081 (1.752–2.472) <0.001 1.471 (1.210–1.789) <0.001 1.424 (1.164–1.741) 0.001

Q2–Q4 (≥-0.6386) 1.000 (Ref.) 1.000 (Ref.) 1.000 (Ref.)

OR, odds ratio; CI, confidence interval; MCI, mild cognitive impairment; BMI, bodymass index; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; SD, standard

deviation; Ref, reference.

Model 1: unadjusted; Model 2: Adjusted for age, sex; Model 3: Adjusted for age, sex, BMI, marital status, ethnicity, education level, smoke exposure, alcohol consumption, physical activity,

hypertension, diabetes, histories of CHD and COPD.
aORs and CIs were calculated using binary logistic regression models.
bTest for trend based on variable containing median value for each quartile.

FIGURE 2

Association between z-score for composite pulmonary function

and MCI using a restricted cubic spline regression. Multivariable

adjusted odds ratios (ORs) and 95% CIs were derived from

restricted cubic spline regression, with knots placed at the 10th,

50th, and 90th percentiles of z-score for composite pulmonary

function. Solid red line represents multivariable adjusted odds

ratios, with shaded part showing 95% confidence interval. Model

adjusted for the same variables as model 3 in Table 2. MCI, mild

cognitive impairment; ORs, odds ratio; CIs, confidence interval.

Discussion

In this population-based study of rural adults in Northeast

China, we highlighted that poor pulmonary function was

associated with a significantly increased risk of MCI and

presented a non-linear relationship. Moreover, poor pulmonary

TABLE 3 Threshold e�ect analyzes of association between composite

pulmonary function and MCI using two piecewise regression models.

Adjust OR (95% CI)a P-value

Logistic regression models 0.832 (0.745–0.926) 0.001

Piecewise regression models

PF<0.214 0.715 (0.604–0.845) <0.001

PF≥0.214 0.967 (0.821–1.131) 0.678

Likelihood ratio test 0.020

PF, composite pulmonary function; MCI, forced vital capacity.
aAdjusted for age, sex, BMI, marital status, ethnicity, education level, smoke exposure,

alcohol consumption, physical activity, hypertension, diabetes, histories of CHD

and COPD.

function was associated with an elevated risk of MCI in females

and those with low physical activity.

In normal human lungs, airflow depends on the expiratory

driving pressure including the magnitude of expiratory muscle

and elastic recoil as well as the size and viscoelastic properties

of the lung and airway (25). FVC and FEV1/FVC have good

sensitivity for diagnosing airflow limitation and are widely used

relevant parameters for pulmonary function interpretation (26).

PEF mainly reflects the caliber of the central airway and the

pressure exerted by the expiratorymuscles (27). These indicators

of ventilator capacity are usually evaluated jointly in clinical

diagnosis. Therefore, we used a composite pulmonary function

indicator, including FVC, FEV1 and PEF, which took the

thoracic volume, the resistance encountered during respiration

and muscle strength into consideration, evaluating pulmonary

function from different dimensions.

Evidence is converging as compromised lung health may

be closely linked to cognitive performance. Burgraff et al. (28)

found that a sustained decrease in cognitive function during
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FIGURE 3

Subgroup analyzes of the association between composite pulmonary function and MCI among participants with z-score for composite

pulmonary function <0.214. Q1: PF < −0.6386; Q2–Q4: ≥ −0.6386. Adjusted, if not stratified, for age, sex, BMI, marital status, ethnicity,

education level, smoke exposure, alcohol consumption, physical activity, hypertension, diabetes, histories of CHD and COPD; MCI, mild

cognitive impairment; ORs, odds ratio; CIs, confidence interval.

30 days of chronic hypercapnia in adult goats. Liang et al.

(29) identified that children with hand, foot and mouth disease

may have abnormalities in cognition, and respiratory function.

A community-based cohort study involving 4,735 older

Chinese adults showed that baseline COPD was independently

associated with a 48.6% increased risk of MCI incidence

(30). Another a prospective study including 1,425 cognitively

normal participants aged 70–89 years, a diagnosis of COPD

at baseline was associated with an increased risk of MCI,

particularly na-MCI and presented a dose–response relationship

between COPD duration of over 5 years at baseline and risk

of MCI (31). Nevertheless, minimal data were available on

the association between pulmonary function and MCI. In a

previous population-based study, pulmonary functionmeasured

by FEV1/height2 exhibited that lower pulmonary function

during midlife was associated with an increased likelihood of

MCI in later life (12). Also, data from the Atherosclerosis Risk

in Communities (ARIC), poor FEV1 and FVC were indicated

to be associated with a higher risk of MCI (14). Recently,

Wang et al. (15) reported that poor pulmonary function was

linked to a nearly two-fold elevated risk of MCI. Our study, in

line with the results mentioned above, held up the conclusion

that lower pulmonary function was associated with a higher

MCI risk. To note, we found that, adjusting for confounding

factors, every increase of per SD in pulmonary function was

associated with a 28.5% lower risk of MCI, whereas it was 22.0%

in Reykjavik (OR, 0.78; 95% CI, 0.68, 0.89) (12). The ARIC

study, which included 15,792 American adults, demonstrated

that participants in the lowest quartile of FEV1% predicted

(OR 1.34, 95% CI, 1.10–1.64) and FVC% predicted (OR 1.32,

95% CI 1.08–1.60) had significantly higher risks of MCI, after

adjustment for potential confounders, with the highest quartile

as the reference (14). Our finding, when pulmonary function

was expressed in quartiles, that those in the lowest quartile

were associated with an OR of 1.691 (95% CI, 1.267–2.258)

for MCI compared with the highest quartile. Additionally, the

prevalence of MCI for participants in the lowest quartile and

in the highest quartile groups was 63.9 and 43.6%, respectively,

which was much higher than the prevalence in Reykjavik

(10.5% vs 4.8% for FEV1/height2) (12). Indeed, China has

an unbalanced distribution of medical resources and a wide

variation in medical standards between urban and rural areas

(32). Residents in rural areas tend to experience disadvantages

due to low income, poor living conditions, and reduced access

to health services and low job satisfaction of primary health-

care doctors (33, 34). In this regard, our findings may have

important public health implications, as spirometry, which is

easily measured, inexpensive, and highly reproducible in clinical

practice, may be a potentially quick and easy-to-administer

screening method for cognitive impairment to early identify

people with poor pulmonary function who are at high risk of

MCI and who might benefit from further neurodegenerative
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health assessments. However, further research to assess the

feasibility and predictive ability of using pulmonary function

tests as a screening tool for MCI is warranted.

In addition, we observed an L-shaped association between

pulmonary function and MCI. There existed a threshold at

which the risk of MCI decreased significantly with the increase

in pulmonary function, and an additional increase in pulmonary

function will have no substantial effects on the risk of MCI.

These findings remind us of the need for early cognitive

assessment in local populations with lower pulmonary function.

We should be aware of potential cognitive deficits in individuals

with poor pulmonary function that will likely further worsen

their general health and quality of life. Village doctors, known

as “gatekeepers” of the rural primary health-care system, play an

indispensable role in ensuring and improving the health level of

rural residents (34, 35). Therefore, they are advised to become

acquainted with how to conduct brief cognitive assessment tests.

In terms of underlying mechanisms, researchers have proposed

that the lung and brain operate under common regulatory

processes (36). The detrimental influence on brain is mediated

via an intricate web of signaling involving hypoxia, oxidative

stress, systemic inflammation, neurotransmitter function, or a

combination of these processes (37–41). On the one hand,

poor pulmonary function may reduce oxygen supply to the

brain, affecting brain energy metabolism, thereby promoting

the occurrence and development of ischemic brain injury, and

exacerbating white matter lesions or lacunar infarction. On the

other hand, brain ischemia induces oxidative stress and synaptic

dysfunction that may result in oxidative stress–mediated

damage, accelerating vascular damage and degenerative lesions.

These pathophysiological processes may interact with each

other, ultimately resulting in cognitive impairment.

A longitudinal study of older Chinese adults demonstrated

that the positive association between pulmonary function and

cognition was stronger in females (17). Similar to our results,

participants with poor pulmonary function had higher odds

of MCI in the female group and in the physically inactive

group. The discrepancy in different sex was attributed to a

reduction of estrogen after menopause (42). Moreover, females

might have a higher risk of MCI than males because of

differences in sensitivity to hypoxia or other physiological

changes associated with pulmonary function decline (43).

Another possible explanation was that the sample size in the

male subgroup was much smaller than that in the female

subgroup, which may have resulted in insufficient power to

detect the significance of the difference. In this population-

based study, we could not corroborate this speculation; thus,

it is imperative to this hypothesis in the future. The evidence

from population-based studies indicates that remaining an

appropriate level of physical activity is not only associated

with a lower risk of depression but may also may be an

important protective factor of pulmonary function and cognitive

health (44–46). Apart from the benefits of physical activity on

respiratory muscle endurance and strength, it is increasingly

accepted that regular physical activity has long-term systemic

anti-inflammatory effects (44, 47). This may be closely related to

the reduction of airway inflammation, the release and expression

of neurotransmitters, brain-derived neurotrophic factor and

other chemical factors in the brain, and the changes of cerebral

hemodynamics (45, 48).

Strengths and limitations

The major strength of our study is not only supported

and extended existing evidence but also further found the

non-linear relationship between pulmonary function and MCI,

thereby further highlighting the need for early detection of

cognitive performance in the lung-compromised population.

Furthermore, integrated approach assessing pulmonary

function, whereas previous studies have mainly focused on a

single pulmonary function parameter.

However, inevitable limitations need to be borne in

mind when interpreting the results. First, the associations of

pulmonary function and MCI should be interpreted in the

context of the cross-sectional design of the current study,

in which the observed relationships are subject to potential

confounding caused by unknown or unmeasured factors as

well as the possibility of reverse causality, and thus cannot

be interpreted as causal effects. Second, we only used a brief

MoCA scale to define MCI, rather than a combination with

comprehensive neuropsychological test assessments. Third, we

must acknowledge that there might be selection bias due to

a low response rate in spirometry. However, the pattern of

age and sex distribution in subjects undergoing spirometry

was similar to that in the entire subject group. Finally, all

participants in this study were recruited from rural regions

in Northeast China, which may limit the generalizability of

our results.

In conclusion, poor pulmonary function was associated with

an increased risk of MCI among rural Chinese adults, and

presented a non-linear relationship. Further large prospective

studies are needed to validate our findings. Overall, spirometry

may be a simple and useful measure in primary health care

practice, and individuals, especially those with poor lung

function, should receive cognitive screening as early as possible

to identify individuals at risk for early manifestations of

dementia, which has important public implications for primary

prevention targeted to rural adults.
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Limited health literacy is a serious public health problem. It is strongly

associated with increased hospital admissions and readmission, poorer

self-management, and health outcomes. It can lead to poor management

of chronic disease, lower health care quality, increased mortality, and higher

healthcare expenditures. Understanding China’s current situation and the

progress of health literacy levels are critical to achieving practical solutions

for improving population health. This paper intended to provide a concise

overview of the keymilestones and specific practices in health literacy in China.

We summarized the characteristics and changing profile of health literacy from

2008 to 2020 in China. We developed an intervention framework based on

social ecosystem theory for improving health literacy in China. Meanwhile,

some multi-level actionable recommendations were proposed. The study

revealed that China has made progress in improving health literacy in the last

decades. Health literacy levels increased from 6.48% of the population in 2008

to 23.15% in 2020. Geographic disparities were substantial. The East performed

better health literacy than the Central andWest, and cities had higher adequate

health literacy than rural areas. Social development index, age, and education

level were highly associated with health literacy. A global joint e�ort to

improve health literacy will be required. And we advocate a whole-of-society

approach that involves the participation of the entire ecosystem around the

targeted population.

KEYWORDS

health literacy, health promotion, health education, health progress, China

Introduction

Health literacy was first introduced in the 1970s and had considerable attention

worldwide in recent years in public health (1). The World Health Organization (WHO)

defined it as the personal knowledge and competencies that enable people to access,

understand, appraise and use information and services to promote and maintain good

health for themselves and those around them (2). Health literacy is a comprehensive

reflection of economic and social development and is influenced by various factors,
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including politics, economics, education, society, culture, and

the health development level (3). The level of health literacy

is a strong predictor of a person’s health outcomes. Low

health literacy has been associated with riskier health choices,

risker behaviors, higher readmissions, and poorer health

status. It can lead to poor management of chronic disease,

increased morbidity, and premature death. Additionally, it can

significantly drain the financial resources of the health system

(4). Effective responses to health literacy issues can improve

health outcomes and reduce health inequities. Improving the

level of health literacy could produce potential economic savings

of ∼8% of total costs (5). WHO advocates that all countries

should make an effort to promote health literacy to ensure the

realization of the Millennium Development Goals. Policies and

practices should identify health literacy issues and implement

the targeted responses.

In China, we use the Chinese Health Literacy Scale to

measure health literacy (6). It was developed by experts from

public health, health education and promotion, and clinical

medicine. And it was designed based on the “Chinese Resident

Health Literacy—Basic Knowledge and Skills (Trial)” issued

by the National Health Commission of the People’s Republic

of China in 2008. It contains three domains: basic knowledge

and attitudes (BKA), healthy behavior and lifestyle (HBL), and

health-related skills (HRS). The three domains covered 80 items

and six aspects, including safety and first aid (SFA), scientific

views of health (SVH), health information (HI), infectious

diseases (ID), chronic diseases (CD), and primary medical care

(PMC). The health literacy level refers to the proportion of

people with basic health literacy in the total population. Criteria

for determining basic health literacy: the health literacy measure

questionnaire scored 80% or more of the total score. The

health literacy level was 25.4% in 2021 in China, which means

that an estimated 75% of adult Chinese (ages 16–69) lack the

capacity to obtain, understand and act on health information

and services, and also the ability to make appropriate health

decisions on their own (7). Furthermore, China still faces

daunting challenges in non-communicable diseases, which are

driven by unhealthy dietary behaviors, environmental exposure

risk factors, industrialization, urbanization, and a rapidly aging

population (8). Taking a thorough understanding of the current

situation and the characteristics of the health literacy level

is critical for identifying priorities to organize them into

a comprehensive framework for improving health literacy

in China.

This study aimed to provide a concise overview of the

promotion of health literacy in China from 2008 to 2020

in China, including the current situation, characteristics,

changing profile, and key milestones and practices in

improving health literacy. In addition, we proposed a social

ecosystem-based intervention framework and offered some

actionable recommendations for addressing the health literacy

issue in China. We hope this study could offer some practical

ideas for disseminating health inequities, improving population

health, and contributing to making universal health coverage

and Millennium Development Goals achievable.

Methods

To understand the progress of health literacy in China, we

conducted a scoping review. We collected and analyzed the

policy files and data relevant to health literacy. We searched

for these files and data on government departments’ websites,

including the State Council of the People’s Republic of China,

the National Health Commission of the People’s Republic of

China, the National Bureau of Statistics of the People’s Republic

of China, and the provincial Health Commission of China.

In addition, to better develop the intervention framework,

we searched Pubmed, China Academic Journals full-text

database (CNKI), andWangfang Database, and reviewed articles

relevant to the broad scope of this review. “Health literacy,”

“eHealth literacy,” “internet literacy,” “health intervention,”

“health education,” “health promotion,” “health progress,” and

“China” were used as search terms. A narrative synthesis

summarized the results of included files and data. Additionally,

we conducted spearman’s rank correlation analysis to examine

the association between the regional health literacy level and the

social development index (SDI).

The development and progress of
health literacy in China

Since the concept of health literacy was introduced in 2005

in China, there has been a comprehensive effort to enhance the

study and promotion of health literacy. We reviewed the policy

documents and health literacy reports issued by the national and

provincial Health Commission. Based on this, in this section,

we summarized the key milestones in the promotion of health

literacy in China, the characteristics, and the changing profile of

the Health Literacy level in China from 2008 to 2020.

Key milestones in the promotion of
health literacy in China

Table 1 summarized the key information on the

development of health literacy issued by the Chinese

government. In 2008, China launched the nationwide health

literacy promotion action, and released the first government

document “Chinese Resident Health Literacy—Basic Knowledge

and Skills (Trial).” It covered 66 aspects of health literacy

including basic knowledge and beliefs, healthy lifestyles and

behaviors, and basic skills (9). Based on this document, we

issued the “Chinese Resident Health Literacy Promotion
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TABLE 1 Key milestones of the development of health literacy, in China.

Year Key milestones

2008 Released “Chinese Resident Health Literacy Promotion National Action Plan (2008–2010)”, released Chinese Resident Health Literacy—Basic Knowledge and

Skills (Trial), and initiated the first-ever national assessment of the health literacy of Chinese residents. Implemented the National Tobacco Control Mass Media

Campaign in China.

2009 Released “National Basic Public Services of the Peoples Republic of China”, health education is one of the independent services.

2010 Conducted health literacy index system research.

2012 Issued “Twelfth Five-Year Plan for National System of Basic Public Services of the People’s Republic of China”; Issued the “Twelfth Five-Year Plan for Health

Sector Development”. Improving the health monitoring system, initiating a central subsidy program for health promotion action; carrying out comprehensive

health education, conducted continuous health literacy monitoring.

2014 Released “National Health Literacy Promotion Action Plan (2014–2020)”, planning the rate of national health literacy is aimed to increase to 20% by 2020.

2016 Issued “Health China 2030”, planning the rate of national health literacy is aimed to increase to 30% by 2030.

2019 Released “Health China Programme (2019–2030)”, and initiated health China action.

2020 Issued “Chinese Resident Ecological Environment and Health Literacy” by the Ministry of Ecology and Environment, emphasize the importance of the ecological

environment and its impact on health literacy.

National Action Plan (2008–2010),” developed the health

literacy scale, and conducted the first national survey of health

literacy (10). Subsequently, the State Council of the People’s

Republic of China released the “National Basic Public Health

Services (NBPHS).” It provided 22 in nine categories of free

basic public health services, and health education was one of

the independent services as the key rule for improving citizens’

health literacy (11, 12).

In 2012, the State Council of the People’s Republic of

China initiated a central subsidy program for health promotion

action, advocating establishing a gradual and stable health

literacy monitoring system (13, 14). In 2014, China released the

“National Health Literacy Promotion Action Plan (2014–2020).”

And this was a programmatic document for the in-depth

development of health promotion and health education. It

clarified the goals and tasks of health literacy promotion in

the future, intended to increase adequate health literacy to 20%

by 2020 (15). In 2016, “Health China 2030” was launched,

and intended to increase the national health literacy level to

30% by 2030 (16). Meanwhile, the ecological environment and

its impact on health literacy became increasingly important,

and the Ministry of Ecology and Environment released the

“Chinese Resident Ecological Environment andHealth Literacy”

in 2018 (17).

The characteristics and the changing
profile of health literacy level in China

We summarized the characteristics and changing profile

of the health literacy level in China from 2008 to 2012

(Figures 1–3). Additionally, we presented the association

between the regional health literacy level and the SDI (Figure 4).

Figure 1 showed the overall health literacy level from

2008 to 2020 by year and region. The national overall

health literacy level increased from 6.48 to 23.15%, with

a 1.13% of average annual growth rate. The city had a

higher level than rural areas, with it increasing from 9.94

to 28.08% and from 3.43 to 20.02% in the urban and

rural areas, respectively. East had higher health literacy levels

(ranging from 7.67 to 21.01%) than the Central (ranging

from 7.67 to 21.01%) and West areas (ranging from 5.23 to

16.72%).

Figures 2, 3 displayed the three aspects and six dimensions

of health literacy level. Significantly, they all increased over

time. Regarding the three aspects, the health literacy level of

BKA was comparatively higher than HBL and HRS. From

2008 to 2020, the BKA literacy increased from 14.97 to

37.15%, while HBL and HRS literacy increased from 6.93–26.44

to 20.39–23.12%, respectively. Regarding the six dimensions,

SFA literacy had the highest level (ranging from 18.70 to

55.23%), closely followed by SVH (ranging from 29.97 to

50.48%). PMC and CD literacy had the lowest level among

the six dimensions, ranging from 7.43–23.44 to 4.66–26.73%,

respectively. The HI and ID literacy increased from 18.16–35.93

to 15.86–26.77%, respectively.

Figure 4 addressed the geographical distribution of the

overall health literacy level in 2019 in China. We used the

spearman rank correlation analysis to examine the association

between health literacy and SDI. It presented a statistical

significance that health literacy was highly associated with

SDI (Supplementary Figure 1). The Spearman’s correlation

coefficient was 0.76. Areas with higher SDI have higher levels

of health literacy. Beijing and Shanghai had the highest health

literacy level (34.30 and 32.31%), followed by Zhejiang (29.49%),

Tianjin (26.29%), and Jiangsu (25.33%). Xinjiang had the lowest

health literacy level (9.72%).
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FIGURE 1

The distribution of the overall health literacy level by year and region, in China.

FIGURE 2

The distribution of the three aspects of health literacy, in China.

Key practices in the promotion of
health literacy in China

In the last decades, China adopted comprehensive

intervention to improve health literacy. In this section, we

reviewed policy documents, China Health Statistics Yearbook

(2012–2020), and some published papers, and presented the

key practices in the promotion of health literacy, including

developing national basic public health services, health

education and promotion, tobacco control, continuous health

literacy monitoring, and holding special revenue fund.

FIGURE 3

The distribution of the six dimensions of health literacy, in China.

National Basic Public Health Services

The Chinese State Council has released comprehensive

actions to improve health literacy. The NBPHS was first

issued in 2009. It was an essential public health service

provided freely by the Chinese Government to address the

main health problems of all the Chinese residents, especially

focusing on children, pregnant women, the elderly, and

patients with chronic diseases (11). In 2022, its coverage

categories increased from 22 public services in nine categories

in 2009 to 54 services in 14 categories, defining health

education and health literacy promotion action as the two

independent services. Health education provides five public
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FIGURE 4

Geographical distribution of health literacy in 2019, in China.

health services, including providing health education materials,

setting up a health education bulletin board, carrying out

public health consultations, holding health knowledge lectures,

and providing individualized health education. Health literacy

promotion action provides six public services, including

building a health promotion county, carrying out science

popularization, building a health promotion hospital and

smoking cessation clinic, monitoring the health literacy and

tobacco epidemic, setting up a health hotline (12,320), and

promoting health education for key disease, fields, and

key populations.

Health education and promotion services

The key initiative for improving citizens’ health literacy

is health education. China established professional health

organizations (PHO). These organizations provided

comprehensive health education and promotion services.

Table 2 addressed the detailed national health education and

promotion services that were collected from China Health

Statistics Yearbook (18). From 2012 to 2020, PHO provided a

large number and useful health technical and policy advice and

public health education activities. They worked with the media

together to build digital health communication and health

science popularization platform. They disseminated the basic

knowledge and skills of citizens’ health literacy through a large

number of brochures, short messages, and health promotion

supplies. Meanwhile, they established a team of health science

experts to organize a series of health China activities and

opened national hotlines to provide professional advice for

health promotion.

Furthermore, the role of health literacy across cultures

became more important, mainly from the perspectives of

individuals, families, and communities. In 2014, National

Health Literacy Promotion Action Plan (2014–2020) proposed

the goal to build health promotion counties including

health promotion schools, health promotion hospitals, health

promotion enterprises, health promotion communities, and

healthy promotion families (15). Population in these groups

have common cultures, values, and needs, and share a

commitment to meeting them. Cultural norms and family

interpersonal relations, and values influence health literacy and

help deepen the understanding and promotion of health literacy.

Until 2020, health activities have covered about 40 million

people every year and intend to reach 320 million people.

Tobacco control

Tobacco use is a leading risk factor for major non-

communicable diseases, and 1.4 million deaths were attributed

to tobacco use in 2010 in China (19). Tobacco control is a top

priority in health promotion worldwide. Serious tobacco control

policies and comprehensive control actions have been actively

promoted in China since the late 1970s, including adjustment

of China’s consumption tax on the wholesale price of cigarettes,

providing a completely smoke-free environment, protecting

from second-hand smoke, enforcing and revising the advertising

law, carrying out smoking cessation hotline consultation,

smoking cessation clinic and other services (19–21). In 2003,

China signed the WHO Framework Convention on tobacco

control to implement effective tobacco control policies, which

provides a roadmap for effective tobacco control strategies

and gives signatory countries a timetable to achieve specified

milestones (22). In 2007, China issued the “Chinese Smoking

Cessation Guidelines”, while in 2014 provincial government

started to establish smoking cessation clinics (23, 24). In 2008,

China implemented the National Tobacco Control Mass Media

Campaign, including strengthening the publicity and education

of tobacco and innovating the forms and content of mass-

reached communications on tobacco control. The campaign

advocated reinforcing people’s knowledge about the health

effects of smoking and second-hand tobacco smoke exposure

and shaping attitudes and behaviors toward smoking bans in

public places (25). In 2012, China released the “China Tobacco

Control Action Plan (2012–2015)” (26). Subsequently, new

national laws banned smoking in public and workplaces and

cigarette advertising on TV (19). Health China Action Plan

(2019–2030) proposed the goal of 80% of the population will

be protected by 100% smoking bans by 2030 (17). In 2018, the

smoking prevalence was 25.6% of adults aged ≥ 18, with an

estimated 282 million smokers in China (27). Even though the

smoking prevalence has decreased steadily in the last decades,

more targeted intervention efforts should be needed to fulfill the

goal of a 20% smoking rate by 2030.
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TABLE 2 National services of health education and promotion by the professional health organizations from 2012 to 2020 in China.

Year Health education services Production of health promotion materials Web

hosting

(columns)

Total health

education trainees

(million visits)

Technical

and policy

advice

(times)

Media

cooperative

programs

(times)

Public

health

education

activities

(times)

Media

cooperative

broadcasting

health

promotion

information

(times)

Brochures

(million

copies)

Video

products

(million

copies)

Short

message

service

(million

copies)

Health

promotion

supplies

(million

copies)

2012 57,955 206,959 77,599 666,283 373.9 2.4 210.3 25.5 787 1.1

2013 6,856 4,759 47,245 183,539 367.0 1.0 144.5 33.7 884 1.2

2014 9,305 6,827 74,034 407,400 396.4 0.9 155.0 33.0 987 1.3

2015 10,700 5,589 79,283 356,369 395.7 1.3 121.1 42.8 1,050 1.3

2016 10,461 4,764 66,780 256,107 421.4 2.0 141.0 47.9 1,198 1.6

2017 10,439 4,176 61,507 213,469 380.4 1.3 98.8 42.5 1,088 1.4

2018 9,090 4,509 70,515 298,679 404.4 1.6 131.1 53.5 787 1.8

2019 10,217 4,124 72,728 312,280 394.1 1.3 116.1 48.8 884 1.5

Total 125,023 241,707 549,691 2,694,126 3,527.4 13.1 1,234.0 376.5 9,045 12.7

*Data was collected from China Health Statistics Yearbook (2012–2020).
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Continuous health literacy monitoring

The first nationwide survey on health literacy in China

was conducted in 2008. In 2012, China has established a

national continuous health literacy monitoring system. Since

then, we carried out a national health literacy survey every

year between July to September. Until 2021, we have already

conducted 11 times national health literacy surveys. Now, the

monitoring system is increasing gradually and stable which

carries out health work in a scientific, standardized, and effective

manner.Meanwhile, China has worked on promoting infodemic

strategies and establishing a health literacy monitoring network

and direct reporting system.

To better understand Chinese residents’ health literacy levels

and factors influencing them and prioritize intervention areas,

health literacy monitoring for key groups such as the elderly

and occupational groups has been included since 2022 (28). The

health literacy survey was conducted using amultistage stratified

sampling method. Participants of the Chinese residents’ health

literacy and Chinese elderly health literacy survey are aged

15–69 and 60 years and older, while participants of the Chinese

key population occupational health literacy survey are workers

engaged in manufacturing production and related activities.

The surveys were organized and coordinated by the Health

Commission, Health Education Center, and the Chinese Center

for Disease Control and Prevention through household face-to-

face interviews. The survey covered 1,008 communities of 336

monitoring sites in 31 provinces (excluding Hong Kong, Macao,

and Taiwan).

Fund guarantee

In 2012, China initiated a central subsidy program for health

promotion activities. It was the first government special fund

for health literacy promotion. The central subsidy was 238

million yuan in 2012, while it was 2.44 and 2.59 million yuan

in 2013 and 2014, respectively. And it is used for carrying out

public service advertisements, health tours, and other activities,

popularizing health knowledge, and promoting the development

of healthy behaviors. Additionally, China spends tens of billions

of Yuan on NBPHS every year. From 2009 to 2021, the total

government subsidy for NBPHS increased from 200.2 billion

yuan to 1,117.2 billion yuan, with of 16.21% compound annual

growth rate, while the personal subsidy increased from 15 yuan

to 79 yuan, with of 15.61% compound annual growth rate

(Supplementary Table 2, Figure 5).

Discussion

This paper aimed to provide a concise overview of the

characteristics and changing profile of the health literacy level

from 2008 to 2020 in China. We identified the key milestones

and specific practices for the promotion of health literacy

advocated in China. Health literacy levels increased from 6.48

to 23.15%. Though China has made considerable progress in

improving health literacy in the last decade, there was only

about one-quarter of the population mastered basic health

knowledge and skills in 2020. Additionally, it is positively

related to the social development index. And geographic

disparities were substantial, with eastern coastal provinces

performing better than central and western provinces, and

cities performing better than rural areas. The three aspects and

six dimensions of health literacy level increased over years.

However, clear disparities among them were found. Among

the three aspects, the BKA literacy lever was the highest,

followed by HRS, while the HBL literacy level was the lowest.

Concerning the six dimensions, CD and PMC literacy was

relatively low.

An effective response to health literacy issues could

be more helpful for improving health outcomes and

reducing health inequities. Social ecosystem theory (SET)

has been increasingly used to address health issues and

prevention programs (29). In this section, we proposed

a SET-based framework for improving health literacy

that focuses on both individual and social environment

factors (Figure 6). We also presented some multi-level

actionable recommendations. This framework is visualized

as four concentric circles, which inform corresponding

intervention strategies. From micro to macro levels, the

four circles are individuals, interpersonal, community, and

social culture.

The innermost circle is the individual level. It represents the

individual’s demography, cognition and emotion, and behavior

changes. These characteristics are positively related to health

literacy. Studies revealed that adults aged 25–34 had higher

health literacy levels than older-aged 65–69, individuals with

lower education levels and economic status, and higher risk

behavior had lower health literacy levels (30–32). Currently,

health literacy interventions mostly focused on 15–69 years

people with higher levels of education, especially city citizens.

Interventions for patients with high health needs, special

groups, and their families have just started (33). All of these

suggested developing more targeted and stratified literacy

improvement goals and paying more attention to the age

difference, geographic and education disparities, high health

needs, special groups, and individuals’ preferences (34, 35). Our

study revealed that HBL literacy was the lowest among the

three aspects, while CD and PMC literacy were relatively low

among the six dimensions. And this indicated the importance

of strengthening the understanding of healthy lifestyles and

behaviors, chronic disease prevention, and basic medical care

and treatment. Health education is always the most important

and directed toward improving health literacy. Therefore, we

highlighted promoting healthy lifestyles and behaviors linked to
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FIGURE 5

The government subsidy for National Basic Public Health Services from 2009 to 2020.

FIGURE 6

Social ecosystem theory-based framework for improving health literacy.

the risk of contracting the chronic disease in good ecological

and social environments through strengthening the health

education system and early intervention and popularizing

health knowledge.

The second circle is the interpersonal level, which represents

the direct person-to-person interaction, such as social support,

family, friends and peers, and employment. Health decisions

are often not made by individuals. They need a supportive
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environment that enables them to make informed health

decisions and lifestyle choices. Often, families, peer groups, and

employment are the primary sources of health information.

These sources can be useful in developing functional health

literacy skills to the selection of products and services.

Additionally, families shape personality traits, and people

with different personalities will adopt different lifestyles,

resulting in variations in health outcomes (36). Family

engagement is critical to fostering positive health outcomes

(37). We recommended building effective principles of family

engagement and capitalizing on their intrinsic motivation for

improving the whole family’s health.

The third circle is the community level, which involved

formal or informal social structures, such as communities,

schools, hospitals, enterprises, neighborhoods, and worksites.

Communities are key settings for health literacy. People

make daily health-related decisions in their homes and

communities. It is essential that interventions are embedded

within the environment where people live, work, and play

to improve population health and reduce health disparities

(38). We highly recommend community health education since

the importance of concrete and efficient community action

in setting priorities for health, making decisions, planning

strategies, and implementing them to achieve better health.

Further, popularizing health knowledge through face-to-face

community health education activities and focusing on health

literacy-friendliness of the various settings in which people live,

play, and work are effective ways of improving health literacy

(4, 31).

The outermost circle is the society level, which represents

the economy, policies strategies, environment, ideology, culture,

laws, and regulations. Our study showed that, in China,

there were considerable differences in performance between

eastern coastal provinces, central and western provinces, as

well as cities and rural areas. However, these conclusions

were made without considering the sociodemographic factors.

Rurality may not be the only factor contributing to health

literacy differences, as socioeconomic status and access to

healthcare resources may also be important. Some published

studies demonstrated that after controlling for confounders,

rural and urban groups were not significantly different (39).

Consequently, evidence-based studies are needed to investigate

the true association between health literacy and geographic

distribution. Evidence-based interventions should be developed,

with rural populations in particular in need of improvement.

Importantly, we highly advocate implementing comprehensive,

whole-of-government, multisectoral policies and strategies for

improving health literacy, This included promoting economic

growth, increasing public investment in public goods and

services, developing health-related laws and regulations,

establishing state-supported health insurance schemes to

increase population coverage, promoting public participation,

advocating multisectoral coordination and collaboration,

creating community health-supporting environments, and

promoting a green lifestyle (40–43).

Additionally, the internet has already affected Chinese

residents. Online information sources are increasingly used by

citizens caring for their own and their Families’ needs. It was

estimated by the end of 2020 that 989 million Chinese people

had internet access, with internet penetration has reached 70.4%.

And wide internet coverage has been achieved in rural areas,

and the proportion of national poverty-stricken villages with

access to fiber optics increased to 98% (44). Internet literacy

was positively associated with self-efficacy in utilizing eHealth.

However, it is no longer the primary determinant of eHealth

literacy competencies for adults who are tech-savvy users (45).

We strongly recommended “Internet+” intervention on health

literacy, since Internet Plus health care in China became an

emerging health service model aimed at increasing access and

improving the quality of health care delivery (46). Until 2020, a

total of 268 internet hospitals in China have been granted official

licenses (47). They primarily provided medical care to patients

with common diseases or chronic diseases and to remote and

rural patients who do not have access to medical care (47).

General literacy is defined as “the ability to read and

write”. It is more basic and justifies your skills of reading

and writing and not necessarily understanding it. Health

literacy is more in-depth and is centered on the health field.

Health literacy affects a person’s ability to accurately search

for and use health information and adopt healthier behaviors.

There are nearly three-quarters of Chinese, about half of

all Europeans, at least 88% of US adults, and 55.3% of

Southeast Asians have poor health literacy skills (4, 7, 48, 49).

Although we had made considerable efforts to promote health

literacy worldwide, improving health literacy remains a critical

component of achieving the Global Millennium Development

Goals. A global effort to improve health literacy will be

required. We strongly recommend adopting a whole-of-society

approach that involves the participation of the entire ecosystem

around the targeted population. First, establish a health

management model and long-term working mechanism with

personal responsibility, interpersonal assistance, social support,

and government guidance. Second, improve health outcomes

and provide access to health services for people with different

health needs. Thirdly address the changing health literacy needs

of individuals and communities using community wisdom,

cultural systems, and local corresponding health literacy needs.

Fourth, engage multiple stakeholders (individuals, government,

education sector, workplaces and businesses, and community

organizations) at all levels of society in the development and

implementation of interventions. Moreover, pay more attention

to the improvement at all levels of the health system and

continuous improvement in health literacy through changes to

the environment, practice, culture, and policy.
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Background: Tuberculosis (TB) is one of the leading causes of death from

infectious diseases worldwide with numerous undiagnosed and untreated

cases, emphasizing the need for TB awareness to minimize transmission and

initiate early treatment. Data regarding the knowledge, attitudes, and practices

(KAP) toward TB among Jordanians is lacking but requires attention given

the massive migration spells to Jordan from neighboring countries in the

past decade.

Methods: A descriptive cross-sectional study was conducted from May

to June 2022. An online questionnaire was developed following World

Health Organization (WHO) recommendations for TB KAP surveys and

was distributed to Jordanian university students. The questionnaire

documented sociodemographic data and measured participants’ KAP

toward TB. Descriptive and analytic statistics were used to report KAP

levels and highlight relevant sociodemographic factors associated with

better KAP.

Results: 602 participants completed the survey; most were females (60.8%),

in their first 3 years of school (84.4%), and from a healthcare field of study

(57.0%). The knowledge section median score was 27 out of 51. Knowledge

gaps in TB treatment, and to a lesser extent, TB transmission routes were

identified. The attitudes section median score was 6 out of 9, attitudes

were generally positive toward TB patients with no indication of a social

stigma. The practice section median score was 6 out of 8, most participants

would take the correct measures if they suspected being infected, yet

around 41.0% were not confident that masks are important in preventing

airborne diseases. Students in healthcare specialties had significantly better

KAP scores and identifying as a smoker was associated with a lower

practice score.

Conclusion: Although university students displayed satisfactory KAP scores,

the focus should be aimed at informing students from non-healthcare fields on
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TB transmission routes, treatment options, and the role of masks in preventing

disease transmission.

KEYWORDS

tuberculosis, KAP, infectious diseases, university students, Jordan, Mtb

(Mycobacterium tuberculosis), stigma and awareness, mask wearing

Introduction

Tuberculosis (TB) is a communicable disease caused by the

bacillus Mycobacterium tuberculosis (Mtb), which is spread by

aerosols expelled from people with active TB disease. Right until

the coronavirus (COVID-19) pandemic, TB was the leading

cause of death from a single infectious agent, ranking above

HIV/AIDS as indicated by the World Health Organization

(WHO) Global tuberculosis report 2021 (1). Infection with Mtb

occurs primarily by aerosolized particles when coughing or

sneezing, ∼90% of those who develop the disease are adults,

with more cases among men than women. Pulmonary TB causes

symptoms such as persistent cough with sputum and blood at

times, chest pain, weakness, weight loss, fever, and night sweats.

Other less recognized extrapulmonary infection sites are the

skeletal and central nervous systems (2).

Jordan is considered one of the low-burden countries with

a total TB incidence below 10 cases per 100,000 in 2019 (3),

however, its location near several war zones led to the country

receiving around 760,000 refugees and asylum seekers registered

with UNHCR over the past decade (4). Previous studies of

such crisis-affected populations found higher TB incidence and

delayed TB treatment compared with reference populations (5).

The arrival of Syrian refugees led to a considerable impact

on Jordan’s national TB program, where TB cases among

Syrian refugees made up 24.4 and 13.8% of all TB cases in

Jordan in 2013 and 2015, respectively (6). Since refugees are

increasingly having access to higher education (7), it is likely

that university students, who form a considerable percentage

of Jordanian society, will be in contact with displaced and

resettled populations through shared education, volunteer work,

or proximity in residence, and in the case of healthcare

specialties, when they join the workforce. Additionally, funding

in low- andmiddle-income countries (LMIC), which account for

98% of reported TB cases, cannot cope with the increased TB

burden (1).

Most of the studies regarding knowledge and attitude

toward TB were done in high-burden TB countries such as

India (8), Uganda (9), and South Africa (10). Previous KAP

surveys were performed in neighboring countries but not in

Jordan and did not include non-healthcare university students

(11). University students, whether in the healthcare field or

not, are an important subgroup of the population whose

decisions could impact transmission trends in the future, hence

several studies investigated KAP toward TB in this specific

group (12–14).

Given the increased TB burden in Jordan associated with

refugees’ resettlement and the importance of university students

in determining the future of TB burden in the country, this

cross-sectional study aimed to measure KAP toward TB among

university students in Jordan using an online questionnaire

adopted from a WHO guide to developing TB KAP

surveys (15).

Materials and methods

Study design and population

This was a descriptive cross-sectional study. The sample

consisted of students from all schools enrolled at 6 Jordanian

universities (Supplementary Figure 1). These Jordanian

Universities have around 206,000 students enrolled in various

programs and schools (16). Data were collected from healthcare

schools (e.g., Medicine, Dentistry, Pharmacy, and Nursing), and

non-healthcare schools (e.g., Physics, Mechanical engineering,

Law, Business, and Arts).

The study was conducted using an online questionnaire

created on Google Forms and delivered to students in the

period between 22 May and 23 June 2022. The questionnaire

was posted on online groups that the students use for school-

specific communications, student communication channels are

moderated by student committees who grant access only to

students with verified university email addresses. In addition,

representatives from each university were contacted to help in

distributing the questionnaire.

Questionnaire design

This questionnaire was based on WHO recommendations

for TB KAP surveys with a slight modification (15), which

involved removing detailed questions regarding HIV/AIDS

since it is not prevalent in Jordan. The first page of the

questionnaire included an informed consent form, as well as a

description of the contents of the questionnaire, what it aims

to study, and the confidentiality of the data. It was written
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in both Arabic and English. To assess the accuracy of the

questionnaire, an internal pre-validation procedure was carried

out at all 6 Jordanian universities involving 38 students and was

re-evaluated with input from experts in the field.

The questionnaire consisted of 35 multiple-choice questions

that covered four main themes: (1) Demographics and

general information about the participant (sex, age, field of

study, academic year, smoking, Nationality, and residence),

(2) Knowledge of TB symptoms, transmission routes, at-

risk groups, and treatment. (3) TB attitudes, practices,

and care-seeking behavior, (4) TB awareness and sources

of information.

Questions were scored as follows: for questions with a

single correct answer, correct and incorrect answers were

scored as 5 and 0, respectively. While for questions with

multiple correct answers, correct and incorrect answers were

scored as 1 and 0, respectively. This scoring system was done

to equalize the weight given for each knowledge question,

whether it had one, or more than one correct answer.

The internal consistency of the questionnaire was measured

using Cronbach’s alpha. The questionnaire can be found in

the Supplementary material.

Ethical approval

The study protocol was approved by the Institutional Review

Board (IRB) at UJ (Ref. No. 19/2022/271). Decision No. (46-

2022). In addition, the work was conducted according to the

principles of Good Clinical Practice (GCP) that has its origin

in the Declaration of Helsinki (64th World Medical Association

General Assembly, Fortaleza, Brazil, October 2013). All collected

data were treated with confidentiality. Participation in the

study was voluntary. Informed consent was obtained from all

participants at the start of the questionnaire following a full

explanation of the study objectives, then they were asked to

complete an anonymous questionnaire.

Data analysis

Data generated were organized in Microsoft Excel, and

statistical analysis was carried out using IBM Statistical Package

for the Social Sciences (SPSS) for Windows version 25.0

(Armonk, NY, USA) and GraphPad Prism 8 (San Diego,

CA, USA).

Categorical variables were presented as count and

percentages in the tables and as percentages in the text,

while continuous variables were presented as (Mean ± SD).

Independent sample T-tests, one-way ANOVA, and Chi-square

test were used to compare KAPS between different school

categories or demographic variables. A p-value of 0.05 was

adopted as a threshold for significance.

Results

Demographics and characteristics of
participants

Six hundred and two (602) students completed the

survey. Students were from six Jordanian universities that

are distributed among the major governorates of Jordan

(Supplementary Figure 1). Males represented 39.2% of the

sample, while females represented 60.8%. The median age of

participants was 20 years with 402 participants (66.8%) between

18 and 21 years old and 200 participants (33.2%) between 22

and 26 years old. Most (36.5%) participants were in their second

year of study. The majority (78.2%) were cities/central urban

areas residents, whilst 21.8% resided in rural and countryside

areas. The participants were grouped by their field of study

as healthcare students (57%) from fields such as medicine,

nursing, and pharmacy, or non-healthcare students (43%) from

fields such as law, engineering, and arts. Also, most (79.1%)

participants described themselves as non-smokers and only 10%

knew someone who had TB (Table 1).

TABLE 1 Participants’ demographics.

Demographic variable Count (%)

Gender

Male 236 (39.2%)

Female 366 (60.8%)

Age group

18–21 402 (66.8%)

22–26 200 (33.2%)

Year of study

First 163 (27.1%)

Second 220 (36.5%)

Third 125 (20.8%)

Fourth 73 (12.1%)

Fifth 17 (2.8%)

Sixth 4 (0.7%)

Field of study

Healthcare field 343 (57%)

Non-healthcare field 259 (43%)

Smoking

Yes 126 (20.9%)

No 476 (79.1%)

Residence

Urban 471 (78.2%)

Rural 131 (21.8%)

Knew someone with TB

Yes 60 (10%)

No 542 (90%)
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Knowledge of TB among university
students

Knowledge of TB was assessed through questions regarding

symptoms, transmission routes, high-risk groups, and

treatment. As for symptoms, most participants (75.4%)

identified “coughing up blood” as a symptom of TB, this was

followed by 62.8% of participants who chose “cough that lasts

for more than 3 weeks” which is the most reported TB symptom,

indicating that most participants have good knowledge about

the symptoms of TB. Still, 16.1% of participants stated that they

did not know any of the symptoms. When asked about spinal

tuberculosis or a relationship between bone inflammation and

tuberculosis, most participants (51.8%) were not sure if such a

relation exists (Table 2).

Participants were also asked about the routes of transmission

of the disease, and most participants (66.6%) selected the

statement “Through the air when the person with TB coughs

or sneezes,” which is thought to be the most common way of

TB transmission. A small proportion (6.3%) thought it was not

a contagious disease. Notably, around one-quarter (23.8%) did

not know transmission routes (Table 2).

When asked about populations at risk, only a minority

of participants (10–15%) correctly chose the various risk

groups, except for the group “people living with HIV or AIDS”

which was chosen by 30.6% of participants. Additionally, most

participants correctly identified that immunocompromised

participants (87.4%) are more susceptible to

TB (Table 2).

When asked about TB treatment, almost half (49.5%) of the

participants agreed that TB can be cured, with almost the other

half (44.4%) not sure if it can be cured or not. Concerning side

effects, 37.2% of participants thought that it can have minor

side effects, while the most chosen answer was “I do not know”

(45.8%). Also, most participants (52.2%) did not know the

duration of TB treatment, and only 27.4% correctly answered

that it needs 6–12 months. As for TB vaccines, most (79.4%)

participants agree that there is a vaccine that can protect against

TB (Table 3).

The most chosen answers to knowledge questions were

rather similar in healthcare and non-healthcare student groups,

but the distribution of correct answers varied significantly in

most questions (Table 2). Non-healthcare students tended to

choose (maybe) and (I do not know) more often than healthcare

students especially with regards to TB treatment. For example,

53.7% of non-healthcare students were not sure whether TB can

be treated or not compared to 37.3% of healthcare students,

similar results were also found with regards to TB treatment side

effects (Table 3). The only question with similar answers in both

groups was about the availability of vaccines that protect from

TB, to which 80.5 and 78.0% of healthcare and non-healthcare

students, respectively, answered in the affirmative (Table 3).

Attitudes and practices toward TB

In the attitude section, participants were first asked whether

they believe they can get TB, to which (62.5%) of participants

believed they could. Afterward, participants were asked how

they view, and how they think society views, TB patients.

Most participants felt compassion and a desire to help (41.7%)

or compassion but would rather stay away (30.9%) from TB

patients. Similarly, most (52.0%) thought their communities

are friendly but would stay away from TB patients. As for the

TB situation in Jordan, 45.3% of participants thought it was

somewhat serious, and only 11.5% knew that TB treatment in

Jordan was free of charge (Table 4).

Health-seeking behavior was assessed as well. Participants

were asked about their actions if they had a persistent or bloody

cough and most participants (87.9%) choose to go to the doctor

over other options like drinking herbs, taking any medicine

from the pharmacy, or just ignoring it. To expand on this point,

participants were asked about when they might go to a health

facility if they had TB symptoms, most (68.4%) would go as

soon as they realize that their symptoms might be related to TB,

indicating positive health-seeking behaviors inmost participants

(Table 5).

This behavior was further emphasized by most participants

(81.9%) choosing their doctor or health provider to talk to about

their symptoms. A good percent of participants also chose their

parents, other family members, or close friends, (54.2, 29.5, and

26.6%, respectively) to tell them about their illness, signaling

trust in medical institutes as well as family members, with little

signs of stigma around the disease (Table 5).

As for hygiene practices, most participants indicated they

sometimes use hygiene products in public (43.9%), other

participants use them always (40.0%), and 16.1% don’t use

them at all. Notably, a large proportion of participants either

were not sure (25.1%) or did not believe (15.9%) that masks

can prevent the transmission of airborne infectious diseases.

Most participants believed that their daily habits related to

the transmission of respiratory diseases were affected by the

COVID-19 pandemic (76.9%) (Table 5).

Unlike the significant differences in answers to knowledge

questions, attitudes were rather similar in healthcare and non-

healthcare student groups, which were generally positive toward

TB patients (Table 4). On the other hand, practices in the two

groups differed in important aspects, such as the person to talk

to if the participant had TB, where around 91.5 and 69.1%

of healthcare and non-healthcare students, respectively, chose

a doctor or a healthcare provider, this indicated that almost

one third of non-healthcare students would not choose to talk

about their disease with a doctor (Table 5). Another significant

difference was found with regards to wearing a mask to prevent

infections transmitted by air, where more than half of non-

healthcare students (52.5%) were not convinced that wearing a
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TABLE 2 Knowledge of TB symptoms, transmission routes, and risk groupsa.

Question Answerb All students

(n = 602)

Healthcare

students (n = 343)

Non-healthcare

students (n = 259)

What are the signs and

symptoms of TB?c

Cough that lasts for more

than 3 weeks

378 (62.8%) 249 (72.6%) 129 (49.8%)

Coughing up blood 454 (75.4%) 283 (82.5%) 171 (66.0%)

Severe headache 134 (22.3%) 79 (23.0%) 55 (21.2%)

Weight loss 251 (41.7%) 183 (53.4%) 68 (26.3%)

Fever 304 (50.5%) 213 (62.1%) 91 (35.1%)

Chest pain 300 (49.8%) 211 (61.5%) 89 (34.4%)

Shortness of breath 323 (53.7%) 227 (66.2%) 96 (37.1%)

Ongoing fatigue 294 (48.8%) 210 (61.2%) 84 (32.4%)

I do not know 97 (16.1%) 34 (9.9%) 63 (24.3%)

How can a person get TB?c Through handshakes 135 (22.4%) 86 (25.1%) 49 (18.9%)

Through the air when the

person with TB coughs or

sneezes

401 (66.6%) 272 (79.3%) 129 (49.8%)

Through sharing dishes 185 (30.7%) 113 (32.9%) 72 (27.8%)

Through eating from the

same plate

9 (1.5%) 6 (1.7%) 3 (1.2%)

Through touching items in

public spaces (doorknobs,

handles in transportation, etc)

184 (30.6%) 113 (32.9%) 71 (27.4%)

It is not a contagious disease 38 (6.3%) 17 (5.0%) 21 (8.1%)

I do not know 143 (23.8%) 44 (12.8%) 99 (38.2%)

In your opinion, who can be

infected with TB?c

Anybody 417 (69.3%) 246 (71.7%) 171 (66.0%)

Poor people 79 (13.1%) 64 (18.7%) 15 (5.8%)

Homeless people 86 (14.3%) 68 (19.8%) 18 (6.9%)

Alcoholics 77 (12.8%) 60 (17.5%) 17 (6.6%)

Drug users 86 (14.3%) 65 (19.0%) 21 (8.1%)

People living with HIV or

AIDS

184 (30.6%) 140 (40.8%) 44 (17.0%)

People who have been in

prison

81 (13.5%) 63 (18.4%) 18 (6.9%)

I do not know 94 (15.6%) 33 (9.6%) 61 (23.6%)

Do you think that there is a

relationship between TB and

bone inflammation or

curvature of the spine?c

Yes 163 (27.1%) 116 (33.8%) 47 (18.1%)

No 127 (21.1%) 66 (19.2%) 61 (23.6%)

Maybe 312 (51.8%) 161 (46.9%) 151 (58.3%)

Do you think that

immunocompromised people

are more susceptible to TB?c

Yes 526 (87.4%) 319 (93.0%) 207 (79.9%)

No 17 (2.8%) 7 (2.0%) 10 (3.9%)

I do not know 59 (9.8%) 17 (5.0%) 42 (16.2%)

aData is presented as count and percent.
bMost chosen answers are in bold.
cAnswers to these questions differed significantly between healthcare and non-healthcare students.
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TABLE 3 Knowledge of TB treatment and vaccinesa.

Question Answerb All students

(n = 602)

Healthcare

students (n = 343)

Non-healthcare

students (n = 259)

Can TB be cured?c Yes 298 (49.5%) 200 (58.3%) 98 (37.8%)

No 37 (6.1%) 15 (4.4%) 22 (8.5%)

Maybe 267 (44.4%) 128 (37.3%) 139 (53.7%)

How can someone with

TB be cured?c

Herbal remedies 54 (9%) 17 (5.0%) 37 (14.3%)

Home rest without medicine 17 (2.8%) 8 (2.3%) 9 (3.5%)

Specific drugs provided by a

health center or a doctor

470 (78.1%) 300 (87.5%) 170 (65.6%)

I do not know 128 (21.3%) 46 (13.4%) 82 (31.7%)

How long does it take to

treat TB?c

<6 Months 66 (11%) 34 (9.9%) 32 (12.4%)

6–12 months 165 (27.4%) 137 (39.9%) 28 (10.8%)

13–18 months 13 (2.2%) 5 (1.5%) 8 (3.1%)

19–24 months 18 (3%) 10 (2.9%) 8 (3.1%)

More than 24 months 26 (4.3%) 16 (4.7%) 10 (3.9%)

I do not know 314 (52.2%) 141 (41.1%) 173 (66.8%)

Does TB treatment have

side effects?c

It does not have side effects 12 (2%) 6 (1.7%) 6 (2.3%)

It can have minor side effects

(e.g., nausea, anorexia, joint

pain, orange red urine)

224 (37.2%) 146 (42.6) 78 (30.1%)

It can have severe side effects

(e.g., deafness, vomiting,

jaundice, visual impairment)

90 (15%) 60 (17.5%) 30 (11.6%)

I do not know 276 (45.8%) 131 (38.2%) 145 (56.0%)

Do we have vaccines that

can protect us against

TB?

Yes 478 (79.4%) 276 (80.5%) 202 (78.0%)

No 124 (20.6%) 67 (19.5%) 57 (22.0%)

aData is presented as count and percent.
bMost chosen answers are in bold.
cAnswers to these questions differed significantly between healthcare and non-healthcare students.

mask might be useful, in contrast to only (32.4%) of healthcare

students (Table 5).

Characteristics associated with better
KAP

Participants were grouped according to the characteristics

mentioned in Table 1, and the average KAP score was compared

among those groups using appropriate statistical tests. There

was a significant difference in the knowledge score, but not

attitude and practice scores according to the year of study, but

there was no incremental knowledge score with more years

of study (Table 6). Expectedly, students in the healthcare field

had significantly better knowledge scores compared to non-

healthcare students (30.8 ± 10.1 vs. 21.6 ± 9.8, respectively, p

< 0.001), which was also reproduced in attitude scores (6.2 ±

1.7 vs. 5.9± 1.7, respectively, p= 0.027) and practice scores (6.4

± 1.3 vs. 5.6± 1.6, respectively, p < 0.001) (Table 6).

Participants who knew someone with TB did not show

a significant difference in knowledge and attitude scores

compared to those who did not know someone with TB, but

there was a significant difference in the practice score, which was

surprisingly better in those who did not know a person with TB

(5.6 ± 1.7 vs. 6.1 ± 1.5, p = 0.026) (Table 6). There was a better

practice score among non-smokers compared to smokers (6.2

± 1.5 vs. 5.6 ± 1.6, respectively, p < 0.001), but no differences

were found in attitude or knowledge scores. Finally, there was
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TABLE 4 Attitudes toward TBa.

Question Answerb All students

(n = 602)

Healthcare

students (n = 343)

Non-healthcare

students (n = 259)

Do you think you can get TB? Yes 376 (62.5%) 214 (62.4%) 162 (62.5%)

No 226 (37.5%) 129 (37.6%) 97 (37.5%)

Which statement is closest to

your feeling about people with

TB disease?

I feel compassion and a

desire to help

251 (41.7%) 147 (42.9%) 104 (40.2%)

I feel compassion but I tend to

stay away from these people.

186 (30.9%) 109 (31.8%) 77 (29.7%)

It is their problem and I

cannot get TB

4 (0.7%) 3 (0.9%) 1 (0.4%)

I fear them because they may

infect me

29 (4.8%) 12 (3.5%) 17 (6.6%)

I have no particular feeling 132 (21.9%) 72 (21.0%) 60 (23.2%)

In your community, how is a

person who has TB usually

regarded/treated?

Most people reject him or her 165 (27.4%) 88 (25.7%) 77 (29.7%)

Most people are friendly, but

they generally try to avoid

him or her

313 (52.0%) 199 (58.0%) 114 (44.0%)

The community mostly

supports and helps him or her

124 (20.6%) 56 (16.3%) 68 (26.3%)

How serious a problem do

you think TB is in Jordan?c

Very serious 121 (20.1%) 60 (17.5%) 61 (23.6%)

Somewhat Serious 273 (45.3%) 168 (49.0%) 105 (40.5%)

Not serious at all 50 (8.3%) 36 (10.5%) 14 (5.4%)

I don’t know 158 (26.2%) 79 (23.0%) 79 (30.5%)

How expensive do you think

TB diagnosis and treatment is

in Jordan?

It is free of charge 68 (11.5%) 35 (10.2%) 33 (12.7%)

It is reasonably priced 76 (12.8%) 46 (13.4%) 30 (11.6%)

It is somewhat/moderately

expensive

141 (23.8%) 87 (25.4%) 54 (20.8%)

It is very expensive 41 (6.9%) 28 (8.2%) 13 (5.0%)

I don’t know 267 (45%) 145 (42.3%) 122 (47.1%)

aData is presented as count and percent.
bMost chosen answers are in bold.
cAnswers to these questions differed significantly between healthcare and non-healthcare students.

no significant difference in KAP scores when comparing males

to females, or urban to rural residents.

The correlations between knowledge and attitude scores, as

well as knowledge and practice scores, were described using

Spearman’s correlation coefficient (rs). There was a weak positive

but significant correlation between Knowledge and attitude

scores (rs = 0.243, 95% CI 0.164–0.319, p < 0.001) as well as

between knowledge and practice scores (rs = 0.314, 95% CI

0.237–0.386, p < 0.001) (Supplementary Figure 2).

TB awareness and sources of information

Participants were asked about the first time they learned

about TB. Most learned about TB for the first time from

TV (38.4%), with school or college and social media coming

in second and third places respectively. Two other close

choices were family or friends and teachers (22.4 and 21.6%,

respectively). Only 7.3% of participants didn’t hear about TB

before. Most participants (73.6%) did not feel that they were well
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TABLE 5 Practices related to TB and respiratory diseases among university studentsa.

Question Answerb All students

(n = 602)

Healthcare

students (n = 343)

Non-healthcare

students (n = 259)

If you had a cough for more than

three weeks or if you were

coughing up blood in your

sputum, what would you do?c

Go to a doctor 529 (87.9%) 317 (92.4%) 212 (81.9%)

Drink herbs 20 (3.3%) 4 (1.2%) 16 (6.2%)

Take any medicine from the

pharmacy

27 (4.5%) 9 (2.6%) 18 (6.9%)

Just Ignore it 26 (4.3%) 13 (3.8%) 13 (5.0%)

Who would you talk to about

your illness if you had TB?c

A doctor or any healthcare

provider

493 (81.9%) 314 (91.5%) 179 (69.1%)

Spouse 83 (13.8%) 58 (16.9%) 25 (9.7%)

Parent 326 (54.2%) 193 (56.3%) 133 (51.4%)

Children 36 (6%) 22 (6.4%) 14 (5.4%)

Other family members 178 (29.5%) 98 (28.6%) 80 (30.9%)

Close friends 160 (26.6%) 100 (29.2%) 60 (23.2%)

Others 42 (7%) 23 (6.7%) 19 (7.3%)

No one 39 (6.5%) 14 (4.1%) 25 (9.7%)

If you had symptoms of TB, at

what point would you go to the

health facility?c

When treatment on my own

does not work

47 (7.8%) 14 (4.1%) 33 (12.7%)

When symptoms that look

like TB signs last for 3–4

weeks

134 (22.3%) 79 (23.0%) 55 (21.2%)

As soon as I realize that my

symptoms might be related

to TB

412 (68.4%) 248 (72.3%) 164 (63.3%)

I would not go to the doctor 9 (1.5%) 2 (0.6) 7 (2.7%)

If you would not go to the health

facility, what is the reason?

Not sure where to go 4 (44.4%) 1 (0.3%) 3 (1.2%)

Cost and difficulties with

transportation/distance to

clinic

2 (22.2%) 1 (0.3%) 1 (0.4%)

Do not trust medical workers 0 (0%) 0 (0.0%) 0 (0.0%)

Do not like attitude of

medical workers

1 (11.1%) 0 (0.0%) 1 (0.4%)

Cannot leave work

(overlapping work hours with

medical facility working

hours)

0 (0%) 0 (0.0%) 0 (0.0%)

Do not want to find out that

something is really wrong.

2 (22.2%) 0 (0.0%) 2 (0.8%)

Do you use hygiene products in

public places?

Yes 241 (40%) 141 (41.1%) 100 (38.6%)

No 97 (16.1%) 53 (15.5%) 45 (17.4%)

Sometimes 264 (43.9%) 149 (43.4%) 114 (44.0%)

(Continued)
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TABLE 5 (Continued)

Question Answerb All students

(n = 602)

Healthcare

students (n = 343)

Non-healthcare

students (n = 259)

Are you convinced that the mask

is an appropriate way to prevent

infectious diseases that can be

transmitted in air?c

Yes 355 (59%) 232 (67.6%) 123 (47.5%)

No 96 (15.9%) 39 (11.4%) 57 (22.0%)

Maybe 151 (25.1%) 72 (21.0%) 79 (30.5%)

Were your daily habits related to

the transmission of chest diseases

affected by the COVID-19

pandemic?

Yes 463 (76.9%) 268 (78.1%) 195 (75.3%)

No 139 (23.1%) 75 (21.9%) 64 (24.7%)

aData is presented as count and percent.
bMost chosen answers are in bold.
cAnswers to these questions differed significantly between healthcare and non-healthcare students.

TABLE 6 Demographic variables associated with better TB KAPSa.

Demographic

variable

Mean knowledge score

(±SD)

P-value Mean attitude

score (±SD)

P-value Mean practice

score (±SD)

P-value

Year of study

First 23.4 (±8.8) <0.001 6.2 (±1.6) 0.511 5.8 (±1.4) 0.402

Second 29.2 (±10.9) 6.1 (±1.8) 6.1 (±1.5)

Third 27.9 (±11.1) 6.1 (±1.8) 6.1 (±1.7)

Fourth 25.6 (±12.4) 5.8 (±1.4) 6.1 (±1.4)

Fifth 26.9 (±14.4) 5.8 (±2.1) 6.4 (±1.2)

Sixth 28.3 (±13.2) 5.0 (±1.6) 5.8 (±1.5)

Gender

Male 27.6 (±11.4) 0.157 6.2 (±1.7) 0.065 5.9 (±1.5) 0.115

Female 26.3 (±10.7) 6.0 (±1.7) 6.1 (±1.5)

Field of study

Healthcare field 30.8 (±10.1) <0.001 6.2 (±1.7) 0.027 6.4 (±1.3) <0.001

Non-healthcare

field

21.6 (±9.8) 5.9 (±1.7) 5.6 (±1.6)

Smoking

Yes 25.2 (±11.9) 0.065 5.8 (±1.8) 0.099 5.6 (±1.6) <0.001

No 27.3 (±10.7) 6.1 (±1.7) 6.2 (±1.5)

Residence

Urban 27.3 (±11.2) 0.088 6.1 (±1.7) 0.623 6.0 (±1.5) 0.930

Rural 25.4 (±10.0) 6.1 (±1.8) 6.0 (±1.5)

Knew someone with TB

Yes 27.5 (±10.6) 0.617 6.2 (±1.7) 0.468 5.6 (±1.7) 0.026

No 26.8 (±11.0) 6.1 (±1.7) 6.1 (±1.5)

aStatistically significant differences are in bold.
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TABLE 7 Sources of information used to learn about TBa.

Question Answerb All students

(n = 602)

Healthcare

students (n = 343)

Non-healthcare

students (n = 259)

Where did you first learn

about TB?c

Newspapers and magazines 52 (8.6%) 26 (7.6%) 26 (10.0%)

Social media 180 (29.9%) 85 (24.8%) 95 (36.7%)

Teachers 130 (21.6%) 69 (20.1%) 61 (23.6%)

Television 231 (38.4%) 128 (37.3%) 103 (39.8%)

Brochures, posters, and other

printed materials

68 (11.3%) 34 (9.9%) 34 (13.1%)

Healthcare workers 59 (9.8%) 36 (10.5%) 23 (8.9%)

Family and friends 135 (22.4%) 65 (19.0%) 70 (27.0%)

School or college 188 (31.2%) 178 (51.9%) 10 (3.9%)

Never heard about it 44 (7.3%) 14 (4.1%) 30 (11.6%)

Do you feel well informed

about TB?c

Yes 159 (26.4%) 122 (35.6%) 37 (14.3%)

No 443 (73.6%) 221 (64.4%) 222 (85.7%)

Do you wish you could get

more information about TB?

Yes 517 (85.9%) 301 (87.8%) 216 (83.4%)

No 85 (14.1%) 42 (12.2%) 43 (16.6%)

What are the sources of

information that you think

can most effectively reach

people like you with

information on TB?

Newspapers and magazines 78 (13%) 46 (13.4%) 32 (12.4%)

Social media 477 (79.2%) 269 (78.4%) 208 (80.3%)

Radio 54 (9%) 20 (5.8%) 34 (13.1%)

Television 195 (32.4%) 102 (29.7%) 93 (35.9%)

Billboards 147 (24.4%) 76 (22.2%) 71 (27.4%)

Brochures, posters, and other

printed materials

125 (20.8%) 66 (19.2%) 59 (22.8%)

Healthcare workers 315 (52.3%) 221 (64.4%) 94 (36.3%)

Family and friends 205 (34.1%) 112 (32.7%) 93 (35.9%)

Teachers 231 (38.4%) 137 (39.9%) 94 (36.3%)

aData is presented as count and percent.
bMost chosen answers are in bold.
cAnswers to these questions differed significantly between healthcare and non-healthcare students.

informed about TB, and this was reflected in the wish of most

participants (85.9%) to learn more about TB (Table 7).

At the end of the questionnaire, participants were asked

about the source they thought was most effective for TB

education with 9 possible choices: newspapers and magazines,

social media, radio, TV, billboards, brochures or posters, and

other printed materials, healthcare workers, family and friends,

and teachers. The top two sources chosen were social media

(79.2%) and healthcare workers (52.3%) (Table 7).

It should be noted that healthcare and non-healthcare

student groups varied significantly in terms of where they first

learned about TB, since most healthcare students (51.9%) chose

school or college compared to only 3.9% of non-healthcare

students. Additionally, 85.7% of non-healthcare students felt

they were not well informed about TB, compared to 64.4%

of healthcare students. But both groups wanted to be more

informed about TB and chose social media as the preferred

source of information with no significant differences between

the two (Table 7).

Discussion

While similar KAP surveys have been carried out in

neighboring countries (17, 18), this descriptive cross-sectional

study was the first to measure KAP toward TB among university
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students in Jordan. Although KAP scores were satisfactory, this

study revealed knowledge gaps related to TB transmission and

treatment especially in non-healthcare students, additionally,

it showed no social stigma around TB, good health seeking

behavior, and doubt regarding the use of masks in preventing

respiratory disease.

Awareness of infectious respiratory diseases such as TB

is considered the first step in reducing their burden on the

community. KAP surveys should draw attention to knowledge

gaps, disease stigma, or practices that increase the chance of

disease transmission. Since KAP surveys usually yield distinct

results amongst various communities around the world (19–

21), it is essential to conduct them in different settings to form

targeted awareness campaigns and specific regional policies.

The sample that was studied was representative of Jordanian

university students to a certain extent, firstly, females represent

the larger proportion of university students in Jordan, which

explains their representation in this study (16), secondly, the

universities that were included in this study are the largest

and most diverse in Jordan since they host students from

different parts of the country (16). On the other hand,

healthcare students were overrepresented in this study, probably

since they are more interested in health-related topics and

are more willing to complete such surveys, which denotes

a selection bias. Nevertheless, the almost equal number of

students from healthcare and non-healthcare-related fields in

this study allowed for a more accurate comparison between the

two groups.

Total knowledge scores in this study were satisfactory,

and when compared to a national survey performed among

the general public in Nigeria, which is a high-burden TB

country, better knowledge scores were found in this study,

but the authors of the study noted that respondents with

tertiary education had the highest TB knowledge scores,

comparable to scores in this study (22), which highlights the

need for TB educational programs for those who do not attend

higher education.

Specific knowledge weaknesses were identified in this study,

especially in knowledge about TB treatment, where almost

half of the respondents were not sure if TB can be cured

and one-fifth did not know of the presence of vaccines,

although the Bacille Calmette Guerin (BCG) vaccine is part

of the mandatory vaccination program in Jordan. Moreover,

about a quarter of the participants did not know about TB

routes of transmission and about 16% did not know any of

the symptoms, which is a considerable percentage given the

educational level of the population being studied. This issue

was further highlighted when examining answers from non-

healthcare students separately, where over one third of students

(38.2%) did not know TB routes of transmission and around

a quarter did not know any TB symptoms or the people

at risk of TB. This should be addressed by incorporating

TB knowledge in health curricula given to non-healthcare

specialties in Jordanian universities. The benefit of introducing

general TB knowledge to non-healthcare students at university is

supported by the fact that only 3.9% of non-healthcare students

learned about TB from school or college, compared to 51.9% of

healthcare students.

Students in healthcare fields showed significantly better

KAP scores than students from non-healthcare fields, which is

unsurprising given their training and has been demonstrated in

other related TB knowledge surveys (23). But unlike studies that

found KAP levels to be associated with gender or age (24, 25),

this study found a better KAP score only in healthcare students

and a worse practice score in smokers.

KAP surveys completed by students from healthcare fields

in Jordan usually reveal satisfactory scores, as demonstrated

by a recent study that measured KAP toward COVID-19

(26). Similarly, a cross-sectional study on Italian healthcare

students showed satisfactory TB knowledge, but concluded that

there could be places for improvement in healthcare curricula,

especially for nursing students (27). Another study on Iranian

medical students showed good KAP scores but found gaps in

TB transmission and diagnosis knowledge (28). In contrast,

healthcare students in this study displayed good knowledge in

transmission routes with around 80% correctly identifying the

most common route of transmission. It should be noted that

the questionnaire used in this study was different from the

two studies mentioned earlier as it was not directed solely to

healthcare students, thus the questions did not require in-depth

knowledge with regards to treatment and diagnosis. Rather,

this survey was based on WHO recommendations for TB KAP

surveys with some modifications made to fit the population

being tested (15).

Before the recent migration spells from Syria, a community-

based study investigated the prevalence of TB suspects (defined

as persons with a persistent cough for more than 3 weeks) in

Jordan in 2008 and reported a relatively low prevalence of 2.51%

(29). Interestingly, the study also investigated attitudes of TB

suspects and showed a high level of stigma, in contrast to what

we found in this study, since >70% of participants indicated

they feel compassion for TB patients, and >70% thought that

the community is usually friendly to TB patients. The difference

could be attributed to the populations tested, in this survey all

participants were university students and the majority resided

in cities, contrary to the population in the 2008 study where

most participants had a high school education only, many were

illiterate, and all resided in rural areas.

Good health-seeking behavior among university students

was demonstrated in this study as well, since over 80% of

participants would go to a doctor if they had TB symptoms

and most would do it as soon as they suspect the symptoms

were due to TB. Most participants also thought healthcare

workers are a preferred source of information on TB, which

further emphasizes good health-seeking behavior and indicates

trust in the medical system. Most of the studies investigating
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health-seeking behavior were done in TB patients and indicated

a significant association with TB knowledge (30, 31). This study

also demonstrated a weak positive yet significant correlation

between TB knowledge scores and both, attitude, and practice

scores, similar to a study that was conducted on healthcare

workers in Saudi Arabia (11).

Although the practice score was satisfactory in this study,

it was found that around 41.0% of participants were not sure

or did not agree that a mask is effective in preventing airborne

diseases, which reached 52.5% in non-healthcare students. This

could be addressed through education on the role of masks and

when to use them. Several guidelines including those adopted

by the WHO (32) and Center for Disease Control (CDC) (33)

advocate for the use of respiratory protection when dealing with

TB patients and especially when there is a risk of inhaling Mtb

containing aerosols by a healthcare worker, although definitive

practices such as the type of mask and when to wear it differs

between guidelines and would require further evidence (34). A

similar study conducted in Iran showed that around 86% agreed

that wearing face masks is necessary for the examination of

all patients, in contrast to 67.6% of healthcare students in this

study, the higher percentage could be attributed to the settings

of the study, which involved medical students in their last year

of studies (28).

Only 11.5% of participants were aware that TB diagnosis

and treatment are free in Jordan. This is very similar to another

study conducted among a mainly uneducated population in

the urban slums in Nigeria (35), which implies that treatment

centers in Jordan should advertise treatment options more,

especially since (85.9%) of participants wanted to learn more

about TB, and a large percentage (73.6%) felt they were not well

informed on TB. The distribution of TB knowledge could be

done using new media outlets such as social media, which most

participants (79.2%) believed was the most effective in reaching

their peers, in agreement with a recent study from Oman

that emphasized the role of digital platforms in TB knowledge

dissemination (36).

This study has some limitations, for example, it was not

possible to determine the actual response rate given the way

the questionnaire was distributed, which took place through

student communication channels online. Secondly, since this

study involved several universities, we had to use an open

platform for online forms and did our best to ensure that

the survey reached only the population that was targeted, this

was done by using locked communication channels accessible

only to students with verified email addresses, nevertheless, the

possibility of sending a link to a non-student outside those

channels to complete the survey cannot be disregarded. But

we believe that the detailed instructions at the start of the

questionnaire (which emphasize that the questionnaire is meant

only for students) and having to complete all answers across

several pages to submit the form, make it unlikely that a

substantial number of non-students, if any, have completed

this form. Another limitation was that students who were

informed about the topic of TB and pulmonary infections

in general, were more likely to respond to the questionnaire,

which could have introduced a sampling bias as alluded

to earlier.

In conclusion, this study was the first to measure and

demonstrate satisfactory KAP toward TB among Jordanian

university students. The study underlined the need to promote

knowledge on TB treatment and its availability, as well as

TB transmission routes, especially among students from non-

healthcare related fields. It also showed good health-seeking

behavior in relation to TB but indicated a worrying trend of

doubting the benefit ofmask wearing among university students.

Investigating the KAP toward TB among risk groups and refugee

populations in Jordan is a logical next step in curtailing disease

burden in the future.
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Objective: To compare the predictive performance of the percentage body

fat (PBF), body mass index (BMI), waist circumference (WC), hip circumference

(HC), waist–hip ratio (WHR), waist–height ratio (WHtR), a body shape index

(ABSI), body roundness index (BRI), abdominal volume index (AVI), and conicity

index (CI) for identifying hypertension.

Methods: A cross-sectional study was conducted among 2,801 adults (1,499

men and 1,302 women) aged 18 to 81 in Ningbo, China. The receiver operator

characteristic (ROC) analysis and multiple non-parametric Z tests were used

to compare the areas under the curve (AUC). The maximum Youden’s indices

were used to determine the optimal cut-o� points of 10 obesity-related indices

(ORI) for hypertension risk.

Results: The AUC of all the indices were statistically significant (P < 0.05).

The AUC of all the indices in men and women were 0.67–0.73 and 0.72–

0.79, respectively. Further non-parametric Z tests showed that WHR had the

highest AUC values in both men [0.73 (95% CI: 0.70, 0.76)] and women (0.79

(95% CI: 0.75, 0.83)], and several central ORI (men: WHR, WC, BRI, AVI, and CI,

0.71–0.73; women: WC, WHR, and AVI, 0.77–0.79) were higher than general

ORI (PBF and BMI, 0.68 in men; 0.72–0.75 in women), with adjusted P < 0.05.

The optimal cut-o� points for identifying hypertension in men and women

were as follows: PBF (23.55%, 32.55%), BMI (25.72 kg/m2, 23.46 kg/m2), HC

(97.59 cm, 94.82 cm), WC (90.26 cm, 82.78 cm), WHR (0.91, 0.88), WHtR (0.51,

0.55), ABSI (0.08 m7/6/kg2/3, 0.08 m7/6/kg2/3), BRI (4.05, 4.32), AVI (16.31 cm2,

13.83 cm2), and CI (1.23 m2/3/kg1/2, 1.27 m2/3/kg1/2). Multivariate logistic

regression models showed that all indices were statistically significant (P <

0.05) with the adjusted ORs (per 1-SD increase) at 1.39–2.06 and ORs (over

the optimal cut-o� points) at 1.80–2.64.

Conclusions: All 10 ORI (PBF, BMI, HC, WC, WHR, WHtR, ABSI, BRI, AVI,

and CI) can e�ectively predict hypertension, among which WHR should be

recommended as the best predictor. Central ORI (WHR, WC, and AVI) had
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a better predictive performance than general ORIs (PBF and BMI) when

predicting the risk of hypertension.

KEYWORDS

hypertension, general obesity-related indices, central obesity-related indices,

predictive performance, ROC analysis

Introduction

Hypertension is a risk factor for cardiovascular diseases

(CVD) and death; thus, it is an essential global health threat

(1, 2). A nationwide epidemiological study involving 451,755

residents from 31 provinces in China showed that the prevalence

of hypertension among adults in China was 23.2% (3). By

2025, the number of adults with hypertension is expected to

reach 1.56 billion (4). Therefore, preventing and reducing the

incidence of hypertension has become an urgent problem. Some

research have revealed that obesity is a significant, independent,

and modifiable risk factor for hypertension and other CVD

(5, 6). Obesity-related indices (ORI) have become the primary

choice for health risk screening because of their convenience and

economy (7).

Speculation has grown in recent years about which measure

of obesity is a better predictor of hypertension. However, there

are some contradictions in some studies. Bodymass index (BMI)

is commonly used in many obesity studies. However, it was

reported in many studies that it failed to distinguish between

body fat and lean body mass (8, 9). Several central obesity

indices, such as waist–hip ratio (WHR), waist circumference

(WC), and waist–height ratio (WHtR), were considered better

indices of CVD risk because they reflect body fat distribution

and upper body adiposity. Some studies indicated that WC

is the best indicator for reflecting the associations between

obesity and hypertension risk (10, 11). However, WC does not

account for differences in height, so risk assessments for tall and

Abbreviations: ABSI, a body shape index; AUC, areas under the

curve; AVI, abdominal volume index; baPWV, brachial–ankle pulse

wave velocity; BMI, body mass index; BRI, body roundness index; CI,

conicity index; CRF, cardiorespiratory fitness; CVAI, Chinese visceral

adiposity index; CVD, cardiovascular disease; DBP, diastolic blood

pressure; FDR, False Discovery Rate; HC, hip circumference; HDL–

C, high density lipoprotein–cholesterol; HR, rest heart rate; LAP, lipid

accumulation product; METs, metabolic equivalent values; ORI, obesity–

related indices; ORs, odds ratios; PBF, percentage body fat; ROC, receiver

operator characteristic; SBP, systolic blood pressure; SD, standard

deviation; STROBE, strengthening the reporting of observational studies

in ipidemiology; TG, triglyceride; WC, waist circumference; WGOC,

Working Group on Obesity in China; WHO, World Health Organization;

WHR, waist–hip ratio; WHtR, waist–height ratio.

short people may be too high and too low, respectively. Jensen

et al.’s and Calderón-García et al.’s views were that measuring

WHR is not advantageous over measuring WC alone and is not

recommended as part of routine obesity assessment (12, 13).

Several studies proposed the WHtR as an alternative to WC

(5, 8). A meta-analysis concluded that WHtR was the best

predictor of hypertension in both sexes (14). Moreover, several

studies indicated that women’s hip circumference (HC) is amore

robust independent predictor of death and CVD development

than BMI or WC (15, 16).

Researchers have explored several new ORI to improve

the above limitations, such as a body shape index (ABSI),

body roundness index (BRI), visceral adiposity index (VAI),

Chinese visceral adiposity index (CVAI), lipid accumulation

product (LAP), abdominal volume index (AVI), and conicity

index (CI). The ABSI was developed in 2012 by Krakauer et al.,

combining BMI, WC, and height (17). A high ABSI relates to

a greater fraction of abdominal adipose tissue and appears to

be a significant risk factor for premature death (17). In 2013,

Thomas et al. developed the BRI, which is a new geometrical

index that combines height and WC to predict the percentage

body fat (PBF) and evaluate health status (18). Amato et al.

set up a VAI in 2010 that integrated WC, triglyceride (TG),

high-density lipoprotein cholesterol (HDL–C), and BMI (19).

Visceral obesity in Chinese can be assessed with CVAI, which

is developed by combining BMI, age, WC, TG, and HDL–

C (20). The LAP is based on combining two measurements

(WC and TG) (21). Although many studies have verified that

VAI, CVAI, and LAP were reliable visceral adiposity measures

(19–22), their calculation requires biochemical blood indices

(HDL–C and TG), which are not easy to measure. The AVI is

another anthropometric tool for assessing the whole volume. In

addition, CI is often used in epidemiological studies. However,

it is not known whether the new ORI is a better predictor

of hypertension presence or risk than the traditional ORI

for Chinese.

PBF reflects body composition more accurately than

traditional ORI. Recent studies demonstrated that PBF is a

risk factor for CVD, including hypertension (23). The fifth

physical monitoring of the General Administration of Sport

first adopted the bioelectrical impedance method to measure

PBF on a large scale in China in 2020 (24). However, the

measurement of PBF is more complex than traditional ORI, and
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many studies have not included PBF (8, 25, 26). Therefore, the

predictive performance of PBF compared with traditional ORI

for identifying hypertension among the same large population

still remained unclear.

Previous studies showed that the hypertension prevalence

and the ORI values indicate significant differences with sex

(4, 5, 27–30). Therefore, we conducted a cross-sectional study

in both sexes to (1) compare the predictive performance of 10

easy-to-measure ORI (PBF, BMI, HC, WC, WHR, WHtR, ABSI,

BRI, AVI, and CI) for identifying hypertension except the indices

that needed biochemical blood indices (such as VAI, CVAI, and

LAP); and (2) determine the optimal cut-off points for 10 types

of ORI to predict hypertension.

Materials and methods

Study design

This study was designed as a cross-sectional study. The

study methods complied with the Strengthening the Reporting

of Observational Studies in Epidemiology (STROBE) Statement.

Participants

We recruited participants who received a routine physical

fitness examination at the Affiliated Hospital of Ningbo

University from 2018 to 2019 in Ningbo City. Participants

were recruited by inclusion and exclusion criteria. Inclusion

criteria: (1) age from 18 to 81 years old; (2) volunteered for this

study; and (3) independent completion of the body composition

test, medical examination, and physical fitness test). Exclusion

criteria (1) pregnant, using a pacemaker, wheelchair-bound,

unable to stand, an amputee, unable to grip the handles of

the analyzer, or unwilling to take off their shoes for body

composition test; (2) severe CVD and infectious disease; and (3)

inability to complete the physical fitness examination. Initially

2,813 participants were recruited. A total of 12 participants

were excluded because the body composition test data were

missing. The final sample size was 2801 participants, comprising

1,499 men and 1,302 women. Informed consent in a signed

form was obtained from involved participants. The design and

protocol of this study were approved by the Institutional Review

Board of the Faculty of Sports Science, Ningbo University

(NO. 2018RAGH1025).

Measurements and definitions

Dependent variables

The dependent variable in this study was blood pressure.

The participants were advised to avoid caffeinated beverages

and exercise for at least 30 min before the measurement (31).

Each participant’s seated brachial blood pressure was measured

after at least 5min of rest by a standardized automatic electronic

sphygmomanometer (HEM-907; Omron, Kyoto, Japan). During

the measurement, each participant was seated with their tested

arm supported at the level of the heart. Systolic blood pressure

(SBP) and diastolic blood pressure (DBP) were measured three

times with 2-min intervals, and SBP and DBP were estimated

by the average of these three successive reading values (32).

Hypertension was defined as elevated blood pressure (SBP ≥

140 mmHg and/or DBP ≥ 90 mmHg) or the patient having

undergone antihypertensive medication therapy (32).

Independent variables

The ten types of easy-to-measure ORI (PBF, BMI, HC,

WC, WHR, WHtR, ABSI, BRI, AVI, and CI) were collected by

trained technicians following standard procedures in the study

as independent variables. All measurements were performed

with the participants standing upright, with light clothing

and without shoes. Weight and PBF were measured by a

bioimpedance body composition analyzer (Inbody720, Inbody

Co. Ltd., Seoul, Korea). Each participant’s height was measured

using a stadiometer. An anthropometric tape was used to

measure HC and WC. HC was measured around the thighs at

the height of the greater trochanter (33). TheWCmeasurements

were obtained at the end of normal expiration at the midpoint

level between the lower end of the 12th rib and the upper end of

the iliac crest (33). Weight, height, HC, and WC were measured

to the nearest 0.1 kg and 0.1 cm. The formula of ORI is shown

in Table 1.

Covariates

Previous studies indicated that several variables, such as

age, rest heart rate (HR), cardiorespiratory fitness (CRF), and

brachial-ankle pulse wave velocity (baPWV), arteriosclerosis,

and lifestyle (smoking and exercise status), which may be

associated with both obesity and hypertension, were considered

as potential confounders (5, 38, 39). These covariates were

classified as continuous and categorical variables. In this study,

the continuous variables comprised age, HR, cardiorespiratory

fitness (CRF), and brachial–ankle pulse wave velocity (baPWV).

Questionnaires collected participants’ ages. CRF was determined

using a submaximal VO2 max test conducted on a stationary

bicycle in accordance with the Ekblom-Bak cycle ergometer test

(40), presented as relative values in ml/kg/min and analyzed

by metabolic equivalent values (METs). CRF was not tested in

participants over 60 years of age. The HR and baPWV were

measured by a VP-1000 automated arteriosclerosis analyzer

(Colin Medical Technology Corp., Komaki, Japan). Participants

rested in a supine position for at least 5min, wrapping four

cuffs around their upper arms and ankles. Then, the upper and
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TABLE 1 ORI (formula and reference).

Indices Formula Reference

PBF (%) Fat mass
(

kg
)

/ Weight
(

kg
)

× 100% (34)

BMI (kg/m2) Weight
(

kg
)

/
(

Height
)2

(m) (35)

HC (cm) - -

WC (cm) - -

WHR WC (cm) / HC (cm) (35)

WHtR WC (cm) / Height (cm) (35)

ABSI (m7/6/kg2/3) WC (m) / [BMI2/3(kg/m2)× Height1/2(m)] (17)

BRI 364.2− 365.5 ×

√

1− ( WC (m) / 2π
0.5 ×Height (m)

)2 (18)

AVI (cm2) [2 × WC2 (cm) + 0.7 × (WC−HC)2 (cm)] / 1000 (36)

CI (m2/3/kg1/2) 0.109−1 ×WC (m) × [Weight
(

kg
)

/ Height (m)]−1/2 (37)

ORI, obesity–related indices; PBF, percentage body fat; BMI, body mass index; HC, hip circumference; WC, waist circumference; WHR, waist–hip ratio; WHtR, waist–height ratio; ABSI,

a body shape index; BRI, body roundness index; AVI, abdominal volume index; CI, conicity index.

lower extremity arteries were measured simultaneously by a

non-invasive shock pressure wave graph (38).

Categorical variables comprised age grade, arteriosclerosis,

and lifestyle (smoking and exercise status). In this study,

participants’ ages ranged from 18 to 81 years. They were

divided into two groups according to age: 18–49 and

50–81. In regular clinical and epidemiological settings,

baPWV is the most widely used measure of arteriosclerosis.

Arteriosclerosis was defined by a baPWV ≥1400 cm/s

(41). The smoking status was defined as smoking at least

one cigarette per day continuously or cumulatively for

6 months (42). The exercise status was defined as at

least 30 minutes of moderate-intensity exercise thrice per

week (43).

Statistical analysis

Statistical analysis was performed with the SPSS software

(version 26.0). Continuous variables (age, height, weight, PBF,

BMI, HC, WC, WHR, WHtR, ABSI, BRI, AVI, CI, HR,

CRF, baPWV, SBP, and DBP) are presented as the mean ±

standard deviation (SD). Data are presented as numbers (%) for

categorical variables (age grade, arteriosclerosis, smoking, and

exercise status). The predictive performance of 10 types of ORI

for identifying hypertension was evaluated by receiver operating

characteristic (ROC) analysis. A multiple nonparametric Z-test

was used to compare differences between different areas under

the curve (AUC) of the ROC curves. When the Z value is

>1.96, the P-value of the AUC difference between the two

ORI is < 0.05 (44, 45). Furthermore, we adjusted the P-

value in multiple hypothesis testing to minimize type I errors

by False Discovery Rate (FDR) (adjusted P = original P ×

n/rank, n is the multiple test times, and rank is the original

P-value’ rank) (46). The optimal cut-off points of ORI were

determined by the maximum Youden’s index (sensitivity +

specificity –1).

A multivariable logistic regression model was used to

analyze the association between ORI and hypertension in

two conditions: per 1-SD increase and over the optimal

cut-off points. The odds ratios (ORs) were standardized

by transformed observations [(observation – mean)/SD] in

the models. Potential confounding factors included age, HR,

arteriosclerosis, lifestyle (smoking and exercise status), and

CRF. When there were covariables with missing data, the

continuous variables were ignored, and the categorical variables

used dummy variables.

The sensitivity analysis was performed by re-running the

ROC analysis by the alternative cut-off point of hypertension

(SBP ≥ 135 mmHg and/or DBP≥ 85 mmHg) (47, 48).

Results

Participants characteristics at baseline

Table 2 showed the characteristics of the participants. The

study enrolled 2,801 participants (526 with hypertension and

2,275 without hypertension), comprising 1,499 men (374 with

hypertension and 1,125 without hypertension) and 1,302 women

(152 with hypertension and 1,150 without hypertension).

The SBP and DBP of hypertensive participants were 143.06

(11.84) and 87.31 (7.76), respectively. The missing data for

the covariates were as follows: CRF, 552 (participants over

60 years of age were not tested); smoking status, 180;

exercise status, 165.
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TABLE 2 Participants characteristics at baseline.

Characteristic Overall (n = 2801) Men (n = 1499) Women (n = 1302)

Hypertension (n = 526) No hypertension (n = 2275) Hypertension (n = 374) No hypertension (n = 1125) Hypertension

(n = 152)

No hypertension

(n = 1150)

Age (years) 50.58 (9.82) 42.26 (10.83) 49.40 (10.00) 43.13 (10.85) 53.49 (8.73) 41.41 (10.74)

Height (cm) 165.63 (7.80) 164.59 (7.89) 169.01 (5.70) 170.29 (5.82) 157.32 (5.76) 159.03 (5.24)

Weight (kg) 73.11 (11.19) 64.67 (11.11) 76.49 (9.81) 71.50 (9.40) 64.77 (9.94) 57.98 (8.21)

PBF (%) 27.53 (5.96) 25.37 (6.29) 25.08 (4.28) 21.65 (4.98) 33.56 (5.19) 29.02 (5.20)

BMI (kg/m2) 26.57 (3.10) 23.76 (3.00) 26.73 (2.81) 24.63 (2.78) 26.16 (3.71) 22.91 (2.96)

HC (cm) 99.28 (5.55) 94.78 (5.26) 99.58 (5.23) 95.76 (5.31) 98.56 (6.24) 93.81 (5.03)

WC (cm) 92.56 (9.35) 83.24 (9.21) 92.93 (8.59) 85.43 (9.06) 91.67 (10.99) 81.10 (8.86)

WHR 0.93 (0.04) 0.87 (0.05) 0.93 (0.04) 0.88 (0.04) 0.92 (0.58) 0.86 (0.05)

WHtR 0.54 (0.05) 0.50 (0.05) 0.53 (0.05) 0.48 (0.05) 0.57 (0.06) 0.51 (0.05)

ABSI (m7/6/kg2/3) 0.08 (0.003) 0.07 (0.003) 0.08 (0.003) 0.07 (0.004) 0.08 (0.004) 0.08 (0.003)

BRI 4.62 (1.34) 3.54 (1.12) 4.40 (1.09) 3.46 (1.07) 5.17 (1.70) 3.62 (1.17)

AVI (cm2) 17.35 (3.52) 14.13 (3.07) 17.46 (3.19) 14.84 (3.06) 17.10 (4.21) 13.44 (2.93)

CI (m2/3/kg1/2) 1.28 (0.07) 1.22 (0.07) 1.26 (0.06) 1.20 (0.07) 1.31 (0.07) 1.23 (0.06)

HR (beats/min) 73.24 (10.60) 71.69 (9.43) 73.78 (10.53) 71.91 (9.90) 71.98 (10.72) 71.49 (8.95)

CRF (Mets) 9.59 (2.60) 9.58 (2.17) 10.03 (2.51) 10.70 (2.04) 7.35 (1.86) 8.72 (1.84)

baPWV (cm/s) 1547.36 (233.43) 1234.08 (221.4) 1540.25 (230.92) 1292.34 (161.88) 1564.84 (239.35) 1177.10 (160.92)

SBP (mmHg) 143.06 (11.84) 114.26 (10.14) 141.67 (11.51) 118.04 (8.46) 146.48 (11.97) 110.56 (10.29)

DBP (mmHg) 87.31 (7.76) 68.53 (8.17) 87.87 (7.95) 71.89 (7.09) 85.92 (7.08) 65.25 (7.82)

Age grade, n (%)

18–49, n (%) 229 (43.54) 1671 (73.45) 175 (46.8) 803 (71.37) 54 (35.53) 868 (75.48)

50–81, n (%) 297 (56.46) 604 (36.55) 199 (53.2) 322 (28.62) 98 (64.47) 282 (24.52)

Arteriosclerosis, n (%)

No, n (%) 143 (27.19) 1917 (84.26) 106 (28.3) 871 (77.42) 37 (24.32) 1046 (90.96)

Yes, n (%) 383 (72.81) 358 (15.74) 268 (71.7) 254 (22.58) 115 (75.66) 104 (9.04)

Smoking status, n (%)

No, n (%) 311 (61.22) 1722 (81.50) 177 (49.0) 705 (67.85) 134 (91.16) 1017 (94.69)

Yes, n (%) 197 (38.78) 391 (18.50) 184 (51.0) 334 (32.15) 13 (8.84) 57 (5.31)

Exercise status, n (%)

No, n (%) 430 (83.33) 1683 (79.39) 308 (84.2) 855 (81.58) 122 (81.33) 828 (77.24)

Yes, n (%) 86 (16.67) 437 (20.61) 58 (15.8) 193 (18.42) 28 (18.67) 244 (22.76)

Values are expressed as mean (SD) or n (%). The missing values are as follows: CRF, 552 (not tested in those more than 60 years old); smoking status, 180; exercise status, 165. PBF, percentage body fat; BMI, body mass index; HC, hip circumference;

WC, waist circumference; WHR, waist–hip ratio; WHtR, waist–height ratio; ABSI, a body shape index; BRI, body roundness index; AVI, abdominal volume index; CI, conicity index; HR, rest heart rate; CRF, cardiorespiratory fitness; Mets, metabolic

equivalent; baPWV, brachial-ankle pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood pressure; 10 types of ORI for predicting hypertension.
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TABLE 3 The AUC of 10 types of ORI for predicting hypertension.

Indices Men (n = 1,499) Women (n = 1,302)

AUC (95% CI) P AUC (95% CI) P

PBF (%) 0.68 (0.65, 0.72) < 0.01 0.72 (0.67, 0.77) < 0.01

BMI (kg/m2) 0.68 (0.64, 0.71) < 0.01 0.75 (0.71, 0.80) < 0.01

HC (cm) 0.67 (0.63, 0.71) < 0.01 0.72 (0.68, 0.77) < 0.01

WC (cm) 0.71 (0.67, 0.74) < 0.01 0.77 (0.73, 0.82) < 0.01

WHR 0.73 (0.70, 0.76) < 0.01 0.79 (0.75, 0.83) < 0.01

WHtR 0.70 (0.66, 0.73) < 0.01 0.76 (0.71, 0.80) < 0.01

ABSI (m7/6/kg2/3) 0.70 (0.67, 0.74) < 0.01 0.75 (0.70, 0.80) < 0.01

BRI 0.72 (0.68, 0.75) < 0.01 0.78 (0.73, 0.82) < 0.01

AVI (cm2) 0.71 (0.67, 0.74) < 0.01 0.77 (0.73, 0.81) < 0.01

CI (m2/3/kg1/2) 0.72 (0.69, 0.76) < 0.01 0.78 (0.73, 0.82) < 0.01

ORI, obesity–related indices; PBF, percentage body fat; BMI, body mass index; HC, hip circumference; WC, waist circumference; WHR, waist–hip ratio; WHtR, waist–height ratio; ABSI,

a body shape index; BRI, body roundness index; AVI, abdominal volume index; CI, conicity index.

Comparisons of ROC analyses of 10 ORI
for predicting hypertension

ROC analysis showed that the AUC of all the indices were

statistically significant (P < 0.05). The AUC of all the indices

in men and women were 0.67–0.73 and 0.72–0.79, respectively

(Table 3). The ROC curve and overall model quality plot of 10

ORI for predicting hypertension by sex are shown in Figure 1.

The ROC curves of all indices were above the reference line,

indicating that the 10 types of ORI can be used to predict

hypertension. The left side of a vertical red reference line in

the overall model quality plot indicates that the lower limit of

the 95% CI of AUC is <0.5. As shown in Figure 1, the overall

model quality plots show that the lower limit of the 95% CI

of AUC of the 10 types of ORI is >0.5. The lower limit of

the 95% CI of AUC (men, 0.70; women, 0.75) and AUC (men,

0.73, 95% CI: 0.70, 0.76; women, 0.79, 95% CI: 0.75, 0.83) of

WHR was the largest. In men, the lower limit of the 95% CI

of AUC (0.63) and AUC (0.67, 95% CI: 0.63, 0.71) of HC was

the smallest. For women, the lower limit of the 95% CI of

AUC (0.67) and AUC (0.72, 95% CI: 0.67, 0.77) of PBF was

the smallest.

Table 4 showed the comparisons of AUC for predicting

hypertension among 10 types of ORI by the multiple non-

parametric Z test. Moreover, we used the FDR to adjust the P-

value in multiple hypothesis testing to minimize type I errors.

In men, the AUC of WHR was highest, and the AUC of PBF,

BMI, and HC was lower (adjusted P < 0.05). The AUC of

five central ORI (WHR, WC, BRI, AVI, and CI) were higher

than general ORI (PBF and BMI), all with adjusted P < 0.05.

Women showed a similar trend: the AUC of three central ORI

(WHR, WC, and AVI) were higher than general ORI (PBF

and BMI), all with adjusted P < 0.05. The AUC of WHR

was the largest except for WC, AVI, and CI (adjusted P <

0.05). Moreover, the AUC of PBF and HC was <5 central

ORI (WC, WHR, BRI, AVI, and CI) in women (adjusted

P < 0.05).

Overall, the results of ROC analyses (Figure 1, Table 3) and

multiple non-parametric Z-tests (Table 4) showed that the AUC

of WHR was the largest, and the AUC of PBF, BMI, and HC

showed lower predictive performance in both men and women.

The optimal cut-o� points of 10 types of
ORI for predicting hypertension

According to the ROC curves, we determined the optimal

cut-off points of 10 types of ORI for predicting hypertension

using the maximum Youden’s index (Table 5). The Youden’s

indices of 10 types of ORI were 0.20–0.40 among men and 0.35–

0.45 among women. The optimal cut-off points for identifying

hypertension in men and women were as follows: PBF (23.55%,

32.55%), BMI (25.72 kg/m2, 23.46 kg/m2), HC (97.59 cm,

94.82 cm), WC (90.26 cm, 82.78 cm), WHR (0.91, 0.88), WHtR

(0.51, 0.55), ABSI (0.08m7/6/kg2/3, 0.08m7/6/kg2/3), BRI (4.05,

4.32), AVI (16.31 cm2, 13.83 cm2), and CI (1.23 m2/3/kg1/2,

1.27 m2/3/kg1/2).

The association of 10 types of ORI and
hypertension in multivariate logistic
regression models

The associations between 10 types of ORI and hypertension

in two conditions (per 1-SD increase and over the optimal cut-

off points) were listed in Table 6. In the multivariate logistic

regression models, potential confounding factors were age,

HR, arteriosclerosis, lifestyle (smoking and exercise status),

and CRF. All indices were statistically significant (P < 0.05)

in the crude models. The OR (per 1-SD increase) values
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FIGURE 1

ROC analysis of ten types of ORI for predicting hypertension. (A) Men’s ROC curve. (B) Women’s ROC curve. (C) Men’s overall model quality. (D)

Women’s overall model quality. ORI, obesity-related indices; PBF, percent body fat; BMI, body mass index; HC, hip circumference; WC, waist

circumference; WHR, waist–hip ratio; WHtR, waist–height ratio; ABSI, a body shape index; BRI, body roundness index; AVI, abdominal volume

index; CI, conicity index.

of 10 ORI in men and women were 1.96–2.79 and 2.28–

2.94, respectively. In the adjusted model, the OR values

of women (1.39–1.93) decreased more than men’s (1.51–

2.06), indicating that women are more affected by potential

confounding factors.

According to the optimal cut-off points of the 10 types

of ORI in Table 5, we divided participants into two groups

(under and over the optimal cut-off points). Similarly, we

analyzed the associations between ORI and hypertension

using multivariate logistic regression models. The OR values

of 10 ORIs in men and women were 2.25–4.06 and 3.70–

6.75, respectively. Women’s (1.80–2.50) decreased more

than men’s (1.80–2.64) after adjusting for the potential

confounding factors.

Sensitivity analysis

When using the hypertension alternative cut-off point (SBP

≥ 135 mmHg and/or DBP ≥ 85 mmHg) to re-run the ROC

analysis of the 10 types of ORI, the results showed that the

ROC curve, overall model quality plots, and AUC of the

10 types of ORI were roughly similar to the above results

(Supplementary material).
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TABLE 4 Comparisons of AUC for predicting hypertension among 10 types of ORI by the multiple non-parametric Z tests.

Comparator Men (n = 1,499) Women (n = 1,302)

AUC difference (95%CI) Z P Pa AUC difference (95%CI) Z P Pa

PBF—BMI 0.01 (−0.02, 0.03) 0.54 0.59 0.64 −0.03 (−0.06,−0.00) −2.05 0.04 0.09

PBF—HC 0.02 (−0.01,−0.04) 1.17 0.24 0.29 −0.00 (−0.04, 0.03) −0.23 0.82 0.88

PBF—WC −0.02 (−0.04,−0.01) −2.60 0.01 0.02 −0.05 (−0.08,−0.03) −5.01 < 0.01 < 0.01

PBF—WHR −0.05 (−0.06,−0.03) −6.01 < 0.01 < 0.01 −0.07 (0.10,−0.05) −5.67 < 0.01 < 0.01

PBF—WHtR −0.01 (−0.03,−0.01) −1.40 0.16 0.21 −0.04 (−0.06,−0.01) −2.85 0.00 0.01

PBF—ABSI −0.02 (−0.04, 0.01) −1.50 0.13 0.18 −0.03 (−0.06, 0.01) −1.38 0.17 0.24

PBF—BRI −0.04 (−0.05,−0.02) −4.64 < 0.01 < 0.01 −0.06 (−0.08,−0.03) −4.78 < 0.01 < 0.01

PBF—AVI −0.02 (−0.04,−0.01) −2.49 0.01 0.02 −0.05 (−0.07,−0.03) −4.91 < 0.01 < 0.01

PBF—CI −0.04 (−0.06,−0.02) −4.91 < 0.01 < 0.01 −0.06 (−0.08,−0.03) −4.15 < 0.01 < 0.01

BMI—HC 0.01 (−0.01, 0.02) 1.17 0.24 0.28 0.03 (0.01, 0.05) 2.66 0.01 0.02

BMI—WC −0.03 (−0.05,−0.02) −4.00 < 0.01 < 0.01 −0.02 (−0.04,−0.00) −2.40 0.02 0.04

BMI—WHR −0.05 (−0.08,−0.03) −4.61 < 0.01 < 0.01 −0.04 (−0.07,−0.01) −2.59 0.01 0.03

BMI—WHtR −0.02 (−0.04,−0.01) −2.53 0.01 0.02 −0.01 (−0.03, 0.01) −0.60 0.55 0.67

BMI—ABSI −0.02 (−0.06, 0.02) −1.20 0.23 0.28 0.01 (−0.05, 0.06) 0.21 0.83 0.87

BMI—BRI −0.04 (−0.06,−0.02) −4.07 < 0.01 < 0.01 −0.02 (−0.05, 0.00) −1.94 0.05 0.10

BMI—AVI −0.03 (−0.04,−0.02) −3.92 < 0.01 < 0.01 −0.02 (−0.04,−0.00) −2.36 0.02 0.04

BMI—CI −0.05 (−0.08,−0.02) −2.96 0.00 0.01 −0.02 (−0.07, 0.02) −1.18 0.24 0.31

HC—WC −0.04 (−0.05,−0.03) −6.49 < 0.01 < 0.01 −0.05 (−0.07,−0.03) −4.58 < 0.01 < 0.01

HC—WHR −0.06 (−0.08,−0.04) −5.33 < 0.01 < 0.01 −0.07 (−0.11,−0.03) −3.43 0.01 0.00

HC—WHtR −0.03 (−0.05,−0.007) −2.62 0.01 0.02 −0.03 (−0.07, 0.00) −1.98 0.05 0.09

HC—ABSI −0.03 (−0.07,−0.01) −1.67 0.10 0.14 −0.02 (−0.079, 0.03) −0.78 0.44 0.55

HC—BRI −0.05 (−0.07,−0.03) −4.31 < 0.01 < 0.01 −0.05 (−0.09,−0.02) −2.89 0.00 0.01

HC—AVI −0.04 (−0.05,−0.03) −6.47 < 0.01 < 0.01 −0.05 (−0.07,−0.03) −4.63 < 0.01 < 0.01

HC—CI −0.05 (−0.08,−0.03) −3.65 < 0.01 < 0.01 −0.05 (−0.10,−0.01) −2.30 0.02 0.05

WC—WHR −0.02 (−0.04,−0.01) −3.92 < 0.01 < 0.001 −0.017 (−0.035, 0.001) −1.875 0.061 0.101

WC—WHtR 0.01 (−0.01, 0.02) 1.22 0.22 0.279 0.016 (−0.002, 0.034) 1.703 0.089 0.137

WC—ABSI 0.01 (−0.02, 0.03) 0.45 0.66 0.69 0.03 (−0.01, 0.07) 1.36 0.17 0.24

WC—BRI −0.01 (−0.03, 0.00) −1.76 0.08 0.13 −0.00 (−0.02, 0.01) −0.28 0.78 0.88

WC—AVI 0.00 (0.000, 0.00) 5.06 < 0.01 < 0.01 0.00 (0.000, 0.00) 2.05 0.04 0.08

WC—CI −0.02 (−0.04, 0.00) −1.63 0.10 0.15 −0.00 (−0.03, 0.02) −0.20 0.84 0.86

WHR—WHtR 0.03 (0.02, 0.05) 4.31 < 0.01 < 0.01 0.03 (0.02, 0.05) 3.72 < 0.01 0.00

WHR—ABSI 0.03 (0.01, 0.05) 3.02 0.00 0.01 0.05 (0.02, 0.07) 3.21 0.00 0.00

WHR—BRI 0.01 (0.00, 0.02) 2.94 0.00 0.01 0.02 (0.01, 0.02) 3.42 0.00 0.00

WHR—AVI 0.02 (0.01, 0.04) 3.98 < 0.01 < 0.01 0.02 (−0.00, 0.04) 1.89 0.06 0.10

WHR—CI 0.01 (−0.00, 0.02) 1.47 0.14 0.19 0.01 (0.00, 0.03) 2.01 0.04 0.09

WHtR—ABSI −0.00 (−0.03, 0.03) −0.19 0.85 0.85 0.01 (−0.03, 0.05) 0.55 0.58 0.69

WHtR—BRI −0.02 (−0.03,−0.01) −4.28 < 0.01 < 0.01 −0.02 (−0.03,−0.01) −3.45 0.00 0.00

WHtR—AVI −0.01 (−0.02, 0.01) −1.11 0.27 0.30 −0.02 (−0.03, 0.00) −1.60 0.11 0.17

WHtR—CI −0.03 (−0.05,−0.00) −2.36 0.02 0.03 −0.02 (−0.05, 0.01) −1.28 0.20 0.27

ABSI—BRI −0.02 (−0.04, 0.01) −1.57 0.12 0.16 −0.03 (−0.06, 0.00) −1.76 0.08 0.13

ABSI—AVI −0.01 (−0.03, 0.02) −0.39 0.70 0.71 −0.03 (−0.07, 0.01) −1.31 0.19 0.26

ABSI—CI −0.02 (−0.03,−0.01) −4.13 < 0.01 < 0.01 −0.03 (−0.05,−0.02) −3.91 < 0.01 < 0.01

BRI—AVI 0.01 (−0.00, 0.03) 1.86 0.06 0.11 0.00 (−0.01, 0.02) 0.35 0.72 0.84

BRI—CI −0.00 (−0.02, 0.01) −0.62 0.53 0.59 0.00 (−0.02, 0.02) −0.05 0.96 0.96

AVI— CI −0.02 (−0.04, 0.00) −1.70 0.09 0.14 −0.00 (−0.03, 0.02) −0.25 0.80 0.88

Pa , False Discovery Rate (FDR) were used to adjust p-value in multiple hypothesis testing. ORI, obesity–related indices; AUC, area under curve; CI, confidence interval; PBF, percentage

body fat; BMI, body mass index; HC, hip circumference; WC, waist circumference; WHR, waist–hip ratio; WHtR, waist–height ratio; ABSI, a body shape index; BRI, body roundness

index; AVI, abdominal volume index; CI, conicity index.
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TABLE 5 The optimal cut points of 10 types of ORI for predicting hypertension.

Indices Cut–off point Sensitivity (%) Specificity (%) Youden’s index

Men (n = 1,499)

PBF (%) 23.55 63.40 61.80 0.25

BMI (kg/m2) 25.72 60.90 61.50 0.22

HC (cm) 97.59 61.30 58.80 0.20

WC (cm) 90.26 63.00 68.00 0.31

WHR 0.91 68.10 65.80 0.40

WHtR 0.51 66.80 60.70 0.28

ABSI (m7/6/kg2/3) 0.08 63.00 69.20 0.32

BRI 4.05 63.40 70.20 0.34

AVI (cm2) 16.31 63.00 67.70 0.31

CI (m2/3/kg1/2) 1.23 71.50 62.80 0.34

Women (n = 1,302)

PBF (%) 32.55 62.50 74.50 0.37

BMI (kg/m2) 23.46 75.00 61.60 0.37

HC (cm) 94.82 73.30 61.20 0.35

WC (cm) 82.78 76.70 61.60 0.38

WHR 0.88 75.80 67.90 0.44

WHtR 0.55 60.80 75.80 0.37

ABSI (m7/6/kg2/3) 0.08 72.50 72.30 0.45

BRI 4.32 65.80 75.80 0.42

AVI (cm2) 13.83 75.80 61.90 0.38

CI (m2/3/kg1/2) 1.27 70.80 74.50 0.45

Youden’s Index = (sensitivity + specificity – 1). ORI, obesity–related indices; PBF, percentage body fat; BMI, body mass index; HC, hip circumference; WC, waist circumference; WHR,

waist–hip ratio; WHtR, waist–height ratio; ABSI, a body shape index; BRI, body roundness index; AVI, abdominal volume index; CI, conicity index.

Discussion

Obesity and hypertension, two major risk factors for CVD,

contribute to global health and economic burdens (1, 2, 5,

6, 41). Given the dramatic increase in hypertension with the

significant rise in obesity, early detection of hypertension using

ORI screening could effectively prevent future hypertension and

CVD risk. This study adopted ROC analysis to compare the

predictive performance of 10 types of ORI for hypertension

risk. Generally, the predictive performance is determined by

the AUC of the ROC analysis. Some previous studies only used

the rank of AUC values to determine predictive performance

(4, 5, 8, 25). However, this method was unreliable. The AUC

value is an expression of point estimation in statistics, which

cannot be considered as a strength or weakness, only referring

to the ranked value. Further statistical procedures should be

used to compare statistical differences among different AUC

values. Therefore, we used the multiple non-parametric Z test

to compare differences in AUC among 10 types of ORI for

predicting hypertension. Meanwhile, we adjusted the P-values in

multiple hypothesis testing by FDR. Based on a cross-sectional

study of 2,801 participants, the results showed that the 10 types

of ORI (PBF, BMI, HC, WC, WHR, WHtR, ABSI, BRI, AVI,

and CI) could predict hypertension, among which WHR should

be recommended as the best predictor. We believe those results

may help the Chinese population to select the appropriate ORI

to estimate the risk of hypertension.

The multiple non-parametric Z test results showed that

central ORI (WC, WHR, and AVI) had a better predictive

performance for identifying hypertension compared to general

ORI (PBF and BMI). Some studies showed that CVD risk

factors were more strongly associated with central obesity

than with general obesity in Chinese (30), Japanese (49), Thai

(50), and Indian (51, 52), which was in agreement with our

findings for hypertension. A Brazilian survey showed that

women with abdominal obesity were 30% more likely to

develop hypertension than those with general obesity (53).

One reason for the strong association between central obesity

and hypertension may be that excess abdominal fat would

lead to increased insulin resistance (54). Regarding obesity-

related hypertension, insulin resistancemay synergistically affect

the obesity–hypertension association by increasing adipokine

secretion and sympathetic nervous system activity (55, 56).

Insulin resistance may induce renal sodium retention, activate

the renin–angiotensin system and enhance the sympathetic

nervous system activity, and promote endothelial dysfunction,
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TABLE 6 Crude and adjusted ORs (per 1–SD increase and over the optimal cut–o� points) of 10 types of ORI in multivariate logistic regression

models.

Indices Model 1 a Model 2 b

Men (n = 1,499) Women (n = 1,302) Men (n = 1,499) Women (n = 1,302)

ORs (95% CI)a ORs (95% CI)a ORs (95% CI)b ORs (95% CI)b

Per 1–SD increase

PBF (%) 2.33 (1.92, 2.84) 2.85 (2.23, 3.66) 1.92 (1.50, 2.45) 1.75 (1.25, 2.45)

BMI (kg/m2) 2.18 (1.8, 2.58) 2.43 (2.03, 2.91) 2.06 (1.67, 2.53) 1.90 (1.48, 2.45)

HC (cm) 1.96 (1.69, 2.28) 2.28 (1.89, 2.74) 1.85 (1.53, 2.24) 1.91 (1.48, 2.47)

WC (cm) 2.31 (1.96, 2.72) 2.67 (2.21, 3.22) 1.95 (1.60, 2.39) 1.93 (1.47, 2.51)

WHR 2.79 (2.30, 3.37) 2.94 (2.41, 3.59) 2.06 (1.63, 2.62) 1.85 (1.38, 2.52)

WHtR 2.24 (1.90, 2.63) 2.63 (2.17, 3.18) 1.98 (1.62, 2.43) 1.90 (1.45, 2.49)

ABSI (m7/6/kg2/3) 2.09 (1.79, 2.46) 2.71 (2.19, 3.37) 1.51 (1.21, 1.88) 1.39 (1.00, 1.94)

BRI 2.36 (2.01, 2.77) 2.39 (2.03, 2.81) 1.92 (1.57, 2.35) 1.70 (1.35, 2.15)

AVI (cm2) 2.13 (1.84, 2.47) 2.44 (2.05, 2.90) 1.84 (1.54, 2.21) 1.85 (1.46, 2.34)

CI (m2/3/kg1/2) 2.34 (1.99, 2.77) 2.81 (2.31, 3.43) 1.79 (1.45, 2.23) 1.70 (1.26, 2.31)

Over the optimal cut–off points

PBF (%) 2.77 (2.07, 3.69) 3.70 (2.50, 5.49) 1.97 (1.43, 2.70) 1.80 (1.05, 3.06)

BMI (kg/m2) 2.46 (1.85, 3.27) 4.58 (2.98, 7.03) 2.04 (1.49, 2.79) 2.19 (1.24, 3.84)

HC (cm) 2.25 (1.69, 2.99) 4.29 (2.81, 6.53) 1.80 (1.27, 2.54) 2.18 (1.44, 3.30)

WC (cm) 3.56 (2.66, 4.75) 6.75 (4.50, 10.12) 2.36 (1.72, 3.25) 2.24 (1.41, 3.95)

WHR 3.89 (2.84, 5.32) 6.53 (4.09, 10.43) 2.48 (1.67, 3.67) 2.50 (1.44, 4.36)

WHtR 3.09 (2.30, 4.14) 4.71 (3.20, 6.95) 2.24 (1.63, 3.08) 2.48 (1.55, 3.97)

ABSI (m7/6/kg2/3) 3.58 (2.67, 4.80) 6.79 (4.35, 10.59) 2.28 (1.55, 3.37) 2.25 (1.24, 3.93)

BRI 4.06 (3.03, 5.44) 5.98 (4.01, 8.92) 2.64 (1.95, 3.56) 2.14 (1.25, 3.67)

AVI (cm2) 3.54 (2.65, 4.73) 5.07 (3.28, 7.82) 2.49 (1.91, 3.24) 2.05 (1.25, 3.65)

CI (m2/3/kg1/2) 4.01 (2.93, 5.50) 6.09 (4.03, 9.21) 2.49 (1.66, 3.74) 2.41 (1.45, 3.97)

a , crude model; b , adjusted for age; HR, arteriosclerosis, lifestyle (smoking and exercise status), and CRF; ORI, obesity–related indices; ORs, odds ratios; CI, confidence interval; PBF,

percentage body fat; BMI, body mass index; HC, hip circumference; WC, waist circumference; WHR, waist–hip ratio; WHtR, waist–height ratio; ABSI, a body shape index; BRI, body

roundness index; AVI, abdominal volume index; CI, conicity index; HR, rest heart rate; CRF, cardiorespiratory fitness. The participants under the optimal cut–off points were taken as the

reference, and standardized OR values of above the optimal cut–off points were calculated for each index.

and increase peripheral and renal vascular resistance (57,

58). However, the precise pathophysiological mechanisms

contributing to the development of obesity-related hypertension

have not been elucidated (59). Therefore, further studies

are needed to investigate the causal relationship between

hypertension and obesity.

The prevention of hypertension cannot be limited only

to obese people. Recently, CRF has been advocated as a risk

factor for CVD, given its strong inverse association with adverse

outcomes, particularly all-cause mortality, and cardiovascular

events (39). Ge et al. showed that the optimal ORI for

predicting hypertension differed among women in different age

groups (5). Previous studies have shown that factors such as

sex, arteriosclerosis, and lifestyle may influence obesity and

hypertension (5, 38). Therefore, when analyzing the association

between ORI and hypertension, potential confounding factors

were age, HR, arteriosclerosis, lifestyle (smoking and exercise

status), and CRF in this study. When there are multiple

potential confounders, multivariate logistic regression model

has the advantage of controlling the mixed relationship among

the multiple factors, which is a better statistical method (38).

Therefore, we used a multivariate logistic regression model to

control the confounding factors for analyzing the association

between ORI and hypertension in two conditions (per 1-SD

increase and over the optimal cut-off points). The units of each

index in this study were inconsistent, so standardized indices

were used in the models. In the crude models, multivariate

logistic regression model results demonstrated that the OR

values of all ORI of women were higher than those of men in the

two conditions. However, women’s OR values decreased more

than those of men after adjusting for potential confounding

factors, and even the ORs of some indices were smaller than

those of men. This could be partially explained by women

being perhaps more affected by potential confounding factors.

Further study needs to be explored concerning the effects of

those potential confounding factors on hypertension.
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This study has determined the optimal cut-off points of 10

types of ORI to predict hypertension by the maximum Youden’s

index. According to the literature (60, 61), the Working Group

onObesity in China (WGOC) also established BMI andWC cut-

off points for Chinese adult obesity criteria. The optimal cut-off

points for BMI identified in this study (25.72 among men and

23.46 kg/m2 among women) were lower than obesity (28 kg/m2)

as defined by theWGOC but close to theWGOC cut-off point of

24 kg/m2 for overweight (60, 61). In addition, WGOC indicated

that being overweight had better sensitivity and specificity for

identifying risk factors. Accordingly, the overweight criteria by

BMI can also be used to predict hypertension appropriately.

The WC optimal cut-off points for predicting hypertension

were 90.26 (men) and 82.78 cm (women), respectively. Since the

WC cut-off point for obesity in Chinese adults established by

WGOC (85 cm among men and 80 cm among women) is mainly

determined based on the comprehensive CVD risk, it may not be

suitable when predicting hypertension alone. However, the cut-

off points of PBF for Chinese adult obesity criteria have yet to be

developed due to a lack of national data on PBF and CVD. In this

study, the PBF optimal cut-off points were 23.55% among men

and 32.55% among women for predicting hypertension, which

is close to the World Health Organization’s (WHO) definition

of obesity by PBF (≥ 25% for men and ≥ 35% for women) (62).

Although PBF reflected body composition more accurately than

traditional ORI, in this study, PBF had merely no advantage

in predicting hypertension compared with central ORI (WC,

WHR, and AVI). Therefore, our findings indicated that the

optimal cut-off points of central ORI may be more significant

in identifying hypertension risk for adults in China.

These 10 types of ORI and the optimal cut-off points of

these indices were suitable for predicting hypertension in the

Chinese population. However, it does not mean that they can

be effectively applied to predict other CVDs or hypertension in

other regions. For example, a study exploring the association

between ORI and diabetes showed that BMI and WC are better

indices for diabetes screening (63). A Singapore study indicated

that integrating BMI and WHtR has better clinical utility in

evaluating CVD risk factors (8). In addition, a study of Iranian

adults suggested that ABSI is a weak predictor of CVD risks (64).

Hence, the predictive performance of the 10 types of ORI for

identifying other CVDs or hypertension in other regions need

to be studied further.

Limitations

Regarding limitations, this study did not provide a causal

relationship between ORI and hypertension because it was a

cross-sectional study. Further studies are needed to validate the

optimal cut-off point. Next, covariates such as smoking and

exercise are based on self-reports. Other variables that might

influence hypertension were not collected, such as drinking

alcohol; the results may therefore be less reliable. Finally, the

participants were predominately fromNingbo city and could not

represent the whole Chinese population.

Conclusions

All 10 types of ORI (PBF, BMI, HC, WC, WHR, WHtR,

ABSI, BRI, AVI, and CI) can effectively predict hypertension,

among which WHR should be recommended as the best

predictor. The optimal cut-off points for the 10 ORI for

predicting hypertension were determined. Moreover, central

ORI (WC, WHR, and AVI) have better prediction performance

than general ORI (PBF and BMI) when predicting the risk of

hypertension. Therefore, greater emphasis should be placed on

the measurement of central ORI in future studies surveying

the relationship between risk factors for hypertension in the

Chinese population.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed

and approved by Design and protocol of this study were

approved by the Institutional Review Board of the Faculty of

Sports Science, Ningbo University (NO. 2018RAGH1025). The

patients/participants provided their written informed consent to

participate in this study.

Author contributions

XL and HH conceived the presented idea, developed the

framework, and wrote the manuscript. YG, YF, YZ, and LG were

involved in the data collection. YJ, AW, andHHprovided critical

feedback and contributed to the final version. All authors have

read and agreed to the published version of the manuscript.

Funding

This research was funded by the National Social Science

Foundation of China (Grant number 18BTY100).

Acknowledgments

We thank all the participants for participating in this study.

Frontiers in PublicHealth 11 frontiersin.org

58

https://doi.org/10.3389/fpubh.2022.1042236
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Lee et al. 10.3389/fpubh.2022.1042236

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.

2022.1042236/full#supplementary-material

References

1. Ferdinand KC, Reddy TK, Vo TN. Global interventions in
hypertension: new and emerging concepts. Curr Opin Cardiol. (2021)
36:436–43. doi: 10.1097/HCO.0000000000000866

2. Jiang J, Deng S, Chen Y, Liang S, Ma N, Xu Y, et al. Comparison of
visceral and body fat indices and anthropometric measures in relation to untreated
hypertension by age and gender among Chinese. Int J Cardiol. (2016) 219:204–
11. doi: 10.1016/j.ijcard.2016.06.032

3. Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al. Status of
hypertension in China: results from the China hypertension survey, 2012–2015.
Circulation. (2018) 137:2344–56. doi: 10.1161/CIRCULATIONAHA.117.032380

4. Islam MR, Moinuddin M, Saqib SM, Rahman SM. Relationship of
anthropometric indicators of general and abdominal obesity with hypertension and
their predictive performance among Albanians: a nationwide cross-sectional study.
Nutrients. (2021) 13:3373. doi: 10.3390/nu13103373

5. Ge Q, Qi Z, Xu Z, Li M, Zheng H, Duan X, et al. Comparison
of different obesity indices related with hypertension among different sex
and age groups in China. Nutr Metab Cardiovasc Dis. (2021) 31:793–
801. doi: 10.1016/j.numecd.2020.11.022

6. Kotsis V, Nilsson P, Grassi G, Mancia G, Redon J, Luft F, et al. New
developments in the pathogenesis of obesity-induced hypertension. J Hypertens.
(2015) 33:1499–508. doi: 10.1097/HJH.0000000000000645

7. Van Dijk S, Takken T, Prinsen E, Wittink H. Different anthropometric
adiposity measures and their association with cardiovascular disease
risk factors: a meta-analysis. Netherlands Heart J. (2012) 20:208–
18. doi: 10.1007/s12471-011-0237-7

8. Lam BCC, Koh GCH, Chen C, Wong MTK, Fallows SJ. Comparison of
body mass index (BMI), body adiposity index (BAI), waist circumference (WC),
waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) as predictors of
cardiovascular disease risk factors in an adult population in Singapore. PLOS ONE.
(2015) 10:e0122985. doi: 10.1371/journal.pone.0122985

9. Fan Y, He D, Liu S, Qiao Y, Gao H, Xin L. Association between visceral adipose
index and risk of hypertension in a middle-aged and elderly Chinese population.
Nutr Metab Cardiovasc Dis. (2021) 31:2358–65. doi: 10.1016/j.numecd.2021.04.024

10. Zhong Y, Tian C-W, Liu B-R. Association between adiposity indicators and
hypertension over 35 years old. Chinese Gen Pract. (2012) 15:4064–7.

11. Yasien N, Jarrah S, Petro-NustasW, AhmadM, Jaber R, Terzi N, et al. Obesity
indices and their relationship to cardiovascular risk factors in young adult group. J
Bahrain Med Soc. (2010) 22:133–7.

12. Jensen M, Ryan D, Apovian C, Ard J, Comuzzie A, Donato K, Hu
F, Hubbard V, Jakicic J, Kushner R. Obesity Society 2013 AHA/ACC/TOS
guideline for the management of overweight and obesity in adults: a report
of the American College of Cardiology/American Heart Association Task Force
on Practice Guidelines and The Obesity Society. Circulation. (2014) 129(Suppl.
25):S102–38. doi: 10.1161/01.cir.0000437739.71477.ee

13. Calderón-García JF, Roncero-Martín R, Rico-Martín S, Nicolás-Jiménez D,
Jorge M, López-Espuela F, et al. Effectiveness of Body Roundness Index (BRI)
and a Body Shape Index (ABSI) in predicting hypertension: a systematic review
and meta-analysis of observational studies. Int J Environ Res Public Health. (2021)
18:11607. doi: 10.3390/ijerph182111607

14. Lee CMY, Huxley RR, Wildman RP, Woodward M. Indices of abdominal
obesity are better discriminators of cardiovascular risk factors than BMI: a meta-
analysis. J Clin Epidemiol. (2008) 61:646–53. doi: 10.1016/j.jclinepi.2007.08.012

15. Heitmann BL, Frederiksen P, Lissner L. Hip circumference and
cardiovascular morbidity and mortality in men and women. Obes Res. (2004)
12:482–7. doi: 10.1038/oby.2004.54

16. Lanfer A, Mehlig K, Heitmann BL, Lissner L. Does change in hip
circumference predict cardiovascular disease and overall mortality in Danish and
Swedish women? Obesity. (2014) 22:957–63. doi: 10.1002/oby.20604

17. Krakauer NY, Krakauer JC, A. new body shape index predicts
mortality hazard independently of body mass index. PLoS ONE. (2012)
7:e39504. doi: 10.1371/journal.pone.0039504

18. Thomas DM, Bredlau C, Bosy-Westphal A, Mueller M, Shen W, Gallagher
D, et al. Relationships between body roundness with body fat and visceral
adipose tissue emerging from a new geometrical model. Obesity. (2013) 21:2264–
71. doi: 10.1002/oby.20408

19. Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al.
Visceral Adiposity Index: a reliable indicator of visceral fat function associated with
cardiometabolic risk. Diabetes Care. (2010) 33:920–2. doi: 10.2337/dc09-1825

20. Cai X, Li N, Hu J,WenW, Yao X, ZhuQ, et al. Nonlinear relationship between
Chinese visceral adiposity index and new-onset myocardial infarction in patients
with hypertension and obstructive sleep apnoea: insights from a Cohort Study. J
Inflamm Res. (2022) 15:687. doi: 10.2147/JIR.S351238

21. Kahn HS. The“ lipid accumulation product” performs better than the body
mass index for recognizing cardiovascular risk: a population-based comparison.
BMC Cardiovasc Disord. (2005) 5:1–10. doi: 10.1186/1471-2261-5-26

22. Han M, Qie R, Li Q, Liu L, Huang S, Wu X, et al. Chinese visceral
adiposity index, a novel indicator of visceral obesity for assessing the risk of
incident hypertension in a prospective cohort study. Br J Nutr. (2021) 126:612–
20. doi: 10.1017/S0007114520004298

23. Yamashita K, Kondo T, Osugi S, Shimokata K, Maeda K, Okumura N, et al.
The significance of measuring body fat percentage determined by bioelectrical
impedance analysis for detecting subjects with cardiovascular disease risk factors.
Circulation J. (2012) 76:2435–42. doi: 10.1253/circj.CJ-12-0337

24. China GAoSo. The Fifth National Health Monitoring Bulletin. Available
online at: https://www.sport.gov.cn/n315/n329/c24335066/content.html

25. Liu J, Tse LA, Liu Z, Rangarajan S, Hu B, Yin L, et al. Predictive
values of anthropometric measurements for cardiometabolic risk factors and
cardiovascular diseases among 44 048 Chinese. J Am Heart Assoc. (2019)
8:e010870. doi: 10.1161/JAHA.118.010870

26. Olinto M, Nacul L, Gigante D, Costa J, Menezes A, Macedo S.
Waist circumference as a determinant of hypertension and diabetes in
Brazilian women: a population-based study. Public Health Nutr. (2004) 7:629–
35. doi: 10.1079/PHN2003582

27. Everett B, Zajacova A. Gender differences in hypertension
and hypertension awareness among young adults. Biodemography
Soc Biol. (2015) 61:1–17. doi: 10.1080/19485565.2014.9
29488

Frontiers in PublicHealth 12 frontiersin.org

59

https://doi.org/10.3389/fpubh.2022.1042236
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1042236/full#supplementary-material
https://doi.org/10.1097/HCO.0000000000000866
https://doi.org/10.1016/j.ijcard.2016.06.032
https://doi.org/10.1161/CIRCULATIONAHA.117.032380
https://doi.org/10.3390/nu13103373
https://doi.org/10.1016/j.numecd.2020.11.022
https://doi.org/10.1097/HJH.0000000000000645
https://doi.org/10.1007/s12471-011-0237-7
https://doi.org/10.1371/journal.pone.0122985
https://doi.org/10.1016/j.numecd.2021.04.024
https://doi.org/10.1161/01.cir.0000437739.71477.ee
https://doi.org/10.3390/ijerph182111607
https://doi.org/10.1016/j.jclinepi.2007.08.012
https://doi.org/10.1038/oby.2004.54
https://doi.org/10.1002/oby.20604
https://doi.org/10.1371/journal.pone.0039504
https://doi.org/10.1002/oby.20408
https://doi.org/10.2337/dc09-1825
https://doi.org/10.2147/JIR.S351238
https://doi.org/10.1186/1471-2261-5-26
https://doi.org/10.1017/S0007114520004298
https://doi.org/10.1253/circj.CJ-12-0337
https://www.sport.gov.cn/n315/n329/c24335066/content.html
https://doi.org/10.1161/JAHA.118.010870
https://doi.org/10.1079/PHN2003582
https://doi.org/10.1080/19485565.2014.929488
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Lee et al. 10.3389/fpubh.2022.1042236

28. Song J-J, Ma Z, Wang J, Chen L-X, Zhong J-C. Gender
differences in hypertension. J Cardiovasc Transl Res. (2020) 13:47–
54. doi: 10.1007/s12265-019-09888-z

29. Deng G, Yin L, Liu W, Liu X, Xiang Q, Qian Z, Ma J, Chen H, Wang Y,
Hu B. Associations of anthropometric adiposity indexes with hypertension risk:
a systematic review and meta-analysis including PURE-China. Medicine. (2018)
97:13262. doi: 10.1097/MD.0000000000013262

30. Chen Y, Zhang Z, Wang J, Sun H, Zhao X, Cheng X, et al. Sex differences
in the association of abdominal adipose tissue and anthropometric data with
untreated hypertension in a Chinese population. Biol Sex Differ. (2020) 11:1–
9. doi: 10.1186/s13293-020-00317-4

31. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN,
et al. Recommendations for blood pressure measurement in humans and
experimental animals: part 1: blood pressure measurement in humans: a
statement for professionals from the Subcommittee of Professional and Public
Education of the American Heart Association Council on High Blood Pressure
Research. Hypertension. (2005) 45:142–61. doi: 10.1161/01.HYP.0000150859.
47929.8e

32. for Control CC, Society CSS, Society CN, Committee CMDAH, Association
CS, Cardiology EBoCJo. National guideline for hypertension management
in China (2019). Zhonghua xin xue guan bing za zhi. (2020) 48:10–
46. doi: 10.3760/cma.j.issn.0253-3758.2020.01.004

33. Paniagua L, Lohsoonthorn V, Lertmaharit S, Jiamjarasrangsi W, Williams
MA. Comparison of waist circumference, body mass index, percent body fat and
other measure of adiposity in identifying cardiovascular disease risks among Thai
adults. Obes Res Clin Pract. (2008) 2:215–23. doi: 10.1016/j.orcp.2008.05.003

34. Status WP. The use and interpretation of anthropometry. World Health
Organ Tech Rep Ser. (1995) 854. 1–452

35. Ou Y-L, Lee M-Y, Lin I-T, Wen W-L, Hsu W-H, Chen S-C. Obesity-related
indices are associated with albuminuria and advanced kidney disease in type 2
diabetes mellitus. Ren Fail. (2021) 43:1250–8. doi: 10.1080/0886022X.2021.1969247

36. Guerrero-Romero F, Rodriguez-Morán M. Abdominal volume index. An
anthropometry-based index for estimation of obesity is strongly related to impaired
glucose tolerance and type 2 diabetes mellitus. Arch Med Res. (2003) 34:428–
32. doi: 10.1016/S0188-4409(03)00073-0

37. Valdez R. A simple model-based index of abdominal adiposity. J Clin
Epidemiol. (1991) 44:955–6. doi: 10.1016/0895-4356(91)90059-I

38. Yu L, Yan J, Yang C, Gao Y, Wang A, Huang H. Predictive performance
and optimal cut-off points of blood pressure for identifying arteriosclerosis
among adults in Eastern China. Int J Environ Res Public Health. (2021)
18:8927. doi: 10.3390/ijerph18178927

39. Kamil-Rosenberg S, Kokkinos P, e Silva CGdS, Yee WLS, Abella
J, Chan K, Myers J. Association between cardiorespiratory fitness,
obesity, and incidence of atrial fibrillation. IJC Heart Vasculature. (2020)
31:100663. doi: 10.1016/j.ijcha.2020.100663

40. Björkman F, Ekblom-Bak E, Ekblom Ö, Ekblom B. Validity of the revised
Ekblom Bak cycle ergometer test in adults. Eur J Appl Physiol. (2016) 116:1627–
38. doi: 10.1007/s00421-016-3412-0

41. Li X, Yu J, Bai J, Huang H, Ying S, Wang A, Wang P. Interaction
between obesity and hypertension on arteriosclerosis in chinese urban
adults: a population-based cross-sectional study. Clin Nurs Res. (2022)
28:10547738221120733. doi: 10.1177/10547738221120733

42. Yuan L-Z, Yi P, Wang G-S, Tan S-Y, Huang G-M, Qi L-Z, et al. Lifestyle
intervention for gastroesophageal reflux disease: a national multicenter survey of
lifestyle factor effects on gastroesophageal reflux disease in China. Therap Adv
Gastroenterol. (2019) 12:1756284819877788. doi: 10.1177/1756284819877788

43. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee
I-M, et al. Quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy
adults: guidance for prescribing exercise. Med Sci Sports Exerc. (2011) 43.
doi: 10.7916/D8CR5T2R

44. Mishra P, Pandey CM, Singh U, Gupta A, Sahu C, Keshri A. Descriptive
statistics and normality tests for statistical data. Ann Card Anaesth. (2019)
22:67. doi: 10.4103/aca.ACA_157_18

45. Kaur A, Kumar R. Comparative analysis of parametric and non-parametric
tests. J Comput Math Sci. (2015) 6:336–42.

46. Noble WS. How does multiple testing correction work? Nat Biotechnol.
(2009) 27:1135–7. doi: 10.1038/nbt1209-1135

47. Verdecchia P, Reboldi G, Angeli F. The 2020 International Society of
Hypertension global hypertension practice guidelines-key messages and clinical
considerations. Eur J Intern Med. (2020) 82:1–6. doi: 10.1016/j.ejim.2020.
09.001

48. Thabane L,Mbuagbaw L, Zhang S, Samaan Z,MarcucciM, Ye C, et al. tutorial
on sensitivity analyses in clinical trials: the what, why, when and how. BMC Med
Res Methodol. (2013) 13:1–12. doi: 10.1186/1471-2288-13-92

49. Hsieh SD, Muto T. Metabolic syndrome in Japanese men and women
with special reference to the anthropometric criteria for the assessment of
obesity: proposal to use the waist-to-height ratio. Prevent Med. (2006) 42:135–
9. doi: 10.1016/j.ypmed.2005.08.007

50. Aekplakorn W, Kosulwat V, Suriyawongpaisal P. Obesity indices and
cardiovascular risk factors in Thai adults. Int J Obes. (2006) 30:1782–
90. doi: 10.1038/sj.ijo.0803346

51. Taing KY, Farkouh ME, Moineddin R, Tu JV, Jha P. Age and sex-specific
associations of anthropometric measures of adiposity with blood pressure and
hypertension in India: a cross-sectional study. BMC Cardiovasc Disord. (2016)
16:1–14. doi: 10.1186/s12872-016-0424-y

52. Kshatriya GK, Kumari A, Acharya SK. Comparing the ability
of anthropometric indicators in determining the prevalence of
hypertension among Indian tribes. Diabetes Metab Syndr. (2019)
13:696–706. doi: 10.1016/j.dsx.2018.11.038

53. de Orçamentos Familiares P. Pesquisa de Orçamentos Familiares 2008-2009.
Antropometria e Estado Nutricional de Crianças, Adolescentes e Adultos no Brasil
Rio de Janeiro. Brasília: IBGE, Ministério da Saúde. (2010).

54. Ostchega Y, Hughes JP, Terry A, Fakhouri TH, Miller I. Abdominal obesity,
body mass index, and hypertension in US adults: NHANES 2007–2010. Am J
Hypertens. (2012) 25:1271–8. doi: 10.1038/ajh.2012.120

55. Zhang T, Zhang H, Li S, Li Y, Liu Y, Fernandez C, et al. Impact of
adiposity on incident hypertension is modified by insulin resistance in adults:
longitudinal observation from the Bogalusa Heart Study. Hypertension. (2016)
67:56–62. doi: 10.1161/HYPERTENSIONAHA.115.06509

56. Hall JE. do Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity-induced
hypertension: interaction of neurohumoral and renal mechanisms. Circulation Res.
(2015) 116:991–1006. doi: 10.1161/CIRCRESAHA.116.305697

57. Wang F, Han L, Hu D. Fasting insulin, insulin resistance and risk of
hypertension in the general population: a meta-analysis. Clinica Chimica Acta.
(2017) 464:57–63. doi: 10.1016/j.cca.2016.11.009

58. Fonseca VA. Insulin resistance, diabetes, hypertension, and renin—
angiotensin system inhibition: reducing risk for cardiovascular disease. J Clin
Hyper. (2006) 8:713–22. doi: 10.1111/j.1524-6175.2006.05583.x

59. Vlasova M, Purhonen A, Jarvelin M, Rodilla E, Pascual J, Herzig K. Role of
adipokines in obesity-associated hypertension. Acta Physiologica. (2010) 200:107–
27. doi: 10.1111/j.1748-1716.2010.02171.x

60. Zhou B-F. Predictive values of body mass index and waist circumference for
risk factors of certain related diseases in Chinese adults–study on optimal cut-
off points of body mass index and waist circumference in Chinese adults. BES.
(2002) 15:83–96.

61. Zhou B. Predictive value of body mass index and waist circumference
for abnormal risk factors of related diseases in Chinese adults: a study of
appropriate bmi and waist circumference cut-off points. Chin J Epidemiol. (2002)
23:5–10.

62. WHO Physical status: the use of and interpretation of anthropometry, report
of a WHO expert committee.World Health Organ Tech Rep Ser. (1995) 854:1–452.
doi: 10.1002/(SICI)1520-6300(1996)8:6<786::AID-AJHB11>3.0.CO;2-I

63. Wei J, Liu X, Xue H, Wang Y, Shi Z. Comparisons of visceral
adiposity index, body shape index, body mass index and waist circumference
and their associations with diabetes mellitus in adults. Nutrients. (2019)
11:1580. doi: 10.3390/nu11071580

64. Haghighatdoost F, Sarrafzadegan N, Mohammadifard N, Asgary S, Boshtam
M, Azadbakht L. Assessing body shape index as a risk predictor for cardiovascular
diseases and metabolic syndrome among Iranian adults. Nutrition. (2014) 30:636–
44. doi: 10.1016/j.nut.2013.10.021

Frontiers in PublicHealth 13 frontiersin.org

60

https://doi.org/10.3389/fpubh.2022.1042236
https://doi.org/10.1007/s12265-019-09888-z
https://doi.org/10.1097/MD.0000000000013262
https://doi.org/10.1186/s13293-020-00317-4
https://doi.org/10.1161/01.HYP.0000150859.47929.8e
https://doi.org/10.3760/cma.j.issn.0253-3758.2020.01.004
https://doi.org/10.1016/j.orcp.2008.05.003
https://doi.org/10.1080/0886022X.2021.1969247
https://doi.org/10.1016/S0188-4409(03)00073-0
https://doi.org/10.1016/0895-4356(91)90059-I
https://doi.org/10.3390/ijerph18178927
https://doi.org/10.1016/j.ijcha.2020.100663
https://doi.org/10.1007/s00421-016-3412-0
https://doi.org/10.1177/10547738221120733
https://doi.org/10.1177/1756284819877788
https://doi.org/10.7916/D8CR5T2R
https://doi.org/10.4103/aca.ACA_157_18
https://doi.org/10.1038/nbt1209-1135
https://doi.org/10.1016/j.ejim.2020.09.001
https://doi.org/10.1186/1471-2288-13-92
https://doi.org/10.1016/j.ypmed.2005.08.007
https://doi.org/10.1038/sj.ijo.0803346
https://doi.org/10.1186/s12872-016-0424-y
https://doi.org/10.1016/j.dsx.2018.11.038
https://doi.org/10.1038/ajh.2012.120
https://doi.org/10.1161/HYPERTENSIONAHA.115.06509
https://doi.org/10.1161/CIRCRESAHA.116.305697
https://doi.org/10.1016/j.cca.2016.11.009
https://doi.org/10.1111/j.1524-6175.2006.05583.x
https://doi.org/10.1111/j.1748-1716.2010.02171.x
https://doi.org/10.1002/(SICI)1520-6300(1996)8:6<786::AID-AJHB11>3.0.CO;2-I
https://doi.org/10.3390/nu11071580
https://doi.org/10.1016/j.nut.2013.10.021
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 30 November 2022

DOI 10.3389/fpubh.2022.1021497

OPEN ACCESS

EDITED BY

Ozden Gokdemir,

Izmir University of Economics, Turkey

REVIEWED BY

Pietro Crescenzo,

Volunteer Military Corps, Italy

Petra Heidler,

Danube University Krems, Austria

*CORRESPONDENCE

Yulan Lin

yulanlin@�mu.edu.cn

Roy Rillera Marzo

rrmtexas@yahoo.com

SPECIALTY SECTION

This article was submitted to

Public Health Education and

Promotion,

a section of the journal

Frontiers in Public Health

RECEIVED 17 August 2022

ACCEPTED 27 October 2022

PUBLISHED 30 November 2022

CITATION

Marzo RR, Khaled Y, ElSherif M,

Abdullah MSAMB, Zhu Thew H,

Chong C, Soh SY, Siau CS, Chauhan S

and Lin Y (2022) Burnout, resilience

and the quality of life among Malaysian

healthcare workers during the

COVID-19 pandemic.

Front. Public Health 10:1021497.

doi: 10.3389/fpubh.2022.1021497

COPYRIGHT

© 2022 Marzo, Khaled, ElSherif,

Abdullah, Zhu Thew, Chong, Soh, Siau,

Chauhan and Lin. 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.

Burnout, resilience and the
quality of life among Malaysian
healthcare workers during the
COVID-19 pandemic

Roy Rillera Marzo1,2*, Yassmein Khaled1, Mohamed ElSherif3,

Muhd Siv Azhar Merican Bin Abdullah4, Hui Zhu Thew5,

Collins Chong6, Shean Yih Soh7, Ching Sin Siau8,

Shekhar Chauhan9 and Yulan Lin10*

1International Medical School, Management and Science University, Shah Alam, Selangor, Malaysia,
2Global Public Health, Je�rey Cheah School of Medicine and Health Sciences, Monash University

Malaysia, Subang Jaya, Selangor, Malaysia, 3Department of Epidemiology and Population Health,

Faculty of Health Sciences, American University of Beirut, Beirut, Lebanon, 4Department of

Community Health, Faculty of Medicine, Universiti Kebangsaan Malaysia, Bangi, Selangor, Malaysia,
5Department of Family Medicine, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,

Serdang, Selangor, Malaysia, 6Department of Anaesthesia and Intensive Care, Faculty of Medicine

and Health Sciences, Universiti Putra Malaysia, Serdang, Selangor, Malaysia, 7Department of

Psychiatry, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Serdang, Selangor,

Malaysia, 8Centre for Community Health Studies, Faculty of Health Sciences, Universiti Kebangsaan

Malaysia, Kuala Lumpur, Malaysia, 9Department of Family and Generations, International Institute for

Population Sciences, Mumbai, India, 10Department of Epidemiology and Health Statistics, School of

Public Health, Fujian Medical University, Fuzhou, China

Background: Healthcare workers have to deal with highly demanding work

situations,making healthcare as one of themost challenging professions. Up to

now, far too little attention has been paid to burnout, resilience and the quality

of life among Malaysian healthcare workers. Therefore, this paper explores the

correlation between burnout, resilience and quality of life among Malaysian

healthcare workers during the COVID-19 pandemic.

Method: A total of 394 healthcare workers reported their responses on

Maslach Burnout Inventory questionnaire, World Health Organization Quality

of Life (WHOQOL)-BREF, and Brief Resilience Scale. Respondents were

contacted through convenience sampling method and targeted population

constituted Malaysian healthcare workers aged 18 years and above.

Results: For occupational exhaustion, about 50.5% of participants have

moderate degree, 40.6% have high degree, and 8.9% have low degree of

burnout. Health workers from age 25 to 35 years have lower physical

health compared to health workers aged <25 years (coe�cient = −0.77,

p = 0.021). Similarly, healthcare workers who were working more than

10h every day were more likely to report poor psychological health

(coe�cient = −2.49, p = 0.06). Positive correlation between physical

and psychological health was observed. Further, a negative correlation

was found between occupational exhaustion and the quality of life.
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Conclusion: It is important to target physical as well as psychological

wellbeing of the healthcare workers. Also, it is important to understand

the contribution of long working hours in declining the quality of life of

the healthcare workers. Thus, allocating fixed working hours for healthcare

workers would bring a much-required change.

KEYWORDS

burnout, resilience, quality of life, health-workers, COVID-19

Introduction

Healthcare workers have to deal with highly demanding

work situations, making healthcare as one of the most

challenging professions. As a result of the highly stressful nature

of the healthcare profession, it requires the healthcare workers

to possess a high level of physical and emotional resilience to

deal with work-related issues to perform better at work (1).

Therefore, the quality of one’s mental health determines the

capacity of an individual to perform their roles, including their

ability to work. The state of good mental health is defined by

feeling well and coping well with pressure, adapting to changing

conditions, enjoying rewarding relationships and performing

duties effectively (2).

It is well-known that stress is a physiological response to

pressure in a wide range of situations and events in our lives

(3). It is often triggered when we are faced with something

unexpected or new in our lives or feel that we have little control

over the situation. Our responses to stress differ from one

another. Depending on our genetics, our early life experiences,

our personalities, and our economic and social circumstances,

we all cope with different situations to varying degrees. Our

body reacts to stress by producing stress hormones that are

responsible for triggering a fight or flight response when

faced with stress. This helps us respond quickly to dangerous

situations. Getting through fear or pain is sometimes essential

for us to succeed in an endeavor and is unlikely that our stress

hormones will remain elevated for long after a stressful event has

passed. There can, however, be negative effects if too much stress

is experienced. Eventually we can end up in a permanent state of

fight or flight, overburdened or unable to cope. In the long run,

this can have a negative effect on our physical and mental health

and lead to disorder.

According to the DSM-5, acute stress disorder is

characterized by specific fear behaviors that last from 3

days up to 1 month following a traumatic event (4). The

symptoms are always triggered by death, serious injury, or

sexual assault. The DSM-5 lists physical attack, physical abuse,

mugging, active combat, sexual violence, natural disasters,

and serious accidents as traumatic events. Traumatic events

or hearing about the violent death of a loved one can also

trigger acute stress disorder. It affects every aspect of a patient’s

life. Depressive symptoms are associated with acute stress

disorder, and causes problems with feelings of joy, happiness,

satisfaction, and sexual arousal in patients. The negative impact

also may lead to being late for work and appointments or

missing them altogether. In turn, this will cause sleep problems,

which can further lead to mood issues as well as a lack of energy

and focus. As these conditions persist on a long-term basis,

there are dangers that impulsive behavior, such as gambling,

substance abuse, or reckless driving, could occur because of

these behaviors. It is extremely common for people to turn to

drugs and alcohol after experiencing trauma. It is possible that

alcohol or drug abuse may persist after the designated time for

acute stress disorder has expired in some cases (5).

However, long-term exposure to work-related stress can

cause burnout (2). The term burnout was first introduced in

1974 by Freudenberger due to a professional’s physical and

mental exhaustion (6). The World Health Organization (WHO)

has recently updated the definition of burnout as a chronic

stress condition associated with prolonged periods of high-stress

levels and is, therefore, an occupational phenomenon (7). WHO

defines quality of life as the perception of an individual’s life

position in relation to the culture, emphasizing that quality of

life is subjective that includes both positive and negative facets

of life and is multidimensional in nature.

According to the International Classification of Diseases,

11th edition, burnout is an occupational phenomenon

associated with employment or unemployment that causes the

person to feel tired or drained of energy. Cynicism or negativism

about one’s job, or an increase in mental distance from it. A

reduction in professional effectiveness. The syndrome is specific

to work environments and should not be applied elsewhere (8).

Worldwide, there has been an increase in burnout following

the outbreak of coronavirus disease 2019 (COVID-19) that

resulted in increasing the number of competing demands on

the healthcare systems (9–11). In Malaysia, healthcare workers

are reported to be more likely to suffer from burnout due

to long working hours, lack of social support from their

families, and stressful work conditions that leads to high rates

of job dissatisfaction and worker migration to other countries

(12). Since the spread of COVID-19, burnout has escalated
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and worsened in many areas of healthcare. Consequently,

it negatively impacts the quality of life in a wide range of

individuals, as well as quality of care for patients leading to

higher levels of emotional exhaustion and turnover for those

delivering care to patients (10).

Resilience was reported to be a significant predictor of

compassion satisfaction, secondary traumatic stress and burnout

as possible protective factors against burnout (13, 14). Recent

studies have also described resilience as a critical quality

that allows healthcare workers to face challenges amid the

COVID-19 pandemic (15). The concept of resilience refers to

a dynamic process of positive adaptation in the face of stress or

adversity. Experience, learning and training can all contribute

to developing this skill. The ability to recover or bounce back

from adverse circumstances distinguishes resilient individuals

(13, 16, 17).

Healthcare workers or healthcare professionals are provider

of healthcare treatment and these can include nurse, physician,

internist, surgeon, radiologist, obstetrician, psychiatrist

optometrist, medical assistant, midwife, dentist and so on

based on their qualification and expertise. Each one of the

healthcare professional has different role with varying work

burden and therefore it is possible that one type of healthcare

professional may feel burnout while other may not and

similarly, one may have higher resilience than other healthcare

professionals because of different training they have undergone

to become one of the healthcare professionals. Doctors and

nurses were put under extreme work burden during COVID-19

pandemic and that is why they had poor emotional experience

including depression, burnout, and anxiety (18). Tabur et al.

(18) in their study noted that around two-fifths (38.6%) of

the nurses/midwives and one-sixth (17.3%) of the doctors

experienced severe burnout (18). Adequate preparedness for

response to COVID-19 was found to be associated with lower

burnout among healthcare workers (19). Further, appreciation

from management and family support helped healthcare

workers in managing their burnout and a study found that

these factors were associated with lower burnout risk among

healthcare professionals (19). Resilience and burnout go hand

in hand as these are interdependent, Di Trani et al. (20), in

their study conducted among Italian healthcare workers, noted

that high-risk burnout group had lower resilience and greater

difficulties in tolerating the uncertainties than the low-risk

burnout group (20).

Since the coronavirus pandemic erupted in late 2019, several

studies have explored the knowledge, attitude and practices and

ill-effects of COVID-19 on population health (21–28). After

the advent of COVID-19 vaccines, studies also examined the

vaccine hesitancy and effectiveness among various population

(29–33). Also, quality of life during COVID-19 pandemic has

been reported in abundance (34, 35). In addition, some studies

have also explored mental health, risk perception, and coping

strategies adopted by healthc are workers during COVID-19

pandemic (36–38). Moreover, Psychological support is largely

underutilized due to a lack of awareness, equipment, staff time,

or skill for intervention, according to systematic reviews. On

the other hand, effective communication, safe and supportive

environments for frontline workers, and careful attention to

local needs can promote mental health (39).

However, studies examining burnout, resilience, and quality

of life altogether are missing in the Malaysian context. Research

on early burnout has focused on maintaining the integrity

of healthcare workers’ mental health. This has emerged as a

crucial topic throughout the COVID-19 pandemic and has been

receiving attention as a key to preventing the progression of

mental disorders (40, 41). A high level of burnout has a negative

impact on the healthcare industry, healthcare services, as well

as healthcare workers. Little is known about burnout, resilience

and the quality of life among healthcare workers in Malaysia,

and it is unclear what factors are associated with it (42). This

paper explores the correlation between burnout, resilience and

quality of life among Malaysian healthcare workers during the

COVID-19 pandemic.

Materials and methods

Study population and sampling

This cross-sectional study was conducted between February

15, 2022 and March 15, 2022 to evaluate the level of burnout,

quality of life and resilience among healthcare workers from

Putrajaya and Selangor hospitals. The study was conducted

during the fifth wave fuelled by the Omicron variant that

led to maximum daily cases in February and March 2022

(43, 44), but is marked by lower numbers of hospitalizations

and deaths than during the spread of the Delta variant (44).

In March 2022, the BA.2 Omicron sub-variant is projected

to be the dominant strain in the country (45). The country’s

vaccination programme, which commenced in late February

2021 (46), has fully inoculated over 80% of the population and

97% of adults as of 24 April 2022 (47). On February 13, 2022,

the total number of cases in Malaysia exceeded the 3 million

mark, reaching 3,040,235 (47). By February 24, 2022, the total

number of recoveries had reached the 3 million mark, reaching

3,018,172 (47).

The study used a convenience sampling method for

recruitment. The online survey was disseminated via

various social media platforms such as Instagram, Twitter,

LinkedIn, Facebook, WhatsApp, and Telegram. The target

population was adult Malaysian healthcare workers aged 18

years and above. We invited Malaysian assistant medical

officers, doctors, health inspectors, hospital food preparation

personnel, medical laboratory technologists, nurses, paramedics,

pharmacists, physicians, physiotherapists, dieticians, therapists,

psychologists, counselors, radiographers, and social workers
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from public and private healthcare services to enroll in this

study. All respondents were informed that their participation

was anonymous and voluntary at the beginning of the survey.

Consent was implied if the participants started answering the

questionnaire. This research complied with the tenets of the

Declaration of Helsinki.

Cochran’s formula was used to calculate the minimum

recommended sampling size (48). The minimal sample size

required for this study, with a confidence level of 95%, ±

5% precision and 0.5 estimated proportion, was 385 study

participants. A total of 394 completed responses were collected.

The Institutional Review Board granted approval (Above

already mention). Participation was voluntary and anonymity

was assured. All personal information was kept confidential.

Furthermore, researchers analyzed only de-identified data.

Study instruments

Sociodemographic and work-related
characteristics

The data collection instrument comprised of five

parts. The first part of the tool asked questions pertaining

sociodemographic and work-related characteristics. The choice

of variables was informed by the available literature and inputs

from the investigators. Participants were requested to indicate

their age, gender, marital status, speciality, educational level,

income, number of family members, job title, place of work,

years of experience, hours of working, and socialization time per

week. This section also asked whether the respondent had been

attending COVID-19 patients directly, had been infected with

COVID-19, their willingness to having COVID-19 vaccine’s

booster doses in the future.

Maslach burnout inventory questionnaire

The second part of the study tool was a translated version

of Maslach Burnout Inventory (MBI) (49). To limit the study to

burnout related to COVID-19, the phrase “due to COVID-19”

was added to each item. MBI is an internationally recognized,

validated, self-report questionnaire for measuring the severity

of workplace burnout, using the three dimensions of emotional

exhaustion, depersonalization and personal accomplishment.

The questionnaire has 22 items and each item is answered on

a seven-point Likert scale. This tool has been extensively used

in many studies in different parts of the world and the Malay

translation has also been validated previously (50, 51).

Burnout is expressed by scores of each of the three MBI

subscales, with a high score meaning a high level of burnout.

Each subscale score is calculated by adding up all scores of

all items in that subscale, with the notion that the items on

personal accomplishment domain are reversely scored (49).

Scores range from 0 to 54 for emotional exhaustion (EE),

from 0 to 30 for depersonalization (DP) and from 0 to 48

for personal accomplishment (PA) subscale. Scales are scored

such that higher scores indicate more of each construct. Higher

scores on the EE and DP subscales indicate a higher burnout

symptom burden; lower scores on the PA subscale indicate a

higher burnout symptom burden. The standard cut-off values

were used to define low, moderate, and high levels in each

dimension (49).

WHO quality of life-BREF 26

The WHO quality of life (WHOQOL)-BREF is a 26-item

instrument consisting of four domains: physical health (7 items),

psychological health (6 items), social relationships (3 items) and

environmental health (8 items); it also contains QOL and general

health items. Each individual item of the WHOQOL-BREF is

scored from 1 to 5 on a response scale, which is stipulated as

a five-point ordinal scale.

The physical health domain questions are based on daily

activities, medical aid, energy, mobility, the extent of pain,

sleeping pattern and working capacity. The psychological

domain focuses on participants’ personal beliefs, positive and

negative feelings, self-esteem, body image, thoughts and learning

capabilities. The social relationships domain explores the

respondent’s overall satisfaction with their personal and social

life. Lastly, the environmental domain comprises questions

about safety and security, contentment with one’s property and

physical surroundings, finances (does one have enough money

to satisfy one’s requirements), access to the necessary care,

information and transport. Moreover, the questionnaire has two

specific questions regarding participants’ opinions regarding

their overall quality of life and health. We used the Malay

validated version of the originalWHOQOL-BREF questionnaire

(52, 53).

Brief resilience scale

The last section is the Brief Resilience Scale (BRS)

questionnaire to assess the perceived ability to bounce back or

recover from stress. The scale was developed to assess a unitary

construct of resilience, including both positively and negatively

worded items.

The Brief Resilience Scale has six items presented in Table 1.

Items 1, 3, and 5 are positively worded, and items 2, 4, and

6 are negatively worded. The BRS is scored by reverse coding

items 2, 4, and 6 and finding the mean of the six items. The

following instructions are used to administer the scale: “Please

indicate the extent to which you agree with each of the following

statements by using the following scale: 1 = strongly disagree,

2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree.” The

possible score range on the BRS is from 1 (low resilience) to

5 (high resilience). It composes of 6 questions with a score on
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interpretation 1.00–2.99 as low resilience, 3.00–4.30 as normal

resilience and 4.31–5.00 as high resilience.

Data analysis

Descriptive statistics are presented in the form of frequencies

and percentages for the categorical variables. Mean and standard

deviation (SD) are reported for numerical variables. Multiple

linear regression was used to study the association of different

variables with the outcomes of interest. Correlation between

quality of life, burnout, and resilience levels was studied

using Pearson’s correlation and a heatmap for the correlation

coefficients was developed. IBM SPSS 28 for windows software

was used for the analysis while Stata 17 software was used

for the multiple linear regression. P < 0.05 is considered

statistically significant.

Ethic statement

The study was designed and conducted in line with

the declaration of Helsinki and was approved by the Ethics

Committee of Management and Science University (Ethics

Code: MSU-RMC-02/FR01/09/L1/085). Respondents were

informed that their participation was voluntary, and written

consent was implied on the completion of the questionnaire. All

participants were aged 18 years or older.

Results

A total of 394 participants were enrolled in this study.

About 87.1% of them were females, while the rest were males

(Table 1). 43.1% of the participants belonged to the age group

of 25–35 years old, 31.2% were 36 to 55 years old, 20.6%

were <25 years, and 5.1% were more than 55 years old. About

62.9% of participants were nurses, 14% were doctors and the

rest were from other specialties in the medical field. About

71.6% of participants’ income was less than RM 4,850, 25.4%

of participants’ income was from RM 4,850 to RM 10,959,

while the rest took more than RM 10,959 per month. About

47.2% of participants had tertiary education, 45.2% of them

had secondary education, while the rest had primary education.

About 37.8% of the participants had work experience of more

than 10 years, 31.7% had work experience of <5 years, 23.4%

had work experience from 5 to 10 years and 7.1% did not

have any experience. About 54.8% of participants worked from

8 to 10 hours daily, 29.7% worked 7 h daily, 14.5% worked

more than 10 h daily and 1% worked <7 h daily. About 40.1%

of participants were socializing more than 10 h weekly, 32.7%

were socializing from 5 to 10 h and 24.1% were socializing

TABLE 1 Socio-demographics of participants (N = 394).

N %

Gender

Male 51 12.9

Female 343 87.1

Age

< 25 years 81 20.6

From 25 to 35 years 170 43.1

From 35 to 55 years 123 31.2

More than 55years 20 5.1

Specialty

Doctor 55 14.0

Nurse 248 62.9

Others 91 23.1

Income level

≤Less than RM 4,850 282 71.6

RM 4,850–10,959 100 25.4

≥ RM 10,959 12 3.0

Education background

Primary 30 7.6

Secondary 178 45.2

Tertiary 186 47.2

Working experiences

No experience 28 7.1

<5 years 125 31.7

From 5 to 10 years 92 23.4

More than 10 years 149 37.8

Working duration

<7 h 4 1.0

7 h daily 117 29.7

From 8 to 10 h daily 216 54.8

More than 10 h 57 14.5

Family members

<5 152 38.6

5–10 220 55.8

More than 10 22 5.6

Socializing duration

No time 12 3.0

<5 h 95 24.1

From 5 to 10 h 129 32.7

More than 10 h 158 40.1

Dealing with COVID-19

No 205 52.0

Yes 189 48.0

Infected with COVID-19

No 213 54.1

Yes 181 45.9

COVID-19 vaccine booster

Very unlikely 32 8.1

Unlikely 63 16.0

(Continued)
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TABLE 1 (Continued)

N %

Somewhat unlikely 58 14.7

Somewhat likely 79 20.1

Likely 101 25.6

Very likely 61 15.5

<5 h weekly, while the rest did not socialize at all. Of all the

participants, 45.9% had been infected with COVID-19.

For occupational exhaustion, about 50.5, 40.6, and 8.9%

of the participants had moderate, high and low degree of

burnout, respectively (Table 2). For degree of depersonalization,

high, moderate and low degree of burnout was found in 89.1,

9.6, and 1.3% of participants, respectively. For D]degree of

personal accomplishment, about 76.4% of participants have low

degree, 15% have moderate degree, and 8.6% have high degree

of burnout.

The means and SD for each question and domain are

reported in Table 3.

Table 4 depicts the mean and SD for BRS questionnaire,

about 23.9% of participants have low resilience, 74.6% have

normal resilience, and 1.5% has high resilience.

Multiple linear regressions were done to study the factors

associated with physical health (Table 5). The only significant

factor was age. Healthcare workers from age 25 to 35 years have

lower physical health compared to healthcare workers< 25 years

(coefficient=−0.77, P = 0.021).

Multiple linear regressions were done to study the factors

associated with psychological health (Table 6). The only

significant factors were educational level and working duration.

Health workers who have secondary education level had higher

psychological health compared to health workers have primary

education level (coefficient = 1.0, P = 0.049). Similarly,

participants who were working more than 10 h every day were

more likely to report poor psychological health.

Table 7 depicts result for multiple linear regressions for

social relationships. None of the background variables were

significant predictor for social relationships.

Multiple linear regressions were done to study the factors

associated with environment level (Table 8). The only significant

factor was income level. Health workers who had Rm 4,850–

10,959 have higher environmental level compared to health

workers who had < Rm 4,850 (coefficient = 0.81), P = 0.028.

Health workers who have>Rm10,959 have higher environment

level compared to health workers have < Rm 4,850 (coefficient

=1.92), P = 0.034.

Multiple linear regressions were done to study the factors

associated with level of resilience (Table 9). The only significant

factor was gender. Participants aged more than 55 years have

higher resilience compared to those aged <25 (coefficient =

TABLE 2 Maslach burnout inventory questionnaire.

Mean SD

Occupational exhaustion 27.84 7.05

I feel emotionally exhausted because of my work. 3.55 1.60

I feel worn out at the end of a working day. 3.52 1.63

I feel tired as soon as I get up in the morning and

see a new working day stretched out in front of me.

3.36 1.67

Working with people the whole day is stressful for

me.

2.55 1.74

I feel burned out because of my work. 3.23 1.75

I feel frustrated by my work. 2.47 1.72

I get the feeling that I work too hard. 3.49 1.65

Being in direct contact with people at work is too

stressful.

2.58 1.74

I feel as if I’m at my wits end. 2.65 1.66

Degree of depersonalization 17.10 4.72

I get the feeling that I treat some clients/colleagues

impersonally, as if they were objects.

2.42 1.78

I have become more callous to people since I have

started doing this job.

2.62 1.73

I’m afraid that my work makes me emotionally

harder.

2.93 1.74

I’m not really interested in what is going on with

many of my colleagues.

2.59 1.79

I have the feeling that my colleagues blame me for

some of their problems.

2.31 1.75

Degree of personal accomplishment 26.49 9.55

I can easily understand the actions of my

colleagues/supervisors.

4.07 1.48

I deal with other people’s problems successfully. 3.60 1.49

I feel that I influence other people positively

through my work.

3.69 1.49

I feel full of energy. 3.58 1.55

I find it easy to build a relaxed atmosphere in my

working environment.

3.32 1.52

I feel stimulated when I had been working closely

with my colleagues.

3.57 1.57

I have achieved many rewarding objectives in my

work.

3.26 1.62

In my work, I am very relaxed when dealing with

emotional problems.

3.23 1.47

0.391, P < 0.001). Participants who took more than Rm 10,959

have higher resilience compared to those taking <Rm 4,850

(coefficient= 0.458, P = 0.001).

Table 10 depicts the correlation between quality of life,

burnout and resilience levels. A negative correlation was found

between occupational exhaustion and the four domains of

quality of life; higher score in occupational exhaustion is
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TABLE 3 (WHOQOL-BREF) questionnaire.

Mean SD

Physical health 12.78 2.33

To what extent do you feel that physical pain prevents you from doing what you need to do? (in the last 2 weeks) 2.92 1.06

How much do you need any medical treatment to function in your daily life? (in the last 2 weeks) 2.53 1.17

Do you have enough energy for everyday life? 3.36 0.97

How well are you able to get around physically? 3.40 0.90

How satisfied are you with your sleep? 3.19 1.11

How satisfied are you with your ability to perform your daily living activities? 3.49 0.91

How satisfied are you with your capacity for work? 3.47 0.94

Psychological health 13.5 2.5

How much do you enjoy life? (in the last 2 weeks) 3.40 1.03

To what extent do you feel your life to be meaningful? (in the last 2 weeks) 3.54 0.95

How well are you able to concentrate? 3.46 0.86

Are you able to accept your bodily appearance? 3.41 1.01

How satisfied are you with yourself? 3.55 1.05

How often do you have negative feelings such as blue mood, despair, anxiety or depression? 2.91 1.15

Environment 14.1 3.35

How safe do you feel in your daily life? 3.56 0.86

How healthy is your physical environment? 3.40 0.96

Do you have enough money to meet your needs? 3.29 1.11

How available to you is the information you need in your daily life? 3.57 0.84

To what extent do you have the opportunity for leisure activities? 3.19 0.92

How satisfied are you with the conditions of your living place? 3.76 0.91

How satisfied are you with your access to health services? 3.77 0.91

How satisfied are you with your transport? 3.91 0.94

Social relationships 14.2 2.6

How satisfied are you with your personal relationships? 3.65 1.01

How satisfied are you with your sex life? 3.35 1.10

How satisfied are you with the support you get from your friends? 3.64 0.94

TABLE 4 The brief resilience scale questionnaire.

Mean SD

I tend to bounce back quickly after hard

times

3.46 0.86

I have a hard time making it through

stressful events.

2.88 0.94

It does not take me long to recover from

a stressful event.

3.28 0.97

It is hard for me to snap back when

something bad happens.

2.92 0.97

I usually come through difficult times

with little trouble.

3.07 0.94

I tend to take a long time to get over

setbacks in my life.

2.97 0.97

associated with lower score in quality of life. Positive correlation

was found between occupational exhaustion and resilience;

higher score in occupational exhaustion is associated with

high resilience level. Positive correlation was found between

degree of depersonalization and resilience; higher score in

degree of depersonalization was associated with high resilience

level. A negative correlation was found between personal

accomplishment degree and the four domains of quality of life;

higher score in personal accomplishment degree is associated

with lower score in quality of life. Negative correlation was found

between personal accomplishment degree and resilience; higher

score in personal accomplishment degree is associated with

high resilience level. A positive correlation was found between

resilience level and the four domains of quality of life; higher

score in resilience level is associated with higher score in quality

of life.
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TABLE 5 Multiple linear regression for the factors associated with

physical health.

CoefficientP-value 95% C.I. of the

coefficient

Age

< 25 years

From 25 to 35 years −0.77 0.021 −1.43 −0.12

From 35 to 55 years −0.17 0.646 −0.90 0.56

More than 55 years −0.37 0.561 −1.64 0.89

Gender

Male

Female 0.07 0.850 −0.63 0.77

Specialty

Doctor

Nurse 0.60 0.181 −0.28 1.48

Others 0.10 0.825 −0.78 0.98

Education level

Primary

Secondary 0.30 0.524 −0.62 1.21

Tertiary 0.03 0.956 −0.94 1.00

Income level

≤ RM 4,850

RM 4,850–10,959 0.07 0.83 −0.58 0.72

≥ RM 10,959 0.53 0.52 −1.08 2.13

Working duration

< 7 h

7 h daily −0.52 0.663 −2.86 1.82

From 8 to 10 h daily −0.45 0.707 −2.77 1.88

More than 10 h −1.70 0.163 −4.08 0.69

Socializing duration

No time

< 5 h 0.03 0.964 −1.41 1.48

From 5 to 10 h 0.14 0.845 −1.29 1.57

More than 10 h 0.28 0.700 −1.14 1.70

Table 11 shows a heat map for the Correlation between

quality of life, burnout, and resilience levels. The darker the

color, the stronger is the correlation.

Discussion

This study aimed to determine the factors that correlated

with burnout, resilience, and quality of life among Malaysian

healthcare workers during the COVID-19 pandemic.

Approximately half of the healthcare workers in our study

had a moderate to a high degree of burnout in occupational

exhaustion and depersonalization with a low degree of personal

accomplishment. According to the findings regarding quality

of life, all four domains (physical health, psychological, social,

TABLE 6 Multiple linear regression for the factors associated with

psychological health.

CoefficientP-value 95% C.I. of the

coefficient

Age

< 25

From 25 to 35 years −0.49 0.178 −1.20 0.22

From 35 to 55 0.00 0.994 −0.80 0.79

More than 55 0.03 0.97 −1.35 1.41

Gender

Male

Female 0.27 0.491 −0.49 1.03

Specialty

Doctor

Nurse 0.61 0.214 −0.35 1.56

Others 0.38 0.43 −0.57 1.34

Education level

Primary

Secondary 1.00 0.049 0.00 1.99

Tertiary 0.54 0.315 −0.52 1.60

Income level

≤RM 4,850

RM 4850–10,959 0.28 0.432 −0.42 0.99

≥ RM 10,959 1.29 0.148 −0.46 3.04

Working duration

< 7 h

7 h daily −1.60 0.218 −4.15 0.95

From 8 to 10 h daily −1.51 0.241 −4.05 1.02

More than 10 h −2.49 0.06 −5.09 0.11

Socializing duration

No time

< 5 h 0.50 0.529 −1.07 2.08

From 5 to 10 h 0.69 0.384 −0.87 2.24

More than 10 h 0.74 0.345 −0.80 2.29

and environmental) fell below the international standard

(54). Of all the analyzed factors, age, education and income

level correlated with physical health, psychological and

environmental domains. The results of the study did not show

any significant differences in the social domain. According

to our study, all healthcare workers have an average level of

resilience, and females demonstrated a lower level of resilience

as compared to males. Systemic reviews have found that

COVID-19 patients, psychiatric patients, health care workers,

and the public all have mental health consequences during

COVID-19 pandemic (55).

Many people across the globe are experiencing unexpected

stress and trouble due to COVID-19. As a result, burnout

is common among healthcare personnel who work in the

COVID-19-affected healthcare system. Many variables, such as
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TABLE 7 Multiple linear regressions for the factors associated with

social relationships.

CoefficientP-value 95% C.I. of the

coefficient

Age

< 25 years

From 25 to 35 years 0.48 0.328 −0.48 1.43

From 35 to 55 years 0.60 0.27 −0.47 1.67

More than 55 years 0.66 0.481 −1.19 2.52

Gender

Male

Female −0.32 0.538 −1.34 0.70

Specialty

Doctor

Nurse 1.07 0.103 −0.22 2.35

Others 0.37 0.572 −0.91 1.65

Education level

Primary

Secondary 0.86 0.205 −0.47 2.19

Tertiary 0.14 0.847 −1.28 1.56

Income level

≤ RM 4,850

RM 4850–10,959 0.44 0.356 −0.50 1.39

≥ RM 10,959 1.54 0.198 −0.81 3.88

Working duration

< 7 h

7 h daily −0.46 0.791 −3.88 2.96

From 8 to 10 h daily −0.47 0.784 −3.88 2.93

More than 10 h −1.65 0.353 −5.14 1.84

Socializing duration

No time

< 5 h −0.32 0.763 −2.43 1.79

From 5 to 10 h 0.22 0.834 −1.86 2.31

More than 10 h 0.47 0.652 −1.60 2.55

heavy workload, limited manpower and facilities to treat the

rising number of patients and fear of contracting COVID-

19 might be sources of burnout for the healthcare workers

(56, 57). According to our study findings, over half of the

Malaysian healthcare workers were burned out. These findings

were similar to previous studies on healthcare workers in the

neighboring countries (58, 59). Compared to the burnout rate

before the pandemic, higher rates of burnout reported here

indicate that the COVID-19 pandemic may have contributed

to the increased staff burnout. During the pandemic crisis,

we identified several characteristics positively connected to

healthcare worker burnout. These characteristics included

female gender, workplace, wage, workload, and finally, the

COVID-19 status of a healthcare worker.

TABLE 8 Multiple linear regressions for the factors associated with

environment level.

CoefficientP-value 95% C.I. of the

coefficient

Age

< 25 years

From 25 to 35 years −0.21 0.569 −0.94 0.52

From 35 to 55 years 0.42 0.308 −0.39 1.23

More than 55 years 0.88 0.219 −0.52 2.28

Gender

Male

Female 0.13 0.745 −0.65 0.90

Specialty

Doctor

Nurse 0.32 0.518 −0.65 1.29

Others −0.11 0.824 −1.08 0.86

Education level

Primary

Secondary 0.63 0.224 −0.38 1.63

Tertiary 0.33 0.552 −0.75 1.40

Income level

< Rm 4,850

Rm 4,850–10,959 0.81 0.028 0.09 1.52

> Rm 10,959 1.92 0.034 0.15 3.70

Working duration

< 7 h

7 h daily −1.81 0.172 −4.40 0.79

From 8 to 10 h daily −1.60 0.222 −4.18 0.97

More than 10 h −3.02 0.025 −5.66 −0.38

Socializing duration

No time

< 5 h −0.47 0.56 −2.07 1.12

From 5 to 10 h −0.12 0.882 −1.70 1.46

More than 10 h 0.14 0.864 −1.43 1.71

In our study, women appeared to be less resilient than

men. They usually exhibit more significant emotional tiredness,

posttraumatic stress, anxiety and depression than men, based

on demographic and work-related characteristics. This result is

comparable to the European countries (60, 61). Traditionally,

females have been linked to a higher prevalence of these

symptoms. This might be attributable to the fact that women

have to spend more time in the family to take care of the family

members instead of working outside. Most research conducted

during the COVID-19 pandemic shows nurses worldwide have

moderate resilience levels (62).

According to our study, our nurses have an average resilience

score. Therefore, it is essential for healthcare professionals

to prioritize assistance and other resources. Support and
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TABLE 9 Multiple linear regression for the factors associated with

level of resilience.

CoefficientP-value 95% C.I. of the

coefficient

Age

< 25 years

From 25 to 35 years 0.020 0.723 −0.091 0.131

From 35 to 55 years −0.018 0.777 −0.142 0.106

More than 55 years 0.391 <0.001 0.176 0.606

Gender

Male

Female −0.050 0.407 −0.169 0.069

Specialty

Doctor

Nurse 0.130 0.086 −0.019 0.279

Others 0.114 0.134 −0.035 0.263

Education level

Primary

Secondary −0.013 0.871 −0.168 0.142

Tertiary −0.007 0.937 −0.172 0.158

Income level

< Rm 4,850

Rm 4,850–10,959 0.056 0.321 −0.054 0.165

> Rm 10,959 0.458 0.001 0.185 0.730

Working duration

< 7 h

7 h daily 0.021 0.916 −0.376 0.419

From 8 to 10 h daily 0.071 0.724 −0.324 0.466

More than 10 h −0.018 0.930 −0.423 0.387

Socializing duration

No time

<5 h −0.025 0.839 −0.271 0.220

From 5 to 10 h −0.050 0.686 −0.292 0.192

More than 10 h 0.040 0.744 −0.201 0.281

other resources must be available to people in front-line

positions, especially during a pandemic, which presents unique

challenges. Intervention should focus on increasing resilience

in the health care personnel. These include communicating,

evaluating burnout and offering assistance to those at risk for or

experiencing burnout. Those healthcare workers who had gone

beyond their resilience barrier should be provided with support

and therapy before they safely return to work. Nobody should

be stigmatized for seeking help for mental health. Mentors and

peer support can effectively build a sense of coherence among

healthcare workers. They are allowed to express their feelings

and concerns openly (63). Constant expression of gratitude is

a valuable strategy to promote resilience among health care

workers (64).

One of the objectives of this study is to assess the quality of

life led by healthcare workers during the COVID-19 pandemic

crisis. This finding was consistent with a previous study, which

showed that healthcare workers are below the international

standard quality of life (65). During this hard time, healthcare

workers are the ones that stand on the front line in delivering

care to patients. They are usually extremely devoted and

dedicated to their work at critical times. However, according

to the research, healthcare workers’ quality of life is negatively

impacted by various factors during pandemics. These include

mental and physical health problems such as depression and

anxiety, concerns about viral transmission while caring for

hospitalized patients and burdens placed on families due to their

uncertain health status. These issues, directly and indirectly, are

affecting the quality of life for healthcare workers worldwide.

Hence, all public and private health institution stakeholders

must ensure that healthcare workers have an excellent quality

of life.

In our study, multiple linear regression revealed a decline

in physical health domain of quality of life between 25 and

35 years of age. We can attribute this to the pre-existing

medical condition that begins to manifest in this proportion

of responses. In the psychological health domain of quality

of life, we observed a positive correlation between quality

of life scores and education level among the respondents.

These were consistent with the other studies done over the

world (66, 67). This is probably because higher education

levels can improve financial stability and overall quality of life.

Therefore, healthcare workers who received higher education

likely experience a better lifestyle due to their higher income,

which ensures a higher environmental quality of life. We can

prove this as we observed a favorable correlation between

the financial solvency of respondents and their environmental

domain of quality of life.

This study identified several limitations. Due to the cross-

sectional nature of our study, we are unable to determine

the temporal relationship between outcome exposure. We

did not examine any co-morbid conditions other than

psychological distress, religion, or family support that can

affect burnout, resilience and quality of life in our study.

The study of causality and effectiveness related to improving

resilience and quality of life among healthcare workers are

recommended for the future studies. Further, the study

finding may not have enough confidence on the back of

imbalance sample, such as sample had only 51 males as

compared to 343 females and similarly, 55 doctors alongside to

248 nurses.

Conclusion

This study used three separate inventories namely MBI,

WHOQOL -BREF questionnaire, and BRS to explore burnout,
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TABLE 10 Correlation between quality of life, burnout, and resilience levels.

Physical health Psychological health Social relationships Environment level EE score DP Pa

Physical health Pearson correlation –

Psychological health Pearson correlation 0.812 –

p-value <0.001

Social relationships Pearson correlation 0.581 0.605 –

p-value <0.001 <0.001

Environment Pearson correlation 0.751 0.739 0.651 –

p-value <0.001 <0.001 <0.001

EE score Pearson correlation −0.136 −0.099 −0.224 −0.188 –

p-value 0.007 0.050 <0.001 <0.001

DP Pearson correlation 0.005 0.066 −0.045 0.030 0.615 –

p-value 0.914 0.194 0.375 0.549 <0.001

Pa Pearson correlation −0.252 −0.243 −0.277 −0.321 0.777 0.547 –

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Resilience level Pearson correlation 0.217 0.227 0.253 0.327 −0.150 0.052 −0.291

p-value <0.001 <0.001 <0.001 <0.001 0.003 0.299 <0.001

TABLE 11 Heatmap for correlation between quality of life, burnout, and resilience levels.

Physical health Psychological health Social relationships Environment EE DP Pa

Physical health –

Psychological health 0.746 –

Social relationships 0.562 0.605 –

Environment 0.722 0.739 0.651 –

EE score −0.112 −0.099 −0.224 −0.188 –

DP 0.016 0.065 −0.044 0.030 0.615 –

Pa −0.216 −0.243 −0.277 −0.321 0.777 0.547 –

Resilience level 0.22 0.23 0.25 0.33 −0.15 0.05 −0.29

−1 0 +1

quality of life and resilience, respectively. Lower physical health

was reported among healthcare workers aged 25–35 years, poor

psychological health was reported by those who were working

for more than 10 h every day and environmental level was

affected by income level and working hours of the respondents.

Findings from this study call for specific interventions. High

correlation between physical and psychological health signifies

that if a respondent is facing physical health issues, then it

is likely that he/she might face some psychological health

issues. Therefore, it is important to improve physical as

well as psychological wellbeing of the healthcare workers.

Further, negative correlation was found between occupational

exhaustion and the four domains of quality of life. Higher

score in occupational exhaustion is associated with lower score

in quality of life. Therefore, it is important to understand

the contribution of long working hours in declining the

quality of life. Thus, allocating fixed working hours for

healthcare workers would bring a much required change. In

the future, we need to take swift action if we’re going to

respond to COVID-19. It’s important to involve a variety of

community stakeholders, like traditional and religious leaders,

opinion leaders, and healthcare workers. Each country’s national

government should build its capacity while receiving support

from other organizations to ensure the safe integration of

COVID-19 outbreak response activities and improve healthcare

workers’ mental health.
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Background:Most insulin injections for people with diabetes are administered

at home, thus generating many used needles. Unsafe disposal of these

at-home needles can lead to needle stick injuries, blood-borne disease

transmission, and environmental contamination. Previous studies have shown

varying results on the prevalence of and factors associated with safe sharps

disposal practices of people with diabetes.

Objective: To assess the prevalence of and the factors associated with the safe

disposal of used insulin needles among patients with diabetes.

Methods: We collected data from 271 insulin-using patients at a tertiary

care hospital in China. A self-designed instrument was used to assess

sociodemographic data, disease- and treatment-related characteristics, sharps

disposal practices, education on diabetes self-management and sharps

disposal, and awareness of the potential risks associated with unsafe sharps

disposal. Multivariate logistic regression analysis was used to explore factors

associated with safe sharps disposal practices.

Results: Only 10.3% (28/271) of participants disposed of used at-home insulin

needles in a safe manner, and 14.8% (45/271) of participants had received

previous instruction on sharps disposal. Previous sharps disposal instruction

(AOR = 4.143, 95% CI = 1.642–10.450) and awareness of the risk of blood-

borne pathogen transmission (AOR = 3.064, 95% CI = 1.332–7.046) were

associated with safe disposal of used insulin needles.

Conclusion: In our study, the prevalence of safe sharps disposal practices was

low, and aminority of respondents had received previous instruction on sharps

disposal. Participants who had previously received instruction and were aware

of the risk of blood-borne pathogen transmission were more likely to handle

sharps safely. Our study findings suggest that health care professionals should

pay attention to sharps disposal practices of patientswith diabetes and conduct

diabetes education programs that include information on safe sharps disposal

methods and potential hazards of unsafe sharps disposal.
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Introduction

In 2021, the number of people with diabetes worldwide

was estimated to be 537 million (1). Diabetes can cause a

variety of complications that lead to stroke, kidney failure,

blindness, and lower limb amputation, resulting in reduced

quality of life and increased healthcare costs for patients.

Moreover, in 2021, an estimated 6.7 million adult deaths

were due to diabetes or its complications (1). Therefore,

the prevention and control of diabetes is a global public

health priority.

In 2021, China had ∼141 million people with diabetes, the

largest diabetic population in the world; furthermore, by 2045,

China is expected to have 175 million patients with diabetes (1).

China has mademany efforts to manage diabetes (2, 3); however,

the continued increase in the number of people with diabetes still

poses a significant challenge.

Insulin injections are an important means to control blood

glucose and reduce the risk of diabetic complications (4, 5). In

a previous study, the number of patients with diabetes using

insulin in China was ∼9 million (6). Most of these insulin

injections are administered at home, thus generating many

medical sharps, such as used needles, in the community.

Used needles are classified as infectious and injurious waste.

Under no circumstances should these sharps be disposed of

in public trash cans or through public waste disposal systems

(7). However, China’s current regulations for medical waste

disposal apply only to medical institutions, not to households or

communities (8). Previous studies reported that many patients

with diabetes discarded used insulin needles in their household

garbage (9–11). Such unsafe disposal can lead to needle stick

injuries, blood-borne disease transmission, and environmental

contamination. Therefore, there is an urgent need to correct the

unsafe handling of medical sharps among people with diabetes

in the home environment.

Several factors have been associated with at-home sharps

disposal practices of people with diabetes. Previous studies have

shown that patients with diabetes who had received education

on safe sharps disposal were more likely to safely dispose of

at-home sharps than those who had not (12–15). In addition,

several studies showed that such education helps improve

sharps disposal practices among community-based patients

with diabetes (16–19). Additionally, two studies indicated that

patients with higher levels of education were more aware of

the dangers associated with sharps and the need for safe sharps

disposal (20, 21). A study conducted in the United States

showed that patients who had diabetes for more than 30

years had the lowest rates of proper sharps disposal (13).

Another study indicated that patients who handled needles

unsafely had diabetes longer than those who handled sharps

safely (22). Moreover, a study in the Philippines revealed that

patients with diabetes who had been on insulin for a longer

period were less likely to dispose of sharps correctly than those

who had been on insulin for a shorter period (23). Another

study showed that sharps disposal practices were worse in

patients with diabetes who had been receiving insulin for more

than a year than those who had been receiving it for less

than a year (12). In addition, participants who were aware

of the risk of blood-borne pathogen transmission via used

needles were less likely to dispose of sharps in their household

trash (24).

Understanding the current disposal practices for at-home

insulin needles among patients with diabetes and identifying

the factors associated with safe sharps disposal are essential

for tailoring interventions to improve such practices in China.

Therefore, the objectives of this study were to (a) assess the

prevalence of safe disposal of used insulin needles and (b)

explore the factors associated with safe sharps disposal practices

within our study group.

Methods and measurement

Study design

This was a cross-sectional study using convenience sampling

to explore the prevalence of and factors associated with the

safe disposal of used insulin needles among Chinese patients

with diabetes.

Participants

We conducted our study from December 2021 to May

2022 in the endocrinology ward of the First Affiliated Hospital

of Wenzhou Medical University, a tertiary care hospital

in Wenzhou. During the investigation period, patients with

diabetes admitted to the ward were invited to participate in

our study. Our inclusion criteria were as follows: diabetes

mellitus diagnosis, age ≥18 years, insulin use for at least 6

months prior to the survey, insulin injected by the patient

himself, and ability to communicate with the investigator.

Patients using insulin pumps or diagnosed with gestational

diabetes were excluded. Informed consent was obtained, and

participation was voluntary. The required sample size was

determined based on the following single population proportion

formula: n =
Z2α/2P(1−P)

δ2
. Additionally, it was based on the

following assumptions: an estimated 18.8% prevalence of safe

disposal of used insulin needles (9), a critical value of 95%

confidence interval, a 5% margin of error, and a response

invalidity rate of 10%. The required sample size was calculated to

be 261 and 271 participants ultimately provided valid responses

to our survey.
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Survey instrument

For our study, sharps was defined as used insulin needles.

Furthermore, safe sharps disposal was defined as discarding

used insulin needles in designated sharps or puncture-resistant

containers; other sharps disposal methods were categorized

as unsafe.

After reviewing the literature, we listed possible factors

associated with safe sharps disposal and subsequently developed

a five-part tool to collect data based on these factors. The

first part collected the following sociodemographic data: age,

gender, education, marital status, and presence of children

under 14 years of age in the household. Second, we surveyed

the following disease and treatment characteristics: duration

of diabetes diagnosis, duration of insulin use, schedule of

daily insulin injections, needle reuse, and needle stick injuries

experienced by the patient or family members. The third part

evaluated the participants’ disposal method of used needles;

in addition, participants with safe sharps disposal practices

were required to report how they eventually disposed of

containers filled with used needles. Fourth, we assessed whether

or not participants had received education on diabetes self-

management and sharps disposal. Those who had previously

received instruction on sharps disposal were also asked about

the source and their primary means of obtaining it; moreover, all

participants were asked about their favorite means of obtaining

information on sharps disposal. Finally, the fifth part of our

survey asked three questions to assess participants’ awareness

of the potential hazards of unsafe sharps disposal, including

needle stick injuries, blood-borne pathogen transmission, and

environmental contamination.

We invited five diabetes experts, including two physicians,

two advanced practice nurses, and a diabetes educator,

to review our original survey instrument. Based on the

experts’ recommendations, statements that did not match

the conventions of expression were modified. The survey

instrument was pilot tested in 30 people with diabetes and was

appropriate for our study.

Data collection

Our investigators obtained a list of patients with diabetes

receiving insulin injections through the head nurse of the

ward and subsequently interviewed these patients. Prior to the

interview, investigators received training on the purpose and

content of the study as well as the inclusion and exclusion

criteria of the sample. Additionally, participants were informed

of the purpose and content of the study, and verbal consent was

obtained prior to the survey. The investigator first asked the

patients whether they had been injecting insulin for 6 months

and whether they self-injected; if either question received a

“no,” the interview ended. Next, the investigators asked the

remaining questions one by one and recorded the participants’

verbal responses.

Ethical considerations

This study was approved by the Ethics Committee in Clinical

Research of the First Affiliated Hospital of Wenzhou Medical

University (IRB No. KY2021-180).

Data analysis

Data analysis was performed using SPSS Statistics 22 (IBM,

Armonk, NY, USA). The variable of age did not follow a normal

distribution and was expressed as medians and quartiles (P25,

P75). Categorical variables were represented as cases (n) and

percentages (%). In our univariate and multivariate analyses,

the dependent variable was defined as whether used insulin

needles were disposed of safely, i.e., whether they were placed

in a designated sharps or puncture-resistant container. Mann–

WhitneyU and chi-square tests were used for univariate analysis

for skewed continuous and categorical variables, respectively.

Variables with a significance of p < 0.20 were included

in multivariate logistic regression models to identify factors

influencing safe sharps disposal practices, with the significance

level set at p < 0.05. Variance inflation factor (VIF) was used

to check for multicollinearity, and variables with VIF of <5

were included in the multivariate model. In multivariate logistic

regression analysis, variables with a significance of p < 0.05

were considered statistically significant. Unadjusted odds ratios

(UORs) and adjusted odds ratios (AORs) were used to assess the

association between independent and dependent variables.

Results

Characteristics of the sample

In this study, 420 patients with diabetes using insulin

agreed to participate and were interviewed. Of the 149 excluded

patients, 65 had been injecting insulin for <6 months, 79

did not inject the insulin themselves, three used an insulin

pump, and two were under the age of 18. Altogether, a total

of 271 participants provided valid responses. The age of the

participants ranged from 20 to 87 years [63 (55, 70)]. Most

participants were married, had diabetes for more than 10 years,

and used insulin once or twice a day. Furthermore, we found

that 69.0% (187/271) of the participants used needles repeatedly.

The sociodemographic, disease and treatment characteristics of

the participants are shown in Table 1.
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TABLE 1 Univariate analysis of factors associated with safe disposal of insulin needles.

Total

(N = 271)

Safe disposal

(n = 28)

Unsafe disposal

(n = 243)

χ
2/Z p-Value

N (%)/median (mode)

Age (years) 63 (55, 70) 60.5 (47, 68) 63 (56, 70) −1.667 0.095

Gender

Male 161 (59.4) 17 (60.7) 144 (59.3) 0.022 0.882

Female 110 (40.6) 11 (39.3) 99 (40.7)

Education

None/primary level 151 (55.7) 12 (42.9) 139 (57.2) 2.094 0.148

Junior high level or above 120 (44.3) 16 (57.1) 104 (42.8)

Marital status

Married 252 (93.0) 24 (85.7) 228 (93.8) 1.443 0.230

Single/unmarried/divorced/widowed 19 (7.0) 4 (14.3) 15 (6.2)

Presence of children under 14 year of age

Yes 52 (19.2) 4 (14.3) 48 (19.8) 0.484 0.487

No 219 (80.8) 24 (85.7) 195 (80.2)

Duration of diabetes diagnosis (years)

≤10 78 (28.8) 9 (32.1) 69 (28.4) 0.172 0.678

>10 193 (71.2) 19 (67.9) 174 (71.6)

Duration of insulin use (years)

≤5 111 (41.0) 15 (53.6) 96 (39.5) 2.054 0.152

>5 160 (59.0) 13 (46.4) 147 (60.5)

Schedule of daily insulin injections

Once 67 (24.7) 9 (32.1) 58 (23.9) 1.724 0.422

Twice 96 (35.4) 7 (25.0) 89 (36.6)

Three times or more 108 (39.9) 12 (42.9) 96 (39.5)

Needle reuse

Yes 187 (69.0) 14 (50.0) 173 (71.2) 5.272 0.022

No 84 (31.0) 14 (50.0) 70 (28.8)

Needle stick injuries experienced by the patient or family

members

Yes 36 (13.3) 7 (25.0) 29 (11.9) 2.673 0.102

No 235 (86.7) 21 (75.0) 214 (88.1)

Previous education on diabetes self-management

Yes 137 (50.6) 17 (60.7) 120 (49.4) 1.290 0.256

No 134 (49.4) 11 (39.3) 123 (50.6)

Previous instruction on sharps disposal

Yes 32 (11.8) 9 (32.1) 23 (9.5) 10.317 0.001

No 239 (88.2) 19 (67.9) 220 (90.5)

Awareness of the risk of needle stick injuries from unsafe

sharps disposal

Yes 118 (43.5) 19 (67.9) 99 (40.7) 7.510 0.006

No 153 (56.5) 9 (32.1) 144 (59.3)

Awareness of the risk of blood-borne pathogen

transmission from sharps disposal

Yes 104 (38.4) 18 (64.3) 86 (35.4) 8.864 0.003

No 167 (61.6) 10 (35.7) 157 (64.6)

Awareness of the risk of environmental contamination

from unsafe sharps disposal

Yes 132 (48.7) 19 (67.9) 113 (46.5) 4.583 0.032

No 139 (51.3) 9 (32.1) 130 (53.5)

Age was tested to be skewed numeric data, expressed as medians and quartiles (P25, P75) and analyzed by Mann–Whitney U-test; categorical variables were described as cases (n) and

percentages (%) and analyzed by Chi-square test; safe sharps disposal was defined as placing sharps into designated sharps or puncture-resistant containers.
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TABLE 2 Participants’ disposal practices of insulin needles.

Variables Frequency

(%)

Disposal of insulin needles (N = 271)

Designated sharps containers 5 (1.8)

Puncture-resistant containers 23 (8.5)

Directly into household garbage with recapping 191 (70.5)

Directly into household garbage without recapping 52 (19.2)

Disposal of designated or puncture-resistant containers (n = 26)

Health care facility 4 (15.4)

Handed over to the cleaner 2 (7.7)

Household garbage 18 (69.2)

Placed in her toilet and had not been disposed of yet 1 (3.8)

Disposal practices of insulin needles

Table 2 presents the disposal methods of insulin needles used

by our participants. Only 28 participants placed their insulin

needles in designated sharps or puncture-resistant containers.

Thus, the prevalence of safe sharps disposal practices was 10.3%

(28/271). Most participants (89.7%, 243/271) disposed of insulin

needles with or without caps directly in their household trash.

Regarding the disposal of containers filled with used needles,

two of the 28 respondents who safely disposed of used needles

did not respond; of the remaining 26 participants, 18 discarded

their sharps containers in their household trash.

Instruction on sharps disposal

Table 3 shows that 14.8% (45/271) of respondents had

received previous instruction on how to handle sharps. The

most frequently mentioned source of information was a nurse,

followed by a doctor, a friend or relative, and others. The

information was primarily obtained verbally. Additionally, the

majority (69.7%, 189/271) of participants wanted to receive

information regarding sharps disposal verbally.

Univariate analysis of safe sharps disposal
practices

After univariate analysis of factors associated with the safe

disposal of insulin needles, the following nine variables were

entered into the multivariate logistic regression model: age,

education, duration of insulin use, needle reuse, needle stick

experience, previous instruction on sharps disposal, awareness

of the risk of needle stick injuries, awareness of the risk of

blood-borne pathogen transmission and awareness of the risk

of environmental contamination (p < 0.20; Table 1).

TABLE 3 Instruction on sharps disposal.

Variables Frequency

(%)

Previous instruction on sharps disposal (N = 271)

Yes 45 (14.8)

No 259 (85.2)

Source of sharps disposal instruction (n = 45)

Nurse 24 (75.0)

Doctor 5 (15.6)

Pharmacist 0 (0.0)

Friend or relative 2 (6.3)

Othersa 1 (3.1)

Primary means of obtaining information on sharps disposal

(n = 32)

Verbal 26 (81.3)

Booklets, magazines or books 0 (0.0)

Television or broadcast 0 (0.0)

Internet 6 (18.8)

Favorite means of obtaining information on sharps disposal

(n = 271)

Verbal 189 (69.7)

Booklets, magazines or books 26 (9.6)

Television or broadcast 14 (5.2)

Internet 42 (15.5)

aOthers referred to a community worker.

TABLE 4 Multivariate analysis of factors associated with safe disposal

of insulin needles (N = 271).

Variables AOR 95% CI p-Value

Previous instruction on sharps

disposal

Yes 4.143 1.642, 10.450 0.003

No Reference

Awareness of the risk of blood-borne

pathogens transmission from sharps

disposal

Yes 3.064 1.332, 7.046 0.008

No Reference

AOR, adjusted odds ratio; CI, confidence interval.

Multivariate analysis of safe sharps
disposal practices

The Box–Tidwell test indicated that the relationship between

age and safe sharps disposal was linear. The VIF values of the

nine independent variables that entered the multivariate logistic

regression were < 2 and no collinearity was detected. Hosmer-

Lemeshow test [chi-square = 0.014, degrees of freedom (df)
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= 1, p = 0.906] and omnibus tests of model coefficients (chi-

square = 16.680, df = 2, p = 0.000) suggested that forward

stepwise (likelihood ratio) multivariate logistic regression

was appropriate.

After adjusting for potential confounders, previous

instruction on sharps disposal and awareness of the risk of

blood-borne pathogen transmission remained two significant

predictors of safe insulin needle disposal practices (Table 4).

Patients with diabetes who had previously received sharps

disposal instruction were 4.143 times (AOR = 4.143, 95%

CI= 1.642–10.450) more likely to dispose of insulin needles

safely than those who had not. Furthermore, participants who

were aware of the risk of blood-borne pathogen transmission

from unsafe sharps disposal were 3.064 times more likely to

dispose of needles safely than those who were not (AOR =

3.064; 95% CI, 1.332–7.046).

Discussion

This was a cross-sectional study using a self-administered

instrument to gain insight into insulin needle disposal practices

among patients with diabetes and to explore factors associated

with safe sharps disposal practices.

Disposal practices of insulin needles

In the present study, the prevalence of safe sharps disposal

practices was low, with only 10.3% of participants safely

disposing of their insulin needles. This finding is similar

to previous studies conducted in China (9, 11) and other

countries (14, 15, 20, 25). However, two studies from the

United States showed much higher rates of safe sharps disposal,

with Montoya and Huang reporting 67 and 59%, respectively

(13, 22). This difference may be related to the specific policies

and clear guidelines for at-home sharps disposal that exist in the

United States (26, 27).

Of the participants who placed used needles in designated

sharps or puncture-resistant containers, most ultimately

discarded these containers in their household trash. This is in

line with findings from Bangladesh (25), Sri Lanka (12), and

India (28). This may be due to the lack of sharps collection

terminals or community sharps disposal programs; patients

with diabetes do not have access to sharps container disposal

and instead place them in household waste (12).

Associated factors of safe sharps disposal

In our study, previous instruction on sharps disposal and

awareness of the risk of blood-borne pathogen transmission

were two factors significantly associated with safe sharps

disposal practices. Our findings showed that patients with

diabetes who had received previous sharps disposal instruction

were more likely to have safe sharps disposal practices compared

to those who had not. This is supported by the results of other

cross-sectional studies (12–15). Furthermore, a study conducted

in India found that a provider-initiated patient-centered insulin-

use health education program with information on sharps

disposal significantly improved the knowledge and practice

of used insulin sharps disposal among people with diabetes

(18). A quasi-experimental study conducted in northeast

Peninsular Malaysia reported that a structured community

sharps disposal education module that included content on

the proper handling of sharps, was effective in improving

sharps disposal knowledge and encouraging safe sharps disposal

practices among Malaysian patients with diabetes (16). The

positive relationship between previous instruction on sharps

disposal and safe sharps disposal practices can be explained

by the health belief model, where information on safe sharps

disposal can serve as a cue for action, activating readiness

and stimulating positive health-related behaviors among people

with diabetes (29). In contrast, a study conducted in the

Philippines showed that sharps disposal instruction from

health care professionals was not a significant predictor of

safe sharps disposal practices (23). They speculated that this

might result from either patients having low adherence to

sharps disposal advice from health care professionals or health

care professionals providing incorrect information in the

first place.

In our study, only a few respondents had previously received

instruction on sharps disposal, which is similar to findings

from Sri Lanka (12). The reason for this may be that health

care professionals and patients are not fully aware that home

sharps disposal is a serious public health issue. According to

our results, nurses were the primary provider of sharps disposal

information, which may result from the fact that education

on insulin injection in China is mainly performed by nurses

and diabetes educators (30). Notably, most diabetes educators

in China are also nurses (31). Future research is needed to

identify barriers that prevent other health care professionals

from educating patients about safe sharps disposal. Most

participants in this study preferred to receive verbal information

on how to safely dispose of sharps. Therefore, nurses, diabetes

educators, physicians, and pharmacists should provide early

and sustainable verbal counseling to their patients to improve

sharps disposal practices. Furthermore, online and offline

materials, such as pamphlets and videos, should be available for

patients to independently review safe sharps disposal practices

at home.

Our study also showed that patients with diabetes who

were aware of the risk of blood-borne pathogen transmission

were more likely to have safe practices than patients who

were not aware of this risk. This finding is consistent

with a study conducted in Pakistan, which revealed that
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people with diabetes who knew the risk of blood-borne

disease transmission were less likely to dispose of sharps

in their household trash (24). Understanding precautions

that can reduce the spread of blood-borne pathogens, such

as safe sharps disposal, is important (32). This can be

explained by the health belief model, whereby patients who

have diabetes understand the serious consequences of blood-

borne disease transmission and develop fears about their

current behavior, which can motivate them to change this

behavior (29). In short, when discussing sharps disposal

with patients who have diabetes, health care professionals

should inform them of the potential harms associated with

unsafe disposal.

Limitations

The present study has some limitations. First, some

factors that may influence sharps disposal practices were not

included, such as income, place of residence, and comorbid

blood-borne diseases. Second, some participants may have

had difficulty accurately recalling past events, such as needle

stick injuries, duration of diabetes diagnosis, and duration

of insulin use, so we cannot exclude the possibility of recall

bias. Third, participants in this study were recruited from a

single hospital through convenience sampling, which limits the

generalizability of our study. A multi-center study with larger

samples is needed. In addition, interventional studies could

be considered.

Conclusion

In our hospital-based sample of patients with diabetes,

the prevalence of safe sharps disposal was low, and only

a minority of respondents had received previous sharps

disposal instruction. Patients who had previously received

sharps disposal instruction and were aware of the risk

of blood-borne pathogen transmission were more likely

to perform sharps disposal correctly. Our results may

provide a basis for conducting sharps education programs

for patients with diabetes and urging the government to

issue regulations for the management of sharps disposal

in the community. Our study findings suggest that safe

sharps disposal methods and potential risks of unsafe

sharps disposal should be incorporated into education

programs for patients with diabetes and that health care

professionals should receive training on the safe disposal of

home-generated sharps.
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An estimated 8 million people die each year from tobacco smoking, with an

increasing frequency recently being observed in Southeast Asian countries,

which is a preventable risk factor for mortality. NAFLD, fibrosis, advancement

of hepatocellular carcinoma, and prognosis for those with severe liver disease

are all negatively influenced. NAFLD and cigarette usage seem to be a

direct link. Oxidative stress and oncogenic signals have been implicated in

cancer development in animal models and human clinical trials. The elevated

risk of cardiovascular disease and malignancies in those with steatohepatitis

and those who have had liver transplants is exacerbated by smoking. We

found that smoking cessation may increase treatment response and fibrosis

regression rates, decrease hepatocellular carcinoma incidence, and improve

liver transplant outcomes. In the last segment, we’ll look at electronic

cigarettes, a hot subject in public health right now, as well as additional

repercussions of smoking.
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Introduction

Although non-alcoholic fatty liver disease (NAFLD) was prevalent for decades

in westerners, recent studies have shown the growing incidence of NAFLD in

Southeast Asia, from 9% ranging to 45%, particularly in Pakistan, Sri Lanka, India,

Nepal, Bangladesh, with the second largest proportion of cancer death attributable

to HCC in East Asia (1, 2). South Korea also showed a rising frequency between

2006 (18.7%) and 2010 (27.3%) (3). Furthermore, a whopping 33.9% increase in

NAFLD prevalence was reported between 2012 to 2017 in Southeast Asia (3).

NAFLD affects an estimated 20–30% of Westerners (4, 5). NAFLD may lead to

cirrhosis of the liver and hepatocellular cancer if it is not addressed. The name

“NAFLD” encompasses all of these conditions (4–9). Type 2 diabetes mellitus,

as well as waist circumferences >102 cm for men and 88 cm for women, have

been linked to obesity (4–7, 9). Obese people have a 4.6-fold increase in the

prevalence of NAFLD (7). NAFLD is linked not just to metabolic abnormalities but

also bad lifestyle choices (5). Also, population aging accelerates the progression of
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NAFLD (10, 11). Thus as evidenced by the abdominal age

predictor, AbdAge model, which was developed on liver MRI

images and revealed that with advanced age, the liver becomes

darker, its volume diminishes, and blood flow declines (10).

Smoking and, more recently, NAFLD have been identified as

risk factors for reflux esophagitis (12). NAFLD is presently a

significant financial burden on the global healthcare system.

The burden of tobacco abuse in the region of Southeast

Asia has remarkably soared in recent years, with approximately

400 million users, and resulted in about 1.2 million deaths

per year (13–17). Cigarettes contain nearly 4,000 hazardous

compounds, many of which are liver-damaging and habit-

forming (4). Chronic liver disease, such as alcoholic liver

disease, primary biliary cirrhosis, hepatitis B and C, and other

chronic liver diseases, may be accelerated by tobacco use

in addition to cardiovascular disease, type 2 diabetes, and

hepatocellular cancer. (6, 7, 11). It’s still unclear how smoking

contributes to nonalcoholic fatty liver disease (NAFLD). In

this article, the pathophysiology of smoking and non-alcoholic

fatty liver disease (NAFLD) is discussed, and evidence is drawn

from related studies, with special emphasis on data related

to Southeast Asia. A cause-and-effect relationship between

smoking and NAFLD could be best explained by the negative

effects of potential confounders. A map of Southeast Asia has

been shown in Figure 1.

Smoking and NAFLD

Kishore et al. evaluated the frequency of hardcore smoking

among three Southeast Asian countries, with India reporting

the highest number of hardcore smokers as compared to

Bangladesh, and Thailand, among a total of 31.3 million

individuals (14). A serious public health issue, smoking kills

more than 8million people every year, and is a preventable cause

of early disability and morbid mortality (15, 16). According to a

2017 research, the percentage of men and women who smoke

every day is 25.0 percent and 5.4 percent, respectively. In 2015,

smoking was directly responsible for the deaths of 6.4 million

people, or 11.5% of the population (7). In the recent decade,

several nations have seen an increase in the number of people

who smoke (7). 36 percent of malignancies and 21 percent

of all-cause fatalities in China have been linked to smoking

cigarettes (11). Half of all males over the age of 18 in Europe

smoke, ranging from 63% in Russia to 17% in Sweden (7). In

developed countries, 24 percent of women smoke, compared to

7% in poor ones (7). Moreover, as the number of pack-years

increased, the risk association also increased (10–19.9 pack-

years: hazard ratio [HR] 1.25; 95% CI 1.21–1.29; >–20 pack-

years: HR 1.36; 95% CI 1.30–1.42, compared to 0 pack-years)

(4). According to demographics and health surveys, considering

the Southeast Asian regions, among men, Indonesia ranked the

highest smoking country (72.3%), whereas the percentages in

Timor Leste, Bangladesh, and Maldives were 69.5, 60.0, and

47.3%, respectively (13). However, India, Pakistan, Cambodia,

and Nepal reported the decreased trend with percentages as

follows: 34.1, 31.6, 34.7, and 33.6% accordingly (13). While

women smoked less frequently in every country than men, the

studies reported Nepal the highest (9.8%), with Maldives (4.6%),

Philippines (5.2%) and Pakistan (4.02%) following the trend

(13). The latest epidemiologic data regarding the prevalence

rates of smoking in Southeast Asia is shown in Figure 2 (17).

Several studies have reported the high NAFLD

predominance in males. Around 17.7% of females and

41% of males reported NAFLD in a study done in Japan.

Similarly, Williams et al. reported a NAFLD prevalence of

58.9% among males in a prospective study conducted in the

United States (18). Nevertheless, the males demonstrated

high prevalence rates of NAFLD at all ages than females, but

increasing age strikingly raised the frequency among females,

with 3.3% in the twenties to 31.3% beyond the sixties. Data

from China demonstrated parallel trends (19). This could

possibly be explained by a greater increase in AST/ALT ratio

in women relative to NAFLD-diagnosed men, predisposing

women to an enhanced inflammatory response as the disease

progresses and an increased risk for advanced fibrosis (20).

Furthermore, endocrine factors play a role in determining the

propensity to develop NAFLD in males, whereas, in females,

estrogen is protective during the fertile period of life while the

risk raises exponentially in post-menopausal women (21). The

prevalence rates of NAFLD concerning the vast region of Asia

are summarized in Figure 3 (22).

The pathogenic processes associated with smoking are

recognized at the cellular, histologic, systemic, and clinical levels,

respectively, increasing hepatocarcinogenesis, hepatic fibrosis,

metabolic fatty liver disorders, and negatively affecting liver-

related outcomes (7, 16). Numerous studies show a link between

smoking and cirrhosis, chronic hepatitis B (CHB) infection,

however, the connection between smoking and NAFLD is

still debatable (5). Southeast Asian regions are significantly

reporting the risk of smoking as a leading cause of developing

NAFLD. A cohort study conducted in Japan among non-

alcoholics demonstrated that cigarette smoking is strongly

linked with the development of NAFLD, insulin resistance being

the culprit (23). Similarly, Liu et al. observed in a 40-year-

old Chinese population that heavy active, as well as passive

cigarette smoking, correlated with NAFLD (24). The result from

several studies conducted in China, Japan, and South Korea for

over a decade indicated that a dose exposure risk existed for

hepatic disease and smoking even when confounding factors

were adjusted (25). Smoking has been linked to NAFLD by

research conducted in Kagoshima, Japan by Hamabe et al. (26).

Researchers have found a strong link between smoking and

increased risk of NAFLD-related hepatic fibrosis in a Chinese

study published in JAMA Hepatology by Hongjie Ou et al.

(5). Smoking is strongly linked to NAFLD, according to a
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FIGURE 1

A map of Southeast Asia (35).

meta-analysis. Because stopping smoking increases weight and

BMI, those who were smokers before are more likely to develop

NAFLD (7). Passive smoking, on the other hand, raises the

incidence of NAFLD by 1.38-fold because sidestream smoke

includes more dangerous compounds than mainstream smoke

(7). As a consequence of cigarette smoke’s counterproductive

estrogenic effects, which alter body fat composition, smoking-

induced NAFLD may have an independent influence on BMI

concerning NAFLD (7). On the basis of self-reports, pack-

years, and urinary cotinine levels, a large South Korean cohort

study conducted at Kangbuk Samsung Hospital concluded that

current smoking was significantly and independently associated

with an increased risk of NAFLD and fibrosis in healthy

young and middle-aged men and women (6). Another Korean

study by Kim et al. found a connection between NAFLD and

urine cotinine confirmed smoking (4). NAFLD-affected women

showed that current smoking led to a dramatic rise in NAFLD-

related deaths as demonstrated by a cohort conducted among

Thai civilians (27).

Numerous factors, some of which are yet understood,

might relate smoking to NAFLD. Cytotoxic chemicals may

accelerate the growth and proliferation of fibroblasts, which

results in the formation of scar tissue (6). Moreover, nicotine

strongly stimulates hepatic injury and subsequent fibrogenesis,

via activation of nicotinic acetylcholine receptors (nAChR)

(28). Hepatic stellate cells (HSCs) normally remain in a non-

proliferative and inactive state, until injured by a harmful

moiety. During the phase of nicotine-derived hepatocyte injury,

transforming growth factor-β (TGF-β) is activated frommultiple

sources, including extracellular matrix (ECM), platelets, and

macrophages. Consequently, activating and differentiatingHSCs

into myofibroblasts, which produce excessive fibrillar ECM
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FIGURE 2

The latest 2022 prevalence rates of total smoking; male smoking; and female smoking in Southeast Asia.

FIGURE 3

Demonstrates the prevalence of NAFLD in Asia.

proteins, leading to collagen I and III depositions in the space of

Disse, thereby enhancing rapid fibrosis progression. Therefore,

liver sinusoidal endothelial cells (LSEC), in a process called LSEC

capillarization, defenestrate and form a basement membrane,

subsequently predisposing to defective nutrient transport

between hepatocytes and sinusoidal blood i.e., physiological

disturbance (29). Likewise, Soeda and colleagues concluded

that the use of the nAChR antagonist has shown promising

outcomes in reversing the nicotine-mediated TGF-β production,

therefore confirming the potential effect of TGF-β-induced

fibrogenesis (30). Moreover, in response to microvasculature

perturbations, like endothelial injury and subsequent hepatic

tissue hypoxia, collagen-type I and vascular endothelial growth

factor increase, thereby fibrosis ensues (16). Cigarette smoke

also causes bacterial translocation following intestinal dysbiosis,

and thus activates the Toll-like receptor 4 on the HSCs,

enhancing fibrogenesis. Additionally, nicotine adversely affects

the humoral and cell-mediated immune responses, leading to
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suppressed antibody formation caused by lymphocyte apoptosis.

Moreover, smoking decreases CD4+ cell, and increases CD8+

cytotoxic T cells, which could be reversed by smoking cessation

(31). Smokers’ NAFLD is exacerbated by elevated levels of

proinflammatory cytokines such as interleukin-1, IL-6, and

tumor necrosis factor (6). Increased levels of FFAs in the

circulation are a result of alterations in fat metabolism that lead

to extraordinarily high rates of lipolysis (11). In the liver and

adipose tissue, eight Triglycerides are formed when FFAs are

metabolized by fat cells insulin resistance (IR) (7). Fat buildup,

skeletal muscle FFA generation, impaired glucose absorption,

and delayed gluconeogenesis all contribute to IR in NAFLD

patients (7). Even if you lose weight, smoking may raise your

chance of developing central obesity because it affects the

distribution of fat in your body (6). In addition to reduced

lipoprotein lipase activity, higher 3-hydroxy-3-methylglutaryl

CoA reductase activity, and a decreased glucose-6-phosphatase

dehydrogenase activity all contribute to dyslipidemia (11).

Therefore, smoking leads to NAFLD development by increasing

the bloodstream production of insulin-antagonistic hormones

such as catecholamine and glucagon, which may lead to insulin

resistance (6, 11). The development of liver disease caused by a

high-fat diet may be worsened as a result of this effect, which

may include mechanisms such as an increase in oxidative stress

and cell death in the liver, as well as a decrease in the activation

of AMPK, fatty acid synthase (de novo liver steatosis), and the 1-

c sterol response element binding protein, all of which are linked

to the development of liver disease (6, 16).

The trend of NAFLD in India is especially attributed to

various factors like central obesity, higher BMI, hypertension,

hypercholesterolemia, hypertriglyceridemia, hyperinsulinemia,

and diabetes, as reported by Nigam et al. (1). The urban society

in Sri Lanka showed a 32.6% prevalence of NAFLD with the

same risk factors playing the role as in India, in addition

to, insulin resistance, transaminitis and acanthosis nigricans

(1). Central obesity proved to be the biggest threat among

all the factors associated with NAFLD in Bangladesh, where

92.6% NAFLD affected were females (1). A study conducted

in Nepal by Mittal et al. conveyed that 17% of the population

had NAFLD; attributable to increased concentrations of serum

alanine aminotransferase and aspartate aminotransferase (1).

Economic growth and urbanization have led to an increased

prevalence of NAFLD in Pakistan, approximately 42% in upper

societies, along with promoting factors such as type 2 diabetes,

hypertriglyceridemia, transaminitis, hepatomegaly, and high

BMI (1). In a study conducted in Peshawar, Pakistan, around

47% patients reported NAFLD, while other different studies

reported 14% prevalence (32). In a cohort study in Japan, Liu

reported that approximately 40% of females and 25% of males

with nonalcoholic steatohepatitis were non-obese (lean NAFLD)

(33). To date, the susceptibility to develop lean NAFLD was

higher among Asians (20%) as compared to Westerners, owing

to body fat and muscle distribution (33, 34). Thus, it is clear that

NAFLD is expected to be the biggest threat to hepatic-related

poor health and mortality in South East Asia in future years.

Therefore, healthy lifestyle interventions are required to be

implemented in the general population to mitigate the heavy

burden of smoking related NAFLD.

Smoking and hepatocellular
carcinoma

In recent years, Southeast and East Asia, reported an

alarming rise in HCC cases according to Kim et al., with above

90% of primary liver cancers being diagnosed as HCCs (36, 37).

Among Southeast Asian regions, Thailand reported a very high

incidence of 22.3 per 100,000 in a year (38). In 2020, strikingly

high percentages of HCC-related mortality around 545,202 and

HCC incidence which was 590,952 were observed in the far

east and Southeast Asia, especially in Cambodia, Thailand,

and Mongolia, likely contributable to alcohol abuse, metabolic

syndrome, and hepatitides B and C (3). Moreover, the rising

trends were as follows: Vietnam (26,418), Thailand (27,394),

Japan (45,663), and China (410,038) (3). In 2019, hepatocellular

carcinoma (HCC) was the sixth most often diagnosed condition

and the third leading cause of cancer deaths globally, according

to the World Health Organization (39, 40). More than any

other disease, HCC rates in the United States have tripled in

the last 40 years and are expected to rise significantly in the

next 20 years, unlike many other forms of cancer (40, 41).

The causes include hepatitis B (HBV), hepatitis C (HCV),

obesity, alcoholism, non-alcoholic fatty liver disease (NAFLD),

cigarette use, hemochromatosis, aflatoxins in food, hereditary

factors, and a variety of environmental carcinogens, such as

arsenic and mercury (39–42). According to several studies in

the United States, Europe, and Asia, smoking increases the

chance of developing hepatocellular carcinoma (HCC) (42).

Despite the fact that the hepatitis (especially HBV and HCV)

and HCC are well-known, doctors may be reluctant to recognize

the relationship between smoking and HCC. A Southeast Asian

cohort study conducted among Chinese individuals assessed

that individuals who never smoked were at a lower risk of

developing HCC than those who smoked (43). Another study

involving above 12 lac Korean individuals demonstrated a

high-risk relationship of cigarette smoking with HCC related

mortality in men (36). HCV/HCV-infected individuals with

HCC who smoke are more likely to die than those who don’t,

according to a study in Bern, Switzerland (HR 2.99, 95 percent

CI: 1.7–5.23, p 0.001) (42). 16 Smoking was directly responsible

for 13% of all cases of hepatocellular cancer (41). Lee and

colleagues found that the adjusted meta-RR for liver cancer

in current smokers was 1.51 (95 percent confidence range

1.37–1.67) whereas it was 1.12 in former smokers, according

to their research (95 percent confidence interval 0.78–1.60)

(44). As many as 4,000 harmful components are included
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in cigarettes, many of which are poisonous, mutagenic, and

carcinogenic (40). The harmful compounds increase oxidative

stress and activate stellate cells, which accelerates fibrosis

(44). Furthermore, smoking leads to a diminished oxygen-

carrying capacity of the blood, promoted by detrimentally

high carboxyhemoglobin concentrations. Subsequently, this

stimulates erythropoietin production and increased hematocrit,

secondary polycythemia. A high rate of RBC destruction ensues,

leading to increased erythropoietin production and secondary

intestinal iron absorption. Iron, after being phagocytized by

macrophages, gets concentrated in liver cells, thereby facilitating

the oxidative stress and hepatic injury (31, 44). Manifold

oncogenic constituents, such as vinyl chloride, tar, nitrosamine,

and hydrocarbons are present in cigarette smoke. Further, a

significant presence of 4-aminobiphenyl has been associated

with the increased risk of hepatocellular carcinoma (31).

The formation of reactive carcinogens is mediated by the

metabolization of 4-ABP and PAH (16). Further, the surge of

proinflammatory cytokines such as TNFα, IL-33, and IL-1β

and telomere shortening also contribute to tumor formation

and progression (16). The tumor-suppressing gene p53 is

blocked by N-nitrosodimethylamine, 4-aminobiphenyl, and

cadmium, which induce liver fibrosis and cancer (40, 44). The

anti-hepatocarcinogenic action of geranylgeranoic acid may

be reduced by smoking, which inhibits hepatic monoamine

oxidase B (44). Smoking cessation may be an effective method

of preventing early death in people with HCC. Treatment

options for hepatocellular carcinoma (HCC) include surgical

excision, local radiofrequency ablation, transcatheter artery

chemoembolization (TACE), radioembolization, and systemic

targeted medicines like sorafenib (39).

Non-alcoholic fatty liver disease
associated hepatocellular carcinoma

Over two decades, from 1995 to 2015, the incidence of fatty

liver in Shanghai, China raised a stunning percentage from 3.87

to 43.6% (3). HCC rates were 0.5% for NAFLD patients and

2.8% for NASH patients in long-term follow-up studies of non-

alcoholic fatty liver disease (39). They’ve all been related to

steatosis and its progression to necrosis and fibrous necrosis,

as well as the development of liver cancer, including obesity

and diabetes (39). A person’s risk of NAFLD and/or cancer

is increased by 1.5–4 times if their BMI exceeds 30 (39). The

major cause of mortality in NAFLD is fibrosis (45). NAFLD-

induced liver fibrosis (NAFLD-fibrosis) affects around 40% of

morbidly obese persons (F1, range 13–97%) (45). Obese people

with NAFLD-fibrosis have been shown to be at increased risk

of smoking (45). There is a direct correlation between alcohol

use and the advancement of fibrosis in people with related liver

diseases (46). One of the most common indicators of diabetes-

induced inflammation is the release of tumor necrosis factor

(TNF), interleukin 6, and decreased production of adiponectin

(IR) (39). Increased IGF-1 production is seen in IR patients

with hyperinsulinemia, a growth factor that promotes cell

proliferation while blocking apoptosis (39). Reactive oxygen

species (ROS) and mitochondrial dysfunction are worsened

when FFA levels rise (ROS) (39). Redox stress activates JNK1,

which in turn blocks the p53 tumor suppressor gene and the

nuclear respiratory factor 1 (Nrf1) 13 gene (39).

Electronic cigarette exposure and
NAFLD

Tobacco is not igniting when a user inhales the nicotine

from an e-cigarette, which is also called an electronic nicotine

delivery system (ENDS) (47). In recent years, e-cigarettes have

become more popular, particularly among young people (16). A

cross-sectional study conducted in Malaysia demonstrated that

the highest number of users were young college or university

students (39%), with peer pressure playing a major role among

many (70%) (48). Another study conducted in Surabaya,

Indonesia reported the growing trend of e-cigarettes, intending

to quit cigarette smoking (36%) and just to try (24%) (49).

Threatening products are seen as a waste of time and money

in attempts to de-normalize smoking (47). The misconception

that vaping is a healthier alternative to cigarette smoking is one

factor. As in Ronald A. Fisher’s period, a paucity of data hasmade

e-cigarettes a contentious topic in public health circles (16, 47).

E-cigarettes and other vaping products include a number of

substances that may be detrimental to the health of users. Liver

function has been shown to be negatively impacted by a variety

of chemicals, including carbon monoxide, metals, nicotine, and

nitrosamines, among others (16). E-cigarettes have been linked

to liver damage in several ways, according to research done in

the lab and animals (16). In comparison to control mice, rats

fed a western diet (NASH model) and exposed to e-cigarettes

had significantly higher levels of hepatic lipid accumulation and

hepatocyte mortality (47). Oxidative stress and necrosis, as well

as changes in cholesterol and fat metabolism and circadian clock

networks in the liver, are all related to the adverse effects of

electronic cigarettes on the development of steatosis (47). It does

not rely on AMPK signaling, unlike smoking (47). More than

400 additional genes showed significant differences in expression

between the NASH model mice and controls who had not used

e-cigarettes, including those involved in lipid metabolism and

cholesterol synthesis, according to studies conducted on hepatic

RNA sequencing in these animals (47). We hypothesize that in

the setting of NAFLD, e-cigarettes may cause liver dysfunction

and changes in lipogenesis (47). Even more harm is likely to be

done as a result of mitochondrial dysfunction and damage to the

DNA itself (16). Finally, the flavoring compounds employed in

e-cigarettes may induce hepatocyte harm in their own right, as

previously stated (16). We know that endothelial dysfunction
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is an important step in the chain of events that leads to liver

injury, fibrosis formation, and hemodynamic dysfunction (16).

To put it another way, the endothelium damage caused by

harmful chemicals in e-cigarettes might play a key role in the

development of liver injury (16).

Other complications associated with
smoking and NAFLD

A relationship between CVD and NAFLD may exist

because of the documented metabolic and cardiovascular risk

factors associated with NAFLD, such as pro-inflammatory and

atherogenic molecules (9, 16). Steatosis with smoking may

have a synergistic effect on cardiovascular disease (CVD) (9).

Transient ischemic attacks and strokes have been connected to

carotid stenosis and carotid plaques, as well (9). In a cross-

sectional investigation of the Chinese population, a link between

NAFLD and carotid stenosis was found (carotid artery disease)

(9). Another Southeast Asian Chinese study by Zheng et al. also

observed a link between NAFLD and subclinical atherosclerosis,

as shown by CIMT and ba-PWV measurements of carotid

intima-media thickness (50). This is why a study was done to

show that the AST/ALT ratio and ba-PWV are independent

predictors of cardiovascular disease. Greater levels of ba-PWV

are linked to AST/ALT ratios above 13.1 (51). Moreover,

a northwestern Malaysian study evaluated that among 180

subjects with hypercholesterolemia, 12.2 and 16.7% individuals

reported high levels of ALT and AST, respectively (52).

A serious risk associated with smoking is primary biliary

cholangitis (PBC), although limited evidence exists (31). The

proinflammatory and immunosuppressive effects of smoking,

with an increase of Th1 cells in the portal tracts, may aggravate

liver fibrosis in PBC patients, according to one study (16, 53). For

every pack-year increase in smoking intensity, there was a 3.2-

fold increase in the probability of advanced fibrosis (95 percent

CI: 2.018–6.294) (53).

Cirrhosis, the severe liver damage caused by cigarette

smoking, increases a person’s vulnerability to several kinds

of infections throughout the body (54). Innate and adaptive

immune responses are disrupted, the complement system

malfunctions and the number of white blood cells drops as

a consequence of cirrhosis (54). It was shown that cirrhotic

persons were 2.5 times more likely to have peri-implant

infections compared to non-cirrhotic people. Smokers were

also more vulnerable to and more likely to develop serious

infections (54).

67.5% of patients with biopsy-proven NAFLD had

depressive symptoms, which were associated with the severity of

the illness based on histology, according to a study (55). Study

results show that more than 15% of NAFLD patients suffer from

depression (OR: 1.29, 95 CI: 1.02–1.64) (55). Consequently,

it may be argued that depression and NAFLD are connected

(55). Many neurotransmitter pathways are affected by smoking,

including those that are linked to the development of depression

(55). Doctors should only use screening scores for mood

disorders in patients with depression when clinically necessary

since this has an adverse effect on treatment response (55).

The ALT-defined phenotype of metabolic dysfunction-

related liver disease has been used by researchers to establish

a link between NAFLD (MDLD) and an elevated risk of

malignancies other than the liver, such as breast, colon, liver,

lung, and prostate (MDLD) (8). It is NAFLD that drives the link

between obesity and cancer (8).

Smoking and liver transplantation

Among Southeast Asian countries, India with amazing

efforts of the National Organ and Tissue Transplant

Organization, reported the development of 550 transplant

centers and is the third most common country in terms of organ

transplantation, with liver transplantation most common after

kidneys (56). A cross-sectional study conducted in Thailand

reported the use, safety, and efficacy of a newer procedure called

living donor hepatectomy to treat end-stage liver disease (57).

Tobacco use has been linked to mortality or the requirement

for long-term treatment (LT) in patients with biopsy-proven

NAFLD (HR 2.62; 95 percent CI 1.67–4.10) (16). Patients in

the last stages of liver disease, particularly those with severe

alcoholic liver disease, benefit greatly from liver transplantation

(16, 46). Tobacco smoking has been linked to poor liver

transplant results in several studies (15, 16). An increased

risk of non-graft-related death is attributed to poor heart and

lung function as well as infection susceptibility and immune

system dysfunction (15, 16). The prevalence of active smoking

among patients before and after liver transplantation is 52

and 44%, respectively (15). Among alcoholic liver disease

liver transplant recipients, cardiovascular events and cancer

are notably identified as the leading causes of death (15, 16).

Smokers, on the other hand, had a 79 percent greater chance

of dying than non-smokers (15). In order to reduce the risk

of postoperative problems, quitting smoking 4 weeks before

surgery is recommended (15). Patients who have not been able

to quit smoking before LT should be offered smoking cessation

programs that focus on preventing relapses in both alcohol and

tobacco use while also improving overall health (15, 16). As a

result, quitting smoking may reduce the chance of mortality and

other unpleasant effects (15).

Conclusion

Smoking, being overweight, and insulin resistance all

contribute to the growing worldwide pandemic known as

NAFLD, which in recent years, has shifted toward increased

prevalence in Southeast Asia, which causes the liver to
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accumulate triglycerides and free fatty acids. Liver fibrosis

is permanent and often indicates a dismal prognosis. Future

physicians will gain knowledge and the chance to provide more

focused care as a result of the declining cost of the highest

quality and powerful genetic examination. The same is true

for biochemical testing and the development of sophisticated

imaging. There is mounting evidence that smoking contributes

considerably to NAFLD and causes the side effects linked to

liver transplantation. Therefore, it is important to urge these

individuals to use cutting-edge treatment strategies for quitting

and reducing their smoking, such as behavioral therapies

and nicotine replacement therapy. Additionally, preventative

measures including individual medical, physical, and nutritional

counseling combined with education, heightened awareness

among doctors and the public, and government initiatives

to create an atmosphere more conducive to healthy lifestyle

choices might have a hugely beneficial impact. Thus, there is

a higher chance that treating the aforementioned modifiable

risk factors may stop the development of NAFLD steatosis

from fibrosis to cancer. As a result, this would be a crucial

therapeutic target to lower the risk of CVDs. Thus, this

research emphasizes smoking and NAFLD as major clinical

issues that pose threats to world health with special emphasis

on Southeast Asia. It is necessary to do further research to

examine potential pathophysiological mechanisms behind the

link between smoking and NAFLD.
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Public Health, Fujian Medical University, Fuzhou, China

Introduction: The healthcare setting is a stressful and demanding work

environment, and healthcare workers face a continuous expansion of their

job roles and responsibilities. Past studies have shown that factors a�ecting

burnout, resilience, and quality of life among healthcare workers merit further

research, as there were inconsistent findings, especially with regards to the

influence of demographic and work-related factors. Therefore, this study aims

to determine whether demographic and work-related factors are associated

with burnout, resilience, and quality of life among healthcare workers.

Method: This cross-sectional study was conducted between February 15,

2022 and March 15, 2022, among 394 healthcare workers from Putrajaya

and Selangor hospitals, Malaysia. Maslach Burnout Inventory, World Health

Organization Quality of Life-BREF 26 inventory, and Brief Resilience Scale

were utilized to capture information on burnout, quality of life, and

resilience, respectively.

Results: The mean score of physical health of participants who work more

than 10h (11.38) is lower than participants whowork from 8 to 10h (13.00) and

participants who work 7h daily (13.03), p-value < 0.001. Similarly, the mean
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score of psychological health of participants who work more than 10h (12.35)

is lower than participants whowork from 8 to 10h (13.72) and participants who

work 7h daily (13.68), p-value = 0.001. Higher income levels were associated

with high resilience and quality of life.

Conclusion: It is imperative that healthcare practitioners and policy

makers adopt and implement interventions to promote a healthy workplace

environment, address ethical concerns, and prevent burnout among

healthcare workers during the COVID-19 pandemic. Managing the issue of

long working hours could possibly result in improved resilience, burnout,

and quality of life among healthcare workers. Despite this study able to tickle

out some policy specific areas where interventions are needed, identifying

e�ective solutions and evaluating their e�ciency will require larger and

interventional studies.

KEYWORDS

burnout, resilience, quality of life, influencing factors, healthcare workers, Malaysia

Introduction

The healthcare setting is a stressful and demanding work

environment, and healthcare workers (HCWs) face a continuous

expansion of their job roles and responsibilities, such as

increasing bureaucratic tasks and computerization of the

healthcare system (1, 2). With the advent of the coronavirus

disease 2019 (COVID-19) pandemic, a worldwide medical

emergency, additional stress was put upon the healthcare system,

resulting in high levels of psychological distress and burnout

among HCWs (3–7). General population across countries is also

affected by COVID-19 pandemic in terms of their health (8–10).

This study explored burnout, resilience, and quality of life (QoL)

among HCWs in Malaysia.

Burnout refers to a state of exhaustion resulting from

prolonged stress, and is typified by three syndromes, including

emotional exhaustion (EE), depersonalization (DP), and

personal accomplishment (PA) (11). An individual who

experiences burnout would typically report physical and

emotional overextension, feelings of cynicism and callousness

toward his/her work, and a worse level of professional efficacy

(11). In the latest version of the International Classification

of Diseases-11 (12), burnout has now been redefined as

a workplace phenomenon involving the three syndromes

described above, rather than as a result of difficulty in the

management broad life circumstances. The prevalence of

burnout in the healthcare setting has been high, both before

and during the COVID-19 pandemic (13, 14). During the

COVID-19 pandemic, the level of burnout among HCWs

was expected to be higher due to longer working hours, sleep

deprivation, and the need to adhere to preventive measures

against the virus (15, 16). The pooled prevalence of burnout

found in thirty observational studies was 52.0%, with DP being

the highest syndrome (52.0%), followed by EE (51.0%), and low

PA (28.0%) (17).

Burnout is an important area for further investigation, as

burnout syndrome among HCWs has been shown to have

service implications such as worse patient safety (18). A

number of factors are associated with burnout among HCWs.

Systematic reviews showed that job stress, time pressure, high

workload, long working hours, low job satisfaction, and low

organizational support were factors associated with burnout

(19, 20). Demographic factors associated with burnout were

younger age, female sex, and marital status (20). A study

in Malaysia during the COVID-19 pandemic showed that

workload, uncertainties caused by the pandemic, challenging

work-family balance, and stretched workplace relationships

influenced burnout among HCWs (21).

As HCWs are among the professionals most affected by the

COVID-19 pandemic, it is important to study how psychological

resilience helped them to cope (22). Resilience refers to an

individual’s ability to adapt to and rebound from negative

workplace stresses such as conflict, failure, and uncertainty (23,

24). Inculcating resilience involves developing coping strategies

in order to pre-empt reactions to stressful situations (25). A

study showed that nurses with a higher education (postgraduate

degree vs. bachelor’s degree) exhibited higher resilience against

developing posttraumatic stress (26). Demographic factors

were inconsistently associated with resilience. For example,

systematic reviews among doctors and nurses found differing

results in the significance of age, education level, income, marital

status, work experience, and job status on resilience (27, 28).

Other factors, such as burnout and high psychological distress,

however, were consistently associated with lower resilience

among HCWs (27, 28). During the COVID-19 pandemic, a

study among Portuguese HCWs showed that psychological

resilience had a mediating effect in the relationship between

depression and burnout (29).

TheWorld Health Organization (WHO) defines QoL as “the

individual’s perception of their position in life in the context of
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the culture and value systems in which they live and in relation

to their goals, expectations, standards and concerns” (30). Apart

from biomedical outcomes, QoL has been increasingly used

as a yardstick to measure wellbeing in health research (31).

However, while it has been used extensively among patients,

there is less research on HCW’s QoL. A study in Saudi Arabia

showed that a high proportion of nurses reported goodQoL (32).

Another study in India during the COVID-19 pandemic showed

that low QoL was prevalent among HCWs, at 45.0% (33).

Factors associated with QoL among HCWs were not consistent

across studies. For example, a study among Iranian nurses

found that work experience, gender, job position and group of

patients treated were unrelated with QoL (34). However, another

study from Saudi Arabia showed that demographic and work

factors such as age, marital status, having children, income,

education, working experience, and department were associated

with QoL (32).

Past studies have shown that factors affecting burnout,

resilience, and QoL among HCWs merit further research, as

there were inconsistent findings, especially with regards to the

influence of demographic and work-related factors. During

the COVID-19 pandemic, HCWs are also exposed to unique

factors that may affect their levels of burnout, resilience, and

QoL. COVID-19 infection status may affect an individual

in all aspects of their lives. For example, an individual will

experience negative physical symptoms, psychological fear, and

social isolation when infected by the virus (35), thus affecting

their QoL. Being infected by the COVID-19 will also exacerbate

burnout symptoms (36). Therefore, it is important to study

the association between COVID-19 infection status and HCWs’

burnout, resilience, and QoL.

Due to the medical crisis of the COVID-19 pandemic,

prolonging into an endemic, identification of factors affecting

burnout, resilience, and QoL among HCWs could help to focus

on specific points for intervention in order to build a strong

healthcare workforce. Therefore, this study aims to determine

whether gender, specialty, age, education level, income level,

work duration, duration of socialization, and COVID-19

infection status are associated with burnout, resilience, and QoL

among HCWs.

Materials and methods

Study population and sampling

This cross-sectional study was conducted between February

15, 2022 and March 15, 2022 to evaluate the level of burnout,

QoL, and resilience among HCWs from Putrajaya and Selangor

hospitals of Malaysia. The study was conducted during the fifth

wave fuelled by the Omicron variant that led to maximum daily

cases in February and March 2022 (37, 38), but is marked by

lower numbers of hospitalizations and deaths than during the

spread of the Delta variant (38). As of March 2022, the BA.2

Omicron sub-variant was projected to be the dominant strain in

the country (39). The country’s vaccination programme, which

commenced in late February 2021 (40), has fully inoculated

over 80% of the population and 97% of adults as of April 24,

2022 (41). On February 13, 2022, the total number of cases in

Malaysia exceeded the 3 million mark, reaching 3,040,235 (41).

By February 24, 2022, the total number of recoveries had reached

the 3 million mark, reaching 3,018,172 (41).

The study used a convenience sampling method for

recruitment. The online survey was disseminated via various

social media platforms such as Instagram, Twitter, LinkedIn,

Facebook, WhatsApp, and Telegram. The target population was

adult Malaysian HCWs aged 18 years old and above. We invited

Malaysian assistant medical officers, doctors, health inspectors,

hospital food preparation personnel, medical laboratory

technologists, nurses, paramedics, pharmacists, physicians,

physiotherapists, dieticians, therapists, psychologists,

counselors, radiographers, and social workers from public

and private healthcare services to enroll in this study. All

respondents were informed that their participation was

anonymous and voluntary at the beginning of the survey.

Consent was implied if the participants started answering the

questionnaire. This research complied with the tenets of the

Declaration of Helsinki.

Cochran’s formula was used to calculate the minimum

recommended sampling size (42). The minimal sample size

required for this study with a confidence level of 95%, ±

5% precision and 0.5 estimated proportion was 385 study

participants. A total of 394 completed responses were collected.

The Institutional Review Board granted approval and the

requirement for written informed consent was waived based

on the recognition that answering the survey instrument

implied consent. Participation was voluntary and anonymity

was assured. All personal information was kept confidential.

Furthermore, researchers analyzed only de-identified data.

Study instruments

Sociodemographic and work-related
characteristics

The data collection instrument comprised of five

parts. The first part of the tool asked questions pertaining

sociodemographic and work-related characteristics. The choice

of variables was informed by the available literature and inputs

from the investigators. Participants were requested to indicate

their age, gender, marital status, specialty, educational level,

income, number of family members, job title, place of work,

years of experience, hours of working, and socialization time per

week. This section also asked whether the respondent had been

attending COVID-19 patient directly, had been infected with
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COVID-19, and their willingness to have another COVID-19

vaccine’s booster doses in the future.

Maslach burnout inventory questionnaire

The second part of the study tool was a translated version

of Maslach burnout inventory (MBI) (11). To limit the study to

burnout related to COVID-19, the phrase “due to COVID-19”

was added to each item. MBI is an internationally recognized,

validated, self-report questionnaire for measuring the severity of

workplace burnout, using the three dimensions of EE, DP, and

PA. The questionnaire has 22 items and each item is answered

on a seven-point Likert scale. This tool has been extensively used

in many studies in different parts of the world and theMalaysian

translation has also been validated previously (43, 44).

Burnout is expressed by scores of each of the three MBI

subscales, with a high score meaning a high level of burnout.

Each subscale score is calculated by adding up all scores of

all items in that subscale, with the notion that the items on

PA domain are reversely scored (11). Scores range from 0 to

54 for EE, from 0 to 30 for DP, and from 0 to 48 for PA

subscale. Scales are scored such that higher scores indicate more

of each construct. Higher scores on the EE and DP subscales

indicate a higher burnout symptom burden; lower scores on

the PA subscale indicate a higher burnout symptom burden.

The standard cut-off values were used to define low, moderate,

and high levels in each dimension (11). The Cronbach’s alpha

was 0.86.

WHO quality of life-BREF 26

The WHOQOL-BREF is a 26-item instrument consisting

of four domains: physical health (seven items), psychological

health (six items), social relationships (three items), and

environmental health (eight items); it also contains QOL and

general health items. Each individual item of the WHOQOL-

BREF is scored from 1 to 5 on a response scale, which is

stipulated as a five-point ordinal scale (45).

The physical health domain questions are based on daily

activities, medical aid, energy, mobility, the extent of pain,

sleeping pattern, and working capacity. The psychological

domain focuses on participants’ personal beliefs, positive

and negative feelings, self-esteem, body image, thinking, and

learning capabilities. The social relationships domain explores

the respondent’s overall satisfaction with their personal and

social life. Lastly, the environment domain comprises questions

about safety and security, contentment with one’s property and

physical surroundings, finances (does one have enough money

to satisfy one’s requirements), access to the necessary care,

information, and transport. Moreover, the questionnaire has two

specific questions regarding participants’ opinions regarding

their overall QoL and health. We used the Bahasa melayu

validated version of the originalWHOQOL-BREF questionnaire

(46, 47). The Cronbach’s alpha was 0.89.

Brief Resilience Scale

The last section is the Brief Resilience Scale (BRS)

questionnaire to assess the perceived ability to bounce back or

recover from stress (48). The scale was developed to assess a

unitary construct of resilience, including both positively and

negatively worded items.

The BRS has six items presented in Table 1. Items 1, 3, and

5 are positively worded, and items 2, 4, and 6 are negatively

worded. The BRS is scored by reverse coding items 2, 4, and 6

and finding the mean of the six items. The following instructions

are used to administer the scale: “Please indicate the extent to

which you agree with each of the following statements by using

the following scale: 1 = strongly disagree, 2 = disagree, 3 =

neutral, 4= agree, 5= strongly agree.” The possible score range

on the BRS is from 1 (low resilience) to 5 (high resilience). It

composes of 6 questions with a score on interpretation 1.00–

2.99 as low resilience, 3.00–4.30 as normal resilience and lastly

4.31–5.00 as high resilience. The Cronbach’s alpha was 0.76.

Data analysis

At first, normality of the data was checked. Descriptive

statistics are presented in the form of numbers and percentages

for the categorical variables. Mean and standard deviation (SD)

are reported for numerical variables. Chi square and exact test

were used to compare categorical variables (burnout, resilience

levels) across different variables. The independent samples t-

test and one way ANOVA test were used to compare numerical

variables (quality of life) across different variables. IBM SPSS 28

for windows software was used for the analysis, and a P-value <

0.05 is considered statistically significant.

Ethic statement

The study was designed and conducted in line with

the declaration of Helsinki (49) and was approved by the

Ethics Committee of Management and Science University

(Ethics Code: MSU-RMC-02/FR01/09/L1/085). Respondents

were informed that their participation was voluntary, and

written consent was implied on the completion of the

questionnaire. All participants were aged 18 years or older.

Results

A total of 394 respondents were included in this study. About

87.1% of the participants were females. Age of 43.1% of the
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TABLE 1 Socio-demographics of participants (N = 394).

N %

Gender

Male 51 12.9

Female 343 87.1

Age

Less than 25 years 81 20.6

From 25–35 years 170 43.1

From 35–55 years 123 31.2

More than 55 years 20 5.1

Specialty

Doctor 55 14.0

Nurse 248 62.9

Others 91 23.1

Income level

≤ RM 4,850 282 71.6

RM 4,850 – RM 10,959 100 25.4

≥ RM 10,959 12 3.0

Education background

Primary 30 7.6

Secondary 178 45.2

Tertiary 186 47.2

Working experiences

No experience 28 7.1

Less than 5 years 125 31.7

From 5–10 years 92 23.4

More than 10 years 149 37.8

Working duration

Less than 7 h 4 1.0

7 h daily 117 29.7

From 8 to 10 h daily 216 54.8

More than 10 h 57 14.5

Family members

Less than 5 152 38.6

5–10 220 55.8

More than 10 22 5.6

Socializing duration

No time 12 3.0

Less than 5 h 95 24.1

From 5 to 10 h 129 32.7

More than 10 h 158 40.1

Dealing with COVID-19

No 205 52.0

Yes 189 48.0

Infected with COVID-19

No 213 54.1

Yes 181 45.9

COVID-19 vaccine booster

Very unlikely 32 8.1

(Continued)

TABLE 1 (Continued)

N %

Unlikely 63 16.0

Somewhat unlikely 58 14.7

Somewhat likely 79 20.1

Likely 101 25.6

Very likely 61 15.5

participants ranged from 25 to 35 years, 31.2% from 36 to 55

years, 20.6% were <25 years, and 5.1% were more than 55 years.

About 62.9% of participants were nurses, 14% were doctors, and

the remaining were from other specialties in the medical field

(Table 1).

As depicted in Table 2, burnout, resilience, and QoL levels

showed no statistically significant differences between males

and females.

Burnout showed no statistically significant differences

between different specialties among the HCWs (Table 3). Levels

of QoL and resilience showed statistically significant differences

between different specialties. The mean score of physical health

of nurses is higher than that of doctors (13.13 vs. 11.79, p-value

≤ 0.001). The mean score of psychological health of nurses

is higher than doctors (13.78 vs. 12.70, p-value = 0.009). The

mean score of social relationships of nurses is higher than

doctors (14.61 vs. 13.24, p-value= 0.003). Of all the participants

with low resilience, 19.1% of participants were doctors, 53.2%

were nurses, and 27.7% were from other professions. Similarly,

about 11.9% of participants who have normal resilience were

doctors, 66.7% were nurses, and 21.4% were from other specialty

(p-value= 0.038).

Burnout and resilience levels showed no statistically

significant differences between different age groups (Table 4).

The only variable that showed statistically significant differences

between different age groups is the level of QoL. The mean

score of physical health of participants from 25 to 36 years

old (12.25) was lower than participants <25 years old (13.09)

and participants from 36 to 55 years old (13.31; p-value

< 0.001). Table 5 shows that burnout and resilience levels had

no statistically significant differences between different levels of

education. The only variable that showed statistically significant

differences between different education levels was level of QoL.

The mean score of physical health of participants who had

secondary education was higher than participants who had

tertiary education (13.12 vs. 12.44, p-value = 0.020). The mean

score of psychological health participants who had secondary

education was higher than participants who had tertiary

education (13.91 vs. 13.26, p-value= 0.013). Table 6 depicts that

burnout showed no statistically significant differences between

different levels of income. The variables that showed statistically

significant differences between different levels of income were
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TABLE 2 Di�erences in burnout, quality of life, and resilience levels based on gender.

Male Female P-value

N % N %

Burnout Occupational exhaustion 0.176

Low degree 1 2.90% 34 97.10%

Moderate degree 28 14.10% 171 85.90%

High degree 22 13.80% 138 86.30%

Degree of depersonalization 0.901

Low degree 0 0.00% 5 100.00%

Moderate degree 4 10.50% 34 89.50%

High degree 47 13.40% 304 86.60%

Degree of personal accomplishment 0.159

Low degree 34 11.30% 267 88.70%

Moderate degree 12 20.30% 47 79.70%

High degree 5 14.70% 29 85.30%

Quality of life (mean, SD) Physical health 12.41 2.66 12.83 2.28 0.230

Psychological health 13.07 2.88 13.59 2.45 0.173

Level of social 14.12 3.99 14.18 3.26 0.909

Level of environment 13.93 2.86 14.27 2.58 0.396

Resilience Low 10 10.6% 84 89.4% 0.729

Normal 40 13.6% 254 86.4%

High 1 16.7% 5 83.3%

TABLE 3 Di�erences in burnout, quality of life, and resilience levels based on specialty.

Doctor Nurse Others P-value

N % N % N %

Burnout Occupational exhaustion 0.104

Low degree 2 5.70% 24 68.60% 9 25.70%

Moderate degree 22 11.10% 132 66.30% 45 22.60%

High degree 31 19.40% 92 57.50% 37 23.10%

Degree of depersonalization 0.099

Low degree 0 0.00% 5 100.00% 0 0.00%

Moderate degree 1 10.50% 28 73.70% 9 23.70%

High degree 54 13.40% 215 61.30% 82 23.40%

Degree of personal accomplishment 0.077

Low degree 37 12.30% 197 65.40% 67 22.30%

Moderate degree 14 23.70% 28 47.50% 17 28.80%

High degree 4 11.80% 23 67.60% 7 20.60%

Quality of life (mean, SD) Physical health 11.79 1.72 13.13 2.36 12.42 2.37 ≤0.001

Psychological health 12.70 2.17 13.78 2.48 13.29 2.69 0.009

Level of social 13.24 3.08 14.61 3.30 13.57 3.48 0.003

Level of environment 13.99 2.17 14.46 2.71 13.71 2.57 0.049

Resilience Low 18 19.1% 50 53.2% 26 27.7% 0.038

Normal 35 11.9% 196 66.7% 63 21.4%

High 2 33.3% 2 33.3% 2 33.3%
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TABLE 4 Di�erences in burnout, quality of life, and resilience levels based on age.

Less than

25 years

From 25 to

35 years

From 36 to

55 years

More than

55 years

P-value

N % N % N % N %

Burnout Occupational exhaustion 0.607

Low degree 6 17.10% 13 37.10% 14 40.00% 2 5.70%

Moderate degree 44 22.10% 79 39.70% 65 32.70% 11 5.50%

High degree 31 19.40% 78 48.80% 44 27.50% 7 4.40%

Degree of depersonalization 0.700

Low degree 1 20.00% 1 20.00% 3 60.00% 0 0.00%

Moderate degree 7 18.40% 14 36.80% 15 39.50% 2 5.30%

High degree 73 20.80% 155 44.20% 105 29.90% 18 5.10%

Degree of personal accomplishment 0.133

Low degree 68 22.60% 119 39.50% 96 31.90% 18 6.00%

Moderate degree 9 15.30% 34 57.60% 15 25.40% 1 1.70%

High degree 4 11.80% 17 50.00% 12 35.30% 1 2.90%

Quality of life (mean, SD) Physical health 13.09 2.59 12.25 2.42 13.31 1.91 12.80 2.01 ≤0.001

Psychological health 13.64 2.86 13.05 2.53 14.01 2.18 14.03 2.21 0.009

Level of social 13.53 3.34 13.96 3.37 14.82 3.30 14.67 3.09 0.034

Level of environment 13.85 2.61 13.69 2.67 14.98 2.28 15.63 2.71 ≤0.001

Resilience Low 20 21.3% 47 50.0% 26 27.7% 1 1.1% <0.001

Normal 61 20.7% 122 41.5% 96 32.7% 15 5.1%

High 0 0.0% 1 16.7% 1 16.7% 4 66.7%

TABLE 5 Di�erences in burnout, quality of life, and resilience levels based on education level.

Primary education Secondary education Tertiary education P-value

N % N % N %

Burnout Occupational exhaustion 0.517

Low degree 4 11.40% 18 51.40% 13 37.10%

Moderate degree 13 6.50% 94 47.20% 92 46.20%

High degree 13 8.10% 66 41.30% 81 50.60%

Degree of depersonalization 0.23

Low degree 1 20.00% 2 40.00% 2 40.00%

Moderate degree 2 5.30% 23 60.50% 13 34.20%

High degree 27 7.70% 153 43.60% 171 48.70%

Degree of personal accomplishment 0.370

Low degree 26 8.60% 135 44.90% 140 46.50%

Moderate degree 2 3.40% 24 40.70% 33 55.90%

High degree 2 5.90% 19 55.90% 13 38.20%

Quality of life (mean, SD) Level of physical 12.84 2.56 13.12 2.39 12.44 2.20 0.020

Level of psychological 12.82 3.24 13.91 2.35 13.26 2.49 0.013

Level of social 13.69 3.62 14.67 3.21 13.78 3.41 0.030

Level of environment 13.70 2.44 14.37 2.60 14.17 2.67 0.408

Resilience Low 6 6.4% 40 42.6% 48 51.1% 0.810

Normal 24 8.2% 136 46.3% 134 45.6%

High 0 0.0% 2 33.3% 4 66.7%
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TABLE 6 Di�erences in burnout, quality of life, and resilience levels based on income level.

≤ RM 4,850 RM 4,850 – RM 10,959 ≥ RM 10,959 P-value

N % N % N %

Burnout Occupational exhaustion 0.859

Low degree 25 71.40% 9 25.70% 1 2.90%

Moderate degree 147 73.90% 46 23.10% 6 3.00%

High degree 110 68.80% 45 28.10% 5 3.10%

Degree of depersonalization 0.87

Low degree 4 80.00% 1 20.00% 0 0.00%

Moderate degree 27 71.10% 11 28.90% 0 0.00%

High degree 251 71.50% 88 25.10% 12 3.40%

Degree of personal accomplishment 0.959

Low degree 214 71.10% 77 25.60% 10 3.30%

Moderate degree 43 72.90% 14 23.70% 2 3.40%

High degree 25 73.50% 9 26.50% 0 0.00%

Quality of life (mean, SD) Level of physical 12.82 2.39 12.66 2.24 12.81 1.71 0.844

Level of psychological 13.49 2.58 13.52 2.33 14.28 2.44 0.567

Level of social 14.12 3.27 14.25 3.67 14.89 2.53 0.713

Level of environment 13.93 2.60 14.82 2.55 16.08 2.20 0.001

Resilience Low 68 72.3% 24 25.5% 2 2.1% 0.001

Normal 213 72.4% 74 25.2% 7 2.4%

High 1 16.7% 2 33.3% 3 50.0%

TABLE 7 Di�erences in burnout, quality of life, and resilience levels based on work duration.

Less than 7 h 7 h daily From 8 to 10 h More than 10 h P-value

N % N % N % N %

Burnout Occupational exhaustion 0.368

Low degree 0 0.00% 14 40.00% 18 51.40% 3 8.60%

Moderate degree 2 1.00% 64 32.20% 108 54.30% 25 12.60%

High degree 2 1.30% 39 24.40% 90 56.30% 29 18.10%

Degree of depersonalization 0.35

Low degree 0 0.00% 2 40.00% 3 60.00% 0 0.00%

Moderate degree 1 2.60% 13 34.20% 22 57.90% 2 5.30%

High degree 3 0.90% 102 29.10% 191 54.40% 55 15.70%

Degree of personal accomplishment 0.188

Moderate degree 4 1.30% 29.20% 29.20% 171 56.80% 38 12.60%

High degree 0 0.00% 15 25.40% 29 49.20% 15 25.40%

High degree 0 0.00% 14 41.20% 16 47.10% 4 11.80%

Quality of life (mean, SD) Level of physical 13.71 2.84 13.03 2.42 13.00 2.20 11.38 2.13 <0.001

Level of psychological 15.00 3.46 13.68 2.46 13.72 2.39 12.35 2.74 0.001

Level of social 14.00 4.15 14.55 3.23 14.38 3.28 12.65 3.54 0.003

Level of environment 15.38 1.31 14.21 2.46 14.56 2.57 12.87 2.80 <0.001

Resilience Low 1 1.1% 28 29.8% 45 47.9% 1 1.1% 0.325

Normal 3 1.0% 88 29.9% 167 56.8% 3 1.0%

High 0 0.0% 1 16.7% 4 66.7% 0 0.0%
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levels of QoL and resilience. The mean score of environment

level of participants who took <RM 4,850 was lower than

participants who took between RM 4,850 and RM 10,959 and

participants who took more than RM 10,959 per month (p-value

< 0.001). About 16.7% of participants who had high resilience

took<RM 4,850, 33.3% took RM 4,850 to RM 10,959, and 50.0%

took more than RM 10,959 per month (p-value= 0.001).

Table 7 shows that burnout and resilience levels had

no statistically significant differences between participants

with different work duration. The only variable that showed

statistically significant differences between different work

duration was level of QoL. The mean score of physical health of

participants who worked more than 10 h (11.38) was lower than

participants who worked from 8 to 10 h (13.00) and participants

who worked for 7 h daily (13.03; p-value < 0.001). The mean

score of psychological health of participants who worked more

than 10 h (12.35) was lower than participants who worked from

8 to 10 h (13.72) and participants who worked 7 h daily (13.68;

p-value = 0.001). The mean score of social relationships of

participants who worked more than 10 h (12.65) was lower than

participants who worked from 8 to 10 h (14.38) and participants

who worked 7 h daily (14.55), p-value = 0.003. The mean score

of environment level in participants who worked more than

10 h (12.87) was lower than participants who worked 7 h daily

(14.21) and participants who worked from 8 to 10 h (14.56;

p-value < 0.001).

Differences in burnout, quality of life, and resilience levels

based on socializing duration were also measure in Table 8. No

statistically significant differences were however found. Burnout,

QoL, and resilience levels showed no statistically significant

differences between HCWs who were infected and not infected

with COVID-19 as shown in Table 9.

Discussion

This study aimed to determine whether gender, specialty,

age, education level, income level, work duration, duration of

socialization, and COVID-19 infection status were associated

with burnout, resilience, andQoL amongHCWs. To summarize,

the bivariate analyses found that in terms of resilience, there

was a significant difference between males and females, and

number of hours socializing. In terms of QoL, level of physical

health was different in terms of specialty, age, education

level, and work duration; levels of psychological and social

health were associated with specialty, age, education level, and

work duration; level of environment was associated with only

specialty, age, and income level. No significant differences

were found among the demographic categories in terms

of burnout.

An interesting finding of our study was that more females

reported low resilience compared to males. The results are

in contrast with a study from the UK among HCWs, which

found females to have a higher resilience level than males

(50). Likewise, during the COVID-19 pandemic, female HCWs

showed higher resilience in the domain of social support

compared to males (51). However, a study among radiology

workers from China showed that females had lower resilience

scores than males (52). Moreover, a meta-analysis on gender

and resilience found that males had higher resilience scores than

females (53). According to Hirani et al. (54), females usually

scored lower on resilience measures due to existing definitions

of resilience not adequately reflect how various factors (e.g.,

gender roles, social factors, and the environment) interact to

shape women’s experience of and responses to facing difficulties

in life (54).

Meanwhile, we found that a higher proportion among those

who spent the highest number of hours socializing (>10 h)

reported low resilience. It has been shown in a number of studies

that social support is an integral aspect of resilience (55, 56).

The results found in this study shows that the number of hours

spent socializing may not equal social support, as social support

includes elements such as a subjective perception of how much

an individual is being supported by others (57). In contrast,

an individual who spends high number of hours socializing

(i.e. more than 10 h) may find that their energy and time are

depleted due to excessive socializing. There is a need to further

investigate in future studies the content of one’s socialization

activities which contributes to one’s resilience.

QoL in terms of physical health, psychological health and

social relationships of nurses was higher than doctors in this

study. The results are not consistent with another study by

Çelmeçe and Menekay (58), who found no difference in the

QoL of nurses and doctors in Turkey during the COVID-19

pandemic (58). On the other hand, another study conducted in

Spain during the COVID-19 pandemic found that primary care

doctors had lower professional QoL compared to nurses (59).

Doctors who are responsible for significant clinical decisions

may report lower QoL due to assuming greater responsibilities

during this period in time. In addition, according to Li et al.

(60), doctors undergo more negative work-related experiences

compared with nurses (60). These may be possible reason that

the participant doctors suffered from lower QoL in all domains

in this study, and it warrants further examination.

In terms of age, QoL of older HCWs were generally higher

than that of younger HCWs in all aspects of QoL. The findings

are consistent with another study on QoL among nurses in

Saudi Arabia, where nurses whowere older consistently reported

higher QoL in comparison to those who were younger (<30

years old) (32). During the COVID-19 pandemic, a study among

COVID-19 recovered HCWs in Bangladesh indicated that QoL

was also higher among those with older age (61). Older age may

be associated with higher QoL because increase in experience

in professional work usually grows in tandem with age; greater

experience at work has been proposed to be a factor leading to

higher QoL (62).
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TABLE 8 Di�erences in burnout, quality of life, and resilience levels based on socializing duration.

No time Less than 5 h From 5 to 10 h More than 10 h P-value

N % N % N % N %

Burnout Occupational exhaustion 0.774

Low degree 1 2.90% 7 20.00% 16 45.70% 11 31.40%

Moderate degree 6 3.00% 48 24.10% 61 30.70% 84 42.20%

High degree 5 3.10% 40 25.00% 52 32.50% 63 39.40%

Degree of depersonalization 0.292

Low degree 1 20.00% 0 0.00% 1 20.00% 3 60.00%

Moderate degree 0 0.00% 12 31.60% 12 31.60% 14 36.80%

High degree 11 3.10% 83 23.60% 116 33.00% 141 40.20%

Degree of personal accomplishment 0.39

Low degree 8 2.70% 70 23.30% 99 32.90% 124 41.20%

Moderate degree 1 1.70% 18 30.50% 20 33.90% 20 33.90%

High degree 3 8.80% 7 20.60% 10 29.40% 14 41.20%

Quality of life (mean, SD) Level of physical 12.43 2.89 12.66 2.38 12.77 2.30 12.89 2.29 0.833

Level of psychological 12.44 3.59 13.38 2.58 13.58 2.43 13.64 2.45 0.410

Level of social 13.33 4.02 13.59 3.28 14.34 3.45 14.46 3.25 0.161

Level of environment 13.75 2.12 13.74 2.48 14.19 2.79 14.58 2.56 0.090

Resilience Low 3 3.2% 25 26.6% 3 3.2% 25 26.6% 0.858

Normal 9 3.1% 69 23.5% 9 3.1% 69 23.5%

High 0 0.0% 1 16.7% 0 0.0% 1 16.7%

TABLE 9 Di�erences in burnout, quality of life, and resilience levels between health worker who were infected and not infected with COVID-19.

Not infected Infected P-value

N % N %

Burnout Occupational exhaustion 0.180

Low degree 16 45.70% 19 54.30%

Moderate degree 102 51.30% 97 48.70%

High degree 95 59.40% 65 40.60%

Degree of depersonalization 0.830

Low degree 2 40.00% 3 60.00%

Moderate degree 21 55.30% 17 44.70%

High degree 190 54.10% 161 45.90%

Degree of personal accomplishment 0.318

Low degree 157 52.20% 144 47.80%

Moderate degree 34 57.60% 25 42.40%

High degree 22 64.70% 12 35.30%

Quality of life (mean, SD) Level of physical 12.76 2.44 12.80 2.20 0.865

Level of psychological 13.63 2.49 13.39 2.54 0.341

Level of social 14.19 3.26 14.16 3.47 0.924

Level of environment 14.26 2.64 14.18 2.60 0.767

Resilience Low 49 52.1% 45 47.9% 0.368

Normal 159 54.1% 135 45.9%

High 5 83.3% 1 16.7%
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We found an inverse relationship between participants’

education level and QoL, where participants with a secondary

education reported higher QoL in all aspects in comparison

with participants with a tertiary education. Studies have reported

that individuals with higher educational level reported higher

QoL (63–65), possibly due to the beneficial influence of

higher health literacy among those with more educational

years (66). However, a study among HCWs in Malaysia

during the COVID-19 pandemic showed that there were

no differences in all QoL domains in terms of education

level (67). In our study, individuals with a tertiary education

may have lower QoL due to assuming responsibilities and

making decisions which would more directly impact patients,

in comparison with those who had secondary education. The

greater responsibility assumed in patient healthcare may have

contributed to lower QoL due to experiencing more job-

related stress.

All domains of QoL were lower among HCWs who worked

more than 10 h per day. To cope with the rising demands for

healthcare during the COVID-19 pandemic, accompanied by

the depletion of HCWs due to infection of COVID-19 virus,

there were a number of strategies used to increase HCWcapacity

(68). The most common strategy reported was extending the

working hours of HCWs, and this includes working overtime,

canceling leaves, and allowing back-to-back shifts (69). The

length of working hours among HCWs has been associated

with a number of negative physical, psychological, and safety

outcomes among HCWs, such as musculoskeletal pain (70),

fatigue and isolation (71), and less time to participate in social

activities (69). All this may have negatively affected the QoL of

the HCWs who worked for longer hours.

In this study, HCWs who earned <RM 4,850 reported

lower QoL in their environmental level in comparison with

those who earned more per month. The results are consistent

with past studies, in which individuals from a lower-income

background may suffer from lower environment QoL (61,

72–74). For example, a large-scale survey in Malaysia with

18,607 rural residents found that compared with individuals

with low income, those enjoying middle and high income had

higher perceived QoL in all four domains (75). Environmental

QoL may be lower among HCWs with low income due

to poorer living conditions, financial issues, and physical

insecurities (61, 73).

The study results showed that there were no differences

in terms of burnout, resilience, and QoL among HCWs who

had been infected or not infected by the COVID-19 virus.

The results are not consistent with extant literature, where

those who had been infected by the COVID-19 virus reported

higher burnout levels (36, 76). Infection status may also lead

to physical and psychological ramifications, eventually leading

to lower QoL (35). However, a study conducted among the

Italian general population found that COVID-19 infection

did not significantly predict resilience (77). As this study

was carried out during the later stages of the COVID-19

pandemic when most HCWs had been vaccinated against

the virus, having been infected by the virus may not have

affected the HCWs in terms of their burnout, resilience,

and QoL.

The results of this study have significance on identifying

HCWs who may be at risk of burnout, low resilience, and

low QoL during the COVID-19 pandemic and beyond. It is

important to identify the related demographic and work factors

in order to more effectively screen HCWs for the presence of

these conditions, and to provide age-, gender-, and specialty-

appropriate interventions. Healthcare authorities should be

mindful of the negative consequences of long working hours

on HCW’s QoL. Attention should be paid to younger HCWs’

and doctors’ QoL, to find out the specific work, physical or

psychological characteristics contributing to lower QoL. Issues

pertaining to the environmental health of HCWs with lower

income should also be identified and addressed.

This study has a few limitations. Being a cross-sectional

study, we could not infer a cause-and-effect relationship between

the variables. Since the participants were not randomly sampled,

we could not rule out the presence of bias in this study. Other

aspects which possibly contribute to burnout, resilience, and

QoL among HCWs were not explored, such as the influence

of religion, workload, and psychological distress. Future studies

can be conducted to understand the role of resilience and coping

in mediating burnout and QoL among HCWs. A combination

of quantitative and qualitative methodology in future studies

would be able to provide in-depth information on the possible

causes that led to our findings.

Conclusion

This study explored demographic and work-related factors

associated with burnout, resilience, and QoL among HCWs

in Malaysia during the COVID-19 pandemic. The findings of

this study call out for some specific interventions from policy

makers. Nurses were more prone to report poor scores on

burnout and resilience than doctors. However, they reported

higher mean score on various dimensions of QoL than doctors.

Age of the HCWs was an important factor in determining

resilience as HCWs with higher age reported high resilience.

Though inferential but low age of the HCWs means they are

new to the profession and therefore overburdened and not

experienced as compared to their senior counterparts who

have years of experience, that works as a coping strategy for

them. The study confirmed that higher income level leads to

better resilience and longer work duration leads to low level of

QoL. It is imperative that healthcare practitioners and policy

makers adopt and implement interventions to promote a healthy

workplace environment, address ethical concerns, and prevent

burnout among healthcare workers during and beyond the

COVID-19 pandemic.Managing the issue of long working hours

could possibly result in improved resilience, burnout, and QoL
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among HCWs. Though this study may be able to inform some

policy specific areas where interventions are needed, identifying

effective solutions and evaluating their effectiveness will require

larger and interventional studies.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed

and approved by Ethics Committee of Management

and Science University. The patients/participants

provided their written informed consent to participate in

this study.

Author contributions

All authors made a significant contribution to the work

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

execution, acquisition of data, analysis and interpretation, or

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

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

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

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

the work.

Funding

This work was supported by the Special Projects of the

Central Government Guiding Local Science and Technology

Development, China (No. 2021L3018). The funder was not

involved in study design, in the collection, analysis and

interpretation of data, in the writing of the manuscript, and nor

in the decision to submit the manuscript for publication.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

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

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

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

or endorsed by the publisher.

References

1. Kanchanachitra C, Lindelow M, Johnston T, Hanvoravongchai P, Lorenzo
FM, Huong NL, et al. Human resources for health in Southeast Asia: shortages,
distributional challenges, and international trade in health services. Lancet. (2011)
377:769–81. doi: 10.1016/S0140-6736(10)62035-1

2. Reith TP. Burnout inUnited States healthcare professionals: a narrative review.
Cureus. (2018) 10:3681. doi: 10.7759/cureus.3681

3. Chew QH, Chia FLA, Ng WK, Lee WCI, Tan PLL, Wong CS, et al. Perceived
stress, stigma, traumatic stress levels and coping responses amongst residents in
training across multiple specialties during COVID-19 pandemic—a longitudinal
study. Int J Environ Res Public Health. (2020) 17:6572. doi: 10.3390/ijerph17186572

4. Chirico F, Ferrari G, Nucera G, Szarpak Ł, Crescenzo P, Ilesanmi O. Prevalence
of anxiety, depression, burnout syndrome, and mental health disorders among
healthcare workers during the COVID-19 pandemic: a rapid umbrella review of
systematic reviews. J Health Soc Sci. (2021) 6:209–20. Available online at: https://
journalhss.com/wp-content/uploads/jhhs_62_209-220.pdf

5. Shechter A, Diaz F, Moise N, Anstey DE, Ye S, Agarwal S, et al. Psychological
distress, coping behaviors, and preferences for support among New York
healthcare workers during the COVID-19 pandemic. Gen Hosp Psychiatry. (2020)
66:1–8. doi: 10.1016/j.genhosppsych.2020.06.007

6. Kamberi F, Sinaj E, Jaho J, Subashi B, Sinanaj G, Jaupaj K, et al. Impact
of COVID-19 pandemic on mental health, risk perception and coping strategies
among health care workers in Albania - evidence that needs attention. Clin
Epidemiol Glob Health. (2021) 12:824. doi: 10.1016/j.cegh.2021.100824

7. Htay MNN, Marzo RR, Bahari R, AlRifai A, Kamberi F, El-Abasiri RA,
et al. How healthcare workers are coping with mental health challenges during
COVID-19 pandemic? - a cross-sectional multi-countries study. Clin Epidemiol
Glob Health. (2021) 11:759. doi: 10.1016/j.cegh.2021.100759

8. Marzo RR, Singh A, Mukti RF. A survey of psychological distress among
Bangladeshi people during the COVID-19 pandemic. Clin Epidemiol Glob Health.
(2021) 10:693. doi: 10.1016/j.cegh.2020.100693

9. Marzo RR, Vinay V, Bahari R, Chauhan S, Ming DAF, Fernandez
SFAN, et al. Depression and anxiety in Malaysian population during third
wave of the COVID-19 pandemic. Clin Epidemiol Glob Health. (2021)
12:868. doi: 10.1016/j.cegh.2021.100868

10. Marzo RR, Khanal P, Ahmad A, Rathore FA, Chauhan S, Singh A,
et al. Quality of life of the elderly during the COVID-19 pandemic in
Asian countries: a cross-sectional study across six countries. Life. (2022)
12:365. doi: 10.3390/life12030365

11. Maslach C, Jackson SE, Leiter MP. Maslach burnout inventory. 3rd ed.
In: MD Lanham, editor, Evaluating Stress: A Book of Resources. Lanham, MD:
Scarecrow Education (1997). p. 191–218.

12. WHO. ICD-11. Available online at: https://icd.who.int/en (accessed
November 14, 2022).

13. Rotenstein LS, Torre M, Ramos MA, Rosales RC, Guille C, Sen S, et al.
Prevalence of burnout among physicians: a systematic review. J Am Med Assoc.
(2018) 320:1131–50. doi: 10.1001/jama.2018.12777

14. Woo T, Ho R, Tang A, Tam W. Global prevalence of burnout symptoms
among nurses: a systematic review and meta-analysis. J Psychiatr Res. (2020)
123:9–20. doi: 10.1016/j.jpsychires.2019.12.015

15. Amanullah S, Ramesh Shankar R. The impact of COVID-
19 on physician burnout globally: a review. Healthcare. (2020)
8:421. doi: 10.3390/healthcare8040421

16. Ching SM, Ng KY, Lee KW, Yee A, Lim PY, Ranita H, et al.
Psychological distress among healthcare providers during COVID-19

Frontiers in PublicHealth 12 frontiersin.org

103

https://doi.org/10.3389/fpubh.2022.1021495
https://doi.org/10.1016/S0140-6736(10)62035-1
https://doi.org/10.7759/cureus.3681
https://doi.org/10.3390/ijerph17186572
https://journalhss.com/wp-content/uploads/jhhs_62_209-220.pdf
https://journalhss.com/wp-content/uploads/jhhs_62_209-220.pdf
https://doi.org/10.1016/j.genhosppsych.2020.06.007
https://doi.org/10.1016/j.cegh.2021.100824
https://doi.org/10.1016/j.cegh.2021.100759
https://doi.org/10.1016/j.cegh.2020.100693
https://doi.org/10.1016/j.cegh.2021.100868
https://doi.org/10.3390/life12030365
https://icd.who.int/en
https://doi.org/10.1001/jama.2018.12777
https://doi.org/10.1016/j.jpsychires.2019.12.015
https://doi.org/10.3390/healthcare8040421
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Marzo et al. 10.3389/fpubh.2022.1021495

in Asia: systematic review and meta-analysis. PLoS ONE. (2021)
16:e0257983. doi: 10.1371/journal.pone.0257983

17. Ghahramani S, Lankarani KB, Yousefi M, Heydari K, Shahabi
S, Azmand S, et al. Systematic review and meta-analysis of burnout
among healthcare workers during COVID-19. Front Psychiatry. (2021)
12:758849. doi: 10.3389/fpsyt.2021.758849

18. de Garcia CL, de Abreu LC, Ramos JLS, de Castro CFD, Smiderle FRN,
dos Santos JA, et al. Influence of burnout on patient safety: systematic review and
meta-analysis.Medicina. (2019) 55:553. doi: 10.3390/medicina55090553

19. Dugani S, Afari H, Hirschhorn LR, Ratcliffe H, Veillard J, Martin G, et al.
Prevalence and factors associated with burnout among frontline primary health
care providers in low- and middle-income countries: a systematic review. Gates
Open Res. (2018) 2:4. doi: 10.12688/gatesopenres.12779.1

20. Amoafo E, Hanbali N, Patel A, Singh P. What are the significant
factors associated with burnout in doctors? Occup Med. (2015) 65:117–
21. doi: 10.1093/occmed/kqu144

21. Roslan NS, Yusoff MSB, Asrenee AR, Morgan K. Burnout prevalence
and its associated factors among Malaysian healthcare workers during
covid-19 pandemic: an embedded mixed-method study. Healthcare. (2021)
9:10090. doi: 10.3390/healthcare9010090

22. Bozdag F, Ergün N. Psychological resilience of healthcare
professionals during COVID-19 pandemic. Psychol Rep. (2021)
124:2567–86. doi: 10.1177/0033294120965477

23. Luthans F. The need for and meaning of positive organizational behavior. J
Organ Behav. (2002) 23:695–706. doi: 10.1002/job.165

24. Rushton CH, Batcheller J, Schroeder K, Donohue P. Burnout and resilience
among nurses practicing in high-intensity settings. Am J Crit Care. (2015) 24:412–
20. doi: 10.4037/ajcc2015291

25. Schreiber M, Cates DS, Formanski S, King M. Maximizing the
resilience of healthcare workers in multi-hazard events: lessons from the
2014–2015 Ebola Response in Africa. Milit Med. (2019) 184(Suppl.1):114–
20. doi: 10.1093/milmed/usy400

26. Mealer M, Jones J, Meek P. Factors affecting resilience and development
of posttraumatic stress disorder in critical care nurses. Am J Crit Care. (2017)
26:184–92. doi: 10.4037/ajcc2017798

27. McKinley N, Karayiannis PN, Convie L, Clarke M, Kirk SJ, Campbell
WJ. Resilience in medical doctors: a systematic review. Postgrad Med J. (2019)
95:140–7. doi: 10.1136/postgradmedj-2018-136135

28. Yu F, Raphael D, Mackay L, Smith M, King A. Personal and work-related
factors associated with nurse resilience: a systematic review. Int J Nurs Stud. (2019)
93:129–40. doi: 10.1016/j.ijnurstu.2019.02.014

29. Serrão C, Duarte I, Castro L, Teixeira A. Burnout and depression in
portuguese healthcare workers during the COVID-19 pandemic—the mediating
role of psychological resilience. Int J Environ Res Public Health. (2021)
18:636. doi: 10.3390/ijerph18020636

30. WHO. WHOQOL - Measuring Quality of Life. (2022). Available online at:
https://www.who.int/tools/whoqol (accessed August 2, 2022).

31. Haraldstad K, Wahl A, Andenæs R, Andersen JR, Andersen MH, Beisland E,
et al. A systematic review of quality of life research in medicine and health sciences.
Qual Life Res. (2019) 28:2641–50. doi: 10.1007/s11136-019-02214-9

32. Ibrahim NK, Alzahrani NA, Batwie AA, Abushal RA, Almogati GG, Sattam
MA, et al. Quality of life, job satisfaction and their related factors among nurses
working in king Abdulaziz University Hospital, Jeddah, Saudi Arabia. Contemp
Nurse. (2016) 52:486–98. doi: 10.1080/10376178.2016.1224123

33. Suryavanshi N, Kadam A, Dhumal G, Nimkar S, Mave V,
Gupta A, et al. Mental health and quality of life among healthcare
professionals during the COVID-19 pandemic in India. Brain Behav. (2020)
10:e01837. doi: 10.1002/brb3.1837

34. Aalaa M, Sanjari M, Tootee A, Mirzabeigi G, Salemi S. Assessment of quality
of life of Iranian nurses. Nurs Rep. (2012) 2:e10. doi: 10.4081/nursrep.2012.e10

35. Jin YH, Huang Q, Wang YY, Zeng XT, Luo LS, Pan ZY, et al. Perceived
infection transmission routes, infection control practices, psychosocial changes,
and management of COVID-19 infected healthcare workers in a tertiary acute
care hospital in Wuhan: a cross-sectional survey. Milit Medical Res. (2020)
7:24. doi: 10.1186/s40779-020-00254-8

36. Chavez S, Long B, Koyfman A, Liang SY. Coronavirus Disease (COVID-
19): a primer for emergency physicians. Am J Emerg Med. (2021) 44:220–
9. doi: 10.1016/j.ajem.2020.03.036

37. Noorshahrizam SA. As Omicron Cases Spike, Health Coalition Calls
for Reinforced Plan Against COVID-19. (2022). Available online at: https://

malaysia.news.yahoo.com/omicron-cases-spike-health-coalition-040155133.html
(accessed July 31, 2022).

38. New Straits Times. KJ: Malaysia Fully Into Omicron Wave. NST
Online. (2022). Available online at: https://www.nst.com.my/news/nation/2022/
02/769160/kj-malaysia-fully-omicron-wave (accessed July 31, 2022).

39. Ying TP. Omicron BA.2 to Become Dominant Coronavirus Variant in
Malaysia. NST Online. (2022). Available online at: https://www.nst.com.my/news/
nation/2022/03/781780/omicron-ba2-become-dominant-coronavirus-variant-
malaysia (accessed July 31, 2022).

40. Anand R. PMMuhyiddin Receives First COVID-19 Vaccine as Malaysia Kicks
Off Mass Inoculation Campaign. The Straits Times. (2021). Available online at:
https://www.straitstimes.com/asia/se-asia/pm-muhyiddin-receives-first-covid-
19-vaccine-as-malaysia-kicks-off-mass-inoculation (accessed July 31, 2022).

41. Ministry of Health, Malaysia. COVIDNOW in Malaysia. (2021). Available
online at: https://covidnow.moh.gov.my/ (accessed July 31, 2022).

42. Cochran WG. Note on an approximate formula for the significance levels of
z. Ann Math Statist. (1940) 11:93–5. doi: 10.1214/aoms/1177731945

43. Chen WS, Haniff J, Siau CS, Seet W, Loh SF, Jamil MHA, et al.
Translation, cross-cultural adaptation and validation of the Malay version of
the Maslach Burnout Inventory (MBI) in Malaysia. Int J Soc Sci Stud. (2014)
2:66. doi: 10.11114/ijsss.v2i2.309

44. Chen WS, Haniff J, Siau CS, Seet W, Loh SF, Jamil MHA. Pilot study of the
Malay maslach burnout inventory and Malay work-related quality of life scale in
Malaysia. Stud Asian Soc Sci. (2014) 1:20–6. doi: 10.5430/sass.v1n1p20

45. WHO. WHOQOL-BREF: Introduction, Administration, Scoring and Generic
Version of the Assessment: Field Trial Version, December 1996. Geneva: World
Health Organization (1996).

46. Cheung YB, Yeo KK, Chong KJ, Khoo EY, Wee HL. Reliability and validity
of the English-, Chinese-and Malay-language versions of the World Health
Organization quality of life (WHOQOL-BREF) questionnaire in Singapore. Ann
Acad Med Singap. (2017) 46:461–9. doi: 10.47102/annals-acadmedsg.V46N12p461

47. Hasanah CI, Naing L, Rahman ARA. World Health Organization quality of
life assessment: brief version in Bahasa Malaysia.Med J Malaysia. (2003) 58:79–88.
Available online at: http://www.e-mjm.org/2003/v58n1/WHO_Quality_of_Life_
Assessment.pdf

48. Smith BW, Dalen J, Wiggins K, Tooley E, Christopher P, Bernard J. The
brief resilience scale: assessing the ability to bounce back. Int J Behav Med. (2008)
15:194–200. doi: 10.1080/10705500802222972

49. World Medical Association. World Medical Association Declaration of
Helsinki. Ethical principles for medical research involving human subjects. Bullet
World Health Org. (2001) 79:373. Available online at: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC2566407/pdf/11357217.pdf

50. Sull A, Harland N, Moore A. Resilience of health-care workers
in the UK; a cross-sectional survey. J Occup Med Toxicol. (2015)
10:20. doi: 10.1186/s12995-015-0061-x

51. Coco M, Guerrera CS, Santisi G, Riggio F, Grasso R, Di Corrado D, et al.
Psychosocial impact and role of resilience on healthcare workers during COVID-19
pandemic. Sustainability. (2021) 13:7096. doi: 10.3390/su13137096

52. Huang L, Wang Y, Liu J, Ye P, Cheng B, Xu H, et al. Factors associated
with resilience among medical staff in radiology departments during the outbreak
of 2019 novel coronavirus disease (COVID-19): a cross-sectional study. Med Sci
Monit. (2020) 26:e925669. doi: 10.12659/MSM.925669

53. Gök A, Kogar EY. A meta-analysis study on gender differences in
psychological resilience levels. Kibris Türk Psikiyatri ve Psikoloji Dergisi.
(2021) 3:132–43. doi: 10.35365/ctjpp.21.2.15

54. Hirani S, Lasiuk G, Hegadoren K. The intersection of gender and resilience. J
Psychiatr Ment Health Nurs. (2016) 23:455–67. doi: 10.1111/jpm.12313

55. Wilks SE. Resilience amid academic stress: the moderating impact of
social support among social work students. Adv Soc Work. (2008) 9:106–
25. doi: 10.18060/51

56. Ong HL, Vaingankar JA, Abdin E, Sambasivam R, Fauziana R, Tan
ME, et al. Resilience and burden in caregivers of older adults: moderating
and mediating effects of perceived social support. BMC Psychiatry. (2018)
18:27. doi: 10.1186/s12888-018-1616-z

57. Wang J, Mann F, Lloyd-Evans B, Ma R, Johnson S. Associations between
loneliness and perceived social support and outcomes of mental health problems: a
systematic review. BMC Psychiatry. (2018) 18:156. doi: 10.1186/s12888-018-1736-5

58. Çelmeçe N, Menekay M. The effect of stress, anxiety and burnout levels of
healthcare professionals caring for COVID-19 patients on their quality of life. Front
Psychol. (2020) 11:597624. doi: 10.3389/fpsyg.2020.597624

Frontiers in PublicHealth 13 frontiersin.org

104

https://doi.org/10.3389/fpubh.2022.1021495
https://doi.org/10.1371/journal.pone.0257983
https://doi.org/10.3389/fpsyt.2021.758849
https://doi.org/10.3390/medicina55090553
https://doi.org/10.12688/gatesopenres.12779.1
https://doi.org/10.1093/occmed/kqu144
https://doi.org/10.3390/healthcare9010090
https://doi.org/10.1177/0033294120965477
https://doi.org/10.1002/job.165
https://doi.org/10.4037/ajcc2015291
https://doi.org/10.1093/milmed/usy400
https://doi.org/10.4037/ajcc2017798
https://doi.org/10.1136/postgradmedj-2018-136135
https://doi.org/10.1016/j.ijnurstu.2019.02.014
https://doi.org/10.3390/ijerph18020636
https://www.who.int/tools/whoqol
https://doi.org/10.1007/s11136-019-02214-9
https://doi.org/10.1080/10376178.2016.1224123
https://doi.org/10.1002/brb3.1837
https://doi.org/10.4081/nursrep.2012.e10
https://doi.org/10.1186/s40779-020-00254-8
https://doi.org/10.1016/j.ajem.2020.03.036
https://malaysia.news.yahoo.com/omicron-cases-spike-health-coalition-040155133.html
https://malaysia.news.yahoo.com/omicron-cases-spike-health-coalition-040155133.html
https://www.nst.com.my/news/nation/2022/02/769160/kj-malaysia-fully-omicron-wave
https://www.nst.com.my/news/nation/2022/02/769160/kj-malaysia-fully-omicron-wave
https://www.nst.com.my/news/nation/2022/03/781780/omicron-ba2-become-dominant-coronavirus-variant-malaysia
https://www.nst.com.my/news/nation/2022/03/781780/omicron-ba2-become-dominant-coronavirus-variant-malaysia
https://www.nst.com.my/news/nation/2022/03/781780/omicron-ba2-become-dominant-coronavirus-variant-malaysia
https://www.straitstimes.com/asia/se-asia/pm-muhyiddin-receives-first-covid-19-vaccine-as-malaysia-kicks-off-mass-inoculation
https://www.straitstimes.com/asia/se-asia/pm-muhyiddin-receives-first-covid-19-vaccine-as-malaysia-kicks-off-mass-inoculation
https://covidnow.moh.gov.my/
https://doi.org/10.1214/aoms/1177731945
https://doi.org/10.11114/ijsss.v2i2.309
https://doi.org/10.5430/sass.v1n1p20
https://doi.org/10.47102/annals-acadmedsg.V46N12p461
http://www.e-mjm.org/2003/v58n1/WHO_Quality_of_Life_Assessment.pdf
http://www.e-mjm.org/2003/v58n1/WHO_Quality_of_Life_Assessment.pdf
https://doi.org/10.1080/10705500802222972
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2566407/pdf/11357217.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2566407/pdf/11357217.pdf
https://doi.org/10.1186/s12995-015-0061-x
https://doi.org/10.3390/su13137096
https://doi.org/10.12659/MSM.925669
https://doi.org/10.35365/ctjpp.21.2.15
https://doi.org/10.1111/jpm.12313
https://doi.org/10.18060/51
https://doi.org/10.1186/s12888-018-1616-z
https://doi.org/10.1186/s12888-018-1736-5
https://doi.org/10.3389/fpsyg.2020.597624
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Marzo et al. 10.3389/fpubh.2022.1021495

59. Ortega-Galán ÁM, Ruiz-Fernández MD, Lirola MJ, Ramos-Pichardo JD,
Ibáñez-Masero O, Cabrera-Troya J, et al. Professional quality of life and perceived
stress in health professionals before COVID-19 in Spain: primary and hospital care.
Healthcare. (2020) 8:484. doi: 10.3390/healthcare8040484

60. Li Y, Zhang H, Feng Z, Chen S, Liu T, Chen X, et al. Life events, anxiety and
depression among doctors and nurses in the emergency department: a study from
eleven General Hospital in Hunan Province, China. J Psychiatry Brain Sci. (2016)
1:2. doi: 10.20900/jpbs.20160002

61. Rashid MU, Khan MAS, Dalal K, Sagar SK, Hossian M, Barsha SY,
et al. Quality of life (QoL) among COVID-19 recovered healthcare workers in
Bangladesh. BMCHealth Serv Res. (2022) 22:716. doi: 10.1186/s12913-022-07961-z

62. Hayne AN, Gerhardt C, Davis J. Filipino nurses in the United States:
recruitment, retention, occupational stress, and job satisfaction. J Transcult Nurs.
(2009) 20:313–22. doi: 10.1177/1043659609334927

63. Arora S, Kalra R. Quality of life (QOL) of people living with substance
users in urban and rural community of Delhi. Curr Med Res Practice. (2018)
8:96–9. doi: 10.1016/j.cmrp.2018.05.010

64. Asante JO Li MJ, Liao J, Huang YX, Hao YT. The relationship between
psychosocial risk factors, burnout and quality of life among primary healthcare
workers in rural Guangdong province: a cross-sectional study. BMC Health Serv
Res. (2019) 19:1–10. doi: 10.1186/s12913-019-4278-8

65. Gholami A, Jahromi LM, Zarei E, Dehghan A. Application of WHOQOL-
BREF in measuring quality of life in health-care staff. Int J Prev Med. (2013) 4:809.
Available online at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3775221/pdf/
IJPVM-4-809.pdf

66. Zheng M, Jin H, Shi N, Duan C, Wang D, Yu X, et al. The relationship
between health literacy and quality of life: a systematic review and meta-analysis.
Health Qual Life Outcomes. (2018) 16:1–10. doi: 10.1186/s12955-018-1031-7

67. Woon LSC, Mansor NS, Mohamad MA, Teoh SH, Leong Bin Abdullah
MFI. Quality of life and its predictive factors among healthcare workers
after the end of a movement lockdown: the salient roles of COVID-19
stressors, psychological experience, and social support. Front Psychol. (2021)
12:652326. doi: 10.3389/fpsyg.2021.652326

68. Williams GA, Maier CB, Scarpetti G, de Belvis AG, Fattore G, Morsella A,
et al. What strategies are countries using to expand health workforce surge capacity
during the COVID-19 pandemic? Eurohealth. (2020) 26:51–7. Available online
at: https://apps.who.int/iris/bitstream/handle/10665/336296/Eurohealth-26-2-51-
57-eng.pdf

69. Fu C, Wang G, Shi X, Cao F. Social support and depressive
symptoms among physicians in tertiary hospitals in China: a cross-
sectional study. BMC Psychiatry. (2021) 21:1–11. doi: 10.1186/s12888-021-
03219-w

70. Arca M, Dönmezdil S, Durmaz ED. The effect of the COVID-19
pandemic on anxiety, depression, and musculoskeletal system complaints
in healthcare workers. Work. (2021) 69:47–54. doi: 10.3233/WOR-20
5014

71. Wang J, Zhou M, Liu F. Reasons for healthcare workers becoming infected
with novel coronavirus disease 2019 (COVID-19) in China. J Hosp Infect. (2020)
105:2. doi: 10.1016/j.jhin.2020.03.002

72. González-Blanch C, Hernández-de-Hita F, Muñoz-Navarro R, Ruíz-
Rodríguez P, Medrano LA, Cano-Vindel A. The association between different
domains of quality of life and symptoms in primary care patients with
emotional disorders. Sci Repo. (2018) 8:1–10. doi: 10.1038/s41598-018-28
995-6

73. Gou Z, Xie X, Lu Y, Khoshbakht M. Quality of Life (QoL) survey in
Hong Kong: Understanding the importance of housing environment and needs
of residents from different housing sectors. Int J Environ Res Public Health. (2018)
15:219. doi: 10.3390/ijerph15020219

74. Moutinho ILD, Lucchetti ALG, da Silva Ezequiel O, Lucchetti G. Mental
health and quality of life of Brazilian medical students: incidence, prevalence, and
associated factors within two years of follow-up. Psychiatry Res. (2019) 274:306–
12. doi: 10.1016/j.psychres.2019.02.041

75. Thangiah G, Said MA, Majid HA, Reidpath D, Su TT. Income
inequality in quality of life among rural communities in Malaysia: a case
for immediate policy consideration. Int J Environ Res Public Health. (2020)
17:8731. doi: 10.3390/ijerph17238731

76. Asghar MS, Akram M, Yasmin F, Najeeb H, Naeem U, Gaddam M,
et al. Comparative analysis of neutrophil to lymphocyte ratio and derived
neutrophil to lymphocyte ratio with respect to outcomes of in-hospital
coronavirus disease 2019 patients: a retrospective study. Front Med. (2022)
9:951556. doi: 10.3389/fmed.2022.951556

77. Sampogna G, Del Vecchio V, Giallonardo V, Luciano M, Albert U, Carmassi
C, et al. What is the role of resilience and coping strategies on the mental health of
the general population during the COVID-19 pandemic? Results from the Italian
multicentric comet study. Brain Sci. (2021) 11:1231. doi: 10.3390/brainsci1109
1231

Frontiers in PublicHealth 14 frontiersin.org

105

https://doi.org/10.3389/fpubh.2022.1021495
https://doi.org/10.3390/healthcare8040484
https://doi.org/10.20900/jpbs.20160002
https://doi.org/10.1186/s12913-022-07961-z
https://doi.org/10.1177/1043659609334927
https://doi.org/10.1016/j.cmrp.2018.05.010
https://doi.org/10.1186/s12913-019-4278-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3775221/pdf/IJPVM-4-809.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3775221/pdf/IJPVM-4-809.pdf
https://doi.org/10.1186/s12955-018-1031-7
https://doi.org/10.3389/fpsyg.2021.652326
https://apps.who.int/iris/bitstream/handle/10665/336296/Eurohealth-26-2-51-57-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/336296/Eurohealth-26-2-51-57-eng.pdf
https://doi.org/10.1186/s12888-021-03219-w
https://doi.org/10.3233/WOR-205014
https://doi.org/10.1016/j.jhin.2020.03.002
https://doi.org/10.1038/s41598-018-28995-6
https://doi.org/10.3390/ijerph15020219
https://doi.org/10.1016/j.psychres.2019.02.041
https://doi.org/10.3390/ijerph17238731
https://doi.org/10.3389/fmed.2022.951556
https://doi.org/10.3390/brainsci11091231
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 21 December 2022

DOI 10.3389/fpubh.2022.1053183

OPEN ACCESS

EDITED BY

Deep Shikha,

Swami Rama Himalayan

University, India

REVIEWED BY

Paula Berstad,

Cancer Registry of Norway, Norway

Qinghua Zhang,

Huzhou University, China

*CORRESPONDENCE

Fei Fei Huang

pt860315@163.com

Wei-Ti Chen

wchen@sonnet.ucla.edu

†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 25 September 2022

ACCEPTED 05 December 2022

PUBLISHED 21 December 2022

CITATION

Yang TB, Lin XJ, Lin JL, Chen W-T and

Huang FF (2022) Influencing factors of

cancer prevention and control among

urban and rural adults in Fujian, China:

A cross-sectional survey.

Front. Public Health 10:1053183.

doi: 10.3389/fpubh.2022.1053183

COPYRIGHT

© 2022 Yang, Lin, Lin, Chen and

Huang. 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.

Influencing factors of cancer
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urban and rural adults in Fujian,
China: A cross-sectional survey
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Objective: Cancer burden can be reduced when the population’s knowledge

of cancer prevention and control measures is increased. However, current

epidemiological research investigating cancer prevention and control

knowledge in China is limited. This study aimed to examine the core

knowledge levels of cancer prevention and control measures as well as its

influencing factors among adults in Fujian, China.

Study design: A cross-sectional study.

Methods: From September to December 2021, a total of 2,440 Chinese urban

and rural adults from Fujian Province, located in Southeastern China, were

randomly selected for this cross-sectional study. The probability proportionate

approach to sampling was used. A 38-item questionnaire that covered

demographics and basic knowledge of cancer, including concepts, screening,

therapy, and rehabilitation-related key points was used to measure knowledge

levels of cancer prevention and control measures among 2,074 participants.

The level of each participants’ core knowledge of cancer prevention and

control measures was defined as a rate calculated by the number of correct

answers divided by the total number of questions. The binary logistic regression

model was used to determine if influencing factors were associated with core

knowledge awareness.

Results: In total, 1,290 participants (62.2%) were in the low knowledge group

and 784 (37.8%) were in the high knowledge group. The average knowledge

rate of cancer prevention and control measures among all participants was

56.01%. Participants from urban areas, who held white-collar jobs, were

married, had a bachelor’s degree or above, had a family history of cancer, or

self-rated their health level as good or average were associated with higher

rates of cancer prevention and control core knowledge (overall p < 0.05).

Conclusion: These findingsmay assist healthcare providers and/or researchers

in designing e�ective primary preventive interventions to enhance the general

population’s cancer prevention and control knowledge, and subsequently

decrease the cancer burden in China.
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awareness, cancer prevention, core knowledge, survey, China
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Introduction

Cancer is a major public health problem worldwide (1).

In China, the rates of age-adjusted incidence and mortality

of cancer have increased gradually since 2000 (2, 3), because

of the increasing trend of urbanization and the accumulated

effects of risk-factor exposure (4). However in developed

countries, such as the United States and some European

countries, cancer mortality rates and age-adjusted rates of

cancer incidence in men have generally decreased since the

early 1990s (2). Decreasing trends in cancer burden may be

linked to progress in cancer research, prevention, and care in

Western countries.

By some estimates, up to half of all cancer cases can

be prevented or avoided (5). Since 2015, China has made

efforts to confront its rapidly increasing cancer burden by

implementing a series of plans and policies focused on

cancer control (6, 7), in which primary and secondary

prevention is always the first line of action (8). This includes

improving the general population’s knowledge regarding

cancer prevention (5, 9). Although knowledge alone will

not prevent cancer, it is necessary before one can take

action (10).

Cancer prevention and control core knowledge refers to

essential knowledge of actions to minimize individual cancer

risk and methods used to reduce cancer burden, such as

basic knowledge regarding cancer prevention, treatment, and

management of the disease (5). Currently, the awareness of basic

cancer prevention is reported as suboptimal, and even as low as

20% in certain Chinese populations (10–13). Li et al. (5) and Yu

and Baade (14) have reported that individuals with lower levels

of core prevention knowledge of cancer had more diagnoses

of cancer after a median follow-up of 3.3 years. Low levels of

cancer prevention core knowledge negatively impact individuals’

attitudes, healthy lifestyles, and positive health behaviors (9,

15). These negative effects may be more prevalent in Eastern

cultures, where people tend to reason holistically, believe in

the relatedness of objects and events, and consider things to

be constantly changing cyclically in everyday life (i.e., naïve

dialecticism) (16).

Previous studies in China on core knowledge of cancer

prevention and control measures were either conducted in a

single area (urban or rural), with specific cancer populations, or

with small samples, all of which limited the generalizability of

their findings (5, 10–13). Reliable information on rates of core

knowledge of cancer prevention and control measures, as well

as its influencing factors, are required to provide further insight

into what measures may be taken to reduce the heavy burden of

cancer in China. This study aimed to examine the rates of core

knowledge of cancer prevention and control measures as well as

its influencing factors among urban and rural adults in Fujian

Province, China.

2. Methods

2.1 Study design and participants

From September to December of 2021, a large-scale cross-

sectional study was conducted among urban and rural adults

in Fujian Province, which lies on the southeastern coast of

China. As of 2021, Fujian Province had a registered population

of ∼41.87 million within its nine major cities and rural areas.

A five-stage probability proportionate to size (PPS) sampling

approach was applied to select 2,440 participants. The study’s

recruitment process is detailed in Figure 1. Household members

were eligible to participate in this study if they: (1) were locally

registered residents; (2) lived in the targeted district/county

for at least 6 months before the survey; (3) were aged 18–

69 years old; (4) had no cognitive disorders; and (5) no

cancer history.

After obtaining written informed consent, each participant

was asked to complete a face-to-face interview and questionnaire

regarding their core knowledge of cancer prevention and control

measures and socio-demographic characteristics. This study

was approved by the Ethics Review Committee of the Fujian

Provincial Centers for Disease Control and Prevention (Grant

number: K2021-101-01). All personally identifiable information

was removed before data analysis. The study adhered to the

STROBE (Strengthening the Reporting of Observational Studies

in Epidemiology) statement (17).

2.2 Measures

The questionnaire regarding core knowledge of cancer

prevention and control measures was developed by an expert

panel led by the National Cancer Center of China (18, 19). The

questionnaire comprised 13 single-item questions, 12 multiple-

item questions, and 13 true-or-false questions that covered basic

knowledge of cancer, including concepts, screening, therapy,

and rehabilitation-related key points. Expert panel members

assigned a numeric score to each answer provided in the

study questionnaire. For the true-or-false and single-answer

questions, “1 point” was assigned to a correct answer and “0

points” to an incorrect answer. For the multiple-item questions,

“2 points” were assigned if the answer was exactly correct,

otherwise “0 points” were assigned. The total score ranged from

0 to 50 for each participant. The total score was converted

into a percentage, yielding cancer prevention and control core

knowledge scores ranging from 0 to 100 points. In this study,

Cronbach’s α of the questionnaire was found to be 0.899.

The demographic information collected in the questionnaire

included age, gender, residential area, marital status, educational

level, occupation, number of family members living in the

household, yearly income of the household, family history
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FIGURE 1

The five-stage probability proportionate to size sampling process.

of cancer, body mass index (BMI, weight/height2, Kg/m2),

smoking status, and self-evaluated health status.

2.3 Data analyses

Data analyses were conducted using SPSS 26.0 (IBM,

Armonk, NY, USA). Approximately 5% of missing data

were replaced using mean value substitution, and p ≤

0.05 was considered statistically significant. The data

met the assumptions of normality, with a one-sample

Kolmogorov-Smirnov test yielding non-significance.

Continuous variables were expressed as means with standard

deviations (SDs) and categorical variables were expressed as

proportions or percentages.

The level of each participants’ core knowledge of cancer

prevention and control measures was defined as a rate calculated

by the number of correct answers divided by the total number

of questions. The average knowledge rate (%) of all participants

was defined as the sum of all knowledge rates divided by the

total number of participants. [knowledge rate (%) = number of

subjects with all correct answers/total number of subjects ∗100.]

Core knowledge levels with rates of <60% were considered to

be in the low knowledge group (LKG), while rates of ≥60%

were considered to be in the high knowledge group (HKG).

A binary logistic regression model with a forward conditional

method was used to determine the influencing factors associated

with the core knowledge of cancer prevention and control

measures. The outcome variable was the knowledge group

and demographic variables served as independent variables.

The result estimates are expressed as odds ratios (OR) (95%

confidence intervals, CIs).

3. Results

A total of 2,440 eligible participants were recruited and

2,074 completed the survey, with a response rate of 86.42% over

the 4-month period of the study. The main reasons for study

drop-outs were participants had no interest or time to do the

survey. No significant differences were found in age, gender, or

residential area between the two knowledge level groups, and the

age of participants ranged from 18 to 69 years, matching the local

general population. Themean age of participants was 47.81 years

(SD= 13.20), the average BMIwas 23.21 kg/m2 (SD= 3.09), and

the average number of family members was 3.56 (SD = 1.75).

Table 1 shows the demographic characteristics of all participants

by knowledge level group.

3.1 Participants’ knowledge of cancer
prevention and control measures

In total, there were 1,290 participants (62.2%) in the

LKG and 784 participants (37.8%) in the HKG. The average

knowledge rate of cancer prevention and control measures

among all participants was 56.0%. Up to half of the participants

(ranging from 36.4 to 50.9%) knew the basic concepts about

cancer, physical rehabilitation methods, cancer warning signs,

cancer early detection methods, and cancer risk factors. More
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TABLE 1 Rates of core knowledge level by demographic characteristics of participants (n = 2,074).

Variables Total n (%) HKG
(n = 784) n (%)

LKG
(n = 1,290) n (%)

Gender

Male 935 (45.1) 356 (44.1) 589 (45.7)

Female 1,139 (54.9) 428 (55.9) 701 (54.3)

Residence area

Urban 1,412 (68.1) 562 (71.7) 850 (65.9)

Rural 662 (31.9) 222 (28.3) 440 (34.1)

Marital status

Living alone (e.g., unmarried,

divorced, and widowed)

208 (10.0) 68 (8.6) 140 (10.8)

Married 1,866 (90.0) 716 (91.4) 1,150 (89.1)

Educational level

Primary school degree or below 693 (33.4) 178 (22.7) 515 (39.9)

Junior high school degree 615 (29.7) 211 (26.9) 404 (31.3)

Senior high school degree

(including technical training)

415 (20.0) 194 (24.7) 221 (17.1)

Junior college diploma 205 (9.9) 124 (15.8) 81 (6.3)

Bachelor’s degree or higher 146 (7.0) 77 (9.8) 69 (5.3)

Occupation

White collar 296 (14.3) 171 (21.8) 125 (9.7)

Blue collar 1,438 (69.4) 441 (56.3) 997 (77.3)

Students 37 (1.8) 22 (2.8) 15 (1.2)

Unemployment 212 (10.2) 94 (12.0) 118 (9.2)

Retired 89 (4.3) 56 (7.0) 34 (2.6)

The yearly income per household (yuan, RMB)

<1,000 560 (28.2) 181 (24.6) 379 (30.3)

1,000–2,000 593 (29.9) 225 (30.6) 368 (29.4)

2,000–3,000 432 (21.8) 170 (23.1) 262 (21.0)

3,000–4,000 121 (6.1) 50 (6.8) 71 (5.7)

4,000–5,000 149 (7.5) 59 (8.0) 90 (7.2)

5,000+ 130 (6.5) 50 (6.8) 80 (6.4)

Family history of cancer

Yes 275 (13.3) 113 (14.4) 162 (12.6)

No 1,640 (79.1) 644 (82.1) 996 (77.2)

Don’t know 159 (7.7) 27 (3.4) 132 (10.2)

BMI (kg/m2)

<18.5 (underweight) 97 (4.8) 41 (5.3) 56 (4.4)

18.5–24.9 (normal weight) 1,188 (58.3) 462 (60.2) 726 (57.1)

≥25 (overweight) 754 (37.0) 264 (34.4) 490 (38.5)

(Continued)
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TABLE 1 (Continued)

Variables Total n (%) HKG
(n = 784) n (%)

LKG (n = 1,290)
n (%)

Smoking status

Current smoker 454 (21.9) 167 (21.3) 287 (22.2)

Former smoker 133 (6.4) 42 (5.4) 91 (7.1)

Never smoked 1,487 (71.7) 575 (73.3) 912 (70.3)

Self-evaluated health

Very good 876 (42.2) 310 (39.5) 566 (43.9)

Good 787 (37.9) 304 (38.8) 483 (37.4)

Average 379 (18.3) 160 (20.4) 219 (17.0)

Bad 24 (1.2) 6 (0.8) 18 (1.4)

Very bad 8 (0.4) 4 (0.5) 4 (0.3)

BMI, body mass index; LKG, low knowledge group; HKG, high knowledge group.

White-collar= office workers, teachers, healthcare providers, academic researchers, and government officials.

Blue-collar= farmer, factory worker, forestry worker, fisher, service staff, salesperson, house-worker, and driver.

than 70.0% were aware of the meaning of early cancer detection

and early treatment as well as common therapy methods

(see Table 2). Regarding cancer prevention and control core

knowledge items (see Supplementary Appendix A), the five

lowest knowledge rates (below 30.0%) included responses to

the questions: “What are breast cancer warning symptoms?”

(16.5%); “Which of the following biological factors increase

the risk of cancer” (22.3%); “What’s the correct description

of cancer prevention and therapy?” (22.7%); “Which of the

following unhealthy lifestyle habits can increase the risk of

cancer?” (26.7%); and “What’s the correct description of cancer

pain?” (27.2%). More than 70.0% of participants demonstrated

basic cancer knowledge, its common treatmentmethods, and the

meaning of early cancer detection and early treatment.

3.2 Factors associated with cancer
prevention and control core knowledge

As shown in Table 3 and Figure 2, after adjusting for

confounding factors, including gender, number of family

members in the household, the yearly income of the household,

BMI, and smoking status, the logistic regression analysis

indicated the main predictors influencing the level of cancer

prevention and control core knowledge were: residing in urban

areas, being married, unclear family history of cancer, and self-

evaluated average or good health. For example, participants

who had an unclear family history of cancer were 0.309 times

more likely to have core cancer knowledge than individuals

with a known family history of cancer (OR = 0.309, 95% CI

0.194–0.492). Participants who had a blue-collar occupation,

were unemployed, had a junior high school degree or below, or

were older had lower rates of core knowledge. Participants who

were unemployed had an OR of 0.616 demonstrating a higher

rate of core knowledge when compared to those who were in

white-collar occupations (OR= 0.616, 95% CI 0.417–0.910).

4. Discussion

Cancer prevention and control core knowledge is crucial as it

influences individuals’ attitudes and practices to improve health-

seeking behaviors and thereby significantly reduces cancer

burden (5). However, the current epidemiological research

investigating cancer prevention knowledge is limited in China

(5, 10–12). This population-based study aimed to better

understand cancer prevention and control core knowledge levels

and its influencing factors among urban and rural adults in

Fujian, China. The findings show the overall average rate of

core knowledge of cancer prevention and control measures

among adults was 56.01%, lower than other similar studies

(11, 12), but higher than studies with smaller sample sizes.

Most importantly, the study’s average knowledge rate is lower

than the nationally expected knowledge rate, which is at 70%

for the general Chinese population by 2022 as set out by the

Chinese Department of Health 2017–2025 short-term and long-

term plan for the prevention and treatment of chronic diseases

(6). This finding provides evidence for the need to develop a

campaign to enhance cancer prevention and control knowledge

in Southeastern China.

Interestingly, we found that although most adults in our

study knew the significance of cancer secondary prevention

(73.75%), less than half had sufficient knowledge of many

areas of cancer including early clinical symptoms of cancer,

major risk factors for developing cancer (e.g., unhealthy

lifestyle habits, infectious factors), early detection or preventive
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TABLE 2 Rates of cancer prevention and control core knowledge by survey domain (n = 2,074).

Core knowledge domain Corresponding item (s) Knowledge rate (%)

1. Cancer basic concepts A1, C9, B1, B10, A12 47.72

2. Cancer basic knowledge A2, B2, B5, C1 62.23

3. Cancer risk factors A7, C5, B9, C2, A13 50.86

4. Cancer prevention measures A5, B8, C6, C8 58.38

5. Early detection and early treatment meaning A8, B17 73.75

6. Recognition of cancer warning signs A9, B16, C11–12 50.15

7. Cancer early detection B11, C10, C13 49.77

8. Timely medical treatment A10, B19 61.50

9. Standardized treatment A6, B20, A11 63.20

10. Following doctors’ requirements to check regularly B12, B21 68.35

11. Common treatment methods for cancer A3 80.70

12. Physical rehabilitation C14, C15 36.40

13. Psychological rehabilitation A4 52.70

TABLE 3 Odds ratios and 95% confidence intervals for having a high cancer prevention and control core knowledge by sociodemographic and

other factors in Fujian Province, China.

Variable Crude OR Adjust OR 95%CI

Occupation (White collar as reference)

Blue collar 0.319 0.309 0.233–0.411

Unemployment 0.639 0.616 0.417–0.910

Marital status (Living alone as reference)

Married 1.571 1.803 1.234–2.636

Educational level (Bachelor’s degree or higher as reference)

Primary school degree or below 0.258 0.199 0.121–0.326

Junior high school degree 0.440 0.306 0.195–0.480

Senior high school degree (including

technical training)

0.760 0.623 0.399–0.972

Family history of cancer (yes as reference)

Unclear 0.348 0.309 0.194–0.492

Residence area (rural as reference)

Urban 1.897 1.789 1.405–2.278

Self-evaluated health (very good as reference)

Average 1.922 1.954 1.459–2.617

Good 1.442 1.471 1.171–1.847

Age (years) 0.986 0.986 0.977–0.996

SE, standard error; OR, odds ratio; CI, confidence interval.

measures, or basic concepts about cancer. The findings indicate

that in order to reduce the future cancer burden in China,

increasing the level of public awareness of cancer primary

and secondary prevention measures should remain a priority

through the provision of detailed information on cancer risk

factors, preventive measures, cancer symptoms or signs, in

addition to identifying opportunities to change individual

behaviors (14).

This study found a significant association between cancer

prevention and control core knowledge levels and participants’
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FIGURE 2

Forest plot of OR (95% CI) for having a high cancer prevention and control core knowlegde by sociodemographic and other factors in Fujian

Province in China.

area of residence, occupation, educational level, marital status,

family history of cancer, and self-evaluated health status.

Regarding occupation, the current evidence regarding the

association between occupation and cancer core knowledge

is mixed, which might be due to the various definitions

and classifications of occupations (11, 15). In this study,

adults with white-collar occupations were more likely to have

higher rates of core knowledge than adults with blue-collar

occupations, or those who were unemployed. The possible

explanations include white-collar workers usually have higher

educational levels (bachelor’s degree or higher), focus more

on their health status, have insurance coverage, and have

more opportunities to access social resources and healthcare-

related information, all of which help them improve their

cancer core knowledge levels (11, 15). Furthermore, blue-

collar participants are more likely to be exposed to hazards,

such as dust and noise in construction work or ultraviolet

radiation in welding work (5). Taken together, blue-collar

workers with junior high school or less of education should

be identified as a target population for community-level cancer

prevention interventions.

In line with previous studies (5, 9, 11), we also found that

residents in urban areas or with a family history of cancer were

more likely to have a higher core knowledge rate. The differences

seen when comparing areas of residence can be explained by the

urban-rural disparity in access to health services and exposure

to certain risk factors (20). Currently in China, urban-rural

disparities are obvious, with people living in urban areas having

greater cancer knowledge as well as higher cancer rates (21). In

addition, a family history of cancer may reflect genetic as well as

behavioral and environmental risks shared by family members

(9). Health promotion theories, such as the Health Belief Model

and protection motivation, predict that people are more likely to

take preventive actions when they perceive their risk of negative

health outcomes to be high (16). Furthermore, the Chinese

philosophy of “destiny” may motivate people who have a family

history of cancer to participate in emotional control, self-care

activities, and active cancer prevention measures (22). Thus, the

development of an effective cancer prevention program should

consider cultural and geographical factors.

Results show a significantly higher core knowledge rate

among married adults or people with a self-rated good or

average health status. This is consistent with the Learning

Partner Model (23), which claims that partners’ adequate core

knowledge transfers to others in their social network, mostly

to their family, and thus improves others’ core knowledge level

of cancer prevention and control measures. A previous study

found that married men’s knowledge and support also has

a positive effect on wives’ cancer screening knowledge (24).

As stated by the Salutogenic Model (25), people whose self-

rated health levels were average or good can be motivated to

increase their core knowledge in order to improve their self-

care activities. Finally, the negative association between age

and cancer knowledge might be explained by the older study

participants being more likely to avoid any discussion of illness

including cancer, owing to the fear of bringing about unlucky
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karma (22), therefore decreasing opportunities to gain cancer

prevention knowledge.

There are some limitations of this study. Firstly, this

study was a cross-sectional survey and therefore did not

allow us to infer causality to explain the relationship

between cancer prevention and control measures and

core knowledge and socio-demographic characteristics.

Thus, future longitudinal studies are needed to address

this important issue. Secondly, study participants were

recruited from one province which is not representative

of the entire Chinese population. However, because this is

a population sampling study, its results can inform basic

strategies for stakeholders to use in designing a provincial

intervention to enhance cancer prevention and control

measures knowledge. Thirdly, our participants were not

stratified by high- and low-risk groups, a stratification that

should be considered by future related studies in order to

provide a clearer picture of cancer prevention and control

measures core knowledge.

5. Conclusion

The overall average rate of core knowledge of cancer

prevention and control measures among adults in Fujian

Province was below the 70% target set out by the Chinese

Department of Health. Adults who were residents of urban

areas, held white-collar jobs, married, had a bachelor’s

degree or above, a family history of cancer, and were self-

rated as having a good health status were associated with

a higher core knowledge level of cancer prevention and

control measures. These findings may help healthcare providers

and policy stakeholders design effective primary prevention

interventions to enhance the general population’s cancer

prevention and control knowledge and subsequently decrease

cancer burden.
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implementation of a community
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Kiosk’—A grassroots innovation

Caroline Masquillier1,2*, Kathleen Van Royen2,

Patricia Van Pelt3, Dorien Onsea2,3 and Hilde Bastiaens2

1Department of Sociology, University of Antwerp, Antwerp, Belgium, 2Department of Family

Medicine and Population Health, University of Antwerp, Antwerp, Belgium, 3Logo Antwerp, Antwerp,
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Being health literate is important to get su�cient health information, to

navigate the health system, to access appropriate care and to be able to

self-manage health. As such it is a key determinant of health. There is a

need for innovative measures to improve health literacy among people living

in socioeconomically vulnerable circumstances. Literature shows that this

innovation needs to: have “low-threshold access” to health resources in a

community-based, outreaching way; be adapted to the needs of the target

group; provide reliable and understandable health information adapted to the

target population, and support people in developing confidence to act on

that knowledge. In response to this need, this article describes—guided by the

principles underpinning the Integrated Community Care (ICC) framework—

the development and implementation process of a grassroots innovation,

namely “Health Kiosk” in a socioeconomically vulnerable area in the northern

part of a Belgian city. To be able to focus on the core activity of the Health

Kiosk—i.e., stimulating healthy living and health literacy—community building

and considering the spatial environment of the neighborhood formed a

fundamental basis. Several core ingredients of the Health Kiosk are important

to stimulate health literacy among socioeconomically vulnerable groups,

namely: (1) working in a community-based, outreaching way; (2) providing

accessible health information and support to act on that knowledge; and (3)

working in a flexible and independent way to adapt to local needs. As such, the

Health Kiosk forms a community health literacy hubwith low-threshold access

for people living in socioeconomically vulnerable circumstances.

KEYWORDS

Health Kiosk, health literacy, healthy living, grassroots innovation, socioeconomically

vulnerable groups, outreach working, integrated community care framework
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1. Introduction

Decades of research underscore the strong relationship

between socioeconomic position and health (1). People living

in socioeconomic vulnerable circumstances are at higer risk of

poor health than the general population (2). In addition, those

who are often most in need of care, are amongst the least

likely to receive it (2). Ensuring that no one is left behind in

terms of health (1) is not only achievable through healthcare

policy, but through an intersectoral approach addressing social

determinants of health (3). Addressing these social determinants

of health is fundamental to improving health and reducing

long-standing inequities in health care (4).

Important in enabling people to overcome barriers to

health and to improve social determinants of health is health

literacy (5–8). Health literacy is a complex notion which entails

competencies related to the process of accessing, understanding,

appraising and applying health-related information. It

influences health behavior and the use of health services (7).

People with higher health literacy scores are more likely to get

sufficient health information, are less likely to engage in risky

behaviors and are more likely to report good self-rated health

(5, 6). Evidence indicates that people with low health literacy

engage more in risky health-behavior, have difficulty navigating

the health system, have poorer health and higher mortality rates

(5, 9). Thereby increasing health literacy may reduce health

inequalities (10).

Literature shows that people living in socioeconomically

vulnerable circumstances have lower levels of health literacy (5,

6). Authors conclude in a World Health Organization (WHO)

report that “limited health literacy follows a social gradient and

can further reinforce existing inequalities” [5: p. 19]. Targeted

initiatives to improve health literacy can help address health

inequities (5). However, a systematic review concludes there

is “a lack of health literacy interventions for vulnerable social

groups” [6: p. 54]. Therefore, innovative measures in real-

world implementation research are needed to improve health

literacy among people living in socioeconomically vulnerable

circumstances and organizations working with them (5, 6, 9, 11).

Existing research regarding approaches targeting people

living socioeconomically vulnerable circumstances, indicated

that this innovation needs to adhere to the following principles.

Firstly, community-based outreach initiatives are important,

as research has shown that initiatives grounded in settings of

everyday life are needed to reach the target group (5, 9, 12).

As stated by Kickbush and colleagues, “communities are key

settings for health literacy” [5: p. 40]. Daily health-related

decisions are made in their homes and communities—usually

acting as the primary source of health information (5). Secondly,

the innovation needs to provide low-threshold access to health

resources to ensure reaching the most excluded and to restore

trust in the health system (6, 13). Besides providing reliable

and understandable health information (5), it is important to

support people in developing confidence to act on the required

knowledge (5, 12), best achieved through more personal forms

of communication (12). Interventions focusing on “capacity to

act” [(14): p. 10] to improve a person’s ability to gain access,

understand and appropriately apply information are more likely

to result in more effective health behavior (12). Thirdly, the

innovation needs to be adapted to the needs of the target

group, by being sensitive to and considering the diversity of the

target population in terms of language, cultural, educational and

socioeconomic characteristics (5, 6, 9).

This article describes the development and implementation

process of a grassroots innovation, namely a community

health literacy hub—“Health Kiosk”—aiming to improve health

literacy for socioeconomically vulnerable populations.

2. Context

The Health Kiosk has been installed on a square in

a socioeconomically vulnerable area in the northern part

of a Belgian city. This area has a population of around

43,000 individuals in ∼21,000 households, with a very high

concentration of socioeconomically vulnerable groups (i.e.,

the target population of the Health Kiosk). The area is

characterized by a high level of poverty, with more than half

of newborns (58.5%) growing up in an economically vulnerable

household. Almost half the population (47.7%) has right

to increased compensation for healthcare costs. About three

quarters (73.5%) of inhabitants has a migration background. In

terms of healthcare usage, almost a third (32.1%) of inhabitants

postponed a visit to a GP because they could not afford the care

they needed (15). Local authorities requested the founder of the

Health Kiosk to locate it on this square:

The local policy makers have asked—because that was an

explicit request—to set it on [name square], which is a square

right next to the railway, one of the most difficult squares in

[name city] with a high crime rate. So, we knew in advance

that it was absolutely not an easy neighborhood, also because,

there’s quite a bit of drug use. But the explicit request was to

set it up there, because something like a Health Kiosk, well,

health could have a positive effect on the whole situation.

Founder of the Health Kiosk.

3. Theoretical framework: Integrated
community care framework

We will describe the Health Kiosk guided by the

principles underpinning the Integrated Community Care

(ICC) framework—designed by the Transnational Forum on
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TABLE 1 E�ectiveness principles of the ICC framework [(16): p. 9–10].

Number E�ectiveness principle

Co-develop health and wellbeing, enable participation

1 “Value and foster the capacities of all actors, including

citizens, in the community to become change agents and to

co-produce health and wellbeing. This requires the active

involvement of all actors, with extra sensitivity to the most

vulnerable ones.”

2 “Foster the creation of local alliances among all actors which

are involved in the production of health and wellbeing in the

community. Develop a shared vision and common goals.

Actively strive for balanced power relations and mutual trust

within these alliances.”

3 “Strengthen community-oriented primary care that

stimulates people’s capabilities to maintain health and/or to

live in the community with complex chronic conditions. Take

people’s life goals as the starting point to define the desired

outcomes of care and support.”

Build resilient communities

4 “Improve the health of the population and reduce health

disparities by addressing the social, economic and

environmental determinants of health in the community and

investing in prevention and health promotion.”

5 “Support healthy and inclusive communities by providing

opportunities to bring people together and by investing in

both social care and social infrastructure.”

6 “Develop the legal and financial conditions to enable the

co-creation of care and support at community level.”

Monitor, evaluate and adapt

7 “Evaluate continuously the quality of care and support the

status of health and wellbeing in the community by using

methods and indicators which are grounded within the

foregoing principles and documented by participatory

‘community diagnosis’ involving all stakeholders. Provide

opportunities for joint learning. Adapt policies, services and

activities in accordance with the evaluation outcomes.”

Integrated Community Care (i.e., TransForm) (16). The ICC

framework aims to improve quality of care and quality of life

for individuals, families and communities by paying specific

attention to “move beyond ‘delivery’ of health and social care

systems to genuine “co-development” with the individuals

and communities that are traditionally seen as recipients” [16:

p. 18]. The authors identify a typology based on three main

dimensions distilled from collective reflection on real-world

innovations: (1) main initiators and drivers; (2) center of focus;

and (3) core ingredients. In addition, the ICC model proposes

seven effectiveness principles to turn integrated community

care aspirations into reality, as presented in Table 1.

4. Programmatic elements

In what follows we will describe each of the three

main dimensions of the Health Kiosk and its applicable

effectiveness principles.

4.1. Main initiators and drivers

The Health Kiosk was founded by a grassroots initiator

working at a local health network organization. Before applying

for seed funding, the grassroots initiator contacted local

organizations for collaboration, namely: a local college and a

local university; local policy makers; a local school; a community

health center; city sport services; local non-governmental

organizations working around inclusiveness and solidarity; a

community center and a local primary care network. These

partners, which were mainly professionals and grassroots

organizations, held several meetings during the start-up phase

to further shape the concept of the Health Kiosk. During the

start-up phase, the core steering group supported the initiator to

create a support base in the community and to build trust among

local organizations.

I think that the period of creating support base was very

important and the fact that we didn’t set up the kiosk on the

square immediately. I think it was a very important phase that

we needed to go through. It also gave us the time to get to know

the partners in the area, to sit down with them and to find out

how they work, what the needs are and how they see things.

We also want to take this into account when working with

them, because they have been there longer than we have. They

could also give us an idea of what the neighborhood is like and

what we can expect.

Person running daily operations at the Health Kiosk.

In line with ICC framework Principle 1 (see Table 1) (16),

this core steering group has been critical not only for its support

of the Health Kiosk in the start-up phase, but also during

the daily operations for running the Health Kiosk: providing

financial support; providing support for administrative and

practical matters, such as financial administration; facilitating

access to the public space; providing visual printed information

materials, such as posters or leaflets on healthy eating and

exercise; facilitating activities; providing advice; or organizing

internships for students. Interns from the Bachelor in Social

Work or from the Bachelor in Teacher Training for Physical

Education and Exercise Recreation proved to be very important

for the daily operations at the Health Kiosk by supporting the

person managing the Health Kiosk. This person is essential for

the daily operations at the Health Kiosk and helps bring all

the organizations together, further embedding the project in the

community and facilitating activities at the Health Kiosk. Those

working at the Health Kiosk had to have a certain profile with

specific personal traits and social skills, such as good networking

skills, genuine interest in the target population, ability to build

trust and give a warm welcome, and good organizational

skills. The local community center was key to have access to

electricity, toilets and Wi-Fi. Seed funding for the Health Kiosk

was provided by a philanthropic organization, and later by
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local policymakers and a university research project. Regarding

the latter, a collaboration with the European-funded SPICES

research project from a local university facilitated documenting

the activities of the Health Kiosk and gave credibility to the

Health Kiosk as a new project.

4.2. Center of focus

To be able to focus on the core activity of the Health

Kiosk—i.e., stimulating healthy living and health literacy—

community building and considering the spatial environment of

the neighborhood formed a fundamental basis.

4.2.1. Community building

Building mutual trust in the community is essential and

central to the success of the Health Kiosk in different ways—in

line with ICC framework Principle 2 (see Table 1) (16). This trust

basis was needed to embed the Health Kiosk in the community

and to successfully reach local community members. Also by

word of mouth did people from the community find their way

to the Health Kiosk.

To embed the Health Kiosk in the community, building

relationships with local community members and organizations

who were respected in the neighborhood was crucial. For

instance, at first the Health Kiosk was vandalized, but in

collaboration with respected local community members this

challenge was overcome. However, local organizations with a

negative reputation could hinder the Health Kiosk embedding

in the local community. For example, after the initial start-

up phase, the initiators of the Health Kiosk realized that the

community center, from where the initiators of the Health Kiosk

started their activities, lacked trust from the community. This

might have inhibited the initial integration into the community.

Slowly trust was built by creating a presence on the square by

distributing free fruit and soup; organizing small activities such

as a partner day, a compliment day, a neighborhood day; a bench

building workshop and many others. This slow social process to

build trust is needed to become embedded in the community,

but also for collaboration with local organizations:

It’s good that we have a partner who knows the

neighborhood well, but you must be careful that it’s a partner

who has a positive [reputation]. This is a lesson to teach to

others. It’s something you don’t know that from the start. It’s

really a matter of trial and error.

Person running daily operations at the Health Kiosk.

The creation of local alliances between the organizations also

facilitated collaboration among them to start-up health-related

activities together. The person running daily operations at the

Health Kiosk calls it “connecting the dots,” bringing partners

together to organize activities where community members,

local policy makers and members of the local organizations

can participate. In addition, partner organizations started

collaboration among themselves as well. Not all partners focus

on health; some aremore focused onwelfare, youth, community,

culture or employment. By collaborating with the Health Kiosk,

health was brought to their attention as well—taking first steps

toward improving health literacy among organizations.

Alliances are also formed there, between those partners.

They look for ways to work together, and we always try

to add the health element to that. One of those goals is to

increase resilience of that neighborhood and to reduce health

inequities. [. . . ]Well, that’s actually the ultimate goal in the

long term. And the kiosk is like a lever to work across those

sectors. That’s actually the kind of discussions that we want

to start.

Founder of the Health Kiosk.

4.2.2. Spatial environment

After the first steps were taken to build trust in the

community, a physical Health Kiosk was placed in the public

space. The central idea of the Health Kiosk is to work in an

outreaching way, by being present in the public space with

a small wooden structure that can be fully opened, without

a door (see Figure 1). The open structure in a public space

makes it approachable and stimulates community involvement.

Additionally, a bench was installed next to the Health Kiosk that

can be used for physical activity exercises. A local illustrator

was invited to add illustrations to the doors showcasing

health-related topics. These illustrations were also used for

communication materials aimed at the local community.

4.2.3. Care and wellbeing

The Health Kiosk’s center of focus is related to the theme

of care and wellbeing. In line with ICC framework Principle 4

(see Table 1) (16), the Health Kiosk aims to stimulate healthy

living practices and health literacy among socioeconomically

vulnerable groups. The focus is mainly on healthy living, but this

can be understood in its broadest sense. Community members

can discuss healthy eating and exercise, and join activities related

to these topics. Additionally, attention is paid to mental health,

healthy living space, dental health and parenting. Various health

promotion activities were undertaken in collaboration with

the core steering group as well as new partners who joined

the project later. These will be further discussed in Section

“Core ingredients”.

4.2.4. Population reached

The Health Kiosk mainly reached people living in the

community, both children and adults. The person managing

the Health Kiosk summarizes that the Health Kiosk mainly
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FIGURE 1

The Health Kiosk.

reaches people “who are vulnerable and who then live under the

radar.” In most cases, people live at a crossroads of different

vulnerabilities: e.g., people living in poverty; people with a

migration background; elderly people; people who have limited

or no literacy; people living with a psychological vulnerability;

people living on the streets; people who have a limited or

no social network. Furthermore, because of its collaboration

with local organizations, such as welfare organizations or

organizations that work with newly-arrivedmigrants, the Health

Kiosk also reached people living in socioeconomically vulnerable

circumstances outside the community. Not specifically targeting

certain vulnerable groups and leaving the door open to everyone

who is curious or interested, contributed to reaching people:

We must always make sure to establish a certain level

of trust. I think you can do that much more easily in a

smaller, simple environment, where people can come and go

as they want.

Founder of the Health Kiosk.

4.3. Core ingredients

Several core ingredients of the Health Kiosk are important to

successfully stimulate health literacy among socioeconomically

vulnerable groups: (1) working in a community-based,

outreaching way; (2) providing accessible health information

and support to act on that knowledge; and (3) working in a

flexible and independent way to adapt to local needs.

4.3.1. A community-based, outreaching way of
working

The first core ingredient is that the Health Kiosk is an

outreaching, low-threshold meeting place open to everyone. The

open structure of theHealth Kiosk (see Figure 1) in themiddle of

the square facilitates interaction. By working in an outreaching

way, the aim is to reach people who live in socioeconomically

vulnerable circumstances and empower them to take actions for

their own health.

Just standing there on the square without a door. All those

shutters are open: it’s just open. Otherwise you have to go to

that door. Open that door. Go inside. Whereas now, we’re just

there. Very often there are questions like “What do you guys

actually do? Who are you? Or what is this place?” Then you

have a starting point and you can talk. The fact that there’s

free fruit, or that there’s any fruit at all, that’s also something

different. I usually talk to people when they’re just looking.

It’s different from sitting inside a building, which is much

less accessible.

Person running daily operations at the Health Kiosk.

First steps are taken to adhere to the ICC framework

Principle 5 (see Table 1) [(16): p. 10]. The Health Kiosk

forms a hub or meeting place connecting people and

organizations in two ways: by referring people depending

on their needs, or by providing space for organizations

to work in an outreaching way by being present at the

Health Kiosk.

The kiosk is a binding agent. A binding agent between

all those different partners in the neighborhood, but

also a binding agent between the organizations and the

neighborhood residents.

Founder of the Health Kiosk.

4.3.2. Accessible health information provision
and support to act on that knowledge

The Health Kiosk facilitates low-threshold communication

of evidence-based health information and supports people in

putting this knowledge into practice.
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4.3.2.1. Low-threshold communication of

evidence-based health information

Low-threshold communication of evidence-based health

information was provided by making use of visual materials

provided by other organizations, such as illustrated posters. For

instance, a poster showing the number of sugar cubes in several

types of drinks, such as soft drinks. Another example is the use of

“Kamishibai,” a form of storytelling just using images. Exchange

students created “Kamishibai” about healthy living and dental

health, as part of their internship at the Health Kiosk. However,

given the lack of easily understandable visual communication

materials, it was challenging to inform to people with low

literacy skills or who spoke a different language (a wide variety of

languages are spoken in the community). To further overcome

the language barrier, a collaboration was arranged with interns

who speak languages common in the community. One of the

interns at the Health Kiosk was a student in Social Work who

fled Afghanistan. Due to her presence, the Afghan community

was more engaged. If the people or interns running the Health

Kiosk could not find a common language or communicated

with people who have low literacy levels, body language or a

translation app was used to inform people about healthy living.

Moreover, the collaboration with a community health worker

project further facilitated this low-threshold communication,

given that they are members of the local community familiar

with various languages.

If you want to convey very important information to

people, you have to translate it. You can do that through

leaflets or through apps that allow people to hear the

information in their own language. Many people are illiterate

so they can’t read: not even in their own language, nor are

they able to write in their own language. That makes it very

difficult, so if you can work with people from the communities

and have them share the information, isn’t that worth its

weight in gold?

Founder of the Health Kiosk.

A trust basis was essential to reach the target population.

At first, people often visited just for a short conversation and

to receive free produce. This then allowed further conversation,

either during the same visit or during a next conversation, in

which health information is provided and—if needed—referrals

are made to health professionals present at the Health Kiosk or

other local organizations. Others approached the Health Kiosk

with a specific need or request for support or information.

A very important point: if someone feel they can’t trust

you and the first conversation doesn’t go well, they won’t come

again. They need to have a good feeling about you in order to

keep coming. If they don’t, then not many people will come to

the kiosk and it won’t work.

Intern at the Health Kiosk.

4.3.2.2. Facilitation to put health information

into practice

Besides providing information, an important element of

the Health Kiosk is helping people put this information into

practice. This was achieved by distributing free produce and

by providing free access to healthcare professionals. First, free

produce was distributed, which often served as a first contact

point with community members. As a result of a collaboration

with a local wholesaler, the Health Kiosk receives free fresh

produce weekly to distribute for free.

It’s actually a meeting place where that people can get

information around health in a very accessible way. It’s very

simple. A place where they can come to ask questions, where

they can get a piece of fruit, where they are welcome.

Founder of the Health Kiosk.

Second, first steps were taken to provide people with

guidance along the healthcare continuum—from prevention

to care. Each of the activities organized for this goal were

adjusted to suit the needs of people living in socioeconomically

vulnerable circumstances. Community members were invited

to free screening days—in collaboration with medical students

from a local university—where they received free measurements

of the following parameters: blood pressure, abdominal

girth, fat percentage and Body Mass Index, glycemic index,

cholesterol, resting heart rate and post-exercise heart rate. These

measurements form the basis for receiving advice on eating

and exercise and/or further referral. For instance, people can be

referred to a free dietician andmovement coach who come to the

Health Kiosk every month, or to the community health workers

who can facilitate access to affordable healthcare.

The kiosk is a meeting place. At the same time, it’s a

place from which we organize a number of things, such as the

medical students who will now come every month to measure

parameters, a dietician who will be present every month from

February, a movement coach who will be present every month.

[. . . ] The community health workers who have their base

there visit once or twice a week. It’s just a meeting place for

people, for organizations, but also a place where you can find

information or ask questions or seek help for problems, for

someone in pain, for all kinds of things.

Founder of the Health Kiosk.

4.3.3. Flexible and independent way of working
to adapt to local needs

To establish the Health Kiosk, a lot of flexibility was required

from the team members, funders and partner organizations. As

such, it became a space for creative experimenting to respond

to local needs by taking the time to listen and observe the

community. For instance, in the beginning information sessions
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about healthy eating were organized but few or no people

showed up—this taught the organizers that the same message

needed to be conveyed in other ways.

Now I see it more as an experimentation place or a lab

where all kinds of things can develop and grow, where ideas of

people come together and lead to something.

Founder of the Health Kiosk.

The Health Kiosk’s independence—i.e., being unrelated to

any specific organization—has allowed it to be very flexible

and to develop its organization and activities bottom-up,

and made it easy to adapt to local needs of community

members. Collaborating with organizations from different

backgrounds provided different types of expertise. However, this

independence also presented practical challenges: there is no

policy-level regulatory framework in which the Health Kiosk

could operate and finding funding to sustain the Health Kiosk

was difficult, among others.

5. Discussion

This paper described the development and implementation

process of a community health information hub with “low-

threshold access” for people living in socioeconomically

vulnerable circumstances. To be able to focus on the core

activity of the Health Kiosk—i.e., stimulating healthy living and

health literacy—community building and considering the spatial

environment of the neighborhood formed a fundamental basis.

Several core ingredients of the Health Kiosk are important to

successfully stimulate health literacy among socioeconomically

vulnerable groups, namely: (1) working in a community-based,

outreaching way; (2) providing accessible health information

and support to act on that knowledge; and (3) working in a

flexible and independent way to adapt to local needs.

The Health Kiosk is an example of a grassroots innovation,

which is “a network of activists and organizations generating

novel bottom–up solutions for sustainable development and

sustainable consumption; solutions that respond to the local

situation and the interests and values of the communities

involved” [(17): p. 1]. The concept of the Health Kiosk evolved

by experimenting in the field and by collaborating with local

organizations. It was a space for experimentation to discover

what works for whom and which strategies should not be

continued. Flexibility was required from the organizers, but

also from the funders to allow for adaptation along the way.

After the philanthropic and research funding ended, it proved

to be challenging to find sustainable funding. This is in line

with previous research on community-based care initiatives that

stated that “governments and development groups may favor

investment in interventions with easily measurable indicators

and may underinvest in the more intangible social processes and

community participation that are critical to longer-term success

and sustainability” [(18): p. 8].

The analysis of theHealth Kiosk was guided by the principles

underpinning the ICC framework (16); Principles 1, 2, 4

and 5 (see Table 1) were applicable to some extent. In line

with Principle 2, the set-up of the Health Kiosk was similar

to other community-based care programs: a “slower social

process [. . . ] can be required for establishing stronger ties” with

the community [(18): p. 8]. In this process, it is important

to collaborate with organizations who are already embedded

and trusted by the community—a finding in line with the

implementation of other outreach programs (19). Furthermore,

it is important to have a dedicated person facilitating this slow

social process of embedding the Health Kiosk in the community,

and who manages the Health Kiosk. This person is important

in setting up the Health Kiosk and engaging all potential

partners in the neighborhood at different levels—ranging from

the socioeconomically vulnerable groups, to welfare and health

actors, and local policy makers. However, unlike Principle

1 articulates (16), community members themselves were not

actively involved in the decision-making processes of the Health

Kiosk. Future development of the Health Kiosk could focus on

collaborating with volunteers who share a lived experience with

members of the target population. These volunteers understand

local knowledge and attitudes about health (20) and have a

unique understanding of the experiences, language, culture and

socioeconomic realities of the people they support (21, 22).

Proper guidance and follow-up for these volunteers is essential,

as the conversations held in the Health Kiosk can be emotionally

taxing. By involving the socioeconomically vulnerable groups in

the development of the Health Kiosk, this project could become

a grassroots innovation that is also inclusive. Recently, scholars

have argued that “inclusive innovation provides an avenue to

address challenges related to poverty, inequality and exclusion

by bringing people and organizations who were out of the

spotlight, to the mainstream development activity” [(23): p. 2].

ICC framework Principles 3, 6 and 7 were not yet applicable

to the Health Kiosk (see Table 1) (16), but these principles

provide avenues for future aspirations. In line with Principle

3, it would be very valuable if the Health Kiosk could

focus on strategies that integrate people’s life goals into its

activities to stimulate motivation and encourage long-term

behavior changes (24, 25). Furthermore, closer collaboration

with primary healthcare actors forms an additional future focus

point, so that people can easily be referred from the Health

Kiosk and vice versa. In line with Principle 6, co-creation

with members of the neighborhood and involving them in

the decision-making processes of the Health Kiosk’s activities

and vision are important focus points—aiming to create more

community ownership. Moreover, it would be interesting to

investigate whether the workings of the physical Health Kiosk

could be supported by technological innovations, such as a

referral platform to health and welfare organizations—as done
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at a “Gesundheitskiosk” in Germany (26). First steps were taken

to adhere to ICC framework Principle 7 (see Table 1) (16). The

workings of the Health Kiosk were adapted along the way by

learning from experiences in the field—in line with the ICC’s

vision on measuring progress, maintaining a longitudinal view

and vision to leave room for “the inevitable but very necessary

learning curve” [(16): p. 11].

6. Conceptual and methodological
constraints

An important limitation of this paper is the methodological

constraints. Only a limited number of in-depth interviews

was conducted—after obtaining written informed consent. The

following key actors of the Health Kiosk participated in an in-

depth interview: the founder of the Health Kiosk; the person

running the daily operations; and an intern. The interviews

were audiotaped, which allowed us to produce detailed interview

transcripts. The transcripts were imported into NVivo (version

1.5) for thematic analysis. Data was carefully analyzed by reading

and re-reading the field notes and transcripts of interviews. First,

the data was open coded. In this phase of data analysis, primary

information categories which remain close to the original data

were constructed. These open codes were then categorized in

the axial coding phase to identify patterns and regularities

emerging from the data. The categories which emerged from

the axial coding were integrated in the subsequent phase of

selective coding. Concepts were systematically refined as the data

were collected and analyzed. In this process, specific attention

was paid to remaining close to the gathered data (27). These

findings were additionally complemented by documents, such

as meeting notes. Even though considered as a potential bias,

the close involvement of the research team in all the steps

of the development of the Health Kiosk allowed them to

document the development and implementation process from

a participatory point of view. At the time of the in-depth

interviews, the researcher, who conducted the interviews and

analysis had not been involved in the development of the

Health Kiosk, providing her with a more independent role as

a researcher. In addition, respondent validation was conducted

by returning the synthesized analyzed results to the respondents

to verify accuracy and responance with their experiences (28,

29).

This important methodological limitation also reflects the

challenges of monitoring and evaluating this initiative (see

ICC framework Principle 7, Table 1) (16). As part of a larger

research project, which provided financial and substantive

support to the Health Kiosk, a diary study was initiated. In

this study, the person managing the Health Kiosk and local

organizations present at the Health Kiosk were invited to

fill in a diary. However, this research method proved to be

difficult to complete by the members of the Health Kiosk

during their day-to-day work, causing this research method

to be stopped. Currently, a “city loyalty card scanner” is

present in the Health Kiosk, where people can scan their

city cards, with which they can receive access to various free

activities (e.g., a ticket for the swimming pool). At the same

time, this “city loyalty card stand” anonymously measures

who visits the Health Kiosk. A future avenue for research

could be finding innovative ways to monitor the activity

at the Health Kiosk, also integrating the vision of those

reached and those involved in the daily operations of the

Health Kiosk. Methods, such as, participatory research methods

with socioeconomically vulnerable community members and

participatory observation could serve as a starting point for the

evaluation (16).

Another limitation of the Health Kiosk is that it currently

does not specifically address different health literacy

competencies (7). For future iterations, it is important to

focus on stimulating the “competencies related to the process

of accessing, understanding, appraising and applying health-

related information” [(7): p. 9]. Furthermore, future research

could explore whether health information and practices

are shared within families and households after a person

visits the Health Kiosk for produce or a conversation about

health. Moreover, research is needed to investigate the way

in which the Health Kiosk can be aligned more with the

health system.

Despite its current limitations, the Health Kiosk forms

a promising innovation to improve health literacy among

people living in socioeconomically vulnerable circumstances

and organizations working with them—both in high-

income countries, such as the setting of this paper, as

well as in low-and middle-income countries. The Health

Kiosk is a grassroots innovation that responds to the need

recently identified in a systematic literature review that

“intervention programmes for minority populations with

low rates of literacy are scarce and little known” [(6):

p. 61].
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Introduction: The burden of non-alcoholic fatty liver disease (NAFLD)

continues to disproportionately impact under-resourced communities in the

U.S., particularly Mexican-origin populations. Genetic polymorphisms such as

the rs738409 C/G variant in patatin-like phospholipase domain-containing 3

(PNPLA3) have been associated with higher prevalence of and progression

along the NAFLD spectrum. This qualitative study conducted in the U.S.

Southwest aimed to assess Mexican-origin men’s experience receiving genetic

testing for PNPLA3 risk carrier status.

Methods: Semi-structured interviews were conducted with 17 Mexican-origin

men whose NAFLD status and genetic predisposition were determined as part

of a previous cross-sectional study. The interview guide included questions

exploring participants’ insights on how genetic risk status was delivered, how

the information influenced their motivation for lifestyle modification to reduce

NAFLD risk, and any knowledge sharing that occurred with family members

after learning of their PNPLA3 risk status. Interviews were conducted and

audio recorded in English (n = 6) and Spanish (n = 11) and uploaded into

NVivo software for data analysis and interpretation. Guided by the Health Belief

Model, a thematic analysis approach was used to identify primary themes.

Results: Results highlightedmen’s preference for receiving this type of genetic

risk information through a letter sent to their homes. General comprehension

of PNPLA3 risk status was deemed high and most men stated sharing

their genetic predisposition to NAFLD with their immediate family members.

Participants also indicated that family and awareness of this genetic risk acted

as primary motivators for implementing behavior changes (e.g., diet, physical

activity) toward the prevention of more severe liver conditions.

Discussion: Findings from this qualitative study suggest the feasibility of

communicating genetic risk for NAFLD among Mexican-origin men. Future

strategies for the dissemination of genetic risk results among Mexican-origin

individuals should consider familial and cultural appropriate strategies.
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Introduction

As the most common liver disease in United States (U.S.),

non-alcoholic fatty liver disease (NAFLD) affects ∼25% of

the U.S. population (1). NAFLD is a multifaceted disease

resulting from a complex interplay of genetic, environmental,

metabolic and microbial factors disproportionately impacting

Mexican-origin adults (2). Compared to non-Hispanic Blacks

(21.6%), non-Hispanic Whites (30.6%), and other Hispanic

subpopulations (27.6%), NAFLD rates are the highest among

Mexican-origin adults (42.8%) (3). The differences among

racial and ethnic groups are partially explained by obesity

status, sex differences (higher rates among men), and genetic

polymorphisms such as the rs738409 C/G variant in patatin-like

phospholipase domain-containing 3 (PNPLA3) (4).

The single nucleotide polymorphism (SNP) represents an

Ile148Met substitution (C > G) in the PNPLA3 gene (5).

Specifically, differences in the C and G variants are due to

changes in an amino acid from isoleucine (I) to methionine

(M) at the position 148 (I1e148 Met) of the protein, which

is associated with high frequency of fat cells in the liver (6).

PNPLA3 is associated with an increased risk for NAFLD across

the full spectrum of the disease including age of diagnosis,

steatosis, fibrosis, and hepatocellular carcinoma (HCC) (7, 8).

Romeo et al. (9) were among the first to show individuals

carrying two copies of the risk allele displayed levels of hepatic

fat content that was greater than two-fold higher than non-

carriers. In addition, this study found that Hispanic descent

individuals had a higher frequency (49%) of PNPLA3 compared

to European Americans (23%) and African Americans (17%)

(9). More recently, Martínez et al. (10) found Mexicans living

in Mexico carrying two copies of the risk allele had 3.8

times higher risk of having NASH and 2.3 times higher risk

of fibrosis. This is concerning as estimates from Mexican-

origin populations suggest the frequency of the G risk allele

is up to 77% (10, 11). Despite the significant genetic basis for

PNPLA3 testing for Mexican-origin adults, there are currently

no recommendations for routine testing of this genetic variant

in screening or clinical care of the disease. However, this

may change as more evidence becomes available (12), making

the examination of appropriate and effective genetic risk

communication strategies a critical step toward the widespread

communication of PNPLA3 susceptibility.

While the importance of genetic testing has recently

emerged within the context of personalized medicine, there have

been limited studies on genetic testing strategies for Mexican-

origin adults and no studies to date specifically for men (13–16).

However, low levels of knowledge and awareness about genetic

testing have previously been reported (16), and prior findings

demonstrate that Hispanics may not understand risk within

the context of genetics due to limited genetic literacy defined

as the ability to obtain, process, understand, and use genetic

information (17, 18). This may be due in part to limited health

care access and health information faced by many Hispanics in

the U.S. (19). Lower awareness and exposure to genetic testing

is also most prominent among Hispanics with lower levels of

acculturation (20, 21). In addition, barriers to the adoption

of genetic testing for Hispanics have been identified such as

concerns about misuse of genetic information, personal utility

(behavioral and lifestyle implications), and adverse emotional

responses (fear of receiving an alarming result) (16). Practical

barriers identified include finances (related to the costs of genetic

testing and necessary follow-up medical care), a lack of access

and knowledge about where to get a genetic test, a lack of a

family history of disease, and difficulties related to language

proficiency and educational level (16). Despite these barriers,

existing results indicate that Hispanics have an interest in and

favorable attitudes toward genetic testing (16, 22).

Efforts to promote genomic risk communication is often

limited to single-gene disorders (e.g., BRCA1 or BRCA2 for

breast and ovarian cancer prevention) (23). Further, screening

efforts focused on genomic risks presume that knowledge of

risk levels should promote risk-appropriate uptake of health

prevention behaviors. However, understanding complex and

unfamiliar concepts associated with genomic risk can be

challenging. Given the genetic heritability of NAFLD and the

fact that lifestyle modification is the cornerstone of treatment

for risk reduction (24), efforts to improve knowledge and

awareness of PNPLA3 risk status are important to inform

therapeutic lifestyle strategies. This qualitative study conducted

in the U.S. Southwest aimed to assess Mexican-origin men’s

experience receiving genetic testing for PNPLA3 risk carrier

status. The interview guide included questions exploring

participants’ insights on how genetic risk status was delivered,

how the information influenced their motivation for lifestyle

modification to reduce NAFLD risk, and any knowledge sharing

that occurred with family members after learning of their

PNPLA3 risk status.

Methods

Design, study sample and recruitment

Participants were recruited from a pool of eligible

individuals who had given informed consent to participate

in further research during a previous cross-sectional study

(11). Eligible participants: (1) were carriers of PNPLA3 (G/GG

genotype); and (2) had NAFLD status identified by continuous

attenuation parameter (≥248 dB/m) using a FibroScan
R©
(25), a

modality of vibration-controlled transient elastography. Of the

103 prospective participants, 72 were excluded for not meeting

the initial eligibility criteria (e.g., PNPLA3 non-carriers). Out of

the 31 eligible participants, research staff were unable to contact

nine and unable to schedule an interview with an additional

five due to time constraints, resulting in the final sample of
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FIGURE 1

Flowchart of recruitment for in-person qualitative interviews.

17 Mexican-origin men (Figure 1). All study procedures were

approved by the University of Arizona Institutional Review

Board (IRB# 1911187047).

Data collection

Dissemination of PNPLA3 genetic risk

Data collection occurred from September 2021 to April

2022. Genetic risk communication was disseminated following

standard protocols (26). The investigative team with expertise

in genetic counseling (CS), genetic risk communication

(YG) and Hispanic men’s health (DG, EV) developed the

initial communication content. To reduce literacy demand,

we considered health literacy criteria from CDC Clear

Communication Index (e.g., readability, action orientation,

positive tone) (27). Additionally, we developed communication

content based on cultural tailoring (28). For example, we used

evidential tailoring to provide evidence specific to Hispanic men

based on our previous work (29). We conducted an exploratory

pre-test with two community members (i.e., Mexican-origin

men) and two stakeholders (i.e., community partners) and asked

them to provide feedback on acceptability, appropriateness, and

feasibility. The communication content was then revised and

finalized based on input from community members.

Eligible and interested participants received their PNPLA3

genetic risk status enclosed in a one-page letter mailed to

their homes upon agreement of receiving such results. The

use of the genetic risk letter was hypothesized to initiate

disease susceptibility conversations between participants and

their family members. The use of a printed letter has previously

been tested and deemed optimal and preferred to disclose

genetic mutations to individuals and their families (30). Two

weeks after the letter was mailed, participants were contacted to

ensure the letter had been received and scheduled an in-person

appointment to complete the interview. The 2-week period was

determined by the study to allow participants to process their

genetic information and allow them to have sufficient time to

share information with others if desired.

Semi-structured interviews

In-person semi-structured interviews were conducted in

participants’ preferred language (English or Spanish) by the first

author (EV), a bicultural and bilingual male. This ensured a

high level of cultural and gender appropriateness to maintain

participant engagement and interest in the study. Data collection

occurred until theoretical saturation was achieved (31). To

ensure quality and precision of data collection procedures,

all interviews were digitally audio-recorded and transcribed

verbatim by a professional transcription service. Guided by

the health belief model (HBM) (32), an interview guide was

developed to gather information about Mexican-origin men’s

experience on receiving genetic risk results, understanding

of genetic risk for NAFLD, and family communication

about genetic risk (Supplemental material). Genetic counselors

endorsed and contributed to the development of this interview

guide to ensure questions about genetic risk were adequately

prompted for participants. Upon completion of the interview,

participants answered a demographics questionnaire and

received a physical assessment where height, weight, and a

FibroScan
R©

were completed to reassess NAFLD status. Eleven

interviews (64.7%) were completed in Spanish and six (35.3%) in

English. All interview sessions lasted ∼30–45min and occurred

in a private room at the University of Arizona’s Collaboratory

for Metabolic Disease Prevention and Treatment. Participants

received a $25 as a cash incentive for their time contributions to

the study.

Data analysis

Thematic analysis was used to conduct the analysis

of interview transcripts (33, 34). A team-based approach
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was used to improve the rigor of the analytical process.

Discrepancies in coding were discussed by EV, AM, and

DG and revisions were made to the codebook based on

the initial analysis and discussions among the coding team.

Interrater agreement between the three coders was found

to be adequate with a minimal percentage agreement of

80%. All final codes were sorted into themes and provided

descriptive definitions and labels. To aid in the analysis

process, descriptive matrix displays were created to identify

code overlap and relationships among codes (35). All

transcripts were analyzed in their original language to

avoid misrepresentation or loss of meaning. Analyses were

conducted using QSR International’s NVivo qualitative data

analysis software (36).

Study findings

Demographic characteristics

Seventeen Mexican-origin men completed the qualitative

interviews. Most of the sample was identified as having the CG

genotype of the PNPLA3 risk allele (64.7%). Participants’ mean

age was 47.1 ± 9.1 years with an average of 22.6 ± 16.5 years

living in the U.S. Mean body mass index (BMI) was 33.8 ± 6.7

kg/m2. Nearly half of the sample (47.1%) reported an annual

household income of <$29,999 and indicated having obtained

education at the level of a high school diploma/GED equivalent

or less (47.0%). Most men reported having access to a primary

care provider (76.5%) or health insurance coverage (70.6%).

Detailed participant demographic characteristics are reported

in Table 1.

Thematic analysis

Five major themes emerged from the data including

(1) assessment of delivery method; (2) understanding

of genetic risk and NAFLD; (3) perceptions of genetic

risk for NAFLD; (4) sharing of genetic risk information;

and (5) motivators for risk reduction. We support and

illustrate themes with relevant quotes from participants.

Selected quotes are shown under a pseudonym to maintain

participant’s anonymity.

Assessment of delivery method

Most participants (n = 15) gave positive feedback about

the genetic risk letter that was sent to their homes. In fact,

11 men identified the genetic risk letter as their method of

choice for learning this type of genetic information. Ricardo

(Spanish, 59) provided the following on the didactics of

the letter:

TABLE 1 Participant characteristics for Mexican-origin men who

completed qualitative interviews.

Characteristics n/mean %/range

PNPLA3 status

CG 11 64.7%

GG 6 35.3%

Language

Spanish 11 64.7%

English 6 35.3%

Age (years) 47.1± 9.1 (27–61)

Years in the US (years) 22.6± 16.5 (2–60)

Weight (kg) 99.6± 19.5 (72.2–135.7)

Body mass index (kg/m2) 33.8± 6.7 (27.0–47.5)

Educational level

Grades 1–8 4 23.5%

Attended some high school 1 5.9%

Graduated high school/GED 3 17.6%

Some college 3 17.6%

Bachelor’s degree 4 23.5%

Graduate degree or higher 2 11.8%

Income (US)

<$29,999 8 47.1%

$30,000–$59,999 4 23.5%

>$60,000 5 29.4%

Employed

Yes 15 88.2%

No 2 11.8%

Family cancer history

Yes 10 58.8%

No 7 41.2%

Access to a primary care provider

Yes 13 76.5%

No 4 23.5%

Health insurance

Yes 12 70.6%

No 5 29.4%

“Everything was well explained, it is in the language

that I understand, and everything was very clear. It is

understandable to the point.”

However, two men emphasized their preference for an in-

person session after receiving the genetic risk letter. Miguel
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(Spanish, 44) integrated the cultural attributes of Hispanics and

emphasized the importance of one-on-one interactions when

obtaining genetic related information. He explained:

“. . . perhaps a consultation or an interview, where you

explain what the results are, especially since we are talking

about the Hispanic population and you know that the

Hispanic population is not the type to read the entire

document, and as Hispanics it makes us feel very good to

have person to person contact, transmitting information

face to face, especially when we have the opportunity to

ask questions.”

Participants did not express strong opinions about who

should communicated their genetic risk information, as long

as the person was knowledgeable and capable of answering

questions about how genetic risk can impact NAFLD-related

outcomes. One man described:

“If you are the right person for this, go ahead, I

understand, but if there is a doctor that you want to refer us

to, if you send me with doctor so-and-so or to this specialist

in this disease to inform us, we will also go there. Wherever

you want us to go, we will go.” Rigoberto (Spanish, 52)

Further, when asked about ways to improve the

dissemination of this genetic risk information, five men

mentioned that having a family member present during a follow

up appointment would not only facilitate their genetic risk

comprehension but also create a space to receive information

about NAFLD preventive measures that would benefit the

family unit. Diego (Spanish, 53) stated:

“If you can have three people at the same time, then you

are reaching more than one person. Like, I think giving the

person the option like ‘hey, you can bring your wife, your

kids, or whoever you want to talk about this.’ Yeah, and if

the whole family can come, that’s even better.”

Understanding of genetic risk and NAFLD

Despite participants’ comprehension of their genetic

predisposition for NAFLD being high (n = 14), a few

men (n = 3) expressed confusion with understanding

scientific terminology used in the genetic risk letter.

Particularly, participants cited the expression “genetic

risk” as confusing and what being carriers of the PNPLA3

risk allele meant. Enrique (Spanish, 49) spoke about how he

would have understood the concept of genetic risk better if

language within the letter had included fewer medical terms.

He mentioned,

“. . . to speak medical terms such as the so-and-so gene

– many times we are not familiar with such terms, medical

ones; but if it were something simpler to explain, like genes

from your family or something like that, it would be easier

to understand.”

Another participant suggested that the word “genetic”

should be replaced by “hereditary,” which he said was more

commonly used in Mexico.

“Sometimes it is a matter of word choice, instead of

talking about genetic disease, they say hereditary disease

and in fact in the Mexican environment. . . that is the most

common word. It is a hereditary disease that is transmitted

in the family, it is not a genetic issue.” (Miguel, Spanish, 44)

By contrast, nearly all men (n = 15) demonstrated modest

knowledge of other genetic diseases that were described as

“hereditary” or diseases that participants understood being

“prone to” based on their family history. A total of 12

men recognized type 2 diabetes as a hereditary condition,

eight made a reference to different types of cancer, and

four mentioned other cardiovascular conditions. Antonio

(English, 60) explained how cancer can run in families

and shared about how his mother has been diagnosed with

breast cancer.

“What could be hereditary? I guess cancer. What I

understand, cancer – if somebody has it in your family, then

you might get tested for it because you might have the same

gene in there or something like that. My mom had breast

cancer, but nobody else in the family had it.”

Perceptions of genetic risk for NAFLD

Men were also prompted to share about their insights to

receiving their genetic risk information and whether they viewed

it as something positive or negative toward the way they view

their health status. Most participants (n = 15) viewed receiving

their genetic risk information as beneficial, as it generated

awareness of their susceptibility to the more advanced stages

of the NAFLD spectrum. Emilio (English, 27) described how

learning about his genetic risk could aid him in reversing the

progression of NAFLD.

“I think it’s a good benefit to know. Sometimes it can be

kind of scary because you don’t know what you’re seeing.

For me, it was like ‘oh, man, something can happen to

me.’ I could be more likely to be with fatty liver disease, or

anything like that. At the same time, being informed, I can

start looking for ways to help myself.”
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Of these 15 men who felt it was beneficial, 13 indicated

that being made aware of their genetic risk gave them

an opportunity to change their behaviors and lead a

healthier lifestyle. For instance, Jose Luis (Spanish, 46)

acknowledged that the process enabled him to make

more conscious decisions about his physical activity and

dietary habits.

“It is giving it a little bit more importance, it is giving

me choice. I am aware that choices, primarily when it comes

to eating habits and physical activity, can impact you at a

greater to lesser degree. So with this study I am now more

conscious about that.”

Sharing of genetic risk information

It is noteworthy that all but one participant (n = 16) shared

information about their genetic risk results with somebody from

their immediate family. Thirteen men shared this information

with their spouses and emphasized the importance of sharing

health related information with partners. Miguel (Spanish,

44) described how cultural and gender norms played an

important role in him having shared this information with

his wife.

“Because you know that this matter is very cultural.

The wife is the one who tells us to eat well, to not go

overboard with this and that. Even when many times here in

the U.S. when both of the parents work, the wife traditionally

continues to be the one in charge of the kitchen.”

Additionally, three of these men shared their genetic

information with at least one of their children, two shared

it with at least one of their parents, and four shared it

with other family members including cousins and siblings.

Emilio (English, 27) explained that he shared his genetic

predisposition to NAFLD with his mother because of the way

her lifestyle had influenced his behaviors and both of their

health statuses.

“My mom more because, obviously, I picked up my

lifestyle from her. . . So, if it’s affecting me, you know, she’s

older, and so it could be affecting her as well and not even

knowing about it.”

Diego (Spanish, 53) provided some insights on why he

decided to share this information with his children highlighting

the importance of taking action and implementing lifestyle

changes toward reversing the progression of NAFLD.

“I chose [my children] because we are family and at the

moment I found out, I told them it is something that has

to be taken care of and that there must be some changes in

the way we live. Though it is not as serious right now, it can

becomemuch serious later if you don’t do something to take

care of yourself.”

When expanding upon participants’ risk communication

patterns, men were asked if they believed anyone in their

families would be interested in learning about their

own genetic risk for NAFLD. A total of 15 participants

responded yes, suggesting a high interest in familial

genetic risk testing for PNPLA3 status among Mexican-

origin adults. In fact, family members of six participants

expressed immediate interest in getting genetic testing for

themselves after participants shared information about

their NAFLD predisposition. Emilio (English, 27) stated

his mom conveyed interest in learning about her own

genetic status:

“My mom felt that it was relevant to her too, because

she says, ‘oh, maybe I want to get checked up as well because

maybe I could have been – it could be from me going down

to you, to my kids or my brothers and you’.”

Motivators for risk reduction

Nearly all participants (n = 15) expressed being motivated

to lower their NAFLD risk after receiving their genetic risk

letter. Considering his age and high risk for developing

complications of NAFLD and other chronic liver conditions,

Sebastian (English, 40) highlighted that discovering his

genetic predisposition motivated him to look for better

approaches to take care of himself and focus on disease

prevention strategies.

“Most important part is that I gotta take care of myself.

I’m already, I guess, half of my life; I’m 40 years old so, it’s

not something that I’m worried to a point where I have to

do something right away. I’m not worried, I don’t feel that

it’s gonna affect my life, as long as I have a good lifestyle and

eating habits.”

Nearly half (n = 7) of the men referenced their family

as the main source of motivation for improving their lifestyle

behaviors. Carlos (English, 38) highlighted his children as his

main source of motivation for adopting strategies to help

prevent NAFLD complications.

“Me, I’m a single father with three kids, no mother, my

wife passed away, and my youngest is in first grade. And the

liver can take you out very fast. So I don’t know a lot about

liver disease, I don’t know a lot about it, but I know that once

you get it, it goes fast. And I’m not prepared to leave my kids

like that, so it’s something I really gotta start looking into.”
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Emilio (English, 27) also recognized the value of making

lifestyle changes as an opportunity to improve his quality of life

and be a part of his family’s future.

“I have kids and I want to be able to see them get old.

And I don’t want to know that I have a higher risk of getting

fatty liver disease and possibly affecting my liver so much

where I’m not gonna be able to be there for them. Definitely

it’s something that wants to make me change my lifestyle.”

Some men described emotional responses after receiving

genetic risk information and noted that these feelings served

as a motivator for disease prevention through lifestyle changes.

For instance, some men expressed feeling surprised (n = 4)

and scared (n = 2) when first reading the letter and learning

about their genetic predisposition. However, several men (n= 6)

appeared to transition those feelings into a sense of hope when

they used their genetic risk as a motivator to adopt healthier

behaviors. Rigoberto (Spanish, 52) described this spectrum of

emotions, when he stated,

“It is another life opportunity that is being presented to

me when you told me ‘You know what? You are prone to

being sick,’ but if I know that I can do better at this, I am – it

is a matter of how I am at the moment that I can resolve the

situation, by just moving forward. That is all I have to do.”

Of note, all participants communicated being motivated and

interested in participating in a prospective weight loss program

focused on NAFLD health risk tailored for Mexican-origin men

and provided consent to being contacted in the future for an

intervention of this nature.

Discussion

Given the influence of PNPLA3 in the progression of

liver disease and the frequency of this genetic predisposition

among Mexican-origin adults (10), the current study aimed

to identify appropriate strategies to communicate PNPLA3

risk status to Mexican-origin men as a means to promote

NAFLD prevention. Our study is among the first to assess

Mexican-origin men’s perspectives and attitudes on the delivery

of genetic risk, particularly to PNPLA3, and the threat this

conveys to the progression of the NAFLD spectrum. Participants

expressed their preference in obtaining genetic risk results

through a mailed letter with an optional in-person follow-up

appointment with a trained health professional. In addition,

almost all men were able to understand the basic implications

of being carriers of the PNPLA3 risk allele and how this affects

their NAFLD risk. Overall, most participants stated that it was

beneficial to learn about their genetic risk and had shared this

information with at least one family member. These findings

provide new evidence on how communicating PNPLA3 risk

status may help standardize the delivery of genetic testing to

guide preventative measures to reduce the burden of NAFLD in

this high-risk population.

Overall, men in this study supported the use of a mailed

letter for communicating genetic risk, supporting prior findings

for this method of delivery (30). In addition, the Spanish

speaking men highlighted the importance of receiving results

in their preferred language, as has been previously reported

in studies centered on BRCA1/2 (14, 17). Mexican-origin men

expressed their interest in having an optional appointment

with either a study staff member or a health professional with

sufficient knowledge on PNPLA3 and its influence on NAFLD

progression. Preference for in-person appointment is reflective

of the importance of face-to-face interactions inHispanic/Latino

culture as conveyed by the construct of personalismo in

relation to interpersonal exchanges of information (37). Parallel

preferences toward face-to-face interactions were found in a

study performed in rural areas in the Midwestern U.S. were

Hispanic/Latino immigrants preferred obtaining clarification on

health information in Spanish at in-person settings such as

schools, churches, and community centers (38). As well, U.S.

born Hispanic/Latinos in Cristancho et al.’s (38) cohort opted

for mailed printed materials as their second preferred strategy

to receive health related information. Taken together these data

indicate that the initial delivery of genetic risk through a letter

appears to be feasible when used with Mexican-origin men as

long as consultations for further inquiries are available.

Mexican-origin men showed high levels of understanding

of their genetic predisposition to NAFLD upon receiving the

letter containing their PNPLA3 risk status. In general, men

demonstrated moderate awareness levels on other commonly

known genetic conditions (e.g., type 2 diabetes, other cancers)

but referred to them as “hereditary” rather than genetic diseases.

The concept of “genetic risk” was labeled as too scientific or

even confusing by participants when referring to conditions they

also recognized as running in their families. Similar viewpoints

were reported by Hamilton et al. (16), were Latino men and

women described genetic testing as a type of blood test relating

to family history or for illnesses that can be passed down from

one generation to another. Independent of Hamilton’s work, our

sample was only composed of men from Mexican decent which

allows for the development and application of culturally and

gender tailored interventions and programs. Adopting gender-

and culturally-specific approaches has been demonstrated to be

effective in men from this population (39) and holds favorable

projections with the incorporation of genetic testing (40, 41).

According to participants’ testimonies, discovering their

PNPLA3 status allowed them to assess their risk for liver diseases

and the implications to more severe stages of disease in the

NAFLD continuum. As derived from the HBM, participants

in our study acknowledged that their newfound perceptions of

NAFLD risk may influence the adoption of disease prevention

strategies such as changes in diet and physical activity. Most
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participants of this study considered learning about their genetic

risk status as a definite benefit to their health given the potential

improvement, they can achieve by implementing such lifestyle

changes. Similar actionable health information were observed

in Hamilton et al. (16), in which both, Latino men and women

anticipated genetic risk as a source of additional information

for them to protect their health and their children’s through the

engagement of new healthier behaviors.

Men in our study had comparably familial views as they

believed sharing their genetic risk information with family

members would allow their entire family to become aware of the

disease and come together and partake in lifestyle modification

efforts. This finding relates closely to the cultural value of

familismo, a core component of Latino/Hispanic individuals

characterized as the strong interconnectedness and attachment

with nuclear and extended family members (42, 43). All but

one participant testified to have shared information about

their genetic risk predisposition to at least one close family

member. Though this was an expected finding, we found that

the propagation of participants’ genetic risk generated interest

in family members indicating that genetic testing in Mexican-

origin adults might be more viable than anticipated. This finding

along with the presence of familismo could help inform the

utilization of family-based approaches for the use and delivery

of genetic testing to communicate NAFLD risk and disease

reduction strategies for Mexican-origin families.

Findings from this sample of Mexican-origin men suggest

a clear preference for learning about the role genetics plays

in determining NAFLD risk. They expressed high levels of

motivation to reduce their NAFLD progression with main

motivators identified as improving their health status and

being present in their children’s life for much longer. Similar

conclusions were seen in a previous qualitative study where

familial and cultural attitudes appeared to enhance perceived

risk for NAFLD progression in Mexican-origin men (44).

Lastly, it is important to consider emotional vulnerability

when delivering genetic testing results to inform disease

risk, and how emotions may motivate or discourage positive

change. Limited evidence has shown the relevance of emotional

screening in this population, but has particularly focused on

women (45). A few men in our study reported initially feeling

surprised and afraid of the news of being genetically predisposed

to NAFLD, and using those feelings as an opportunity to

gain self-confidence tied to their ability to change their

health status and reduce their odds of progressing to more

serious stages of liver disease. Similar emotional responses

were evidenced in another sample of Mexican-origin men

and women from our initial recruitment cohort in which

participants were interviewed to measure NAFLD awareness,

knowledge and perceptions of disease after receiving their

results from a FibroScan
R©

(46). Consistent with information

processing theories (47), credible health risk information can

activate emotional responses such as distress and fear. Taking

opportunities to encourage pro-health behaviors to lower

distress could results in greater uptake of recommended actions

(e.g., lifestyle changes).

Strengths and limitations

This qualitative study presents several strengths. This

is the first known study to communicate PNPLA3 risk

status to Mexican-origin men. The process of genetic risk

communication is critical considering the high and growing

burden of NAFLD in this subpopulation along with the

forthcoming rise of utilizing genetic testing as an opportunity to

promote disease prevention. Another asset of our study design

was having an interdisciplinary approach, including community

members and stakeholders, guiding the development of the

genetic risk letter, adding a further degree of value to the

study’s validity. In addition, our qualitative study design offers a

nuanced exploration of the lived experiences of Mexican-origin

men. However, the study has several limitations, including the

variations in time between when participants become aware of

their genetic predisposition through the letter and the time, they

attended interview sessions. Due to availability conflicts, some

men (n = 4) were unable to schedule their interview time by

the two-week mark determined by the study and attended their

interview up to 3 months after receiving the letter. This could

have impacted participants’ retention of information and cause

recall bias surrounding the experiences they had lived since

becoming aware of their genetic risk. Another limitation relates

to men’s previous exposure to NAFLD knowledge because

of their participation in the initial cross-sectional study. This

previous involvement would also consider all 17 participating

men as part of the highest risk group to NAFLD due to the

implications of the initial eligibility criteria from such study

(e.g., body mass index > 25.0 kg/m2). Lastly, it is important to

acknowledge cost considerations related to genetic testing as a

barrier for the general population to obtain this kind of testing.

Particularly, PNPLA3 genetic testing is not publicly available

and may hinder efforts to widely scale result dissemination

(48). Future studies should consider the evaluation of delivering

PNPLA3 risk status to low-risk individuals considered at lower

risk, other Hispanic subpopulations, and women to compare

views on risk susceptibility and severity.

Conclusions

This qualitative analysis provides preliminary outcomes

on the benefit of integrating genetic risk communication of

PNPLA3 status as a component of disease prevention in a

high-risk subpopulation. The overall experiences of these men

indicate high levels of interest and feasibility in the delivery of

genetic risk status to Mexican-origin men. The development of
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relevant family-based interventions that are culturally tailored

for this high-risk group warrants further research to evaluate

its effectiveness in decreasing the burden of NAFLD and overall

liver cancer mortality.
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Introduction:Health literacy (HL) refers to an individual’s ability to process and

use health information to make health-related decisions. However, previous

HL scales did not fully cover all aspects of this concept. This study aimed

to develop a comprehensive Hong Kong HL scale (HLS-HK) and evaluate its

psychometric properties among Chinese adults.

Methods: A scale of 31-item covering Nutbeam’s framework, namely

functional and interactive HL (FHL and IHL), and critical HL (CHL) within

three subdomains: critical appraisal of information, understanding of social

determinants of health, and actions to address social determinants of health,

was developed based on previous literature review and Delphi survey.

Cognitive interviews were performed to examine all items’ face validity

in terms of three aspects: comprehensiveness, clarity, and acceptability. A

cross-sectional survey was conducted to investigate the scale’s psychometric

properties, including its internal consistency reliability, factorial structure

validity, convergent validity, and predictive validity.

Results: Nine interviewees participated in the cognitive interviews in October

2021. Based on the input from respondents, two items were deleted, two

items were combined, and several items’ wording was revised. The other items

were clear and readable. Finally, 28 items remained. A total of 433 adults

completed the questionnaire survey between December 2021 and February

2022. After excluding one item with low inter-item correlations, the scale’s

internal consistency reliability was acceptable, with a Cronbach’s alpha of 0.89.

Exploratory factor analysis produced a five-factor model, as shown in the

original theoretical framework. These factors accounted for 53% of the total

variance. Confirmatory factor analysis confirmed that the fit indices for this

model were acceptable (comparative fit index = 0.91, root mean square error

of approximation = 0.06, and root mean square residual = 0.06). The scale

is also significantly correlated with theoretically selected variables, including

education and self-rated health.

Conclusion: The HLS-HK is a valid and reliable tool for evaluating HL.

Compared with existing tools, this scale extended the operationalization of

FHL, IHL, and CHL and fully operationalized the CHL via three subdomains.
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It can be used to understand the di�culties and barriers that people may

encounter when they use health-related information and services.

KEYWORDS

health literacy scale, scale development, scale validation, Hong Kong Chinese adults,

factor analysis

Introduction

Health literacy (HL) is crucial to empower individuals to

make informed health decisions. It is usually described as

one individual’s ability to process and use health information

to promote health (1). Previous studies suggested that

people with limited HL skills tend to have poorer health

outcomes (2–4), less utilization of preventive health services

(5), higher hospitalizations (6), and healthcare costs (7, 8).

One survey in eight European countries reported that at

least 1 out of 10 participants had inadequate HL skills

(9). There are challenges in embedding HL-related skills

into effective disease prevention and health self-management.

Assessing HL at a population level provides great potential

to recognize populations most in need of support, deliver

tailored interventions, and achieve better health outcomes

in communities.

The measurement instrument is essential to understand

people’s HL levels. More than one hundred HL measurements

have been developed during the last decades (10). The early HL

measurement tools were criticized for their narrow focus on the

capacity to read and understand written health information in

a medical context (11–13). For example, the most commonly

used HL tools, including the Test of Functional Health Literacy

in Adults (TOFHLA) (11) and the Newest Vital Sign (NVS)

(12), solely assess the reading ability of health-related materials

through medical term recognition and numeracy test. Along

with advancements in technology and the complex demands

of health in modern society, scholars have realized that a

broader set of competence is needed to access and use

health-related information in everyday life. Align with this,

several HL tools (14–17) expended to measure information

seeking, communication skills, decision making, and critical

thinking. However, recent systematic reviews highlighted that

there is still no widely adopted measurement tool that could

thoroughly reflect the current understanding of HL (18–22).

Taking the lately dominant scales as examples, the Health

Literacy Questionnaire (HLQ) (15) and the European Health

Literacy Survey Questionnaire (HLS-EU) (23) did not include

the skills necessary to address health concerns through civic

engagement, which are essential HL skills to understand the

social constructal cause of health-related issues and promote

individual and community health. The ongoing evolution of

HL measurement tools indicated the complexity of this concept

and a demand for a comprehensive and reliable measure in this

research field.

The construct underlying the measure is one of the most

critical aspects of choosing and developing an appropriate

measure. Nutbeam’s framework of HL is widely cited as the

conceptual basis and is seen by many HL researchers as useful

in analyzing HL skills required in various contexts (24). This

framework divides the primary skills of HL into three levels:

functional health literacy (FHL), referring to individuals’ basic

literacy and numeracy skills for them to function effectively

in their daily life; interactive health literacy (IHL), referring to

individuals’ cognitive and social skills to extract information

from all kinds of forms of communication and to use this

information for achieving better health outcomes; and critical

health literacy (CHL), that is, individuals’ higher level of

cognitive and social skills which can be applied to critically

analyze information and to use this information to gain better

control over life events that affect health. The integrated model

of HL proposed by Sørensen et al. is another vital framework

in this research area. It described the competencies needed to

access, understand, judge, and apply health information across

the domains of health care, disease prevention, and health

promotion (25).

Nutbeam’s model was selected as the theoretical basis

for the study because of its multifaceted understanding of

CHL. Applying CHL has never been more needed than in

these days when people have greater access to information

and are expected to be actively engaged in healthcare.

Compared with Sørensen’s framework, Nutbeam emphasized

that CHL includes the ability to question information and

the awareness of the social determinants of health and the

actions to modify these determinants (24). This emphasis is

more explicitly linked to the latest understanding of CHL,

that is, a range of abilities to read health-related information

in a critical, active, and reflective manner to achieve an in-

depth understanding of the world and explore political and

social change in daily life (26–29). Taking the current pandemic

of COVID-19 as an example, individuals need to know how

to critically assess information when they are overwhelmed

by the abundance of information, as well as how to make
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informed decisions to sacrifice some part of one’s benefits for

the sake of public good when they are asked to take certain

interventions (e.g., vaccination and quarantine) to control

infection. Therefore, CHL is needed to be seen in relation to

critical consciousness and social responsibilities in promoting

community health (27).

However, current HL measures using Nutbeam’s framework

and targeting adults failed to capture the full breadth of

the ideas embedded in CHL. Previous scales (14, 30–35)

mainly included the ability to question information quality

as the component of CHL. For example, the 14-items HL

scale (HLS-14) (30), which is widely cited in this research

area, adopted items to measure subjects’ ability to judge

the quality of the information in terms of its reliability,

validity, credibility, and applicability. Other competencies

involved in CHL, namely realizing social and structural factors

influencing health and taking social responsibilities for public

health, were rarely addressed, and their operationalizations

are still in progress. Chinn and colleagues made efforts to

cover all aspects of CHL. But they faced the challenges of

building items to thoroughly assess understandings of and

ability to act on social determinants of health. They simply

adopted three items involved in the capabilities for community

empowerment and social engagement for health to reflect these

abilities (14). The above revealed that the operationalization

of CHL remains underexplored and more discussion is

needed to explicitly link the theory and measurement in

this domain.

Additionally, there is no rigorously validated HL scale for

the general population in Hong Kong. Although several studies

explored HL in the local community, the scales they used were

either disease-specific or population-specific (36–40) or directly

translated from existing ones without psychometric testing (41,

42). Hong Kong is facing the challenges posed by the increasing

disease burden from chronic diseases and has a dual-track

healthcare system encompassing public and private sectors. This

system has been criticized for the long waiting times in public

hospitals and high healthcare costs in private hospitals (43, 44).

Under such circumstances, patients with chronic diseases are

expected to actively engage in self-management, which requires

adequate HL skills. With this respect, one reliable and valid HL

scale will be useful to identify the attributes and barriers related

to HL.

With all these in mind, our goal was to develop a new

Chinese Hong Kong version of HL scale (HLS-HK) based on

Nutbeam’s framework and evaluate its psychometric properties

among Chinese adults. Given that the theory and measurements

of HL are still in the exploratory stage, our work would be

feedback loops to improve the underlying theory of HL. We also

expect that the scale would provide regional-level information

related to health competency and facilitate more efforts to

understand HL skills and their impact on health outcomes in

Hong Kong.

Methods

A four-stage research approach was adopted, including

literature review, Delphi study, individual cognitive interview,

and cross-sectional survey to develop and validate a

comprehensive scale for HL. In the first stage, we conceptualized

the framework of HLS-HK by conducting two scoping reviews

(45, 46). In the next stage of the Delphi study (47), we

deductively generated items based on the framework resulting

from the first stage and invited stakeholders (i.e., healthcare

providers and healthcare consumers) to assess the content

validity of all draft items and provide additional items. The

face validity accessed via individual cognitive interviews

and psychometric analysis using a cross-section survey were

reported in this paper.

Cognitive interview

The cognitive interviews were conducted to test the face

validity of the 31 items derived from previous literature reviews

and the Delphi survey. In the interviews, interviewees were

first asked to complete the scale and then were invited to

give feedback on all items’ comprehensiveness, clarity, and

acceptability. Participants were recruited through a convenience

sampling strategy. The eligibilities of participants were as follow:

(a) permanent Hong Kong citizen; (b) aged 18 and above; (c)

understand Cantonese. To keep the recruitment costs low, we

sought the participation of individuals working or visiting our

school to participate in the interview. To achieve a representative

sample, we selected interviewees by considering a balance of

gender, age, educational attainment, and income. The sample

size for cognitive interviews was set between 5 and 15 subjects

(48). Participant recruitment stopped when data saturation

reached (48, 49).

Cross-sectional validation survey

A psychometric evaluation was performed to examine

the internal consistency, factorial structural validity,

convergent validity, and predictive validity of the revised

version of HLS-HK.

Participants

Participants were recruited from registrants of an internet

research service company Qualtrics to complete an online

survey. Quota sampling was used to match the distribution of

participants by gender, age group, and living district (i.e., New

Territories, Kowloon, Hong Kong Island) to the results of the

2020 Hong Kong census (50). Facing resource constraints and
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challenges to reach the fixed quotas, the flexibility on all quotas

was ±5%. The recommendation for a sample size used to scale

validation should be at least 10 participants per item of the

scale (51, 52). Therefore, in the present study, the sample size

should be over 310 (=31∗10). To ensure sufficient evidence for

the reliability and validity of the newly developed scale and also

consider the budget, the sample size of our survey was expected

to be 400 participants.

Measures

The questionnaire consisted of two parts: (1) health literacy

assessment; (2) social demographic and health factors. It was

built on Qualtrics survey software (version Dec 2021). All

questions were designed to force response. We also set up

one attention check question to maintain data quality by

excluding respondents who were not paying close attention to

survey questions.

Health literacy assessment

Participants’ HL levels were measured using our newly

developed scale HLS-HK and the 12-item short-form of

the health literacy questionnaire (HL-SF12) (53). Regarding

HLS-HK, items were rated on a 5-point Likert Scale, and the

scores were summed. A sample item was “How often do you

need help when you fill out medical forms?”. The item responses

ranged from 1 = always to 5 = never. The HL-SF12 was

developed based on Sørensen and colleagues’ framework of HL

(25). It is the short version of the HLS-EU (23) and has been

validated in six Asia countries (54). Given the importance of

Sørensen’s framework in this research area, we used HL-SF12

as the reference scale. We contacted the authors of HL-SF12

and got their approval to use it in our study. In HL-SF12, the

perceived difficulty of each health-related task was rated on 4-

point Likert scales (ranging from 1 = very difficult to 4 = very

easy). Example items included “On a scale from very easy to very

difficult, how easy would you say it is to judge the advantages and

disadvantages of different treatment options.”

Social demographic and health factors

The following social demographic characteristics were

collected from the respondents: age, gender, district, education

attainment, occupation, and monthly household income.

Participants were also asked to self-report their health status and

health behaviors. Health status was examined by participants’

responses to the questions “In general, how would you rate

your health” with five outcomes (1–5, ranging from “poor” to

“excellent”). This question is often used to assess a person’s

overall wellbeing in terms of social, biological, and psychological

health in epidemiological health field surveys (55, 56). Health

behaviors were assessed by asking about participants’ lifestyles

related to smoking, physical activity, and alcohol use.

Data analysis

Descriptive statistics were used to summarize study

participants’ demographic information and other health-

related variables. Continuous variables were shown as mean

and standard deviation (SD), and categorical variables were

presented as numbers and frequencies. The reliability and

validity analyses were performed to examine the psychometric

properties of the HLS-HK. Data were analyzed using the SPSS

(version 23) and R software (“psych” and “lavaan” package). The

statistical significance level was set at a p < 0.05.

Reliability analysis

In reliability analysis, we focused on the internal consistency

of the scale and subscales by testing Cronbach’s alpha values. An

alpha coefficient of 0.70 or greater is considered acceptable for

reliability (57). Furthermore, corrected item-total correlations

were tested. Two levels of inter-item correlations were suggested

as acceptable: 0.2 (58, 59) and 0.3 (60, 61). We used the more

liberal level of ≥ 0.2 in this study in order not to exclude

some items on which some participants got high scores while

others got low scores due to the heterogeneity within social

demographic and health factors among subjects.

Validity analysis

We used exploratory factor analysis (EFA) and confirmatory

factor analysis (CFA) to assess the construct validity of HLS-HK.

The sample was randomly split into two independent subsets to

undertake separate EFA and CFA analysis.

EFA was first performed to discover the common factor

influencing a group of measured variables of HLS-HK. Before

performing an EFA, we used Bartlett’s Test of Sphericity and the

Kaiser-Meyer-Olkin (KMO) test to evaluate whether the data

was worth factor analysis. If the probability of Bartlett’s Test

of Sphericity is <0.05 or KMO is >0.7, we can move to the

EFA (62). Next, EFA was performed using principal component

analysis, oblimin rotation, and parallel analysis. The criterion for

selecting the optimal number of factors is based on: eigenvalue

>1 and scree test (57). It is recommended that the retain items

have factor loading of 0.4 and above and without significant

cross-loading onto other factors (i.e., those that load on over one

factor were excluded) (57, 63, 64).

CFA was then performed using maximum likelihood

estimation to validate the factor structure of the HLS-HK. In

the present study, the following indices of model fitness were

used: comparative fit index (CFI), root mean square error

of approximation (RMSEA), and root mean square residual
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(SRMR). A CFI value≥0.90 indicated an acceptable model fit; an

RMSEA value≤0.08 shows a good fit; and an SRMR value≤0.08

can be considered a good fit, based on suggestions in previous

literature (57, 65).

Bivariate analysis

We performed the bivariate analysis between the HLS-HK

scores and HL-SF12 scores to examine the convergent validity

using Pearson correlation coefficients. In the present study,

HL-SF12 was considered as the reference. We expected the two

scales produce similar results. Namely, a participant who got a

high score of HLS-HK is likely to have a high score of HL-SF12.

In addition, as both HLS-HK and HL-SF12 measured the main

skills related to HL, all subscales from the two scales should be

somewhat related.

Regarding predictive validity, we examine the relationship

between HLS-HK and other theoretically selected variables

(including age, education attainment, income, self-rated health

status, and health behaviors) using the Mann-Whitney U test

(two samples) or Kruskal-Wallis test (more than two samples).

Given previous studies highlighted that people with low HL

skills were likely to be older (66, 67), less educated (67, 68), with

lower-income (68, 69), poorer self-rated health status (69, 70),

and less healthy behaviors (70, 71), we hypothesized that HLS-

HK levels were significantly correlated with the above variables.

Ethical consideration

The Survey and Behavioral Research Ethics Committee of

the Chinese University of Hong Kong accessed the protocol of

this study and approved the study (Reference No. SBRE-20-793).

The protocol for this study conformed to the principles

embodied in the Declaration of Helsinki.

Results

The results of the first two stages were published elsewhere

(45–47) and briefly presented below. In the first stage, five

content areas that we aimed to measure were identified,

including FHL, IHL, and the following three subdomains of

CHL: CHL-1: “critical appraisal of information” means an

individual’s ability to evaluate the quality of information; CHL-2:

“understanding of social determinants of health” coveys an

individual’s understanding of the social structural factors that

influence health outcomes; CHL-3: “actions to address social

determinants of health” focuses on an individual’s competency

to translate knowledge into action to address the modifiable

determinants of health (45, 46). In the second stage, the Delphi

study was completed (47). We generated the first draft of the

HLS-HK consisting of 34 items. A diverse panel of professionals

(n = 12) and laypeople (n = 12) rated the relevance of all

34 items. The consensus, which was predefined as ≥70% of

participants agreeing that the individual item is relevant in

Round 3, was reached for 31 items with excellent content

validity. This HLS-HK with 31 items was used to test its face

validity in cognitive interviews.

Cognitive interviews

Data saturation was achieved after nine interviews in

October 2021. Table 1 presents the social demographic

characteristics of the participants. Based on the input from

interviewees, we deleted one item in FHL and one item in CHL-

2, combined two items in CHL-3, and made a minor revision

on several items’ wording to make the scale concise. The other

items were comprehensive, clear, and acceptable. Detailed

results of cognitive interviews are presented in Appendix 1.

Finally, a total of 28 items remained (Table 2). The revised

version of HLS-HK within 28 items was adopted to test its

psychometric properties in the following cross-sectional survey.

Cross-sectional validation survey

Social-demographic and health-related
characteristics

The questionnaire survey was performed from December

2021 to February 2022. A total of 433 valid responses were

collected after excluding those with data entry errors and

speeders (i.e., respondents who completed the survey much

more rapidly compared to others). In this study, we defined

the cut-off point of speeders’ completion time according to a

soft launch of the survey (n = 40). In the soft launch, the

median time to completion is 7.8min, and we added half of the

median completion time (i.e., 4min) as the speeding check. The

participants’ social-demographic characteristics are displayed in

Table 3.

Reliability

According to the corrected item-total correlations (see

Table 2), one item with low inter-item correlations (i.e., q18,

item-total correlation<0.2) was deleted. Table 4 summarizes the

means, SD, and internal consistency for the scale and subscales

without q18. Cronbach’s alpha of the total score scale was 0.89,

which is satisfactory. The Cronbach’s alpha of the subscales

ranged from 0.79 to 0.90. The internal consistencies of all

subscales are satisfactory. Finally, the scale was composed of

27 items.
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TABLE 1 Characteristics of interviewees.

Subjects Gender Age group Education Income (HKD)

1 Male ≥65 Primary and below ≥18,400

2 Female ≥65 Primary and below <18,400

3 Female 45–64 Primary and below <18,400

4 Male 18–44 Secondary and above ≥18,400

5 Female 18–44 Secondary and above ≥18,400

6 Female 18–44 Secondary and above <18,400

7 Male 18–44 Secondary and above <18,400

8 Female ≥ 65 Primary and below <18,400

9 Female ≥ 65 Primary and below <18,400

Validity

The dataset was randomly split into two subsets: for the EFA

(n= 216), and the other for the CFA (n= 217). The sample size

for each subsample satisfied the requirement for the sample size,

which is larger than 5 times the number of variables for EFA (72),

and at least 200 cases for CFA (73).

The KMO test showed a score of 0.86, which is above the

required 0.70 for conducting EFA. Bartlett’s test of sphericity

was significant (chi-square = 2,772.356, p < 0.000). Therefore,

our dataset is suitable for EFA. Regarding the results of EFA,

the parallel analysis and scree plot examination suggested

five factors with eigenvalues (7.36, 3.15, 2.78, 1.84, and 1.39,

respectively) >1, accounting for 53% of the variance (14, 10, 10,

10, and 9%, respectively). Table 5 presents the factor structure

of HLS-HK. The four items of FHL all loaded onto the third

factor, and seven items of IHL loaded on the first factor. Among

the items of CHL, six items of CHL-1 loaded on the second and

five items of CHL-2 loaded on the fifth factor, and five items of

CHL-3 loaded on the fourth factor. The CFA analysis revealed

an acceptable fit of the five-factor model (see Figure 1), with a

CFI= 0.91, SRMR=0.06, and RMSEA= 0.06.

Bivariate analysis

The bivariate analysis showed a strong correlation between

theHLS-HK and theHL-SF12 (r= 0.67, p< 0.001). All subscales

of the two scales were significantly associated with each other

(Table 6). Compared with FHL (r: 0.35–0.46, p= 0.000) and IHL

(r: 0.51–0.64, p= 0.000), the three subdomains of CHL (r: 0.12–

0.35, p= 0.000) had lower correlations with the subscales of HL-

SF12. The scores on the HLS-HK were significantly associated

with education level (H = 7.292, p < 0.05), as well as self-

rated health status (H = 32.292, p < 0.001). However, there was

no association between HLS-HK scores and age, income, and

health behaviors (Table 7). We further examined the association

between these selected variables and scores on the subscales

of HLS-HK. There were statistically significant differences in

physical activity groups’ scores of IHL and age groups’ scores of

CHL-1 (Table 7).

Discussion

We proposed a scale within 27 items encompassing a

range of HL competencies and addressed the shortage of HL

measurement in Hong Kong. In the scale development process,

we generated the original items by systematically searching the

published literature relevant to the construct of HL to cover

its full breadth and depth. We invited healthcare users and

providers to examine the newly developed scale’s content validity

and face validation. The scales’ two novel aspects related to

Nutbeam’s framework are discussed in the below section.

Scale novelty

First, compared with previous scales (14, 30–35), this

scale fully operationalized the three domains identified by

Nutbeam. In the domain of FHL, we formulated five items to

examine subjects’ abilities to read and understand health-related

information in clinical and non-clinical settings. To measure

IHL, seven items were generated to examine the abilities that

people need to gain health-related information in daily life

as well as healthcare consulting. Regarding CHL, this scale

is more explicitly linked to the latest understanding of this

domain. As introduced, scholars advocated that CHL is more

than the ability to analyze health-related information critically

and should reflect societal influences on health knowledge,

beliefs, and behaviors (26–28, 74, 75). Therefore, we built a set

of items to thoroughly measure this domain and divided them

into three categories. Specifically, in CHL-1, we drew items from

existing research to examine subjects’ skills to judge the quality
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TABLE 2 Items resulting from cognitive interviews.

Domain Items Corrected
item-total

correlations

Cronbach’s
alpha if item

deleted

FHL How often do youa :

q1 . . . need help when you fill out medical forms 0.36 0.88

q2 ... find that characters cannot understand when you read instructions or leaflets from

hospitals or clinics

0.50 0.88

q3 . . . feel that the content is too difficult to understand when you read instructions or leaflets

from hospitals or clinics

0.52 0.88

q4 ... have problems understanding health-related written information 0.55 0.88

IHL How easy would you say it is tob :

q5 . . . find related information when you are ill and have questions on disease or health problems 0.59 0.88

q6 ... find related information when you are not ill but want to do something to further improve

your health

0.59 0.88

When you talk to a doctor, nurse, or pharmacist, how difficult would you say it is tob : 0.54 0.88

q7 . . . give all the information they need 0.57 0.88

q8 . . . ask the questions you want to ask 0.58 0.88

q9 . . . ask further explain anything that you do not understand after they answer your questions 0.61 0.88

q10 . . . extract the information you want 0.60 0.88

q11 . . . understand the obtained information

CHL-1 When you get information for health in daily life, how often do you consider the followingc :

q12 . . .whether the information source is credible 0.46 0.88

q13 . . .whether the information content is valid and reliable 0.45 0.88

q14 . . .whether the publish time is appropriate 0.50 0.88

q15 . . .whether other reliable sources support the facts or conclusions of this source 0.52 0.88

q16 . . .whether the person or organization that produced the information have a bias 0.39 0.88

q17 . . .whether the information is applicable to you 0.50 0.88

CHL-2 How do you agree about the followingd :

q18 . . . socioeconomic status affects health 0.16∗ 0.89

q19 . . . stress affects health 0.23 0.88

Domain HLS-HK items Corrected Cronbach’s alpha

item-total if item deleted

correlations

q20 . . . being isolated from the community and workplace impacts health 0.31 0.88

q21 . . . having little control over one’s work impacts health 0.29 0.88

q22 . . . poor childhood experience has an impact on one’s physical/mental health when he or she

becomes an adult

0.20 0.89

q23 . . . good social relations contribute to health 0.31 0.88

CHL-3 How often do youe :

q24 . . . promote government to launch programmes about health promotion and disease

prevention

0.28 0.88

q25 . . . participate in community’s or non-governmental organizations’ initiatives in health

promotion and disease prevention

0.24 0.89

q26 . . . help your family members or a friend when they had questions concerning health issues 0.48 0.88

(Continued)
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TABLE 2 (Continued)

Domain HLS-HK items Corrected Cronbach’s alpha

item-total if item deleted

correlations

q27 . . . seek information from others when you come up with questions concerning a health issue 0.37 0.88

q28 . . . share and communicate your opinion about illness when you talk to a family member or

friend

0.43 0.88

aResponse options range from “1= always” to “5= never”.
bResponse options range from “1= very difficult” to “5= very easy”.
cResponse options range from “1= never” to “5= always”.
dResponse options range from “1= strongly disagree” to “5= strongly agree”.
eResponse options range from “1= never” to “5= always”.
∗The corrected item-total correlations lower than 0.2.

of information; In CHL-2, we selected the most fundamental

and non-medical causes of individuals’ lifestyles from the WHO

report to test people’s knowledge of SDH (76); In CHL-3, we

examined people’s activities to address SDH at the social level

and interpersonal level.

Second, this scale provides new insights into the domain

of CHL in Nutbeam’s framework, as it was developed in non-

western countries. Previous studies (74, 77–79) emphasized the

importance of collective action to address social determinants

of health to measure CHL. They argued that individuals

with sufficient CHL skills tended to participate in social and

political movements for change, including informed voting

and advocacy for health issues. However, we proposed that

the action should not be narrowed to this social level. This

is because solely focusing on participation in collective action

may not fully capture the CHL level of certain population

groups with limited resources to participate in political action

to shape a better society, such as Hong Kong people. In

fact, emerging studies (28, 80–84) recognized the importance

of interpersonal-level activities to address social determinants

of health. It can be assumed that people with sufficient

CHL skills may transfer the knowledge of social structural

factors of health into actions to get peer support or build

a supportive environment for health at the interpersonal

level. For instance, one newly developed scale focusing on

adolescents’ CHL also included individuals’ ability to provide

social support and participate in democratic actions about

health as its component (84). In HLS-HK, we formulated three

questions (i.e., q26-q28) to complement the measurement of

interpersonal-level actions to address social determinants of

health and, in turn, increase this domain’s cultural sensitivity

across different cultures.

Scale validation

Overall, the scale is reliable and valid. The internal

consistency for the scale and subscales are satisfactory. EFA

produced a five-factor solution, and CFA revealed an acceptable

fit of the five-factor model. These results confirmed that the 27-

item of HLS-HK represents the framework as initially designed.

The convergent validity of HLS-HK was achieved by using

HL-SF12 as the reference tool. Further, we compared the

correlation between the subscales from the two scales. The three

domains under the CHL level rather than FHL or IHL, had

weak relationships with the subscales of HL-SF12. This may

be because our scale measured several HL skills missed in HL-

SF12. This result supports the research gap mentioned at the

beginning: limited operationalization of CHL in previous scales.

The q18 was excluded because of its low item-total

correlation. Our previous Delphi study already showed

divergent opinions on this item among health professionals

and laypeople. Although laypeople acknowledged the influence

of socioeconomic factors on health, they tended to believe

personal lifestyle substantially affects health. In contrast, health

professionals can fully understand the effect of social structural

factors on health, which can be more important than lifestyle

choices at some point. Regarding this divergence, previous

studies highlighted that laypeople might be more likely to

understand and express the idea about social disadvantage

and health through a contextualized narrative description of

their own experiences compared with answering fixed choice

questions (74). Hence, it is not surprising that we did not get

concise answers on this item, which caused its low correlation

with other items.

This study showed that HLS-HK is significantly associated

with education. It was possible to observe a higher proportion of

individuals with a high level of education (i.e., post-secondary)

among those with a better score on HLS-HK. This finding is

similar to studies elsewhere (85, 86). There are two potential

explanations for this finding. First, highly educated groups have

access to information and resources needed for better health

outcomes, while low-educated groups often lack these resources.

Second, advanced education usually provides a higher level

of cognitive skills to process and use information compared

with primary education. For instance, in Hong Kong, health

promotion programmes under the Healthy School Policy in

primary and secondary schools mainly cover basic health
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TABLE 3 Characteristics of survey participants.

Variables Total (n = 433) 2020
HongKong
census

n % %

Gender

Male 217 50.1 44.9

Female 216 49.9 55.1

Age groups

18–24 53 12.2 9.90

25–34 80 18.5 15.6

35–44 70 16.2 17.8

45–54 87 20.1 17.2

≥55 143 33.0 39.5

District

HK island 78 18.0 16.6

Kowloon 140 32.3 30.6

New Territories 215 49.7 52.8

Education attainment

Primary and below 10 2.3

Secondary 118 27.3

Post-secondary (non-degree

course)

75 17.3

Post-secondary (degree

course)

230 53.1

Employment status

Full-time 315 72.7

Part-time 43 9.9

Retired/housewives 44 10.2

Unemployed 15 3.5

Other 16 3.7

Marital status

Never married 166 38.3

Married 241 55.7

Widow 18 4.2

Divorced 7 1.6

Separated 1 0.2

Self-rated health status

Poor 26 6.0

Fair 172 39.7

Good 142 32.8

Very good 82 18.9

Excellent 11 2.5

(Continued)

TABLE 3 (Continued)

Variables Total (n = 433) 2020
HongKong
census

n % %

Physical activity

Lowa 302 69.7

Highb 131 30.3

Smoking

Yes 50 11.5

No 383 88.5

Drinking

Yesc 227 52.4

Nod 206 47.6

Monthly household income(HKD)

<10,000 15 3.5

10,000–14,999 27 6.2

15,000–19,999 24 5.5

20,000–29,999 60 13.9

30,000–39,999 128 29.6

≥40,000 179 41.3

aFive days or over, at least 60 mins vigorous or moderate activities or walking; bNot

meeting the criteria for the “High” group; cConsuming alcoholic drinks during the last

year; dConsuming zero alcoholic drink during the last year.

knowledge (87–89). Contrarily, health education among local

university students focuses on problem-solving skills for a range

of health issues (90, 91), which are beneficial for them to

develop sophisticated HL skills. Hence, it is crucial to set up

systems for universal access to health-related sources and create

easy-to-understand health education materials for the general

public. Moreover, HL is dynamic, not unchangeable. It can be

improved by providing information, effective communication,

and structured health education programs. In this respect, HL is

a critical concept for reducing health inequalities.

Besides, a positive association between HLS-HK and self-

rated health was obtained. This result is consistent with previous

studies (9, 92, 93). However, there is no association between the

whole scores of HL and health behaviors, age, and income in

our study. It is still unclear how health literacy competencies

might contribute to individual or community health outcomes

and how such competencies might be affected by social status

factors. Several conceptual models of the pathways linking HL

to health outcomes have been proposed (94, 95). As noted in

the models, the paths among antecedent factors (e.g., income

and age), HL, and health-related behaviors and outcomes

are complicated (94). Health system-level moderators (e.g.,

healthcare system and healthcare providers) and societal-level
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TABLE 4 Internal consistency of the HLS-HK (27items).

Domain No. of items Range of scores Mean SD Cronbach’s alpha

FHL 4 4–20 13.49 3.17 0.84

IHL 7 8–35 24.79 5.15 0.90

CHL-1 6 9–30 20.30 3.93 0.84

CHL-2 5 7–25 20.78 2.80 0.80

CHL-3 5 7–25 14.82 3.55 0.79

HLS-HK 27 51–129 94.18 12.19 0.89

TABLE 5 Item scores and factor loadings of HLS-HK (27 items).

Domain Items Factor loading

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

FHL q1 0.12 0.07 0.61 −0.21 0.05

q2 −0.08 0.02 0.93 0.07 −0.04

q3 0.12 −0.03 0.73 −0.03 0.06

q4 0.14 0.03 0.61 0.00 0.03

IHL q5 0.45 0.04 0.31 0.06 0.05

q6 0.48 0.03 0.32 0.05 −0.01

q7 0.71 −0.08 0.09 −0.05 0.05

q8 0.85 −0.03 −0.07 0.00 0.04

q9 0.66 0.09 −0.02 0.10 −0.08

q10 0.71 0.09 0.04 −0.01 −0.03

q11 0.74 0.08 0.02 0.00 −0.01

CHL-1 q12 −0.02 0.77 0.07 0.04 −0.04

q13 −0.02 0.87 −0.02 −0.11 −0.01

q14 0.16 0.47 0.01 0.15 0.07

q15 0.14 0.66 −0.06 0.08 0.04

q16 0.01 0.46 0.16 0.11 −0.08

q17 0.04 0.48 0.03 0.17 0.06

CHL-2 q19 −0.10 0.06 0.08 −0.07 0.66

q20 0.08 −0.06 −0.04 −0.01 0.74

q21 −0.04 0.06 0.07 −0.01 0.60

q22 0.01 −0.07 −0.04 −0.03 0.69

q23 0.02 0.01 −0.02 0.11 0.61

CHL-3 q24 0.05 −0.08 0.04 0.80 −0.14

q25 0.02 −0.03 −0.02 0.78 −0.08

q26 0.00 0.11 0.13 0.53 0.29

q27 −0.07 0.08 −0.06 0.65 0.20

q28 0.02 0.19 −0.02 0.62 0.07

Factor loading in bold are over than 0.40.
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FIGURE 1

Path diagrams of the CFA model (27 items).

moderators (e.g., culture, community resources, and family) can

affect the pathway between HL and health outcomes (94). In

the present study, the association between these health-related

variables and scores on the subscales of HL provided more

details on the paths. For instance, the negative association

between CHL-1 and age was evidenced in the study. It

seems reasonable that critically analyzing information is more

difficult for older individuals because of age-related cognitive

decline. To summarize, comprehensive knowledge of HL in

the general population is essential to guide health systems and

organizations to achieve better health outcomes. More empirical

studies are warranted to better understand the pathways and

guide effective health promotion policies and programs in

the future.

Study limitations

Several limitations of this study should be noted. First,

selection biases might exist. The study subjects were recruited

from an online questionnaire platform registers who may

be better at seeking and understanding information and are

interested in health issues. It is not surprising that in the

present dataset, most participants were highly educated or
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have high incomes who may have more resources to access

and use information, and healthy people who may often use

the Internet to search for healthy lifestyle advice. Moreover,

because we set up an attention check question, older adults

who were more easily distracted may have failed to return a

complete form and therefore were excluded from the analysis.

Further study is needed to examine whether the HLS-HK is

acceptable to people with a wide range of HL levels. Second,

respondents may overestimate their HL using a self-reported

scale. Due to resource limitations, the present study did not

use a performance-based measure as the comparison scale, so

the overestimation effect needs to be further explored. Third,

it might be possible that some aspects of CHL were not

included in the measure due to the complexity of this domain.

Although we used a deductive approach via literature review to

generate items, more diverse views may be considered to reflect

more comprehensive perspectives of this domain. For example,

further research to study residents’ insights about transferring

knowledge into action to address social determinants of health

via focus groups may be needed.

Implications for policy and practice

Despite its limitations, the implication of this study should

be highlighted. First, this scale HLS-HK can be used to

comprehensively measure FHL, IHL, and CHL. The true

promise of one HL scale is not to simply screen people

according to their HL level but also should be to inform and

tailor future interventions to enhance their HL. Therefore,

using a comprehensive HL measurement such as HLS-HK can

benefit healthcare workers, policymakers, and researchers to

better understand the difficulties and barriers that service users

may encounter when they use health-related information and

services (e.g., found difficulty in understanding medical jargon,

embarrassed to ask questions during medical consultation,

overwhelmed by information overload, didn’t realize the societal

benefit of vaccination, and low interests to take action for public

health) and further design interventions to address these issues.

Next, a further possible use of HLS-HK is as a tool to explore

the path between HL and health outcomes. A clear link between

HL and health outcomes could result in higher quality and more

effective interventions. As noted, more empirical studies (e.g.,

cross-sectional survey and longitudinal study) are needed to

examine the impacts of HL on healthcare, such as how HL leads

to healthy behaviors across different age groups and different

utilization rates of screening programmes by place of residence

in Hong Kong. Finally, HL is an evolving construct, and there

is no consensus on its components. We hope our work could

contribute to a more comprehensive understanding of HL as a

social construct rather than a set of skills related to information

transmission. Of course, the scale needs to undergo rigorous

testing with diverse population groups so that it can be used
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TABLE 7 Bivariate relationships of HLS-HK scores and other variables.

Variables HLS-HK FHL IHL CHL-1 CHL-2 CHL-3

Mean p Mean p Mean p Mean p Mean p Mean p

Age

18–54 94.8 0.052 13.5 0.850 24.9 0.590 20.6 0.010∗ 20.7 0.680 15.0 0.251

≥55 92.9 13.4 24.5 19.7 20.9 14.5

Education attainment

Secondary and below 92.0 0.021∗ 13.4 0.652 24.4 0.430 19.4 0.001∗ 20.7 0.631 14.1 0.004∗

Post-secondary 95.1 13.6 25.0 20.7 20.8 15.1

Monthly household income

<10,000 90.1 0.364 12.7 0.121 23.8 0.066 19.3 0.650 20.6 0.273 13.6 0.363

10,000–39,999 94.9 13.8 25.4 20.2 20.6 15.0

≥40,000 93.5 13.2 24.0 20.5 21.1 14.7

Self-rated health

Poor 86.9 0.000∗ 11.9 0.016∗ 20.7 0.000∗ 20.0 0.214 21.2 0.031∗ 13.2 0.000∗

Fair 92.2 13.3 23.8 19.9 21.2 14.1

Good 94.6 13.8 25.3 20.3 20.5 14.6

Very good 98.3 13.7 27.0 20.9 20.1 16.7

Excellent 105.8 15.1 27.6 22.5 21.8 18.9

Physical activities

Lowa 94.3 0.551 13.6 0.745 25.1 0.049∗ 20.3 0.774 20.7 0.574 14.7 0.187

Highb 93.8 13.4 24.1 20.2 21.0 15.2

Smoking

Yes 93.1 0.508 12.8 0.134 24.5 0.659 20.0 0.303 20.9 0.800 14.9 0.859

No 94.3 13.6 24.8 20.4 20.8 14.8

Drinking

Yesc 94.6 0.324 13.6 0.776 25.1 0.193 20.3 0.885 20.8 0.995 14.9 0.707

Nod 93.8 13.4 24.5 20.3 20.8 14.8

∗p < 0.05; aFive days or over, at least 60 mins vigorous or moderate activities or walking; bNot meeting the criteria for the “High” group; cConsuming alcoholic drinks during the last year; dconsuming zero alcoholic drink during the last year.
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to evaluate and compare HL across cultures. Other researchers

can use or amend this scale for their research interests and

target populations’ needs. For example, scholars in a democratic

country can use this scale to learn how citizens transfer their

understanding of health into actions for personal health and

community health in depth. For scholars in an autocratic society,

however, they may need to contextualize the items of CHL as

residents might have low motivation and resources for social

participation for health.

Conclusion

The HLS-HK is valid and reliable for evaluating HL

in Hong Kong. This scale can measure FHL, IHL, and

CHL in clinical and public health contexts. It also extended

the operationalization of the above domains and fully

operationalized the CHL via three subdomains. HLS-HK, with a

testable framework and multifaceted attributes, will be validated

in more countries and populations to advance this field of

science further.
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The impact of exposure to HPV
related information and injunctive
norms on young women’s
intentions to receive the HPV
vaccine in China: A structural
equation model based on KAP
theory

Yi Wang, Yubing Chen* and Sheng Bao

School of Journalism and Communication, Huaqiao University, Xiamen, China

Background: TheHPV vaccination is a crucial line of defensing against cervical cancer.

As a result of government support and positive publicity from the majority of media,

a craze for HPV vaccination has occurred in China. Besides, the intentions to get the

HPV vaccine among women of appropriate age is also influenced by families’ and

friends’ attitudes and perceptions toward HPV vaccine. Therefore, the purpose of this

study was to investigate how HPV related information exposure and injunctive norms

a�ect young Chinese women’s intentions to receive the HPV vaccine.

Methods: A structural equation model was developed based on KAP theory, and

567 e�ective questionnaires were collected through an online survey. We used SPSS

26.0 for the reliability and validity analysis and the di�erential testing of demographic

characteristics, and Amos 26.0 for the goodness-of-fit analysis and paths testing of

the model.

Results: Our findings showed that (1) intention to receive HPV vaccine di�ered

significantly in age (P= 0.046), educational background (P= 0.001), and occupation (P

= 0.004). (2) Exposure to HPV related information positively a�ected knowledge about

HPV (β= 0.316, P < 0.001) and intention to receive HPV vaccine (β = 0.141, P < 0.001).

(3) Knowledge about HPV positively a�ected attitude toward HPV vaccine (β =0.341,

P<0.001), but negatively a�ected intention to receive HPV vaccine (β = −0.148, P <

0.05), and attitude toward HPV vaccine positively a�ected intention to receive HPV

vaccine (β = 0.594, P < 0.001). (4) Injunctive norms positively a�ected attitude toward

HPV vaccine (β = 0.362, P < 0.001) and intention to receive HPV vaccine (β = 0.420,

P < 0.001).

Conclusions: Exposure to HPV related information influenced young Chinese

women’s intentions to receive the HPV vaccine and related knowledge, that is, the

more frequently they were exposed to HPV related information, the stronger their

intentions to receive the vaccine and the higher their HPV knowledge. Also, the

perception and support of HPV vaccination by people around them will further

influence their attitudes and intentions to receive the HPV vaccine.

KEYWORDS

intention to receive the HPV vaccine, Chinese young women, HPV related information

exposure, injunctive norms, structural equation model, KAP theory
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1. Introduction

HPV, known as human papilloma virus, is the most common

sexually transmitted virus worldwide. HPV infection is usually

unnoticed, and persistent infection with high-risk HPV types in

particular is the leading cause of diseases such as penile cancer,

anal cancer, precancerous cervical lesions and cervical cancer (1, 2).

According to the statistics, 604,000 new cases of cervical cancer

and 342,000 deaths occurred globally in 2020 (3). More than 85%

of these cervical cancer cases and deaths occurred in developing

countries, and as the world’s largest developing country, China

has 110,000 new cases and a high mortality rate of 55% per

year (4). To prevent various health problems caused by HPV

infection, HPV vaccination has become one of the most important

countermeasures (5). In recent years, the Chinese government has

been actively promoting the scientific publicity and pilot work of

HPV vaccination, such as facilitating Guangdong, Hainan and Fujian

provinces to successively launch the implementation of free and

voluntary domestic bivalent HPV vaccination for girls of appropriate

age in the whole province, while some cities have provided them

flat-rate subsidies for HPV vaccination.

However, awareness of HPV and the vaccine remains at

a relatively low level. A meta-analysis showed that the pooled

awareness and knowledge rates about HPV vaccination were 15.95 %

and 17.55 % respectively (6). And the current HPV vaccine coverage

in China was low, with <3% for the adolescent population and <6%

for the entire population (7).1 This number is significantly lower than

the global HPV vaccine coverage (15%) announced by the World

Health Organization for 2020 (8).

In the era of social media, the vast amount of information

sources related to HPV vaccine provides more and more channels

for the public to know about HPV, which may implicitly influence

the public’s attitudes and beliefs, and then may influence their

behaviors (9). And the behavioral decisions of the public are also

influenced by factors in the social environment including their

perceived social norms. Numerous studies in recent years have

emphasized that vaccination decisions should be comprehended

in a broader sociocultural context and, in particular, should take

the effects of social norms into account (10, 11). China’s unique

cultural context also provides special conditions for examining the

relationship between social norms and intention to receive HPV

vaccine. Hofstede noted that China scores higher on the values of

collectivism than many western countries (12). Chinese society has

a strong collectivistic culture atmosphere, and compared with an

individualistic culture, people raised in a collectivistic culture show

more conformity to injunctive norms. Therefore, this study focuses

on the influential mechanism of injunctive norms on the intentions

to receive HPV vaccine among Chinese women of appropriate age

under the special cultural context of China.

Given the above background, the aim of this study was to

investigate how exposure to HPV related information and injunctive

norms affect the intentions to receive HPV vaccine among the

young women in China. The Knowledge-Attitude-Practice Theory,

a classical theory in the field of health communication, was also

adopted to construct a structural equation model in an attempt to

verify the influence paths of information exposure and injunctive

1 http://gdspma.org.cn/sep-info/849.html

norms on HPV vaccination intention among the Chinese women of

appropriate age.

2. Literature review and hypotheses

2.1. Exposure to HPV related information

Previous studies into health information exposure mainly include

three aspects: first, studies on the source types of health information

exposure. In the Internet era, people’s access to information is

diversified and complicated, and information from different channels

has different impacts on people’s attitudes and behaviors (13–

15). Second, studies on the types of health information exposure

behaviors. Lambert et al. and Wilson classified health information

behavior (HIB) into three types: active HIB (conscious and goal-

oriented seeking of information), passive HIB (someone encounters

a certain type of information without consciously searching for it),

and avoidance HIB (the conscious decision not to search for and

encounter a certain type of information) (16–19). Different patterns

of information exposure also have different effects on individual

behavior (20). Third, studies on the impacts of health information

exposure on health behaviors. A series of observational studies

found that frequent exposure to health information was associated

with healthier behaviors, such as regular physical exercise, fruit and

vegetable intake, and smoking and alcohol quitting (21).

Existing studies have explored the relationship between exposure

to HPV information and intention to receive HPV vaccine in

many countries. For example, in a study of parents’ intention to

vaccinate their children against HPV, McRee et al. (22) found that

parents’ access to HPV related health information through the

Internet was positively associated with their intention to vaccinate

their children, and repeated exposure to controversial information

about the HPV vaccine would reduce the public support for the

vaccine. Moreover, several lines of evidence also suggested that HPV

information exposure is closely related to the promotion of related

health knowledge. Ortiz and Lyson have pointed out that exposure

to HPV related social media content is associated with increased

HPV awareness and knowledge, and the use of social media for

health interventions is considered an effectivemeans to increase HPV

knowledge among adolescents (23, 24). Li et al. (25) also found that

participants’ frequency of using professional sources to search for

information could influence their level of knowledge about HPV and

HPV vaccine. Therefore, we made the following hypotheses:

H1: Exposure to HPV related information positively affects the

knowledge level about HPV among young women.

H2: Exposure to HPV related information positively affects the

intention to receive the HPV vaccine among young women.

2.2. Knowledge-attitude-practice theory

Knowledge-attitude-practice theory (KAP Theory) is used to

explain the relationships between the three levels of health behavior

change (26). And it has become a research tool for developing

public health strategies by exploring the knowledge, attitudes,

and health behaviors of populations with health problems. This

theory emphasizes the key role of knowledge and attitude in

behavioral decision making, explains the generation and change of
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health behaviors, and in turn provides important guidance for the

implementation of health education and behavioral interventions.

Since it was proposed, this theory has been widely applied and verified

in various fields, including infectious diseases such as AIDS (27)

and hepatitis B (28), cancers such as breast cancer (28, 29), chronic

diseases such as diabetes (30) and hypertension (31), food control

(32, 33) and diet nutrition (34, 35), etc.

On the topic of vaccination, Chen et al. (36) investigated

influenza vaccination among healthcare workers in Chongqing and

noted that influenza-related knowledge was positively associated

with attitude and vaccination practice, with a strong mediating

effect of attitude between knowledge and practice. In a survey on

the current knowledge, attitude and practice of HPV vaccination

among female college students in Hong Kong, Leung and Law

(37) found that female college students with high HPV vaccine

knowledge and positive attitude toward HPV vaccine were more

likely to receive the HPV vaccine. Additionally, individuals with

high levels of knowledge are more likely to recognize the

efficacy of vaccines and thus have a positive attitude toward

HPV vaccination. Likewise, a systematic review pointed out that

immigrant parents with generally low knowledge of HPV related

diseases and vaccines tend to have a negative attitude toward

vaccinating their children against HPV (38). Hence, we made the

following hypotheses:

H3: Knowledge about HPV positively affects the intention to receive

HPV vaccine among young women.

H4: Knowledge about HPV positively affects the attitude toward HPV

vaccine among young women.

H5: Attitude toward HPV vaccine positively affects the intention to

receive HPV vaccine among young women.

2.3. Injunctive norms

Injunctive norms are one kind of social norms that refers to the

perception of social approval for a certain behavior, which reflects the

pressure of individuals to comply with it (39). If themajority approves

or supports a behavior, the likelihood of individuals performing

the same behavior increases. The effect mechanism of injunctive

norms on behavior is based on the external social sanctions and

incentives. Behavior that is consistent with the majority’s views

can obtain the expected spiritual or material benefits from the

group. The injunctive norms essentially reflect the mainstream

values of society, that is, the value judgment tendency of the

majority (40).

Current studies have found that injunctive norms have a

significant role in advising behaviors such as smoking cessation,

alcohol cessation, and healthy eating (41–44). Likewise, several

studies demonstrated that injunctive norms also had an effect

on individuals’ intention to receive the HPV vaccine. Using a

comparison of HPV vaccination intentions among young women

in China and the United States, Pan et al. (45) concluded that

contradictory information and injunctive norms from social media

positively affected attitudes and intentions toward HPV vaccination.

Meanwhile, it has also been demonstrated that parents’ intentions

to vaccinate adolescents against HPV are significantly associated

with the perceived injunctive norms (46). Hence, we made the

following hypotheses:

H6: Injunctive norms positively affect the intention to receive the HPV

vaccine among young women.

H7: Injunctive norms positively affect the attitude toward HPV

vaccine among young women.

The research model is shown in Figure 1, which contains five

main variables and seven hypotheses.

3. Materials and methods

3.1. Participants

The World Health Organization classifies young people as being

aged 15–44 years (47), an age group similar to the age at which the

HPV vaccine is indicated (women aged 9–45 years) (48); therefore,

participants in this study were required to be women aged 15–44

years who had not received the HPV vaccine. Additionally, this

study focused on the impact of HPV related information exposure

on vaccination intentions, participants who are unaware of the HPV

vaccine will be excluded from the final sample by the question “Have

you heard of the HPV vaccine?” in the questionnaire.

3.2. Data collection

This study adopted a random online questionnaire method,

relying on Wenjuanxing (www.wjx.cn), an online questionnaire

platform in China, to design the questionnaire and deliver it to the

target population through social media such asWeChat and QQ. The

privacy of questionnaire participants will be strictly protected. Data

collection was carried out in two stages:

The first stage was a pre-survey. Before the formal survey, the

preliminary analysis of the reliability and validity of the questionnaire

was conducted. In this stage, a total of 136 questionnaires were

collected and 78 were effectively completed, and the questionnaire

items were adjusted and modified according to the analysis results.

The second stage was the formal survey. This stage started on

October 16, 2022 and ended on October 31, 2022, with a total of 1,169

questionnaires collected. The second stage was the formal survey.

This stage started on October 16, 2022 and ended on October 31,

2022, with a total of 1,169 questionnaires collected. After eliminating

602 invalid questionnaires with <60 s of response time, incomplete

answers, too many extreme answers, contradictory answers, and

completed by participants who did not meet the requirements of this

study, the final number of effective questionnaires obtained was 567,

and the effective rate was 48.5%.

The demographic characteristics of the participants are shown

in Table 1. In this study, the demographic information of the

participants mainly included their age, educational background,

profession, occupation, and monthly income. The 567 valid

participants were mainly distributed in the 20–24 age group (49.6%),

followed by the 15–19 age group (27%) and the 25–29 age group

(14.5%). The majority of participants held a bachelor’s degree or

above, with 62.1% holding a bachelor’s degree and 20.3% holding

a master’s degree or above. Only 17 participants (3%) had a

medical background. As for occupation, the majority were students

(65.6%), followed by enterprise employees (12.7%). Since most of the

participants were students, 66.3% of them had a monthly income of

≤3,000 yuan, followed by 3,001–6,000 yuan (18.7%). On the whole,
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FIGURE 1

Research model.

the samples met the characteristics requirements of the target group

in our study.

3.3. Measures

3.3.1. Exposure to HPV related information
The measure of exposure to HPV related information was

adapted from Mars et al. (49). The scale measures information

exposure in both active and passive ways, and consists of three items:

“Have you ever come across and viewed HPV-related information on

Weibo, WeChat, Zhihu, Douban or other online media?”, “Have you

ever looked for HPV-related information using the search function of

WeChat or other search engines?” and “Have you ever discussedHPV

with others through WeChat, QQ or other channels?”. These items

use five-point Likert scales ranging from 1 “never” to 5 “always”. And

the Cronbach’s Alpha was good, >0.8 (α = 0.826, M = 3.434, SD

= 0.850).

3.3.2. Knowledge about HPV
Knowledge about HPV was measured by eight items, adapted

from Waller et al. (50). The original scale contains three parts:

HPV knowledge, HPV examination and HPV vaccine. In this

study, 4 items were selected in each part of HPV knowledge and

HPV vaccine, a total of 8 items were translated into Chinese.

Participants were asked about their opinions on the following 8

items in the questionnaire: “There are many types of HPV,” “HPV

can cause cervical cancer,” “HPV can be passed on during sexual

intercourse,” “Men can also get HPV,” “The HPV vaccines offer

protection against most cervical cancers,” “Girls who have had the

HPV vaccine still need a regular (Pap test/Smear test/Pap smear

test) when they are older,” “The HPV vaccines are most effective

if given to people who have never had sex,” and “The higher

the valent of the HPV vaccine, the more types of HPV it can

prevent.” These items use five-point Likert scales ranging from 1

“strongly disagree” to 5 “strongly agree.” The Cronbach’s Alpha was

much higher than the original scale (α = 0.904, M = 4.173, SD

= 0.645).

3.3.3. Attitude toward HPV vaccine
The measure of attitude toward HPV vaccine was adapted from

Askelson et al. (51) and consisted of five items: “Vaccinating is

necessary,” “Vaccinating is a good idea,” “Vaccinating is beneficial,”

“Vaccinating is safe” and “Vaccinating is important.” These items

use five-point Likert scales ranging from 1 “strongly disagree” to 5

“strongly agree.” The Cronbach’s Alpha was excellent (α = 0.961, M

= 4.428, SD= 0.682).
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TABLE 1 Demographic characteristics of the participants (N = 567).

Characteristic Demographic
information

Frequency %

Age 15–19 153 27

20–24 281 49.6

25–29 82 14.5

30–34 24 4.2

35–39 18 3.2

40–44 9 1.6

Education

background

Junior college or lower 100 17.6

Bachelor’s degree 352 62.1

Master’s degree or higher 115 20.3

Major Medical 17 3

Non-medical 550 97

Occupation Students 372 65.6

Civil servants or public

institution personnel

44 7.8

Employees of enterprises 72 12.7

Self-employed or private

owners

25 4.4

Medical practitioners 4 0.7

others 50 8.8

Monthly income

(CNY)

≤3,000 376 66.3

3,001–6,000 106 18.7

6,001–9,000 46 8.1

9,001–12,000 17 3

≥12,001 22 3.9

CNY, China Yuan.

3.3.4. Injunctive norms
Injunctive norms mainly refer to the attitudes and perceptions of

people around you regarding HPV vaccination. And this variable was

measured by four items, adapted from Lee and Su (52): “How likely

it is that your family members would feel about you get the HPV

vaccine?”, “How likely it is that your close friends would feel about

you get the HPV vaccine?”, “How likely it is that your classmates or

colleagues would feel about you get the HPV vaccine?” and “How

likely it is that people of your age would feel about you get the HPV

vaccine?”. These items use five-point Likert scales ranging from 1

“strongly disapprove” to 5 “strongly approve”. And the Cronbach’s

Alpha was excellent (α = 0.900, M= 4.312, SD= 0.691).

3.3.5. Intention to receive the HPV vaccine
Intention to receive the HPV vaccine was measured by three

items, adapted from Nan and Madden (53) and Fazekas et al. (54):

“How likely would you be to get the HPV vaccine sometime soon?”,

“How likely would you be to actually get the HPV vaccine once it is

available?” and “How likely would you be to get the HPV vaccine if

TABLE 2 Di�erential testing of demographic characteristics in intention to

receive the HPV vaccine (N = 567).

Characteristic Demographic
information

Mean SD P

Age 15–19 4.1765 0.734 0.046

20–24 4.4033 0.673

25–29 4.3252 0.851

30–34 4.2500 0.744

35–39 4.3333 0.915

40–44 4.0000 1.014

Education

background∗
Junior college or

lower

4.0500 0.845 0.001

Bachelor’s degree 4.3561 0.712

Master’s degree or

higher

4.4232 0.669

Major Medical 4.2353 0.984 0.649

Non-medical 4.3182 0.731

Professional∗ Students 4.2751 0.722 0.005

Civil servants or

public institution

personnel

4.6515 0.639

Employees of

enterprises

4.2917 0.859

Self-employed or

private owners

4.0000 0.977

Medical

practitioners

4.6667 0.471

Other 4.4867 0.491

Monthly income

(CNY)

≤3,000 4.2580 0.740 0.067

3,001–6,000 4.4277 0.635

6,001–9,000 4.5217 0.635

9,001–12,000 4.2353 1.177

≥12,001 4.3939 0.877

Variables with “∗” indicate the heterogeneity of variance, using the Welch ANOVA.

SD, standard deviation.

it is provided for free in the next three years?”. These items use five-

point Likert scales ranging from 1 “very unlikely” to 5 “very likely”.

The Cronbach’s Alpha was acceptable (α = 0.767, M = 4.316, SD

= 0.739).

3.4. Data analysis methods

In this study, IMB-SPSS 26.0 and IBM-SPSS-Amos

26.0 were used for data processing and analysis. We used

SPSS for descriptive statistical analysis, reliability analysis

and one-way analysis of variance (one-way ANOVA).

Amos was used for confirmatory factor analysis (CFA),

goodness-of-fit testing and path testing of the structural

equation model.
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FIGURE 2

Confirmatory factor analysis.

4. Data analysis results

4.1. Di�erential testing of demographic
characteristics

To examine differences in intention to receive the HPV

vaccine among demographic characteristics, we performed a one-

way ANOVA using SPSS. The precondition of one-way ANOVA

is to ensure the homogeneity of variance of each independent

group, so the homogeneity of variance should be tested first.

In the homogeneity of variance testing results, if the P > 0.05,

the result of ANOVA is taken as the final result; if the P <

0.05, the variance is not homogeneous (55). According to Liu’s

suggestion (56), Welch ANOVA can be applied in this case when

the variance is not homogeneous. Therefore, this study used Welch

ANOVA to perform differential test differences among groups with

heterogeneous variances. Table 2 shows the results of ANOVA.

The variances of education background and occupation are not

homogeneous, so Welch method was adopted for testing. The results

showed that the three control variables (age, educational background

and occupation) had significant differences in HPV vaccination

intention (P < 0.05). Specifically, people aged 20–24, those with

a master’s degree or above, medical practitioners, civil servants

and those working in public institutions were more likely to get

HPV vaccine.

4.2. Confirmatory factor analysis

In order to measure the variables in the model, we referred to

the maturity scale of previous studies, and adapted it to fit within the

scope of this study. And its validity was tested by confirmatory factor

analysis (CFA) method (see Figure 2). Confirmatory factor analysis

is the process of using sample data to verify whether the structural

models (the corresponding relationships between scale items and

latent variables, the relationships between latent variables) which

has been made according to some theories and prior knowledge

are consistent with the actual data. This method was operated in

Amos, and by running all the latent variables in the software, the

factor loadings for each item were obtained. As shown in Table 3, the

factor loadings of each item are from 0.631 to 0.95, all of which are

>0.6, indicating that the measures of each latent variable have high

correlation and high convergent validity, and the items designed in

the questionnaire are reasonable.

4.3. Reliability and validity testing

In this study, Cronbach’s Alpha was used as the evaluation

criterion of reliability. Fornell and Larcker (57) point out that when

the α is >0.7, the internal reliability of the questionnaire items is

considered acceptable. The Cronbach’s Alpha values for each variable
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TABLE 3 Factor loadings.

Latent
Variables

Items Factor
loadings

Exposure to

HPV related

information

IE1 Have you ever come across and

viewed HPV-related information

on Weibo, WeChat, Zhihu,

Douban or other online media?

0.688

IE2 Have you ever looked for

HPV-related information using the

search function of WeChat or

other search engines?

0.873

IE3 Have you ever discussed HPV with

others through WeChat, QQ or

other channels?

0.793

Knowledge

about HPV

K1 There are many types of HPV 0.754

K2 HPV can cause cervical cancer 0.731

K3 HPV can be passed on during

sexual intercourse

0.705

K4 Men can also get HPV 0.667

K5 The HPV vaccines offer protection

against most cervical cancers

0.841

K6 Girls who have had the HPV

vaccine still need a regular (Pap

test/Smear test/Pap smear test)

when they are older

0.783

K7 The HPV vaccines are most

effective if given to people who

have never had sex

0.781

K8 The higher the valent of the HPV

vaccine, the more types of HPV it

can prevent

0.660

Attitude

toward HPV

vaccine

A1 Vaccinating is necessary 0.909

A2 Vaccinating is a good idea 0.900

A3 Vaccinating is beneficial 0.950

A4 Vaccinating is safe 0.815

A5 Vaccinating is important 0.921

Injunctive

norms

IN1 How likely it is that your family

members would feel about you get

the HPV vaccine?

0.717

IN2 How likely it is that your close

friends would feel about you get

the HPV vaccine?

0.897

IN3 How likely it is that your

classmates or colleagues would feel

about you get the HPV vaccine?

0.915

IN4 How likely it is that people of your

age would feel about you get the

HPV vaccine?

0.833

Intention to

receive the

HPV vaccine

I1 How likely would you be to get the

HPV vaccine sometime soon?

0.839

I2 How likely would you be to

actually get the HPV vaccine once

it is available?

0.631

I3 How likely would you be to get the

HPV vaccine if it is provided for

free in the next 3 years?

0.732

TABLE 4 Reliability and convergence validity testing results.

Latent variables Cronbach’s Alpha CR AVE

Intention to receive the

HPV vaccine

0.767 0.781 0.546

Exposure to HPV related

information

0.826 0.830 0.621

Injunctive norms 0.900 0.907 0.711

Attitude toward HPV

vaccine

0.961 0.955 0.810

Knowledge about HPV 0.904 0.907 0.551

CR, composite reliability; AVE, average variance extracted.

in Table 4 are between 0.767 and 0.961, all <0.7, suggesting good

reliability and strong internal consistency of the measurement items

in this study.

The validity testing includes content validity, convergent validity

and discriminant validity. Firstly, this study was based on validated

scales and adequate pre-research, so the content validity was well

guaranteed. Secondly, according to the results in Tables 3, 4, the factor

loadings of each item was greater than the recommended value of 0.6

(58), the composite reliability (CR) of each latent variable was greater

than the recommended value of 0.7 (57), and the average variance

extraction value (AVE) was greater than the recommended value of

0.5 (59). All the three criteria of convergent validity were satisfied,

indicating that all the measured items had good convergent validity.

The discriminant validity is evaluated by the comparison between

the square root of AVE and the correlation coefficient between latent

variables. As shown in Table 5, the square root of AVE (bolded values)

of all latent variables involved in this study was greater than the

correlation coefficient between this latent variable and other latent

variables, which suggested that the measurement items in this study

were of good discriminant validity.

Through the above analysis, it can be seen that the questionnaire

design of this study was reasonable and had good reliability and

validity. To measure the valid and proper design of the structural

equation model, further model fitting analysis can be conducted.

4.4. Model fitting

In this study, the structural equation model was constructed and

evaluated using Amos. And the following suggested criteria from

Hooper et al. (60) were adopted for the model fit: (1) The chi-square

to degree of freedom ratio (x2/df), should be between 1 and 5; (2)

The root means square error of approximation (RMSEA), should be

<0.08; (3) The standardized root means square residual (SRMR),

should be <0.08; (4) Tucker-Lewis index (TLI), should be >0.95;

(5) The normed fit index (NFI), should be >0.9; (6) Comparative fit

index (CFI), should be >0.9.

The initial model fit was evaluated with the following results:

x2/df = 3.504, RMSEA = 0.067, SRMR = 0.097, TFI = 0.933, NFI

= 0.920, CFI= 0.941. Two indexes, SRMR and TFI, did not meet the

suggested criteria, so the initial model was less than ideal and needed

to be modified. According to the Modification index (MI) in the

Amos output, covariant relationships were established to reduce the

chi-square value and further fit the model. The results of the model

Frontiers in PublicHealth 07 frontiersin.org
158

https://doi.org/10.3389/fpubh.2022.1102590
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2022.1102590

TABLE 5 Discriminant validity testing results.

Latent variables Intention to
receive the
HPV vaccine

Exposure to
HPV related
information

Injunctive
norms

Attitude
toward HPV
vaccine

Knowledge
about HPV

Intention to receive the HPV

vaccine

0.739

Exposure to HPV related

information

0.249 0.788

Injunctive norms 0.354 0.217 0.843

Attitude toward HPV vaccine 0.326 0.16 0.259 0.900

Knowledge about HPV 0.202 0.213 0.237 0.208 0.742

The bold values indicate the square root of AVE.

TABLE 6 Model fitting indexes after modification.

Index x²/df RMSEA SRMR TLI NFI CFI

Observed value 2.782 0.056 0.039 0.952 0.937 0.958

Ideal value <5 <0.08 <0.08 >0.95 >0.9 >0.9

RMSEA, root means square error of approximation; SRMR, standardized root means square residual; TLI, Tucker-Lewis index; NFI, normed fit index; CFI, comparative fit index.

fit after modification are shown in Table 6: x2/df = 2.782, RMSEA =

0.056, SRMR = 0.039, TFI = 0.952, NFI = 0.937, and CFI = 0.958.

All the indexes after modification met the fit criteria, and the model

is good in fitting effect and well adapted to the sample data.

4.5. Hypothesis testing

There are seven paths in this study. Amos was used to analyze

the paths, and then the research hypotheses were tested. The final

path coefficient of proposed model and hypotheses testing results are

presented in Figure 3, Table 7. The results showed that all the seven

paths were at the significant level of P < 0.05, indicating that the

connectivity of the paths could be supported. Exposure HPV related

information positively affected knowledge about HPV (β = 0.316,

P < 0.001) and intention to receive the HPV vaccine (β = 0.141,

P < 0.001), so H1 and H2 were supported. Knowledge about HPV

positively affected attitude toward HPV vaccine (β = 0.341, P <

0.001), but negatively affected intention to receive the HPV vaccine

(β = −0.148, P < 0.05). H4 was supported, but H3 was not. Attitude

toward HPV vaccine positively affected intention to receive the HPV

vaccine (β = 0.594, P < 0.001), and H5 was supported. Injunctive

norms positively affected attitude toward HPV vaccine (β = 0.362, P

< 0.001) and intention to receive the HPV vaccine (β = 0.420, P <

0.001), H6 and H7 were supported.

5. Discussion

5.1. The e�ect of exposure to HPV related
information on knowledge about HPV and
intention to receive the HPV vaccine

In recent years, the incidence andmortality rate of cervical cancer

in China has been on the rise, posing a serious threat to the lives

of Chinese women. And HPV vaccination, as a primary prevention

measure, is the most crucial line of defense against cervical cancer.

This study aimed to investigate how exposure to HPV related

information and injunctive norms affect young Chinese women’s

intention to receive the HPV vaccine. Foremost, our results provided

evidence to positive effect of HPV related information exposure on

the knowledge about HPV, which is in line with previous studies

(61). Furthermore, we also found that exposure to HPV related

information positively affected intention to receive HPV vaccine.

This finding echoes the existing studies related to HPV vaccines, as

demonstrated in the research by Chen et al. (62), which confirmed

that people with more knowledge about HPV vaccines had more

positive attitudes and similarly had stronger behavioral intentions

to get vaccinated. In another cross-sectional study of intention to

receive COVID-19 vaccine, it was also concluded that exposure to

information about COVID-19 vaccine was a significant predictor of

vaccination intention (63).

Information exposure plays a prominent role in determining

the HPV-related knowledge level and intention to vaccinate

among the public. This study verified the applicability of the

above two findings in mainland China and provided implications

for how to improve HPV vaccination coverage among Chinese

women of appropriate age, also highlighted the potential role of

HPV information exposure in preventive medicine and public

health strategies. Ortiz et al. (24) suggested that adolescents are

generally interested in receiving information about HPV and

the vaccine through social media channels, as long as their

privacy is protected and the source is considered credible. It has

also been demonstrated that HPV awareness can be increased

through brief participation in an online social media platform

and receipt of tailored health messages (23). Therefore, public

health communication should be further encouraged to deliver

HPV and vaccine related information to target groups by taking

advantage of the social media, as one of the intervention routes

to improve HPV vaccine awareness and further expand HPV

vaccine coverage in China. These two findings could further be

examined in other studies related to the effect of information

exposure on intention to receive other vaccines in China to expand

their applicability.
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FIGURE 3

Path coe�cients of the proposed model. *p < 0.05, **p < 0.01, ***p < 0.001.

TABLE 7 Hypothesis testing results.

Hypotheses Paths Path
coe�cients

(β)

T-
statistics

P Results

H1 Exposure to HPV related information→ Knowledge

about HPV

0.316 8.783 <0.001 Supported

H2 Exposure to HPV related information→ Intention to

receive the HPV vaccine

0.141 3.572 <0.001 Supported

H3 Knowledge about HPV→ Intention to receive the

HPV vaccine

−0.148 −2.335 0.020 Not supported

H4 Knowledge about HPV→ Attitude toward HPV

vaccine

0.341 7.22 <0.001 Supported

H5 Attitude toward HPV vaccine→ Intention to receive

the HPV vaccine

0.594 9.826 <0.001 Supported

H6 Injunctive norms→ Intention to receive the HPV

vaccine

0.420 7.644 <0.001 Supported

H7 Injunctive norms→ Attitude toward HPV vaccine 0.362 9.142 <0.001 Supported

5.2. The relationships between knowledge
about HPV, attitude toward HPV vaccine and
intention to receive the HPV vaccine

We developed a structural equation model using KAP theory

and then explored the influence paths of HPV related information

exposure, namely, whether increased knowledge about HPV after

exposure to HPV information would influence attitude toward

HPV vaccine and intention to receive HPV vaccine. KAP theory

divided the generation process of individual behavior into three

stages: knowledge accumulation (K), attitude formation (A), and

behavior promotion (P). According to the theory, there is a
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positive and progressive relationship between knowledge, attitude

and practice, that is, knowledge enhances attitude and attitude

promotes practice. Our study results suggested that knowledge

about HPV was positively related to attitude toward HPV vaccine,

and that attitude toward HPV vaccine positively affected the

intention to receive HPV vaccine. This result is in accordance

with the basic logic of KAP theory and also ties well with other

previous vaccine studies using this theory. For example, a KAP

survey about pediatric vaccine among pregnant women in the

city of Rome found that a good level of knowledge was the

strongest predictor of positive attitude toward vaccination, which

in turn influenced the majority of respondents’ intentions to

vaccinate (64).

Surprisingly, a negative association between knowledge about

HPV and intention to receive HPV vaccine was found in the results,

which was contrary to prior studies (36). Firstly, some authors have

speculated that this may be related to individual knowledge about

relevant side-effects or adverse reactions of vaccines. In a research

on HPV knowledge, behavior and attitude among nursing students

in Turkey, Bal-Yilmaz and Koniak-Griffin (65) found a high level of

HPV knowledge, however, this was accompanied by a low level of

HPV vaccine acceptance at a rate of 14.4%, with a lack of confidence

in vaccine efficacy and safety concerns as the most common causes

of vaccine refusal. This result was also supported by several studies

on parents’ intentions to vaccinate their children against HPV (66–

68). One of the most frequent reasons for vaccine hesitancy reported

to WHO by countries around the world during 2014–2016 was

the issue of vaccine safety (69). It is clear that the safety issue has

always been a very significant factor affecting vaccination. With

the increase in reports of adverse vaccine events in recent years,

the level of public trust in vaccine safety has been impacted time

and again. For instance, after the Changsheng vaccine incident

in 2018, the public in China became skeptical about the vaccine

safety and the reliability of vaccine suppliers, especially domestic

vaccine manufacturers, and public confidence in the vaccination

management system once dropped to a historically low level (70).

The “Hong Kong gray-market HPV vaccines” incident in May 2019

has once again caused public doubts about HPV vaccine safety (71),

which will seriously hamper the public vaccination in the future.

Therefore, the relevant authorities need to consider the public’s

concerns about the vaccine by not only carrying out studies to test

the safety and efficacy of vaccine, but also improving transparency

on issues such as vaccine-related injuries and adverse reactions (72),

thereby enhancing public trust in vaccine safety and reducing HPV

vaccine hesitation.

Secondly, we also speculated that this result might be explained

by the perceived cost to the individual, with studies demonstrating

that the high price of vaccines was a major cause of vaccine hesitancy,

and that even if people were better informed about vaccines, the

perceived high cost in terms of time, price, and availability would

deter their vaccination (73). However, at this stage, there are still

few pilot cities in China where girls of appropriate age can receive

the domestic bivalent HPV vaccine for free, and the age is basically

limited to women under 18 years old, so most women still need to

pay for the HPV vaccine themselves. The domestic supply of HPV

vaccine still relies on imports, and the price of imported vaccine

is around 1,800–3,900 Yuan (253–548 USD), while the per capita

disposable income in China in 2022 is only 3,072 Yuan (432 USD)

according to the National Bureau of Statistics (74).2 The cost of

vaccination may be a greater financial burden for some women of

appropriate age, which may become one of the barriers to their

HPV vaccination. Our speculation was also proven in some studies

related to HPV vaccination in developing countries, a study by Joshi

et al. (75) reported that high cost of the vaccine and unavailability

of proper and convincing information about the vaccine would be

the chief reasons for poor acceptability of HPV vaccine. Therefore,

relevant authorities should further facilitate the free HPV vaccination

policy to achieve larger population coverage, and also increase multi-

sectoral collaboration to address the shortage of HPV vaccine supply

and better meet the needs of vaccination.

5.3. The e�ect of injunctive norms on
attitude toward HPV vaccine and intention
to receive the HPV vaccine

It is notable that our study found that injunctive norms positively

affected the attitude toward HPV vaccine and the intention to

receive HPV vaccine. This finding is similar to previous studies

from other countries, such as a cross-sectional study of HPV

vaccination among US college students, which noted that US

college students’ perception of being expected by their parents

and health care providers to get the HPV vaccine influenced

their attitudes toward HPV vaccine and further influenced their

intentions to get the vaccine (76). In past studies on social

norms, scholars have mostly focused on exploring the effects

of descriptive norms on individual behaviors, while injunctive

norms have received less attention. Through a review of previous

literature, Chung and Rimal argued that the two kinds of social

norms were more influential in different situations, respectively,

depending on whether the behaviors people engage in were positive

or negative. Specifically, descriptive norms are more effective in

encouraging prosocial behaviors (e.g., health promotion, energy

conservation and environmental protection), whereas injunctive

norms are more effective in inhibiting various undesirable behaviors

(e.g., smoking, alcohol abuse, drug use) (77). However, the results

of this study demonstrated the significant effectiveness of injunctive

norms in changing young women’s attitudes toward HPV vaccine

and promoting HPV vaccination as a positive behavior. This may

explain the phenomenon of “vaccine fever” in the context of

China’s unique collectivistic culture. The deep-rooted Confucianism

in Chinese culture emphasizes the collectivistic values of “family and

nation as one” and “group before individual,” resulting in a strong

collectivistic atmosphere in China (78). In this cultural context,

the intention to receive HPV vaccine comes not only from self-

orientation but also from social orientation, and the vaccination

reflects the responsibility and obligation under the social expectation

to a greater extent.

However, behind the “vaccine fever,” we should see more

clearly that some domestic women of the right age are blind and

irrational about HPV vaccination, pursuing the quadrivalent and

nine-valent vaccines, and in turn missing the best vaccination

period as a result of waiting for quadrivalent and nine-valent

2 https://data.stats.gov.cn/english/easyquery.htm?cn=B01
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vaccines that are currently in short supply. The WHO recommended

that the best time for HPV vaccination was between the ages

of 9 and 14 years, and therefore, HPV vaccination should be

given as early as possible to achieve better effects. Accordingly, in

the subsequent promotion of HPV vaccine, a four-level linkage

of “government-healthcare sector-community-family” should

be applied to health education. It is important to encourage

women of the appropriate age to actively receive HPV vaccine

under the role of social culture and social norms, as well as

to improve HPV-related knowledge among them to reduce

irrational vaccination.

Additionally, peer education is one of the key tools to increase

vaccine awareness and promote vaccination. Peer-led education

programming is currently a prevailing strategy for adolescent

sexual and reproductive health education (79), and a series of

established studies have demonstrated that using peer education

and training not only helps to increase awareness and prevention

of HPV and cervical cancer among youth (80), but also has

a significant effect on facilitating HPV vaccination (81, 82).

Mellanby et al. (83) also found that peer influence is strong

within adolescent relationships, and peers may be seen as a more

credible source than adult health educators. Also, Chinese women

are relatively conservative about sex-related topics, and using the

accessibility of peer education can make up for young women’s

shyness about sex-related topics in adult health education. Selecting

appropriate groups for training on HPV knowledge, and then

having them disseminate and educate among their peers, can play

a supplementary role in the promotion of HPV vaccine to a

certain extent.

6. Conclusions

Under the context of the HPV vaccination craze, this study

was designed to investigate the effects of HPV related information

exposure and injunctive norms on young Chinese women’s intention

to receive the HPV vaccine. On the basis of KAP theory, we

proposed a structural equation model containing the influence

paths of information exposure and injunctive norms. Through

a questionnaire survey and the model testing, we found that

exposure to HPV related information had an impact not only on

young women’s intention to receive HPV vaccine, but also on

their knowledge level about HPV. The more frequently they were

exposed to HPV related information, the stronger their intentions

to get vaccinated and the higher their level of relevant knowledge.

Also, the perception and approval of HPV vaccination by those

around them further influenced their attitudes and intentions

to receive the vaccine. Furthermore, this study confirmed the

relationship between knowledge, attitudes, and practice regarding

HPV vaccination, with results indicating that good possession of

HPV knowledge led to more positive attitudes toward HPV vaccine,

and in turn strengthened the intention to receive HPV vaccine.

However, a negative association between knowledge level of HPV

and intention to be vaccinated was also unexpectedly found, and we

speculated that this result might be related to public concerns about

vaccine safety issues and the high price of HPV vaccine in China.

The findings of this study are of important practical implications

for the public health departments and health information service

providers to carry out HPV related health education and propel HPV

vaccination policies.

7. Limitations and future work

Despite the theoretical values and practical significance of this

study, there are several limitations that need further improvement

in the future research. First, this study was analyzed based on

the cross-sectional data obtained from a questionnaire survey, and

the study can be deepened in the future by combining qualitative

interviews and other methods to explain the individual differences

and enhance the dependability of causal inferences. Second, the

items measuring information exposure contained both active and

passive exposure, and different kinds of information exposure may

have different effects on HPV vaccination. Therefore, future research

should be undertaken to subdivide the variable of information

exposure and explore the different effects of active and passive

information exposure. Third, the positive association between HPV

knowledge and intention to receive the vaccine was not supported

in this study, and factors such as exposure to negative vaccine

information and perceived cost could be considered for inclusion

in future studies and explored for their moderating effects on

the relationship between HPV knowledge and intention to receive

the vaccine.
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Faris Lami2

1College of Medicine, University of Baghdad, Baghdad, Iraq, 2Department of Community and Family
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Background: Sexually transmitted infections are common and tend to cause

a lot of public misconceptions. This study was conducted to identify

knowledge gaps and negative attitudes toward sexually transmitted infections and

infected individuals among undergraduate students and give recommendations

accordingly for the development of more objective research-guided health

campaigns and school sex education programs.

Method: A cross-sectional study was conducted between May 17, 2022 and

June 2, 2022 using a self-administrated questionnaire containing 84 items

related to sexually transmitted infections distributed online to Baghdad-based

university students.

Result: The sample consisted of 823 respondents; 332 men and 491 women.

Overall knowledge was moderate to high, with 628 individuals (76.3%) answering

more than half the questions correctly. There was no di�erence according to

gender or previous sexual experience, but knowledge increased by an average

of 2.73 points (p < 0.001) when a participant knew a previously infected individual.

Less than half identified systemic symptoms of STIs, and their knowledge of

other HIV items was also poor. Most respondents (85.5%) agreed to the need

for sex education during middle or high school and cited traditional barriers as

the most critical barrier (64.8%); in comparison, those who did not agree on its

need cited the sensitivity of the subject (40.3%) or religious barriers (20.2%) as

more important.

Conclusion: Specific knowledge gaps exist for HIV and non-HIV sexually

transmitted infections; these should be addressed during sex education, focusing

on specific high-risk groups. Negative attitudes and stigmatizing behavior should

be addressed as well by increasing focused STI knowledge.
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Introduction

Sexually transmitted infections (STIs) are a major public health

concern worldwide. They refer to the multiplication of microbes

in the genital tract after transmission through sexual routes. They

can present with a broad spectrum of manifestations ranging

from asymptomatic infections to diseases, which can end with

infertility, cancers, and even death. According to the WHO, more

than one million STIs are acquired every day globally (1). In

developed countries, like the USA, nearly 27 million new STIs

are estimated to be transmitted annually (2), half of which are

among youth aged 15–24 years. While in the UK, the highest rate of

more than 142,000 diagnosed cases was recorded among the same

age group in 2020 (3). The estimated incidence for four curable

STIs (chlamydia, gonorrhea, syphilis, and trichomoniasis) was 60.6

per 1,000 in the Middle East/North Africa region. Although this

region is classified as low risk, the estimated death of 10.4 per

million was more than regions with higher incidence (4). STIs

Epidemiological data (in terms of incidence and prevalence) from

Iraq was scarce and incomplete; with more focus on AIDS (5) or

using a syndromic approach for estimation rather than laboratory

tests (6).

Despite the incomplete profile of STIs in Iraq, the recent

political, socioeconomic, and cultural situation of the country

suggests that there are factors that may contribute to an

increased spread of STIs and cause under-reporting. These

factors may include war, displacement, poverty, unemployment,

and the disruption of families and communities. Furthermore,

increased access to the outside world through TV, cell phones,

and the Internet may lead to the development of a more

open mindset toward sex in a large proportion of the young

Iraqi population (5), especially in urban regions including the

capital city of Baghdad. University students might be especially

vulnerable, as they are part of the youth group (15–24 years)

designated by the United Nations; these individuals are usually

disproportionately high in terms of their STI incidence (3). In

Iraq, university also characterizes a period of return to mixed-

gender education after 6 years of segregation during middle and

high school. A sharp increase in high-risk sexual behavior is

therefore expected.

According to Becker’s health belief model, people’s knowledge

and attitude toward a health-related problem might correlate

with their future behavior (7); this, in turn, means that studies

which assess these indices can be useful during the development

and implementation of public health campaigns and education

programs in a way that is suitable to the needs of the local

environment. Many studies of this nature have been performed

in countries that are culturally similar to Iraq; like Iran (8, 9),

Saudi Arabia (10, 11), and Turkey (12–14), while in Iraq only

few articles have been published; mainly focusing on AIDS/HIV

or a specific point related to STIs rather than the subject as a

whole (15–18).

This study was done to identify knowledge gaps and negative

attitudes toward sexually transmitted infections and infected

individuals among undergraduate students. The goal is to give

recommendations for the development of more objective research-

guided health campaigns and school sex education programs.

Materials and methods

Study design and sampling

A cross-sectional study was conducted from May 17,

2022, to June 2, 2022, among undergraduate college students

in Iraq using a self-administrated structured questionnaire

(Appendix A). The questionnaire was distributed using a

web-based Google form across social media websites and

applications belonging to public and private universities based

in Baghdad, as listed by the Ministry of Higher Education.

An explanation of the targeted sample was provided at the

top of the questionnaire and on the related website posts, and

private social media forums were selected during questionnaire

distribution. This was done to reduce the participation of

individuals not meeting the sampling criteria—although

complete elimination of this bias cannot be achieved with

online data collection.

College students were selected as the target sample for two

reasons. First, they form a part of the youth high-risk group

which tends to have a disproportionally high STI incidence (3)

and because they have group-specific risk factors as university, in

Iraq, is a period of return to mixed-gender education after 6 years

of segregation and therefore more chances for high-risk sexual

behavior to occur. Knowledge gaps and attitudes need to be assessed

for this group to design targeted public health campaigns and sex

education programs.

To increase the validity of our data; First, the research team

did not offer any incentives to the respondents to fill out the

questionnaire. Second, all questions were mandatory to reduce

the number of missing values during the following data analysis

steps. Finally, to ensure that no initial data analysis would occur

before the end of the data collection period, we made sure

that the form would close automatically after 1,000 responses

were collected. This was achieved using a Google workplace

application, known as “form limiter.” All this was conducted

and reported according to the (CHERRIES) checklist for E-

surveys (19).

To be included in the final sample, respondents had to fulfill

2 criteria; be enrolled as an undergraduate in a Baghdad-based

university during the academic year of 2021/2022 (assigned as

criteria 1) and be enrolled in a discipline not related to medicine

or medical technology (assigned as criteria 2). This was judged as

a necessary step, as previous studies have demonstrated an obvious

difference between non-medical and medical college students (11,

18, 20).

Data collection tool

The questionnaire was developed after a literature review (9, 12,

21). Culture-specific items were then added, including polygamy

(described as a man having more than one wife as it is legal in

Iraq) and circumcision. The questionnaire was then translated into

Arabic and pretested on a small sample of 25 medical students and

was subjected to expert review by the department of dermatology

at Baghdad Teaching Hospital. Candidiasis was initially included
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as an item similar to a study from Kampala, Uganda (21). It was

removed later as a review revealed that candidiasis is connected

to sexual activity itself rather than high-risk behavior or sexual

transmission (22, 23).

The questionnaire (Appendix A) was divided into

demographics, knowledge, attitudes, and practices. Each section

is further divided into blocks with items related to a single topic;

for example, within the knowledge section, there were blocks

pertaining to diseases, symptoms, transmission, outcomes, sources

of information, risk, and protective factors.

In total, there were 84 items related to sexually transmitted

infections. Most were presented as Yes/No questions. Knowledge-

related items were each assigned 1 point for a total of 60 points

from which respondents’ overall knowledge could be extrapolated;

with those who answered >50% of questions correctly, regarded

as having good knowledge. Items related to attitudes and practices,

on the other hand, had no similar scoring. This was due to their

innate heterogeneity compared to knowledge-related items, it was

therefore judged to be more beneficial and representative to discuss

each item or block of items separately instead of calculating an

overall score.

Measurements and analysis plan

Statistical Package for the Social Sciences (SPSS) version 24

was used to perform both descriptive measurements (means and

proportions) and statistical analysis with an independent-samples

T-test to assess the effect of gender, knowing someone with an STI,

and previous sexual experience on the overall knowledge score. A

Chi-square test was also performed to assess the effect of the three

factors on each item. Spearman’s correlation coefficient was also

used to assess the congruency of knowledge self-evaluation with

the measured knowledge score. D’Agostino-Pearson-Omnibus test

was performed using an Excel statistics plugin as it could not be

performed on SPSS.

Ethical approval and informed consent

A written description of the study’s purpose was provided

at the top of the questionnaire with information regarding

the purpose of the study, the targeted population, and the

attainment of study participants’ full anonymity during the

process of data collection, manuscript writing, and publication.

Also, individuals were told on two instances (at the top of

the questionnaire and again near the submit button) that by

submitting their answers they consent to the usage of the

provided information for research which might also include

sharing of research data to a data repository to increase

transparency. Initial ethical approval was obtained from University

of Baghdad/College of Medicine followed by approval from the

research committee of the National Center for Training and

Human Development belonging to the Ministry of Health and

Environment with decision number 8 on May 15, 2022 prior to

data collection.

Results

Overview

A total of 1,000 responses were collected; 83 individuals did

not meet Criteria 1 (not enrolled as undergraduates in a Baghdad-

based college) and were therefore excluded from the final sample

selection. A further 94 who met Criteria 1 were also excluded

because they did not meet Criteria 2 (not enrolled in a medical or a

medical technology-related field), providing 823 as the final sample

size with a valid response rate of 82.3%.

TABLE 1 Sample socio-demographic characteristics.

Characteristics N = 823 (%)

Age (Years)

18–19 130 (15.8)

20–21 273 (33.2)

22–23 249 (30.2)

24–25 73 (8.9)

>25 98 (11.9)

Gender

Male 332 (40.3)

Female 491 (59.7)

Residency

Urban 747 (90.8)

Rural 76 (9.2)

Marital experience

Married/Divorced/Widow 110 (13.4)

No marital experience 713 (86.6)

Field of study

Engineering and technology 249 (30.3)

Education 203 (24.7)

Science studies 165 (20)

Law 64 (7.8)

Business and finances 45 (5.5)

Language 36 (4.4)

Social studies 31 (3.8)

Media and public affairs 18 (2.2)

Others (Arts, Sports, tourism, Etc.) 12 (1.3)

Do you know someone who has been diagnosed with an STI?

Yes 195 (23.7)

No 628 (76.3)

Previous sexual experience (of any type)

Yes 226 (27.5)

No 597 (72.5)
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FIGURE 1

(A) Knowledge score distribution, (B) Correlation between measured knowledge score and knowledge self-evaluation using spearman’s correlation

coe�cient (r) and a p-value of 0.05 as a cuto� point for significance.

687 (83.4%) of respondents were equal to or below the age of

24 years and are therefore part of the 15–24 youth group (Table 1).

The number of individuals with previous sexual experience is

226 (27.5%), more than twice that of individuals with marital

experience (110, 13.4%). The number of individuals with previous

sexual but no marital experience is 150 (18.2% of the study sample).

Overall knowledge

As per the Agostino-Pearson-Omnibus test (K2
= 1.367, p

= 0.504), respondents’ knowledge scores are normally distributed

with a range from 13 to 54, a mean of 35.09 (SD = 6.65)

and a median of 35 (IQR = 31–40) (Figure 1). 195 (23.7%)

of respondents answered less than half the assigned questions

correctly (have a score of < 31). The (B) portion of the figure also

shows the relation between the measured (objective) knowledge

score and knowledge self-evaluation. Spearman’s coefficient

(r) indicates a weak but statistically significant correlation

measuring 0.325.

Appendix B shows the effect of three factors: gender, previous

sexual experience, and knowing someone who has been diagnosed

with a sexually transmitted infection; out of these, the latter had the

strongest effect, with a mean difference of 2.73 (P < 0.001).

Knowledge of sexually transmitted
infections

In our study, the awareness that STIs can be transmitted by

sexual intercourse was the most correctly answered item across all

categories with a correct response rate of 98.4% (Table 2), closely

followed by the awareness of HIV as an STI at 98.2%, while

the lowest was the common misconception that showering before

and after sex is a protective factor with only 7.9% of the study

respondents having the right answer as shown in Appendix B.

There were also 21 additional items with > 50% incorrect

response rates, these were regarded as “common misconceptions”

(Appendix Table B2). Other items exist with < 50% incorrect

response rate, but they relate to topics of high public health interest

and should therefore be mentioned. These include: the availability

of HIV vaccination (standing at 42% incorrect response rate),

the non-curability of HIV infections (32.9%), the perception that

hormonal contraceptives are useful against STIs (39.2%), and that

condoms cause infertility (22.2%).

Attitudes toward sexually transmitted
infections

82.6% of respondents agreed that sex education should be

taught in middle or high school (Table 3). For these individuals,

“traditional barriers” was selected as the most important barrier

against the implementation of such programs (64.77%), followed

by the sensitivity of the subject (24.57%) and religious barriers

(10.65%) (Appendix C). This distribution was different for

individuals who were against teaching sex education. On average,

individuals who agreed to sex education scored 2.3 points higher

on the knowledge scale (P < 0.001).

Practices related to sexually transmitted
infections

Individuals who had a previous sexual experience were 2 years

older on average and more likely to be men (41.3% of men had

some sort of sexual experience compared to 18.1% of women) and

Frontiers in PublicHealth 04 frontiersin.org168

https://doi.org/10.3389/fpubh.2023.1017300
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Al-Gburi et al. 10.3389/fpubh.2023.1017300

TABLE 2 Knowledge about sexually transmitted infections among non-medical undergraduates in Baghdad, Iraq.

Category Gender Do you know someone who
has been diagnosed with an

STI?

Previous sexual experience

Male
332 (%)a

Female
491 (%)a

P-
valueb

Yes 195
(%)a

No 628
(%)a

P-
valueb

Yes 226
(%)a

No 597
(%)a

P-
valueb

Diseases

HIV 326 (98.2) 482 (98.2) 0.978 189 (96.9) 619 (98.6) 0.134 220 (97.3) 588 (98.5) 0.272

Syphilis 124 (37.3) 156 (31.8) 0.098 89 (42.6) 197 (31.4) 0.004 91 (40.3) 189 (31.7) 0.020

Gonorrhea 224 (67.5) 254 (51.7) 7
∗
10

∧
−6 138 (70.8) 340 (54.1) 5

∗
10

∧
−5 160 (70.8) 318 (53.3) 5

∗
10

∧
−6

Genital warts 83 (25.0) 144 (29.3) 0.173 67 (34.3) 160 (25.5) 0.015 80 (35.4) 147 (24.6) 0.002

Genital herpes 154 (46.4) 243 (49.5) 0.382 106 (54.4) 291 (46.3) 0.050 110 (48.7) 287 (48.1) 0.878

Chlamydia 84 (25.3) 117 (23.8) 0.630 59 (30.3) 142 (22.6) 0.030 65 (28.8) 136 (22.8) 0.075

Trichomoniasis 65 (19.6) 106 (21.6) 0.486 51 (26.2) 120 (19.1) 0.034 52 (23.0) 119 (19.9) 0.332

Molluscum 97 (29.2) 136 (27.7) 0.635 77 (39.5) 156 (24.8) 1
∗
10

∧
−4 73 (32.3) 160 (26.8) 0.118

Scabies and pediculosis 144 (43.3) 229 (46.6) 0.356 108 (55.4) 265 (42.2) 0.001 101 (44.7) 272 (45.6) 0.823

Hepatitis B and C 160 (48.2) 243 (49.5) 0.715 108 (55.4) 295 (47.0) 0.040 108 (47.8) 295 (49.4) 0.677

Symptoms

Groin swelling 168 (50.6) 258 (52.5) 0.584 119 (61.0) 307 (48.9) 0.003 127 (56.2) 299 (50.1) 0.117

Genital ulcers 247 (74.4) 414 (84.3) 6
∗
10

∧
−4 170 (87.2) 491 (78.2) 0.006 183 (81.0) 478 (80.1) 0.770

Genital itching 235 (70.8) 366 (74.5) 0.233 157 (80.5) 444 (70.7) 0.007 184 (81.4) 417 (69.8) 0.001

Genital rash 241 (72.6) 369 (75.2) 0.410 156 (80.0) 454 (72.3) 0.032 175 (77.4) 435 (72.9) 0.182

Groin pain 172 (51.8) 290 (59.1) 0.040 128 (65.6) 334 (53.2) 0.012 128 (56.6) 334 (55.9) 0.859

Painful urination 203 (61.1) 282 (57.4) 0.288 121 (62.1) 364 (58.0) 0.311 140 (61.9) 345 (57.8) 0.279

Menstrual issues 179 (53.9) 257 (52.3) 0.657 112 (57.4) 324 (51.6) 0.153 127 (56.2) 309 (51.8) 0.255

Vaginal discharge 214 (64.5) 335 (68.2) 0.260 142 (72.8) 407 (64.8) 0.038 159 (70.4) 390 (65.3) 0.172

Urethral discharge 195 (58.7) 303 (61.7) 0.392 133 (68.2) 365 (58.1) 0.002 140 (61.9) 358 (60.0) 0.604

Body rash 135 (40.7) 202 (41.1) 0.891 87 (44.6) 250 (39.8) 0.233 93 (41.2) 244 (40.9) 0.942

Fever 140 (42.2) 217 (44.2) 0.565 104 (53.3) 253 (40.3) 0.001 98 (43.4) 259 (43.4) 0.996

Frequent diarrhea 96 (28.9) 127 (25.9) 0.334 59 (30.3) 164 (26.1) 0.256 57 (25.2) 166 (27.8) 0.457

Frequent coughing 78 (23.5) 92 (18.7) 0.098 49 (25.1) 121 (19.3) 0.077 48 (21.2) 122 (20.4) 0.799

Frequent Sore throat 66 (19.9) 90 (18.3) 0.564 42 (21.5) 114 (18.2) 0.296 44 (19.6) 112 (18.8) 0.795

Weight loss 122 (36.7) 187 (38.1) 0.697 80 (41.0) 229 (36.5) 0.251 78 (34.5) 231 (38.7) 0.269

No symptoms 275 (82.8) 397 (80.9) 0.472 167 (85.6) 505 (80.4) 0.099 187 (82.7) 485 (81.2) 0.619

Transmission

Sexual intercourse 325 (97.9) 485 (98.8) 0.317 191 (97.9) 619 (98.6) 0.545 222 (98.2) 588 (98.5) 0.788

Skin contact 125 (37.7) 198 (40.3) 0.441 96 (49.2) 227 (36.1) 0.001 98 (43.4) 225 (37.7) 0.137

Sharing objects 192 (57.8) 369 (75.2) 1
∗
10

∧
−7 144 (73.8) 417 (66.4) 0.051 153 (67.7) 408 (68.3) 0.860

Sharing foodc 166 (50.0) 196 (39.9) 0.004 110 (56.4) 252 (40.1) 8
∗
10

∧
−5 103 (45.6) 259 (43.4) 0.572

Swimming poolsc 230 (69.3) 415 (84.5) 1
∗
10

∧
−7 163 (83.6) 482 (76.8) 0.043 180 (79.6) 465 (77.9) 0.585

Blood and injections 304 (91.6) 430 (87.6) 0.071 181 (92.8) 553 (88.1) 0.061 203 (89.8) 531 (88.9) 0.717

Hairdressing 243 (73.2) 378 (77.0) 0.215 164 (84.1) 457 (72.8) 0.001 177 (78.3) 444 (74.4) 0.240

Pregnancy and

childbirth

184 (55.4) 240 (48.9) 0.065 118 (60.5) 306 (48.7) 0.004 131 (58.0) 293 (49.1) 0.023

Breastfeeding 174 (52.4) 180 (36.7) 7
∗
10

∧
−6 101 (51.8) 253 (40.3) 0.005 110 (48.7) 244 (40.9) 0.044

Mosquito bitec 203 (61.1) 281 (57.2) 0.263 130 (66.7) 354 (56.4) 0.011 143 (63.3) 341 (57.1) 0.109

(Continued)
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TABLE 2 (Continued)

Category Gender Do you know someone who
has been diagnosed with an

STI?

Previous sexual experience

Male
332 (%)a

Female
491 (%)a

P-
valueb

Yes 195
(%)a

No 628
(%)a

P-
valueb

Yes 226
(%)a

No 597
(%)a

P-
valueb

Risk factors

Multiple partners 324 (97.6) 476 (96.9) 0.582 190 (97.4) 610 (97.1) 0.823 220 (97.3) 580 (97.2) 0.881

Unprotected sex 300 (90.4) 386 (78.6) 9
∗
10

∧
−6 169 (86.7) 517 (82.3) 0.155 190 (84.1) 496 (83.1) 0.734

Substance use 222 (66.9) 357 (72.7) 0.072 145 (74.4) 434 (69.1) 0.161 148 (65.5) 431 (72.2) 0.060

Prostitution 311 (93.7) 452 (92.1) 0.381 184 (94.4) 579 (92.2) 0.310 213 (94.2) 550 (92.1) 0.296

STI co-infection 309 (93.1) 452 (92.1) 0.588 187 (95.9) 574 (91.4) 0.038 211 (93.4) 550 (92.1) 0.549

Multiple marriages 180 (54.2) 396 (80.7) 4
∗
10

∧
−16 148 (75.9) 428 (68.2) 0.039 155 (68.6) 136 (22.8) 0.589

Prevention

Abstinenced 155 (46.7) 230 (46.8) 0.965 95 (48.7) 290 (46.2) 0.535 93 (41.2) 292 (48.9) 0.046

Condoms 287 (86.4) 371 (75.6) 1
∗
10

∧
−4 165 (84.6) 493 (78.5) 0.063 192 (85.0) 466 (78.1) 0.027

Single partner 268 (80.7) 455 (92.7) 2
∗
10

∧
−7 168 (86.2) 555 (88.4) 0.407 190 (84.1) 533 (89.3) 0.041

Routine check-up 307 (92.5) 477 (97.1) 0.002 187 (95.9) 597 (95.1) 0.632 212 (93.8) 572 (95.8) 0.226

Vaccines (warts) 278 (83.7) 437 (89.0) 0.028 169 (86.7) 546 (86.9) 0.921 197 (87.2) 518 (86.8) 0.879

Vaccines (HIV)c 120 (36.1) 226 (46.0) 0.005 95 (48.7) 251 (40.0) 0.031 98 (43.4) 248 (41.5) 0.637

Showering before and

after sex

301 (90.7) 457 (93.1) 0.208 181 (92.8) 577 (91.9) 0.670 208 (92.0) 550 (92.1) 0.965

Contraceptive pill 130 (39.2) 193 (39.3) 0.965 90 (46.2) 233 (37.1) 0.024 88 (38.9) 235 (39.4) 0.911

Circumcision 238 (71.7) 356 (72.5) 0.797 140 (71.8) 454 (72.3) 0.892 164 (72.6) 430 (72.0) 0.877

Outcome

Resolution (HIV)c 83 (25.0) 114 (23.2) 0.557 58 (29.7) 139 (22.1) 0.030 70 (31.0) 127 (21.3) 0.004

Resolution (others)c 214 (64.5) 285 (58.0) 0.065 127 (65.1) 372 (59.2) 0.141 139 (61.5) 360 (60.3) 0.753

Infertility 178 (53.6) 262 (53.4) 0.943 107 (54.9) 333 (53.0) 0.652 125 (55.3) 315 (52.8) 0.513

Abortion 198 (59.6) 326 (66.4) 0.048 133 (68.2) 391 (62.3) 0.132 143 (63.3) 381 (63.8) 0.885

Premature birth 149 (44.9) 254 (51.7) 0.054 99 (50.8) 304 (48.4) 0.564 126 (55.8) 277 (46.4) 0.017

Birth defects 201 (60.5) 303 (61.7) 0.736 123 (63.1) 381 (60.7) 0.547 143 (63.3) 361 (60.5) 0.461

Kidney problems 260 (78.3) 361 (73.5) 0.117 163 (83.6) 458 (72.9) 0.003 177 (78.3) 444 (74.4) 0.240

Cancer 193 (58.1) 313 (63.7) 0.104 127 (65.1) 379 (60.4) 0.231 140 (61.9) 366 (61.3) 0.866

Death 219 (66.0) 318 (64.8) 0.723 137 (70.3) 400 (63.7) 0.093 143 (63.3) 394 (66.0) 0.464

Information source

School 170 (51.2) 249 (50.7) 0.890 95 (48.7) 324 (51.6) 0.483 111 (49.1) 308 (51.6) 0.526

Healthcare providers 148 (44.6) 194 (39.5) 0.148 99 (50.8) 243 (38.7) 0.003 104 (46.0) 238 (39.9) 0.110

Parents 93 (28.0) 159 (32.4) 0.182 75 (38.5) 177 (28.2) 0.007 69 (30.5) 183 (30.7) 0.973

Friends 216 (65.1) 212 (43.2) 7
∗
10

∧
−10 121 (62.1) 307 (48.9) 0.001 146 (64.6) 282 (47.2) 8

∗
10

∧
−6

Books 207 (62.3) 279 (56.8) 0.114 124 (63.6) 362 (57.6) 0.140 154 (68.1) 332 (55.6) 0.001

TV 188 (56.6) 270 (55.0) 0.643 111 (56.9) 347 (55.3) 0.682 134 (59.3) 324 (54.3) 0.196

The internet 313 (94.6) 451 (91.9) 0.137 183 (93.8) 581 (92.7) 0.573 211 (93.8) 553 (92.6) 0.567

aCounts and column percent are described as individuals who have answered “Yes” during data collection.
bChi-square for association with a cutoff point of 0.05 for p-value and significant results indicated with a bold text.
cFor these questions, “No” was the correct answer.
dDuring data collection, abstinence was described as restraining from sexual experience before marriage.
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TABLE 3 Attitudes toward sexually transmitted infections, their prevention, and infected individuals among non-medical undergraduates in Baghdad,

Iraq.

Categories Gender Do you know someone who has been
diagnosed with an

STI?

Male 332 (%)a Female
491 (%)a

P-valueb Yes 195 (%)a No 628 (%)a P-valueb

Sexually transmitted infections

Can be effectively prevented 317 (95.5) 472 (96.1) 0.647 187 (95.9) 602 (95.9) 0.982

Public health campaigns

Have made you reconsider sex 270 (81.3) 410 (83.5) 0.419 166 (85.1) 514 (81.8) 0.291

More campaigns are needed 319 (96.1) 474 (96.5) 0.734 189 (96.9) 604 (96.2) 0.628

Sex education

Should be taught in middle/high school 280 (84.3) 424 (86.4) 0.420 173 (88.7) 531 (84.6) 0.291

Should be a part of science class 269 (81.0) 429 (87.4) 0.013 164 (84.1) 534 (85.0) 0.628

Condoms

Can cause infertility 62 (18.7) 121 (24.6) 0.043 48 (24.6) 135 (21.5) 0.360

Can increase participation in casual sex 177 (53.3) 317 (64.6) 0.001 108 (55.4) 386 (61.5) 0.130

Can decrease sexual pleasure 280 (84.3) 310 (63.1) 3
∗
10

∧
−11 149 (76.4) 441 (70.2) 0.094

Can lead to partner mistrust 212 (63.9) 259 (52.7) 0.002 114 (58.5) 357 (56.8) 0.691

Are not effective when used as the only infection

prevention method

188 (56.6) 351 (71.5) 1
∗
10

∧
−5 125 (64.1) 414 (65.9) 0.640

Individuals with STIs

Should be socially isolated 211 (63.6) 288 (58.7) 0.158 120 (61.5) 379 (60.4) 0.767

Should suffer from violence 114 (34.3) 147 (29.9) 0.183 61 (31.3) 200 (31.8) 0.882

Should have fewer jobs 156 (47.0) 178 (36.3) 0.002 84 (43.1) 250 (39.8) 0.417

Should be stigmatized by doctors 171 (51.5) 222 (45.2) 0.076 95 (48.7) 298 (47.5) 0.757

Categories Previous sexual experience

Yes 226 (%)a No 597 (%)a P-valueb

Sexually transmitted infections

Can be effectively prevented 219 (96.9) 570 (95.5) 0.359

Public health campaigns

Have made you reconsider sex 186 (82.3) 494 (82.7) 0.880

More campaigns are needed 218 (96.5) 575 (96.3) 0.921

Sex education

Should be taught in middle/high school 196 (86.7) 508 (85.1) 0.552

Should be a part of science class 191 (84.5) 507 (84.9) 0.883

Condoms

Can cause infertility 45 (19.9) 138 (23.1) 0.324

Can increase participation in casual sex 111 (49.1) 383 (64.2) 8
∗
10

∧
−5

Can decrease sexual pleasure 175 (77.4) 415 (69.5) 0.024

Can lead to partner mistrust 117 (51.8) 354 (59.3) 0.051

Are not effective when used as the only infection prevention

method

139 (61.5) 400 (67.0) 0.139

(Continued)
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TABLE 3 (Continued)

Categories Previous sexual experience

Yes 226 (%)a No 597 (%)a P-valueb

Individuals with STIs

Should be socially isolated 137 (60.6) 562 (60.6) 0.996

Should suffer from violence 71 (31.4) 190 (31.8) 0.910

Should have fewer jobs 87 (38.5) 247 (41.4) 0.453

Should be stigmatized by doctors 105 (46.5) 288 (48.2) 0.648

aCounts and column percent are described as individuals who have answered “Yes” during data collection.
bChi-square for association with a cutoff point of 0.05 for p-value and significant results indicated with a bold text.

TABLE 4 Practices upon suspicion or diagnosis with a sexually transmitted infection among non-medical undergraduates in Baghdad, Iraq.

Categories Gender Do you know someone who has been
diagnosed with an STI?

Male 332 (%)a Female
491 (%)a

P-valueb Yes 195 (%)a No 628 (%)a P-valueb

Suspicion of having an STI due to symptoms or after high-risk behavior

Ask your parent 129 (38.9) 198 (40.3) 0.672 77 (39.5) 250 (39.8) 0.936

Ask a friend 149 (44.9) 158 (32.2) 8
∗
10

∧
−5 76 (39.0) 231 (36.8) 0.581

Seek medical advice 317 (95.5) 449 (91.4) 0.025 181 (92.8) 585 (93.2) 0.873

Search the internet 295 (88.9) 447 (91.0) 0.302 176 (90.3) 566 (90.1) 0.958

Ignore this suspicion if no symptoms 111 (33.4) 145 (29.5) 0.235 59 (30.3) 197 (31.4) 0.769

Diagnosis with an STI

Follow the doctor’s advice 320 (96.4) 476 (96.9) 0.658 187 (95.9) 609 (97.0) 0.461

Self-medicate with OTC drugsc 55 (16.6) 91 (18.5) 0.469 45 (23.1) 101 (16.1) 0.026

Seek herbal and traditional medicine 105 (31.6) 133 (27.1) 0.159 63 (32.3) 175 (27.9) 0.232

Ignore the diagnosis if mild 48 (14.5) 82 (16.7) 0.387 38 (19.5) 92 (14.6) 0.106

Categories Previous sexual experience

Yes 226 (%)a No 597 (%)a p-valueb

Suspicion of having an STI due to symptoms or after high-risk behavior

Ask your parent 72 (31.9) 255 (42.7) 0.005

Ask a friend 93 (41.2) 214 (35.8) 0.160

Seek medical advice 213 (94.2) 553 (92.6) 0.415

Search the internet 203 (89.8) 539 (90.3) 0.843

Ignore this suspicion if no symptoms 67 (29.6) 189 (31.7) 0.578

Diagnosis with an STI

Follow the doctor’s advice 217 (96.0) 579 (97.0) 0.487

Self-medicate with OTC drugsc 45 (19.9) 101 (16.9) 0.316

Seek herbal and traditional medicine 64 (28.3) 174 (29.1) 0.815

Ignore the diagnosis if mild 35 (15.5) 95 (15.9) 0.881

aCounts and column percent are described as individuals who have answered “Yes” during data collection.
bChi-square for association with a cutoff point of 0.05 for p-value and significant results indicated with a bold text.
cOTC, over the counter.

as demonstrated in Appendix D, they were also more likely to know

someone who has been diagnosed with an STI compared to those

without sexual experience. Other practices related to suspicion or

after a diagnosis with an STI are summarized in Table 4.

Discussion

The current study revealed that overall knowledge was

moderate to high, with around three-quarters of respondents
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answeringmore than half the questions correctly; this is higher than

the overall knowledge reported in other studies from Kufa in south

Iraq (18), Iran (9), and Saudi Arabia (11) and comparable to results

fromMalaysia (20, 24). In this study, knowledge about STIs was not

affected by gender. This is similar to several studies (9, 20, 24, 25),

but differs from two studies in which women had higher knowledge

(11, 18). Knowing someone who has been infected with an STI was

more critical to increase knowledge than having a previous sexual

experience. This is a concerning finding, as knowledge is acquired

after someone else has already been affected. It also shows that

people who might be thinking about having a sexual relationship

might not have access to better sources of information, making

school-based sex education programs and targeted public health

campaigns more essential.

Internet was the most common source of information, as

with most studies (9, 10, 20). However, this was not the case

in one Turkish study from 2014 in which written media like

books, magazines, and newspapers took first place (13). Studies

on the credibility of Arab health-related websites show that only

a minority of the websites are credible and certified by the

Health on the Net (HON) foundation (26, 27). Social media is

probably more problematic but less investigated. This dependence

on online information may stem from the void created by a lack

of sufficient information from other sources which were less cited

(9, 10, 13). Furthermore, almost all the respondents think that

more public health campaigns are needed and more than 80%

think that sex education should be taught in middle or high

school. This propensity to know more about STIs must be met

with credible sources under the supervision of Iraqi health and

education authorities.

HIV was the most commonly recognized STI (98.2%). The

same finding was obtained from other research (8, 10, 12–14, 20,

24). A study conducted on Iraqi females published in 2008 showed

that only half the respondents had heard about HIV/AIDS and

88.5% recognized sex as a transmission route (17). Another study

conducted on high school students in Erbil, north of Iraq, in 2015

showed a higher level of recognition for HIV sexual transmission

(94.3%) (16). It should be noted that both of these studies did

not mention systemic manifestations commonly associated with

AIDS (frequent diarrhea, frequent cough, and frequent sore throat).

In our study, less than half the respondents recognized these

as symptoms of STIs. As for other HIV items, only 58% of

respondents correctly identified the unavailability of a vaccine, and

67.1% correctly identified HIV as a non-curable infection. The

vaccine misconception was less prominent in two other studies

from Iraq focusing on knowledge of HIV in a sample of Erbil

high school students and university students from two governorates

(15, 16), in the latter those from Diyala were more likely to

believe in the vaccine misconception. All of this indicates that

although more people now recognize HIV as an STI, there are still

gaps in knowledge that might lead to lower risk perception and

delayed care-seeking.

In terms of non-HIV STIs, trichomoniasis and chlamydia have

the highest incidence among all STIs both globally and in the

Middle East/North Africa region (1, 4). Yet, they were the least

recognized in this study and many other studies (8, 10, 13, 24).

Men were more likely to recognize gonorrhea as an STI similar

to another study conducted in Iran (9) since gonorrhea is more

symptomatic in men (28). In contrast, women were more likely

to recognize the presence of HPV vaccines, presumably because

cervical cancer in women is given more public health attention

than HPV outcomes in men. This gender difference was also found

in other studies (29–31). Half the respondents did not recognize

pregnancy and childbirth as modes of transmission, and an even

higher portion did not recognize breastfeeding as such. These are

important topics that should be focused on in future educational

campaigns as they relate to a significant risk to the baby from

severe forms of non-HIV sexually transmitted infections including

chronic hepatitis B, gonococcal conjunctivitis, and HSV, along with

HIV transmission (28).

An interesting trend is noted regarding gender differences in

the recognition of preventive methods; men were more likely to

recognize condoms as a protective method, even when used alone,

and unprotected sex as a risk factor, making men favor protection

over monogamy. Women, on the other hand, were more likely to

recognize polygamy (which is permissible in the Muslim world) as

a risk factor, and having a single partner as a protective factor, which

indicates a propensity for monogamy as a preventive method. This

notion was not found in a study from Iran (9) where females were

more likely to cite condom non-use as a risk factor.

Although there was relatively high support for school

sex education programs, individuals who did not support

such measures reported sensitivity and religious barriers more

frequently. This means that future programs need to be modified

and modulated in a generally acceptable way to traverse these

two barriers. Still, the most cited barrier overall was traditional

barriers, exemplified by tribalism which constitutes a part of

legal pluralism in Iraq (32). This is unlikely to be solved just by

adjusting the content of sex education programs and might need

a wider governmental approach outside the scope of sexual health

education. The notion that higher overall knowledge correlated

with higher acceptance of sex education programs points out that

it might also be possible to increase acceptance by improving

knowledge from other sources like the media, the internet, or

by community-based public health campaigns, and not only by

addressing the aforementioned barriers.

Despite the moderately good level of knowledge, attitudes

toward infected individuals were still negative, especially social

stigmatization. People in favor of the social isolation of infected

individuals were more likely to recognize sharing food and

swimming pools as possible transmission routes for STIs

(Appendix C). Women were more empathetic in terms of

institutional stigmatization. This might be explained by women

having amore compassionate nature thanmen (33) or due to socio-

demographic differences between the two genders locally (34).

A significant portion of respondents, especially men and

individuals with previous sexual experience, had the attitude

that condoms decrease sexual pleasure. While women and those

without sexual experience were more likely to think that condoms

can increase participation in casual sex. These concerns should

be addressed in future educational programs if an attempt is to

be made to encourage condom usage. A previous study done

in north Iraq also showed that an increased individual’s risk

perception was associated with more condom use, which may

indicate that increasing overall knowledge about STIs might also

increase condom use (35).
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College students were more likely to have sex as they got older.

This can be explained by increased independence from parents and

is supported by the lower likelihood of asking parents for advice

when suspecting being infected. This means that if sex education

was to be implemented in college, implementing it in early grades

would be more beneficial. Women were less likely to have had sex,

similar to another study (14), and less likely to ask friends for advice

upon suspicion of having an STI, largely because females are more

stigmatized in terms of sexual activity and even more in the context

of STIs (36). This stigma may also delay or prevent test seeking

(37). People who know someone with an STI are more likely to

self-medicate with over-the-counter drugs on suspicion of having

an STI. This might be explained by studies done on self-medication

behavior in Iraq and the Middle East, in which family and friends

were prominent sources for self-medication advice (38, 39).

Limitations

The main shortcoming of this study is that the sample was

convenient and not random. This is due to the lack of an official

body to facilitate the random allocation of university students.

In addition, the heterogeneity of STIs, especially in terms of

their transmission routes, might call for separate studies for each

individual disease. Finally, although an explanation of the targeted

sample was provided at the top of the questionnaire and on

the related website posts, and the questionnaire was distributed

to private social media forums, belonging to Baghdad-based

universities, to decrease the participation of individuals who don’t

meet the sample criteria, online data collection methodically leads

to an inability to verify the integrity of participants’ answers or

sample selection.

Conclusion and recommendations

Despite the good level of recognition for HIV and gonorrhea as

sexually transmitted infections, certain knowledge gaps still persist

for both HIV (recognizing systemic symptoms usually associated

with AIDS, unavailability of a vaccine, and non-curability of HIV

infections) and non-HIV infections (recognizing chlamydia and

trichomoniasis as STIs and vertical transmission). Most students

showed openness toward public health campaigns and school sex

education, but negative attitudes were still found toward condom

usage and STI-infected individuals with certain gender variations.

All the aforementioned points should be addressed in any future sex

education program or public health campaign. Such interventions

should be started early before sexual debut and modified according

to the needs of each demographic group.
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Relationship between health
literacy and COVID-19
knowledge: A cross-sectional
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Hongwei Feng, Qiuyan Jin, Shige Ding and Ying Dong*

Ningbo Municipal Center for Disease Control and Prevention, Ningbo, Zhejiang, China

Background: Health literacy (HL) is a protective factor for some chronic diseases.

However, its role in the Coronavirus Disease 2019 (COVID-19) pandemic has

not been clarified. This study aims to explore the association between HL and

COVID-19 knowledge among residents in Ningbo.

Methods: A total of 6,336 residents aged 15–69 years in Ningbo were

selected by multi-stage stratified random sampling method. The “Health Literacy

Questionnaire of Chinese Citizens (2020)” was used to evaluate the relationship

between COVID-19 knowledge and HL. Chi-square test, Mann-WhitneyU test and

logistic regression were used to analyze the data.

Results: The HL and COVID-19 knowledge levels of Ningbo residents were

24.8% and 15.7%, respectively. After adjusting for confounding factors, people

with adequate HL were the more likely to have adequate COVID-19 knowledge

compared with those with limited HL (OR = 3.473, 95% CI = 2.974–4.057, P <

0.001). Compared with the limited HL group, the adequate HL group had a higher

rate of COVID-19 knowledge, amore positive attitude, and amore active behavior.

Conclusion: COVID-19 knowledge is significantly associated with HL. Improving

HL may influence people’s knowledge about COVID-19, thereby changing

people’s behaviors, and finally combating the pandemic.

KEYWORDS

health literacy, COVID-19, knowledge, attitude, behavior

Introduction

OnDecember 31, 2019, the International Committee on Classification of Viruses isolated

a novel coronavirus strain from patients with pneumonia of unknown cause in Wuhan and

named it SARS-CoV-2 (1). On 11 March 2020, the World Health Organization (WHO)

declared COVID-19 a “Public Health Emergency of International Concern” (2). In terms of

geographical scope, number of infected persons, and world economic recession, the impact

of COVID-19 is shocking. As of June 3, 2022, COVID-19 has infected at least 528 million

people and killed 6 million (3). The current COVID-19 pandemic poses a huge threat to

global public health, people’s lives and the world economy.

In the face of an outbreak of a major infectious disease, no individual can be immune.

It is crucial for residents to master relevant knowledge, have a positive attitude and

take appropriate actions to prevent and control the epidemic. The rapid development of

COVID-19 requires people to access and use health information to adjust their behavior at a

fast pace (4). COVID-19 prevention measures, such as frequent hand washing and wearing
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masks, have been clarified. But the effective implementation

of these measures has been affected by perceptions (5). Public

knowledge is essential to prevent the spread of COVID-19 due

to the lack of effective treatment measures, and large-scale public

knowledge campaigns have played a key role in the fight against

COVID-19 (6).

A study has shown that race/ethnicity, education, and

socioeconomic status are associated with COVID-19 knowledge

(7). However, there are few studies on health literacy (HL) and

COVID-19 knowledge. Health literacy is an individual’s ability

to obtain, understand, evaluate and use information to make

decisions and take actions that have an impact on health status (8).

Health literacy questionnaires are different in different countries.

The Canadian HL questionnaire includes 191 questions about

daily life, covering five dimensions: health promotion, health

protection, disease prevention, systems orientation, health and

disease management (9). HL in the United States was measured

with amodified version of the Single-ItemHealth Literacy Screener,

designed to measure limited reading ability, a principal component

of HL (10). In China, the HL questionnaire includes three

dimensions: knowledge and attitudes, behavior and lifestyle, and

health-related skills. One study found that improving HL was

effective in helping residents prevent and control disease (11).

As far as we know, the relationship between residents’ HL and

knowledge, attitude and behavior of COVID-19 prevention and

control has not been reported. Understanding this relationship

can not only improve the awareness of the importance of HL of

the whole society, but also facilitate the prevention and control of

major infectious diseases. Hence, based on the 2020 China Health

Literacy Survey, this study collected relevant data from Ningbo

residents, and explored the relationship between residents’ HL

and knowledge, attitude and behavior of COVID-19 prevention

and control.

Methods

Study population

This study was a cross-sectional study of people aged 15–69

years who had lived continuously in Ningbo for more than 6

months. This study was reviewed and approved by the Research

Ethics Committee of the Ningbo Municipal Center for Disease

Control and Prevention (Approval No.: 202203). All potential

participants had read and understood the consent information and

agreed to the questionnaire.

Sampling methods

The minimum sample size for each county (district) was

calculated using the formula N =
µα

2∗p∗(1−p)
δ2

∗deff. Based on the

HL of Zhejiang Province in 2019, the level of HL was 29.49%, p =

0.2949, the allowable relative error was set to 15%, and the allowable

absolute error δ = 0.2949 ∗ 0.15= 0.0442, µα = 1.96, deff = 1. The

minimum sample size for each layer was 408. The sample size was

set at 640 per county (district) to account for invalid questionnaires

and rejection rates. Stratified multistage probabilities proportional

to population size sampling was used in this study. The whole

sampling was divided into four stages: (1) Four townships were

selected from each of the 10 counties (districts) in Ningbo City, (2)

two segments were selected within each of the selected townships,

(3) 100 households were randomly selected from each segment, (4)

one participant from each household was selected using a Kish grid.

Finally, 6,336 valid questionnaires were collected.

Tools used

We used the “Health Literacy Questionnaire of Chinese

Citizens (2020),” which included three parts: personal

characteristics, HL, and COVID-19 knowledge, published by

the Chinese Center for Health Education. The first part aimed

to collect personal characteristics such as gender, age, marital

status, education, occupation, place of residence, annual household

income, chronic conditions, and self-rated health (SRH).

The second part is the China Health Literacy Scale, which

is used to evaluate HL (12). The 50-item scale includes three

dimensions: knowledge and attitudes, behavior and lifestyle, and

health-related skills. There are three types of questions on the scale:

true or false (one point is awarded for correct response), single

answer (one point is awarded for correct response), and multiple

answers (two points are awarded for correct response). The overall

Cronbach’s α of the scale was 0.95 (13). Based on the data of this

questionnaire survey, the Cronbach’s α coefficient was calculated as

0.892. The maximum total score of the scale is 66 points. A total

score of 53 (80% of 66) was considered adequate HL. A score of

0–52 was thought to indicate limited HL (14).

The third part is the COVID-19 knowledge Scale. The scale

consisted of three dimensions, including (a) knowledge and, (b)

and attitudes, and (c) behavior. For the three links of infectious

diseases, the knowledge section has a total of 11 questions, covering

the source of infection, route of transmission and susceptible

people. It includes both single choice andmultiple choice questions.

The attitude part includes three aspects: the responsibility citizens

should assume (6 questions, yes/no selection questions), the

evaluation of COVID-19 related information reports (5 questions,

five-level single-choice questions), and the evaluation of the

government’s prevention and control effectiveness (1 question, five-

level single-choice questions). Seven questions in behavior section

(yes/no choice questions), mainly including actively searching for

relevant information or consulting medical staff. One point is

awarded for a correct single-choice answer and two points are

awarded for a correct multiple-choice answer. An overall score

of 80% or more in the knowledge component indicates adequate

COVID-19 knowledge.

The on-site survey was conducted by household survey, and

the respondents were encouraged to complete the questionnaire

by themselves. If the respondents could not complete the

questionnaire independently, the investigators who had received

unified training and passed the assessment completed the

questionnaire by face-to-face inquiry. According to the above

scheme, three stages of quality control methods are adopted:

before, during and after the investigation. Before the survey,

the Ningbo Center for Disease Control and Prevention
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completed the household sampling, coding and investigator

training. In the survey, all counties and districts used the

uniformly printed questionnaire. The investigator did not use

inductive or suggestive language, reviewed the completion of

the questionnaire on the spot, and finally filled in the name of

the investigator and other survey completion information. After

the investigation, the quality control personnel of each county

and district shall review the questionnaires of each township

in time.

Statistical analysis

All data in this study were analyzed using SPSS 22.0 (SPSS

Corp, Chicago, IL, USA). Two-tailed P value < 0.05 was

considered statistically significant. COVID-19 knowledge and HL

scores were dichotomized into two categories: adequate and

limited. Pearson chi-square test was used to compare categorical

variables between groups. The Mann-Whitney U test was used

for comparison of ordinal data. Significant variables in chi-square

test were included in multivariate logistic regression models.

One model included HL and the other did not, the −2 log

likelihood (−2LL) and Nagelkerke R2 changes were compared.

The R2 mainly explains how much variation in COVID-19

knowledge can be attributed by the model. The −2LL can evaluate

the model, and a smaller value indicates a better goodness

of fit.

Results

COVID-19 knowledge level among
di�erent groups

As shown in Table 1, there were 6,336 subjects in this study, of

which 24.8% had adequate HL. The male: female ratio was 1:1.05,

and the average age was 49.55± 13.56 years. The Marital status was

mainly married, accounting for 83.1% of the sample; The education

level of the respondents was mainly Junior/Senior high school,

accounting for 47.2% of the sample;With respect to occupation, the

majority of participants (44.5%) were workers and farmers; 57.0%

of the residents lived in rural areas; The number of people with

household income (0–49,999) was the largest; The prevalence of

chronic diseases was 25.9%; 70.1% of the residents thought that

their health status was good.

Table 1 demonstrates that 15.7% of the participants had

adequate COVID-19 knowledge. The univariate analysis showed

significant differences in COVID-19 knowledge by gender, age,

marital status, educational, occupation, annual household income,

chronic conditions, and HL. COVID-19 knowledge in females

was slightly higher than that in males. COVID-19 knowledge

gradually decreased with age. Interestingly, married people had

lower COVID-19 knowledge than single people; People with higher

education level and annual income had higher knowledge rate

of COVID-19 than other groups. However, workers, farmers and

patients with chronic diseases had limited COVID-19 knowledge.

People with adequate HL had higher COVID-19 knowledge, and

the difference reached 23.2%.

Factors analysis using logistic regression
model

Two logistic regression models were conducted to identify

factors whichmight affect COVID-19 knowledge.Model 1 included

significant variables (gender, age, marital status, educational level,

occupation, annual household income, and chronic conditions) in

univariate analysis, but did not include HL; and model 2 included

HL. Changes in both models were evaluated by −2LL and R2.

In model 1, gender, educational level, occupation, and annual

household income were significantly associated with COVID-19

knowledge. The variation explained by the logistic regressionmodel

was Nagelkerke R2 = 0.074. In model 2, the Nagelkerke R2 was

nearly doubled to 0.137 after HL was added to the model. And its

−2LL is also reduced, indicating a better goodness of fit. People

with adequate HL were the more likely to have adequate COVID-

19 knowledge compared with those with limited HL (OR = 3.473,

95%CI= 2.974–4.057, P < 0.001). HL is the most important factor

likely to affect COVID-19 knowledge, compared to other factors.

Di�erences in knowledge of COVID-19
prevention and control among limited and
adequate HL residents

As shown in Table 3, except for the choice of mask, there

was no significant difference between the two groups, the

awareness rate of COVID-19 knowledge in the adequate HL

group was higher than that in the limited HL group (P <

0.001). The least correct question was the route of transmission

of the COVID-19, and the most correct was the shortest

quarantine period.

Di�erences in attitude of COVID-19
prevention and control among limited and
adequate HL residents

Table 4 summarizes the survey results of the three aspects

of prevention and control attitudes. In terms of each prevention

and control attitude, the selection results of each question in the

adequate HL group were more positive than those in the limited HL

group (P < 0.001). Those who with adequate HL were more likely

to recognize the responsibility of citizens for epidemic prevention

and control of infectious diseases, more likely to agree the release

and report of COVID-19 related information, and more likely to

recognize the achievements made by the government in epidemic

prevention and control of COVID-19.

Di�erences in behavior of COVID-19
prevention and control among limited and
adequate HL residents

As shown in Table 5, the limited HL group was more likely to

use the telephone, while the adequate HL group was more likely to
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TABLE 1 Association between COVID-19 knowledge and basic characteristics.

Variables N (%) COVID-19 knowledge χ2
P

Limited Adequate

Total 6,336 (100.0) 5,344 (84.3) 992 (15.7)

Gender Male 3,092 (48.8) 2,638 (85.3) 454 (14.7) 4.334 0.037

Female 3,244 (51.2) 2,706 (83.4) 538 (16.6)

Age 15–34 1,074 (17.0) 808 (75.2) 266 (24.8) 115.671 <0.001

35–54 2,492 (39.3) 2,071 (83.1) 421 (16.9)

55–69 2,770 (43.7) 2,465 (89.0) 305 (11.0)

Marital status Single/widow/

divorced

1,071 (16.9) 868 (81.0) 203 (19.0) 10.614 0.001

Married 5,265 (83.1) 4,476 (85.0) 789 (15.0)

Educational levels Less than junior high school 1,867 (29.5) 1,710 (91.6) 157 (8.4) 254.551 <0.001

Junior/senior high school 2,990 (47.2) 2,571 (86.0) 419 (14.0)

College or above 1,479 (23.3) 1,063 (71.9) 416 (28.1)

Occupation Service/commercial 666 (10.5) 503 (75.5) 163 (24.5) 136.058 <0.001

Students 215 (3.4) 157 (73.0) 58 (27.0)

Workers/farmers 2,818 (44.5) 2,529 (89.7) 289 (10.3)

Others 2,637 (41.6) 2,155 (81.7) 482 (18.3)

Place of

residence

Rural areas 3,609 (57.0) 3,070 (85.1) 539 (14.9) 3.307 0.069

Urban areas 2,727 (43.0) 2,274 (83.4) 453 (16.6)

Annual household income 0–49,999 1,648 (26.1) 1,467 (89.0) 181 (11.0) 133.127 <0.001

50,000–99,999 1,595 (25.3) 1,413 (88.6) 182 (11.4)

100,000–149,999 1,344 (21.3) 1,129 (84.0) 215 (16.0)

≥150,000 1,719 (27.3) 1,312 (76.3) 407 (23.7)

Chronic conditions No 4,692 (74.1) 3,895 (83.0) 797 (17.0) 24.215 <0.001

Yes 1,644 (25.9) 1,449 (88.1) 195 (11.9)

SRH Good 4,441 (70.1) 3,724 (83.9) 717 (16.1) 2.990 0.224

Fair 1,683 (26.6) 1,436 (85.3) 247 (14.7)

Poor 212 (3.3) 184 (86.8) 28 (13.2)

Health literacy Limited 4,762 (75.2) 4,291 (90.1) 471 (9.9) 482.576 <0.001

Adequate 1,574 (24.8) 1,053 (66.9) 521 (33.1)

Boldface indicates statistical significance.

use the internet for information query (P < 0.05). There was no

significant difference between the two groups in using the Internet

to consult doctors.

Analysis of correlation

We analyzed the relationship between the score of HL,

the score of COVID-19 knowledge and other dimension,

and found that the score of HL was positively correlated

with each part, among which the correlation coefficient

of knowledge was the largest, and behavior was the

smallest (P < 0.001).

Discussion

Principal findings

The COVID-19 pandemic has stirred fear because its direct

impact on the public has created unprecedented challenges for

education and healthcare systems (15). As vaccination remains slow

and specific treatments are lacking, non-pharmaceutical public

health interventions have become important in the fight against

COVID-19 (16).

HL has been shown to be associated with a variety of

diseases (17, 18), but its relationship with COVID-19 knowledge

is still poorly studied. We explored the relationship between

them through a large sample cross-sectional study. As shown
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TABLE 2 Logistic regression model of factors influencing adequate COVID-19 knowledge.

Variables Model 1 Model 2

OR 95% CI P OR 95% CI P

Gender (ref.=Male) 1.163 1.01–1.339 0.036 1.170 1.012–1.352 0.034

Age (ref. = 15–34)

35–54 0.968 0.783–1.196 0.764 1.033 0.83–1.287 0.769

55–69 0.913 0.707–1.18 0.488 1.083 0.83–1.412 0.558

Marital status

(ref.= single/widow/divorced)

0.967 0.783–1.195 0.755 0.913 0.735–1.134 0.410

Educational levels
(ref. = Less than junior high
school)

Junior/senior high school 1.517 1.222–1.884 <0.001 1.353 1.085–1.687 0.007

College or above 2.812 2.136–3.702 <0.001 1.924 1.444–2.564 <0.001

Occupation
(ref. = Service/Commercial)

Students 1.368 0.902–2.074 0.140 1.332 0.866–2.048 0.192

Workers/Farmers 0.765 0.594–0.986 0.038 0.880 0.677–1.144 0.341

Others 0.946 0.764–1.171 0.610 1.046 0.839–1.305 0.689

Annual household income
(ref. = 0–49,999)

50,000–99,999 0.909 0.726–1.139 0.408 0.914 0.727–1.15 0.444

100,000–149,999 1.097 0.873–1.378 0.427 1.078 0.853–1.361 0.529

≥150,000 1.376 1.102–1.719 0.005 1.320 1.051–1.657 0.017

Chronic conditions (ref.= No) 1.012 0.837–1.223 0.903 1.030 0.85–1.25 0.761

Health literacy

(ref.= limited)

– – – 3.473 2.974–4.057 <0.001

−2LL 5,186.791 4,942.475

Nagelkerke R2 0.074 0.137

Boldface indicates statistical significance.

TABLE 3 Comparison of knowledge among people with and without HL.

Question Health literacy χ2
P

Limited Adequate

K1 correct n (%) 1,839 (38.3) 885 (56.2) 155.651 <0.001

K2 correct n (%) 4,117 (85.7) 1,515 (96.2) 126.574 <0.001

K3 correct n (%) 2,076 (43.2) 955 (60.6) 144.506 <0.001

K4 correct n (%) 1,382 (28.8) 684 (43.4) 116.536 <0.001

K5 correct n (%) 1,146 (23.9) 506 (32.1) 42.348 <0.001

K6 correct n (%) 1,835 (38.2) 994 (63.1) 298.516 <0.001

K7 correct n (%) 2,992 (62.3) 1,397 (88.7) 385.967 <0.001

K8 correct n (%) 3,012 (62.7) 965 (61.3) 1.011 0.315

K9 correct n (%) 1,751 (36.4) 999 (63.4) 352.270 <0.001

K10 correct n (%) 4,108 (83.6) 1,533 (97.3) 197.277 <0.001

K11 correct n (%) 3,242 (67.5) 1,470 (93.3) 410.881 <0.001

K1, Body temperature over how much need to go to the hospital; K2, What is the minimum number of days of isolation after close contact; K3, People susceptible to the COVID-19; K4, The

source of infection of the COVID-19; K5, Route of transmission of the COVID-19; K6, Personal protective measures; K7, The proper way to wash hands; K8, Choice of mask; K9, Proper way to

wear masks; K10, The correct way to eat in a group; K11, Protective measures in low-risk areas.
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TABLE 4 Comparison of attitude among people with and without HL.

Attitude question HL limited HL adequate Statistical tests

No n (%) Yes n (%) No n (%) Yes n (%) χ2
P

Responsibility AA1 547 (11.4) 4,258 (88.6) 18 (11.1) 1,557 (98.9) 154.131 <0.001

AA2 614 (12.8) 4,191 (87.2) 19 (1.2) 1,556 (98.8) 177.733 <0.001

AA3 572 (11.9) 4,233 (88.1) 16 (1.0) 1,559 (99.0) 168.080 <0.001

AA4 788 (16.4) 4,017 (83.6) 27 (1.7) 1,548 (98.3) 229.582 <0.001

AA5 1,008 (21.0) 3,797 (79.0) 41 (2.6) 1,534 (97.4) 291.517 <0.001

AA6 1,262 (26.3) 3,543 (73.7) 44 (2.8) 1,531 (97.2) 401.376 <0.001

Evaluation
of
information

Complete
agreement

Agree General Disagree Complete
disagreement

Complete
agreement

Agree General Disagree Complete
disagreement

Z P

AB1 59.5% 36.2% 2.6% 0.4% 0.4% 73.5% 25.6% 0.8% 0.0% 0.1% 9.997 <0.001

AB2 53.9% 39.8% 4.1% 0.6% 0.6% 70.4% 28.3% 1.1% 0.1% 0.1% 11.759 <0.001

AB3 49.2% 42.2% 6.3% 0.8% 0.6% 65.3% 32.1% 2.2% 0.1% 0.2% 11.565 <0.001

AB4 47.5% 42.4% 7.5% 0.9% 0.7% 65.4% 31.9% 2.3% 0.3% 0.1% 12.932 <0.001

AB5 45.9% 42.7% 8.3% 1.2% 1.0% 65.1% 31.8% 2.7% 0.1% 0.2% 13.957 <0.001

Evaluation
of policies

Very good Good General Poor Very poor Very good Good General Poor Very poor Z P

AC 69.3% 28.6% 1.8% 0.3% 0.0% 79.4% 19.8% 0.5% 0.3% 0.0% 7.843 <0.001

AA1, Timely report of patients found; AA2, Cooperate with the government’s investigation work and report the situation truthfully; AA3, Cooperate with health institutions to implement quarantine observation, treatment and other measures; AA4, Do not touch,

buy or eat wild animals; AA5, No rumor, no price gouging; AA6, No discrimination against infectious disease patients, suspected patients and pathogen carriers. AB1, Timely, open and transparent publication of information; AB2, Scientific and authoritative sources

of information; AB3, Sufficient information reporting; AB4, The presentation of information is easy to understand; AB5, Informative guidance. AC, Evaluation of the effectiveness of government prevention and control.
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TABLE 5 Comparison of behavior among people with and without HL.

Question Health literacy χ2
P

Limited Adequate

B1 practice n (%) 568 (11.8) 137 (8.7) 11.767 0.001

B2 practice n (%) 387 (8.1) 96 (6.1) 6.505 0.011

B3 practice n (%) 1,833 (38.1) 503 (31.9) 19.718 <0.001

B4 practice n (%) 2,397 (49.9) 1,286 (81.7) 490.475 <0.001

B5 practice n (%) 1,918 (39.9) 1,133 (71.9) 487.388 <0.001

B6 practice n (%) 555 (11.6) 302 (19.2) 59.295 <0.001

B7 practice n (%) 468 (9.7) 178 (11.3) 3.179 0.075

B1, Call 12320 for information; B2, Call the psychological counseling hotline; B3, Telephone or on-site consultation with community doctors; B4, Use the internet to search disease prevention

knowledge; B5, Use the internet to check the epidemic situation near your residence; B6, Use the internet to query the information of fellow passengers; B7, Use the internet to consult a doctor.

TABLE 6 Correlation analysis between HL score and COVID-19 score.

Variable COVID-19
knowledge

score

COVID-19
attitude
score

COVID-19
behavior
score

HL score 0.631∗ 0.503∗ 0.230∗

∗P < 0.001.

in Tables 1, 2, our study showed that people with adequate HL

had higher COVID-19 knowledge, and the difference reached

23.2%. And after adjusting for a series of confounding factors,

the OR value of HL still reached 3.473, and the Nagelkerke R2

increased nearly doubled. HL is an important influencing factor

of COVID-19 knowledge. In addition, gender, age, short marital

status, educational level, occupation, annual household income,

and chronic conditions also affected COVID-19 knowledge in our

study. The elderly people, people with low education level, workers

and farmers, and people with low income have more limited

COVID-19 knowledge. This is consistent with the conclusion of

the study by Jaber et al. (19). Another study found that COVID-19

was connected with lower HL in rural areas (20). The government

should take different intervention measures for different groups.

But there is no doubt that HL is the easiest and most rapid

modifiable factor.

In addition, HL is closely related to the three dimensions of

COVID-19. Compared with the limited HL group, the adequate

HL group had a higher rate of COVID-19 knowledge (Table 3), a

more positive attitude (Table 4), a more active behavior (Table 5).

Interestingly, in terms of behavior, those in limited HL group were

more likely to use the phone to get information, while those in

adequate HL group were more likely to use the internet. Public

intervention measures based on HL can help to promote COVID-

19-related health behaviors and reduce the risk of COVID-19

infection among college students (21). The results of correlation

analysis showed that HL had the strongest association with

COVID-19 knowledge and the weakest association with COVID-19

behavior (Table 6). We must not only understand the knowledge,

but also translate the knowledge gained into health-promoting

behaviors to improve or maintain health (22, 23). With sufficient

knowledge of COVID-19, change your emphasis on COVID-19

and act accordingly to protect yourself.

HL is a broad and important topic in public health, yet it is

still underestimated globally and thus considered a silent epidemic

(24). The COVID-19 pandemic has been accompanied by rapidly

emerging evidence, changing guidelines, and misinformation,

posing new challenges to HL (10). There are widespread

misconceptions about COVID-19 transmission and protection.

Most people are unaware that asymptomatic infected persons can

transmit the virus. In this survey, the correct rate of questions about

the source of infection was only 32.6%. People with limited HL

had a poorer understanding of COVID-19 symptoms, were less

able to identify behaviors to prevent infection, were more likely to

endorse misinformed beliefs about COVID-19 and vaccinations,

and experienced more difficult finding and understanding the

government’s message on COVID-19 (25). Another study also

showed that acceptance of COVID-19 vaccines is associated with

the ability to detect fake news and HL (26).

Therefore, in these uncertain and difficult times, good HL has

never been more vital for survival. Factors such as age, sex, chronic

disease, place of residence and economic status can affect health

literacy (27, 28). Adherence to protective measures is an important

component of controlling the COVID-19 pandemic, and HL is a

major driver of this adherence (29). The results of this study not

only provide new evidence for understanding the importance of

residents’ HL, but also point out the key points for carrying out

health education targeted to cope with the threat of sudden major

infectious diseases and make up for the shortcomings of residents’

HL. Targeted interventions and strategies should be developed to

strengthen the HL of the population and improve people’s attitudes,

so as to reduce the spread of COVID-19.

Limitations

This study has some limitations. The results of this study are

only from the survey in Ningbo City, Zhejiang Province, and

cannot represent the situation of the whole Zhejiang province, let

alone the whole of China. At the same time, we were unable to

compare knowledge rates of COVID-19 among countries, as the

type and difficulty of questionnaires used varied across countries.

Due to the cross-sectional design of this study, it cannot prove a

causal relationship between HL and COVID-19 knowledge. Future

studies should examine these relationships closely. And the process
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of how HL affects COVID-19 knowledge needs to be further

studied. In addition, logistic regression analysis only controlled for

sociodemographic factors, and there were other factors that would

affect the relationship between HL and COVID-19 knowledge.

Conclusions

This study showed that knowledge of COVID-19 was associated

with HL. Furthermore, gender, age, marital status, educational,

occupation, annual household income, and chronic conditions

are associated with COVID-19 knowledge. Targeted health

education and promotion strategies should be adopted for different

populations to improve the HL of residents, so as to reduce the

spread of COVID-19.
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Correct administration aid for oral
liquid medicines: Is a household
spoon the right choice?

Eman Younas, Moomna Fatima, Ayesha Alvina,

Hafiz Awais Nawaz, Syed Muneeb Anjum, Muhammad Usman,
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Background:Correct medicine dosing is an important component in the safe and

e�ective delivery of medicines, particularly for the pediatric population. However,

there is a scarcity of public campaigns on the correct administration and choice

of dosing aids for oral liquid dosage form in many countries, leading to medicine

safety issues and therapeutic failures.

Methods: The study targeted the assessment of the knowledge and practice

of university students. It utilizes pre- and post-intervention surveys administered

through google forms as a survey tool during online zoom and in-person sessions.

The intervention included a short video presentation detailing the selection and

use of medicine spoons and other aids for the administration of oral liquid dosage.

The Fischer Exact test was used to assess the pre- and post-test shift of responses.

Results: Nine-degree programs were engaged in the activity, and 108 students

attended this health awareness activity after obtaining formal consent. A significant

decline (CI = 95%, ∗∗∗∗p-value < 0.05) in the choice of selecting tablespoon

and a shift to a low-volume spoon, as well as rejection of an entire variety

of household spoons, were observed. A significant improvement in the correct

naming of spoons, the meaning of the abbreviation “tsp,” and the correct volume

of a standard teaspoon were also observed with a p-value of <0.001.

Conclusion: A deficit in the knowledge of the proper use of measuring

devices for oral liquid medicines in the educated population was observed,

which can be enhanced through simple tools like short video presentations and

awareness seminars.

KEYWORDS

oral liquidmedication, pediatrics, medication safety, rational use ofmedicines, household

spoon, administration aid

Public interest summary

One of the key responsibilities of the healthcare system is to ensure medication safety.

Various factors contribute to ensuring this, including but not limited to packaging, labeling,

dosing, consumption, and marketing. This study assesses the correctness of household

spoons as dosing and administration aid for oral liquid dosage forms among university

students using a short video presentation as an intervention tool. The message in the video

focused on disseminating the risks involved with the use of a common household spoon.

Assessments were made before and after video presentation and the data were analyzed for

the knowledge of respondents and its shift with the use of intervention.

The revealed that the digitally enabled population of university students were receptive

to short video presentation highlighting the avoidable risks in medication management.
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Introduction

Oral liquid pharmaceutical dosage forms are widely accepted

and used, especially in pediatric and geriatric care. Their safety

and effectiveness depend on the right dosing measurement (1).

Dose measurement is a common step prone to error with drug

administration (2–4), especially with liquid formulations such

as syrups, suspensions, elixirs, linctus, and solutions (3) unless

the packaging is supplemented with the correct administration

containers. These dosage forms include common therapeutic

categories, for instance, antipyretics, analgesics, anti-cough, and

flu remedies, antibiotics, laxatives, and multivitamins. Most people

tend to use household spoons for oral dosing (5). Most commonly

available household spoons include 5ml teaspoons, 10mL dessert-

spoon, 15mL soup spoons, and 15mL tablespoons, which vary

greatly in their design and volumes that they can accommodate (1).

The variation in shapes, sizes, forms, and make of these

household spoons leads to dosing errors (6). The American

Pharmaceutical Association in 1902 and American Medical

Association in 1903 defined the “standard teaspoonful” as 5mL

(7). The American Academy of Pediatrics (AAP) Committee

on Drugs reported that, when liquid medicine is not provided

with a teaspoon, 75–80% of people use a household teaspoon

as an alternative to standard teaspoons (8). One study from

Israel reported that 80% of children are given medications by

a household teaspoon (9). A similar report from Minnesota,

United States, stated that a household teaspoon was the device

most frequently used by 73% of the population for measuring liquid

medications (5).

Dosing and administering medication for the pediatric

population is even more difficult as compared to the adult

population as they need to be adjusted according to age and body

weight. As a result, children aremore vulnerable to dosing errors (2,

10, 11). Calibrated devices such as dosing cups, oral droppers, and

oral syringes have been recommended to measure and administer

liquid medication to the pediatric population. However, the oral

syringe is found to be the most convenient and accurate dosing

device (12).

Various studies showed that the most commonly used

medicinal aids for oral liquid dosing are cylindrical spoons, dosing

cups, droppers, teaspoons, oral syringes, and spoons or syringes

with bottle adapters (6, 12). Dosing cups, droppers, and household

spoons are mostly used for the measurement of oral liquid dosing

at home (12). Spoons and dosing cups are at a higher disadvantage

for doses that are not multiples of 5, like 0.5 or 3.5mL and are not

measurable with a cup marked with 5, 10, 15, and 20mL (13). Oral

syringes account for the least percentage of imprecise dosing (12).

A spoon or syringe with a bottle adapter and dispensing bottle also

provided accurate results (14–16).

This study aimed to evaluate the pre- and post-intervention

knowledge of university students about the choice of household

spoons and oral liquid dosing aids in Pakistan.

Methods

Pre- and post-awareness surveys were conducted using

predesigned questionnaires on undergraduate students of the

University of Veterinary and Animal Sciences (UVASs), Lahore,

who have undergone at least 1 year of university education.

A sample size of 108 (12% of 908) students was targeted

using convenient sampling. Students from nine different degree

programs were invited in person by meeting post-class for

volunteer participation to attend the public health awareness

session. Interested students were placed in a WhatsApp group

for efficient communication. A convenient time was fixed for the

session in which students were connected on zoom call. They were

provided with a link to a Google form for a pre-intervention survey

which was followed by the video presentation. Similarly, the post-

intervention form was shared in a second zoom call after the video

presentation. The questionnaires (Supplementary material 1) and

video presentation included the following segments:

• Assessment of health literacy of university students regarding

the use of medicine spoon.

• Educating students about problems associated with the use

of household spoons for use and the choice of aids for

administering oral liquid medicines (Figure 1).

• Raising awareness about different choices of tools for oral

liquid medicines and the importance of correct dosing

(Figure 2).

• Propose recommendations to avoid dosing errors.

• To develop skills in health promotion and health education

among university students working under the core team of

female students.

The key component of the study was two charts. The first

chart displayed the photographs of five differently sized household

spoons (Figure 1). The spoon included two different designs of

tablespoon/dinner spoons (I and II), two teaspoons (III and

IV), and a sugar spoon (V). The spoons were arranged in the

order of decreasing sizes. They were calibrated using a 5-mL

syringe and labeled with the exact volume in milliliters, and this

information was shared in the awareness session. The respondents

were also briefed on how they can do a small experiment at

home to know the volume of the household teaspoon to calibrate

it, in case it is inevitable to use. The other chart displayed

the photographs of six different tools for oral liquid medication

administration, including (1) a medicine spoon, (2) a medicine

spoon with graduated tubing, (3) a graduated dropper, (4) an oral

syringe, (5) a graduated cup/beaker, and (6) a household teaspoon

(Figure 2).

Ethical approval was received from the Institutional Review

Board of The University of Veterinary and Animal Sciences

under the letter No. 174/IRC/BMR, dated: 03.03.2022, to carry

out this study. Training of the trainers was conducted by the

principal investigator on a team of four researchers who carried

out surveys and awareness sessions with the students of different

degree programs. A pilot was first performed by four lead trainers

on the Doctor of Pharmacy (Pharm.D) student’s batch through

hybrid zoom and in-person sessions. After this session, necessary

changes were made to the survey form and presentation. The

survey was divided into two phases. In the first phase, a pre-

intervention survey was conducted to analyze the knowledge of

the students of Pharm.D about the use of household spoons and

other medical aids for oral dosing. Subsequently, an awareness

Frontiers in PublicHealth 02 frontiersin.org186

https://doi.org/10.3389/fpubh.2023.1084667
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Younas et al. 10.3389/fpubh.2023.1084667

FIGURE 1

Chart One: the selection of a spoon for the administration of medicine from household spoons, along with actual measurements.

FIGURE 2

Di�erent oral liquid medicine administration aids.

training session was conducted using a video recording on zoom

to inform the respondents about the right choices for oral dosing,

the consequences of using the household spoon and wrong dosing,

and the use of graduated dosing aids for accurate dosing. Then, a

post-awareness survey was conducted to re-evaluate their choice

of the right oral dosing aid and knowledge about dosing errors

using household spoons. This assessment was made to evaluate

the effectiveness of this health literacy activity so that it can be

recorded if the key information was successfully understood by

the respondents or not. The same methodology was repeated to

conduct the survey and awareness training for the rest of the eight-

degree programs, assisted by the volunteer trainers by conducting

in-person surveys and awareness sessions.

Analysis was carried out on the collected data using MS Excel

and Graph Pad Prism, Version 8.0.2. The Fischer exact test and

the chi-square test were used for the comparison of pre- and post-

test results. Recommendations were also designed based on the

results and literature survey obtained to improve public health
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FIGURE 3

Pre- and post-intervention selection of spoons from household

spoons by respondents for oral liquid medicine administration.
****means very highly significant.

literacy regarding the safe use of medication, especially oral liquid

dosage form.

Results

Pre- and post-intervention surveys were conducted from 118

and 108 participants, respectively. The 10 mismatched respondents

that did not appear in the post-test were excluded from the study.

Figure 3 shows the age distribution of the respondents, falling

mainly between 18 and 23 years of age, with 75% of the respondents

being women (Table 1). The majority (79) of students (73.15%)

were in the age group of 21–24 and had passed their third

professional (75%), whereas (28) 25.93% of them were 18–20 years

and had passed their second professional exam (25%). Only one

student was aged in between 24 and 26 years and was from the fifth

semester (Table 1). Eight students did not share their passing years.

Most respondents belonged to subjects related to medical sciences,

including 30 from Human Nutrition and Dietetics (HND), 21

from Pharm.D., and 15 from Biotechnology and Food Science

and Technology (FST). The other degree programs included

Microbiology, Medical Laboratory Technology, Environmental

Sciences, andDoctor of VeterinaryMedicine. The participants were

residents of Punjab Province, and 43% were inhabitants of Lahore,

with 5.5% from Gujranwala and 4% from Faisalabad.

In question 1 of the surveys, the respondents were asked to

select a household spoon from the set of five spoons (Types I–V)

that should be used to administer one spoon of medicine, as shown

in Figure 1, without mentioning the volume they can hold. Type I,

the largest spoon was chosen by 51 (47.22%) respondents, whereas

Type III was the second most popular choice with 31 (28.7%),

followed by Type II [14 (12.96%)] and Type IV [12 (11.11%)]. On

the contrary, no one chose Type V, the smallest spoon or the option

of none in the pre-test. In the post-test, only 6 (5%) respondents

chose the Type I spoon; there was an increase of four responses seen

for Type III and 19 (17.59%) respondents opted for the smallest

spoon, and 26 (24.07%) for the options none/blank (Figure 3).

The chi-square test showed that there was a highly significant

TABLE 1 Frequency distributions of participants.

Parameter No. of
students
(n = 108)

Percentage
(%)

Age (years)

18–20 28 26

21–23 79 78

24–26 1 1

Gender

Men 27 25

Women 81 75

Degree program

Pharm.D 19 21%

HND 28 30%

FST 14 15%

Biotechnology 14 15%

Microbiology 7 8%

MLT 6 6%

Biological Sciences 5 5%

Environmental Sciences 5 5%

DVM 2 2%

Home city

Lahore 46 43%

Gujranwala 27 25%

Faisalabad 4 4%

Burewala 3 3%

Sialkot 3 3%

Toba Tek Singh 3 3%

Ali Pur Chatta 2 2%

Bahawalnagar 2 2%

Bahawalpur 2 2%

Kasur 2 2%

Okara 2 2%

Sheikhupura 2 2%

Zafarwal 2 2%

Others 5 5%

Pharm.D, Doctor of Pharmacy; HND, Human Nutrition and Dietetics; FST, Food Science and

Technology; MLT, Medical Lab Technology; DVM, Doctor of Veterinary Medicine.

overall change in the pre- and post-test responses (∗∗∗∗p < 0.0001).

Similarly, the application of the Fischer exact test on individual

options for pre- and post-values revealed that a highly significant

(∗∗∗∗p < 0.05) decrease was seen for the choice of type I spoon,

whereas there was a highly significant (∗∗∗∗p < 0.05) increase for

choice of spoon type V and the introduction of the choice of none

of the spoons (Figure 3). The shift in other options tested through

the Fischer exact test was found to be not significant.
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FIGURE 4

Pre- and post-intervention responses on the name of the spoon chosen for medicine administration. **** means very highly significant.

FIGURE 5

Comparison of pre- and post-intervention responses of the survey participants on the choice of a spoon for medicine administration. ** means very

significant. *** means highly significant.
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FIGURE 6

Comparison of pre- and post-intervention responses of the survey

participants showing a shift of preference from household spoon to

medicine spoon. **means very significant. ****means very highly

significant.

To confirm the choice of the type of spoon, a second question

inquired the respondents about the household name of the spoon

they chose in question 1. It was revealed that 56 (46%) respondents

intended to choose the option tablespoon/chawal khanay ka

chamachs/bara chamcha (rice eating spoon/big spoon), whereas

50 (42%) respondents opted for teaspoon/chai ka chamach/Chota

chamach (Tea Spoon in Urdu/small spoon) as the name of

the spoon they would choose for administering medicines. This

explains that even the information onmedicine spoons being based

on teaspoon measures is also faulty in half of the population. In

the post-test, the question was rephrased to ask what they would

call their chosen spoon in their households after attending the

session; the response of 62% of respondents was for the tablespoon

option, which confirms that 65 out of 108 (55%) respondents chose

the spoon Types I and II in the pre-test (Figure 4). Again, the

application of the chi-square test showed a highly significant change

in the responses in pre- and post-test results (∗∗∗∗∗p < 0.00001).

In response to question 3 where respondents were inquired

about what they understood from the abbreviation “tsp,” the

options were grouped as “teaspoon,” “tablespoon,” and “any other.”

A 29.6% gain was observed in the respondents opting for teaspoons

as the answer in the post-test. The pre-test result showed that 29

respondents out of 108 opted for the tablespoon option, which was

reduced to five in the post-test (Figure 5). The highly significant

change was demonstrated by the application of the Fischer exact

test on individual change in response (∗∗∗∗p < 0.05) and an

overall change of high significance using the chi-square test (∗∗∗∗p

< 0.0001).

Similarly, the results were obtained in pre- and post-

assessments on the volume in milliliters that a teaspoon holds. A

27.78% increase was observed in the initial number of 53–83 for

respondents opting for 5mL as the volume of a teaspoon (Figure 6).

The other popular responses were 7, 10, 2, 3, 4, and 15mL, with

the frequency of 10, 10, 9, 8, 8, and 6, respectively (Figure 5).

Whereas, in the post-test results, 2 and 7mL were the only two

other responses above 5% with a frequency of 7 and 9, respectively.

The overall change was recorded as high significance using the

chi-square test (∗∗∗p= 0.0003).

FIGURE 7

Respondent’s answers to the volume of type II spoons are shown in

Chart One, pre-, and post-intervention. ** means very significant.

*** means highly significant. **** means very highly significant.

Respondents were shown the chart carrying photographs of

different devices used in the administration of the oral liquid

medicines and were asked to pick up the three best options. The

selection of household spoons was 74% in the pre-test, which

dropped to 5% in the post-test (Figure 5). The order of choices was

a household spoon, medicine spoon, oral cup or beaker, cylindrical

medicine spoon, graduated dropper, and oral syringe in the pre-

test, which changed to a medicine spoon, oral syringe, graduated

oral cup/beaker, a medicine spoon with a graduated tube, and

graduated oral dropper, followed by the household spoon at the end

(Figure 5).

Figure 5 shows the pie chart presentation of pre- and post-

responses of the survey participants showing a shift of preference

from household spoon to medicine spoon, whereas Figure 6 shows

the bar graph presentation with the statistical difference observed

in each choice.

Inquiring respondents on the volume of Type II (desert)

spoons, the correct responses were significantly increased from

21.3% (pre-test) to 43.5% (post-test) using the Fischer exact test

(∗∗ to ∗∗∗p < 0.05), except for those who responded it as 10mL

(Figure 7).

Another significant shift was observed as the strong contrast

appeared in the pre- and post-test for the responses inquiring if

they had used any methods other than the shared six methods for

dosing oral liquid medicines (Figure 8). During the pre-test, a big

proportion of respondents (57%) had used bottle caps, and 22% had

admitted direct administration from the bottles. At the same time,

this practice was reduced to 7 and 6% in the post-test, respectively.

The response that no other method is to be used shifted from 20 to

78% in the post-test.

Respondents were asked their opinion about their choice of

a spoon from chart one if they were to label it as “accurate,”

“inaccurate,” “overdosing,” or “under-dosing.” All responses can be

assumed as correct except the one given as “accurate,” for which

the response was reduced from 45% in the pre-test to 9% in the

post-test, which is proof that a good proportion of respondents

participating in the study learned about the risk attached to the use

of household spoons for the administration ofmedicines (Figure 9).

In the final question of the survey, respondents were asked

to state the information sources from which they learned about
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FIGURE 8

Three best choices for oral medicine administration aids (pre- and post-test).

FIGURE 9

Pre- and post-intervention responses for any other method (than the six tools shared) that can be used for the administration of oral liquid medicines.

the tools for medicine administration. In the pre-intervention

assessment, the order of sources from which the respondents

obtained information about the selection of tools for medicine

administrations was 39% from physicians, 34% from medical

stores, 16% by self-understanding, and 7% from family or friends.

In the post-intervention assessment, the results shifted to a

pharmacist at 36%, an awareness session at 37%, a physician at 12%,

and a medical store at 11% (Figure 10).

Discussion

In the current study, 108 students were successfully assessed

for their knowledge and practice on the use of household spoons

for administering oral liquid medicines. A household spoon stands

universally as the most accessible and commonly used device (5)

for the administration of oral liquids, yet it holds the risk of being

the most unpredictable one, especially concerning accuracy (12),

including mixing tablespoons and teaspoons (5) and handling.

Household spoons vary in their design and shape and so may

contain varied volumes in different cutlery sets. The same was

shown to the respondent during the awareness video (Figure 1),

and they were taught the short experiment on how they can

measure the volume of the spoons in their household cutlery

sets. The current study showed that there is also a mix-up in the

understanding of the abbreviation of “tsp” by the respondents as

evident from their response to question 3. This inaccuracy was

recorded in a study on administering the desired dose of drugs with

teaspoons and tablespoons. Teaspoons/tablespoons were collected

from 25 households in Attica, Greece. A total of 71 teaspoons and
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FIGURE 10

Pre- and post-intervention understanding of the consequence of the use of a household spoon.

49 tablespoons were filled with water to measure their capacity.

A major portion consisting of 71 teaspoons was recorded to have

a volume of 2.5–7.3mL, making the household teaspoons and

tablespoons unreliable as dosing devices, and should no longer be

recommended (14).

In the post-test assessment of this study, a sense of

consciousness and care was established among the respondents,

and they raised a strong opinion of rejecting the use of a household

spoon altogether. The awareness session informed the participants

on the volume of each spoon. They were informed that none

of the spoon is fit for the volume of 5mL. However, the type

III spoon being the closest with 1mL less than 5mL and type

II being 2mL in excess of 5mL. The latter is approximately 0.3

times more than the volume of a medicine spoon (Figure 1).

It is interesting to note that the choice of spoon shifted from

overdosing (65/108 responses to 21/108 responses) in the post-test,

i.e., to under-dosing and recorded the introduction of rejection

of the use of a household spoon altogether by choosing none of

the spoons (26/108, i.e., 24.07%). The spoons II and I of under-

dose choice shifted from a total of 43 (39.81%) to 61 (56.48%).

This information brings a caveat for the design of such training

activities to simultaneously make an effort to counter the tendency

of the respondents to make under-dosing choices. A tendency for

under-dosing using a household teaspoon was observed for the

acetaminophen (paracetamol) dosing in an Israeli study carried

out in 1989 (9). In previous studies, under-dosing has been

associated with the ineffectiveness of some therapeutic agents used

in emergencies, like paracetamol (9) and ipecac syrup (17), because

of the household teaspoons.

In response to question 3, the options were discretely divided

into these two choices in the post-test, showing that the respondent

got clarity in their opinion; however, there was a small number

responding for “tsp” to be interpreted as a tablespoon.

Pre- and post-test assessments on the volume in milliliters that

a teaspoon holds showed that only 53 students on the pre-test and

83 students on the post-test opted for the correct choice of 5mL out

of the total 108 students. The incorrect response to the volume of a

teaspoon in the 12 and 13th year of education is a serious concern,

showing the failure of the education system in imparting basic

knowledge to the students. Such a fundamental concept should be

a mandatory set of information that any child going through a

learning process must receive. Especially, the introduction of the

volume units and measures in primary classes can be linked to a

practical exercise of calibrating a household teaspoon or cutlery set

to make education aimed at improving the understanding of life

and its needful skills.

The response regarding the volume of Type II spoons

from Chart One also showed (Figure 7) that even the educated

population has not been involved in knowing the volume of their

household spoons though they have been using them for sensitive

tasks like for provision of medicines to the sick ones.

Information on the different oral medicine administration aids

showed that respondents were familiar with these aids only to some

extent, and the awareness session increased their information. In

a previous study, patient caregivers perceived oral beakers/cups

as more convenient than oral syringes, which were found to be

more accurate in their results. However, the results of the study

showed that a big proportion of the caregivers were unable to use

both accurately. It also showed that droppers, dosing cups, and

household spoons as the most familiar devices for the patients

in their settings (12). Another Korean study showed that etched

dosing cups, dosing spoons, and printed dosing cups were not so

preferred by the public for oral liquid medicine dosing (16). In

the current study, the most significant impact was, however, the

moving of household spoons from the first place to the last one.

Unsafe practices like using a bottle cap and direct

administration from the bottle in the pre-test are suggestive

of the lack of proper information on the consequence of wrong

doses by the public, even in the educated community. However,

little effort led by young professionals through this study changed

this negligence into the adoption of awareness and responsibility

toward the medication use process. Studies have shown that the

correct use of dosing devices was not linked to education, age, or

ethnicity (16). Awareness and training sessions are suggested to

be essential factors in developing skills regarding these basics in

health practices.

The household spoons are not reliable for delivering accurate,

safe, and efficacious doses of oral liquid medications. Their
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reliability is significantly reduced due to improper identification

of the spoon type, unavailability, wide variations, spillage, and

handling inability. The U.S. Food and Drug Administration (FDA)

and National Council for Prescription Drugs in the United States

have issued a white paper in which they have also warned that

patients should not use their household spoons and choose a more

accurate dosing device when taking liquidmedications (18, 19). The

medicine cups, wells, and cylinders are the most common (80%)

dosing devices enclosed with the medicine packs. These devices are

comparatively valid and can be relied upon to deliver specific doses

of oral liquid medications effectively and efficiently, with correct

use. They also possess other benefits, including ease of handling

and use, and are less susceptible to spillage (18, 19). The current

study also noted that the choice of the household spoon can never

be accurate in the respondents’ minds.

In addition, efforts should be made to standardize the dosing

labeling and instructions (18, 19). To administer most oral liquid

prescription medications, a patient or caregiver depends on the

prescription container label dosing designations to guide the

measurement of the correct dose with a dosing device. The use

of multiple volumetric units (e.g., teaspoons, tablespoons, and

droppers) and multiple abbreviations (e.g., mL, cc, MLS; tsp, TSP,

and t) increases the likelihood of dosing errors by healthcare

professionals, patients, and caregivers, which may result in patient

harm (20). Milliliters should be the standard unit of measure used

on prescription container labels for oral liquidmedications (21, 22).

In this study, the response for dose accuracy using a household

spoon was reduced from 45% in the pre-test to 9% in the post-test,

which is proof that a good proportion of respondents participating

in the study learned about the risk attached to the use of household

spoons for the administration of medicines and considered it

inaccurate, overdosing, or under-dosing. The study was able to

register the importance of pharmacists and the use of awareness

sessions as a medium for receiving information on the safe and

proper use of medicines.

Conclusion

Knowledge of correct liquid dose measurement tools and

volumes of household spoons were assessed successfully, and it

was found that there is a deficit in the knowledge of proper use

of measuring devices for oral liquid medicines in the educated

population, which can be enhanced through simple tools like short

video presentations and awareness seminars.

Recommendations

Based on the results of this study, it is recommended that

comprehensive information on the choice of the spoon should

be included in the academic and professional curriculum using

practical exercises, videos, and graphical presentations to improve

the safe administration of oral liquid medicines. Similarly, the

regulatory authority should make it a mandatory requirement for

the manufacturers to include necessary graphical instructions in

the patient information leaflets. It is also recommended that more

studies on medicine administration should be conducted in other

populations to identify the gaps and propose strategies for the safe

use of medicines.

Limitations

The data were collected only from one country, and all

respondents were students from a public sector university. Because

of the limited period of the study, reinforcement through multiple

interventions and their evaluation of information retention could

not be included in the study design.
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Application of the optimizing
health literacy and access
(Ophelia) process in partnership
with a refugee community in
Australia: Study protocol

Zaman Jawahar*, Shandell Elmer, Melanie Hawkins and

Richard H. Osborne

Centre for Global Health and Equity, Swinburne University of Technology, Melbourne, VIC, Australia

Refugees experience health inequities resulting from multiple barriers and

di�culties in accessing and engaging with services. A health literacy development

approach can be used to understand health literacy strengths, needs, and

preferences to build equitable access to services and information. This protocol

details an adaptation of the Ophelia (Optimizing Health Literacy and Access)

process to ensure authentic engagement of all stakeholders to generate culturally

appropriate, needed, wanted and implementable multisectoral solutions among

a former refugee community in Melbourne, Australia. The Health Literacy

Questionnaire (HLQ), widely applied around the world in di�erent population

groups, including refugees, is usually the quantitative needs assessment tool of

the Ophelia process. This protocol outlines an approach tailored to the context,

literacy, and health literacy needs of former refugees. This project will engage a

refugee settlement agency and a former refugee community (Karen people origin

from Myanmar also formerly knowns as Burma) in codesign from inception. A

needs assessment will identify health literacy strengths, needs, and preferences,

basic demographic data and service engagement of the Karen community. This

community will be engaged and interviewed using a semi-structured interview

based on the Conversational Health Literacy and Assessment Tool (CHAT) will

cover supportive professional and personal relationships, health behaviors, access

to health information, use of health services, and health promotion barriers and

support. Using the needs assessment data, vignettes portraying typical individuals

from this community will be developed. Stakeholders will be invited to participate

in ideas generation and prioritization workshops for in-depth discussion on what

workswell and notwell for the community. Contextually and culturally appropriate

and meaningful action ideas will be co-designed to respond to identified health

literacy strengths, needs, and preferences of the community. This protocol will

develop and test new and improved methods that are likely to be useful for

community-based organizations and health services to systematically understand

and improve communication, services and outcomes among disadvantaged

groups, particularly migrants and refugees.

KEYWORDS

health literacy development, co-design, former refugee community, Ophelia process,

Conversational Health Literacy Assessment Tool (CHAT)
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1. Introduction

The complexity of health issues arising from the movement

of refugees around the world poses challenges for health systems.

Former refugee groups often experience challenges in accessing and

using healthcare services because of economic and legal limitations,

language barriers, lack of knowledge about their health rights,

and other socio-cultural, administrative, and institutional barriers

(1–3). Consequently, former refugee communities often tend to

be overlooked by mainstream health programs and so do not

receive fit-for-purpose health education and information. These

systemic barriers result in delayed or no access to health services

(4). Each year, ∼4,000 refugees settle in the Australian State of

Victoria through the humanitarian program (5). In Victoria, as with

many regions around the world, the size of refugee populations is

increasing, leading to the need for improved processes for health

services to understand and respond to their health issues.

Globally, there is a limited research on the health issues

faced by refugees after they have resettled in a destination

country, including Australia (6–10). Refugees have relatively poor

health and encounter barriers to accessing healthcare services.

These barriers include the lack of culturally and linguistically

sensitive health services and information, which cause difficulties in

navigating the health system and for understanding or interpreting

health information (11–13). The pre-migration, migration and

resettlement experiences of refugees have multiple impacts on

their health and wellbeing. These impacts vary across individuals,

families, and communities depending on country of origin,

duration of the migration experience, and their pre-existing health

behaviors and ailments (14). Previous traumatic experiences of

refugees have a persistent impact on their health and wellbeing after

arrival in host countries (15, 16). Refugees may have experienced

interruptions in access to healthcare services in their country

of origin due to war and conflict (17). Consequently, they may

have inadequately managed diseases, injuries, as well as have

ongoing mental health issues due to trauma (18–20). In addition to

experiencing conflict, poverty and variable access to health services,

the settlement process in the host countries may aggravate health

inequities and increase exposure to various health risks. The factors

leading to the poor health of refugees in destination countries

are well documented (21–23). However, a deeper understanding is

required to inform health and community services about ways to

better respond to these identified needs (24).

Researchers, public health practitioners and service providers

across the health system attempt to identify and eliminate

disparities in the health and wellbeing of former refugees. However,

it is challenging to design approaches that examine underlying

causes and worldviews that influence cultural beliefs, norms, values,

health behaviors, and expectations (25). While a focus on these

has raised awareness of the needs of these communities, much

of the work to date has focused on deficits that refugees might

have (e.g., what they can’t do or are lacking in) (26). This has

led to stereotyping such refugees as “hard to reach” (27, 28). A

deficit approach, with a predilection for identifying weaknesses and

problems limits research processes to capture potential strengths

such as community values, resilience, tacit knowledge, skills and

competencies that may be used to build a more comprehensive

understanding of a population and inform the development of

wholistic solutions.

Health literacy is a multidimensional concept that has recently

evolved to be a valuable problem-solving tool to assess and

understand both the strengths and challenges of individuals and

communities including those who do not access services (26, 29–

31). According to theWHO, health literacy represents “the personal

knowledge and competencies that accumulate through daily

activities and social interactions and across generations. Personal

knowledge and competencies are mediated by the organizational

structures and availability of resources that enable people to access,

understand, appraise and use information and services in ways that

promote and maintain good health and wellbeing for themselves

and those around them” (31, 32). Different groups of people

may have different sets of health literacy strengths, needs and

preferences. This has important implications for understanding

what is really required to determine how to build services and

initiatives that may help different communities, especially those

who come from diverse cultures, including refugees (26, 33, 34).

Health literacy initiatives are particularly important for

refugees to facilitate uptake of available health services and

information (35). Few studies provide insights into health literacy

initiatives suitable for refugee populations (36–39). The limited

research suggests that needs assessments, using community

participatory approaches and plain language are useful (40).

However, there are very few studies about methods for identifying

and addressing the health literacy needs in the refugee setting.

A systematic review of randomized control trials was conducted

to identify methods and outcomes that aimed to improve health

literacy and behaviors of refugee communities (41). Overall,

the studies in the field of refugees’ health literacy were highly

heterogenous in terms of study groups (e.g., immigrants, refugees,

and asylum seekers) (see Table 1 for migration terminology),

research design, metrics, methods, and overall methodologies

and did not critically assess the health literacy needs and local

knowledge of refugee groups (41).

Robust research methods that recognize and address health

literacy diversity, and consider the contexts of communities, are

necessary to develop fit-for-purpose and sustainable solutions to

health disparities (46). The Ophelia (Optimizing Health Literacy

and Access) process engages community members to help identify

and respond to their health literacy strengths and needs. The

Ophelia process was developed in Australia (29) and further tested

and refined in different contexts and several countries (2, 33, 47–

51). It has three phases (Figure 1): Phase 1: needs assessment;

Phase 2: co-design and testing of health literacy actions; Phase 3:

implementation, evaluation and continuous quality improvement.

Typically, the needs assessment in Ophelia Phase 1 uses a multi-

dimensional health literacy assessment tool – the Health Literacy

Questionnaire (HLQ) – to investigate the diverse health literacy

strengths, needs and preferences of groups and communities.

Collaboration is undertaken across stakeholder groups, such as

community leaders and members, health professionals, managers,

and service users to select, test and implement health literacy

actions in Phases 2 and 3.

This study protocol describes a health literacy development

project that aims to collaboratively identify the health literacy
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TABLE 1 Migration terminology.

Terminology Definition

Pre-Migration “Pre-migration is the stage in the relocation process

when the refugees are in their home countries and are

deciding and preparing to move to a safe country” (42).

Migration “Migration is the process of social change whereby an

individual moves from one cultural setting to another

for the purposes of settling down either permanently or

for a prolonged period” (43).

Resettlement “Resettlement is the transfer of refugees from an asylum

country to another State, that has agreed to admit them

and ultimately grant them permanent residence” (44).

Immigrants “From the perspective of the country of arrival, a

person who moves into a country other than that of his

or her nationality or usual residence, so that the

country of destination effectively becomes his or her

new country of usual residence” (45).

Refugee “A person who qualifies for the protection of the

United Nations provided by the High Commissioner

for Refugees (UNHCR), in accordance with UNHCR’s

Statute and, notably, subsequent General Assembly’s

resolutions clarifying the scope of UNHCR’s

competency, regardless of whether or not he or she is in

a country that is a party to the 1951 Convention or the

1967 Protocol – or a relevant regional refugee

instrument – or whether or not he or she has been

recognized by his or her host country as a refugee

under either of these instruments” (45).

Asylum Seeker “An individual who is seeking international protection.

In countries with individualized procedures, an asylum

seeker is someone whose claim has not yet been finally

decided on by the country in which he or she has

submitted it. Not every asylum seeker will ultimately be

recognized as a refugee, but every recognized refugee is

initially an asylum seeker” (45).

Former Refugee A former refugee means an individual who was a

refugee.

strengths, needs and preferences of a former refugee community

living inMelbourne, Australia, and co-design health literacy actions

that are culturally and linguistically relevant, meaningful and

useful to the community. The Ophelia process will be applied

in accordance with the eight Ophelia principles that have been

operationalised for this research (Table 2). Health literacy actions

will have a strong focus on building the responsiveness of health

and community services to support and develop the health literacy

of the community. It is expected that the project outcomes will

increase the capacity of communitymembers to access, understand,

appraise, and use health information and services and enhance their

confidence to make informed decisions about their health.

The setting for this study is a Karen community (i.e., refugees

from the country of Myanmar formerly known as Burma) who

were identified by AMESAustralia, a refugee settlement agency that

agreed to form a partnership with the Center for Global Health and

Equity, Swinburne University of Technology, including to engage

with theOphelia guiding principles (see Table 2). Consultation then

began with the Karen community leaders and members to explore

their willingness to participate in a health project. Following

endorsement by the Karen community leaders and members and

AMES Australia, the project aim was discussed and culturally and

linguistically appropriate processes were explored.

2. Methods and analysis

2.1. Project governance

An Advisory Group was established with community leaders to

advise on the aims, purpose and community engagement processes,

including recruitment. This group provides advice about relevant

tribal and ethnic affiliations and ensures diverse groups will be

encouraged to take part.

2.2. Setting and participants

The Karen community groups residing in Melbourne mainly

originate from rural areas in Burma/ Myanmar. The participants

will be recruited by invitation through the Advisory Group, and

community and professional networks. Informed consent will be

obtained from all participants.

Community members will be invited to participate in

semi-structured interviews and/or attend ideas generation and

prioritization workshops. The inclusion criteria include people

who are:

• A former refugee from Burma/Myanmar;

• Aged 18 years and above; and

• Cognitively able to provide informed consent.

Service providers such as health and social care workers,

health practitioners, language support providers, members from

the partner organization (AMESAustralia), community leaders and

clinicians, community nurses, and people who provide direct or

indirect services (e.g., policymakers) will be invited to participate

in ideas generation and prioritization workshops.

2.3. Study design

The study design will be informed by the Ophelia process

(see below). The general timeline below provides an approximate

schedule for the project.

• July 2021 to 2022 – data collection and analysis

(includes interviews, ideas generation workshops, and

corresponding analyses)

• July 2022 to 2023 – intervention development,

implementation, and evaluation (includes intervention

co-design and implementation, and establishing meaningful

ongoing monitoring and evaluation strategies).

2.3.1. Phase 1: Identifying the local health literacy
strengths, needs and preferences

The Ophelia process is usually conducted using a quantitative

data collectionmethod – the Health Literacy Questionnaire (HLQ),

which has 44 items in nine scales (four to six items per scale)

(30, 33). Cluster analysis is used to analyze the HLQ data,

which can be useful to uncover the mechanisms that enable or

inhibit groups of people within a population from engaging with
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health information and services (52). However, quantitative data

collection is not appropriate or relevant for every community

or culture (26). For example, studies in Aboriginal and Torres

Strait Islander communities in Australia identified that yarning

methodology (First Nations cultural form of conversation) is an

effective and respectful data gathering tool for the Australian First

Nations cultures. Yarning nurtures the sharing of knowledge and

stories through in-depth discussions (53). This interview technique

is a culturally appropriate method of communication transfer to

help the Aboriginal and Torres Strait Islander community with

chronic disease education and self-management (54). The Karen

community in Melbourne has limited English language, as well

as limited reading ability in their own language, and there is risk

of epistemic injustice if a health literacy measurement instrument

that is not meaningful or relevant to their culture is used (26). To

minimize the potential for biased data, an open interview technique

will be used in this study instead of the HLQ.

To ensure the interview guide captures health literacy

dimensions, the Conversational Health Literacy Assessment Tool

(CHAT) will be used. The CHAT uses a series of open-ended-

questions to facilitate conversations about the ways in which

people access, understand, appraise and use health information and

services (55, 56). The CHAT consists of five topics, each with 2

questions (total of 10 questions):

1) Supportive professional relationships

2) Supportive personal relationships

3) Health information access and comprehension

4) Current health behaviors

5) Health promotion barriers and support

The CHAT interview guide will be translated into the Karen

language by the AMES Karen community liaison officer. The

translated CHAT interview guide will be pilot tested with up to

5 community members to check understanding of the questions,

issues with the translation, and relevance to the community needs

and experiences. Feedback from the community members will

be used to inform revisions to the translated questions. Semi-

structured interviews will take about 30min and will be undertaken

with the assistance of bilingual workers. Up to 30 community

members will be invited to participate in interviews.

Using the needs assessment data, vignettes (evidence-based case

studies derived from study data) that portray typical individuals

from the target community will be developed. Vignettes are realistic

descriptions of profiles of health literacy strengths, needs, and

preferences that influence the abilities of groups of people in

the community to understand, access, appraise and use health

information and services (2). The vignettes will be extensively

revised and vetted by participants to ensure they portray the daily

lived experiences of the target community members (57, 58).

2.3.1.1. Vignettes development

The health literacy needs assessment data from the interviews

and participant demographic data will be used to construct

vignettes about community members’ experiences and health

literacy strengths, needs, and preferences. It is expected that the

thematic analysis will yield between 5 and 10 different profiles.

Vignettes will be developed for the different health literacy

profiles. The social and demographic data will provide narrative

information about the contexts in which these experiences may

take place. In this way, the vignettes are built to represent the

characteristics and challenges of each health literacy profile without

representing or revealing specific details about any one individual.

2.3.1.2. Ideas generation workshop

The vignettes will be presented to stakeholders in each

workshop with 6 to 10 participants over 2 h. Separate workshops

will be held for community members and direct service providers.

Language interpretation support will be provided by bilingual

workers. In each workshop, participants will be asked 4 key

questions based on the vignettes:

1. Do you know people who have had, or have you had,

experiences similar to the person in this story [participant is

a community member] or Do you see people like this in your

community or services? [participant is a service provider]

2. What sorts of problems is this person experiencing in relation

to their health?

3. What strategies could be used to help this person?

4. If there were many people like this in your community,

what could health services and community organizations do

to help?

The Ideas Generation Workshops bring together researchers,

community leaders and members, and other stakeholders to

participate in discussions about issues facing the community,

and to identify what works well and what does not work

well for the community. This technique, with a focus on lived

experiences embodied in the vignettes, emotes genuine engagement

as workshop participants relate to the vignettes (32, 59, 60).

Additionally, engaging various stakeholders in the discussion will

increase the potential for collaborative efforts to respond to the

identified needs using existing resources according to the health

literacy strengths, needs and preferences of the community.

2.3.2. Phase 2: Select, plan, develop, and test
selected health literacy actions

An action-oriented program logic model and theory will be

developed based on the workshop outputs with categorization

of short- term, intermediate and long-term outcomes where

appropriate (32). This logic model will be co-designed with the

key stakeholders to describe the mechanisms for how the generated

action ideas are intended to work (61).

2.3.3. Phase 3: Implementation, evaluation and
ongoing monitoring of health literacy actions

This phase involves implementation of the chosen health

literacy actions from Phase 2, which include improving the local

uptake, effectiveness, and sustainability of health actions using

quality improvement cycles. AMES Australia will evaluate and

examine the intended outcomes (short-term, intermediate, and

long-term) of the chosen health actions, and refine the processes

to enhance responsiveness and effectiveness, capacity building,

and sustainability of the health actions. A post-implementation
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FIGURE 1

The three phases of the Ophelia process.

evaluation tool will be identified and used to evaluate the

outcomes (32).

2.4. Data analysis

The data will be synthesized in two stages: analysis of the

semi-structured interviews and analysis of the data generated from

the workshops.

2.4.1. Semi- structured interviews
The narratives from the semi-structured interviews, guided

by the CHAT questions, will be coded, themed and analyzed

deductively (62–65), whilst also allowing for inductive generation

of codes identified in the data. The codes will be categorized and

themes will be developed from the categories.

The themes will be used to generate groups of similar health

literacy profiles across the interviewed participants. The coded

data, within the themes, will be scored according to challenges

experienced by participants. A score 3 of 3 means the person

experienced fewer challenges; a score of 2 means the person

experienced a moderate number of challenges; and a score of 1

means the person had many challenging experiences. The scoring

of the challenges will be based on the number and severity of

challenges. The severity of the challenges will be determined

based on participants’ expressions, communication styles, tone of

voice and behaviors while responding to the interview questions.

Some participants may not give any responses that are relevant

to the identified theme, and these will be categorized as “no

response”. Scores for each theme will be summed. The total

scores will be grouped from the highest scores to the lowest

scores. Higher scores suggest potential strengths, and lower

scores indicate potential challenges. The demographic data will

be linked to each individual to identify demographic differences

in terms of education, age, and gender. The health literacy

profile of the interviewed community members will be used to

develop vignettes.

Frontiers in PublicHealth 05 frontiersin.org199

https://doi.org/10.3389/fpubh.2023.1112538
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Jawahar et al. 10.3389/fpubh.2023.1112538

TABLE 2 Principles of the Ophelia process and the application in this study [Adapted from Osborne et al. (32)].

Principles Description Application in the study

Focus on outcomes Focus on improving health and wellbeing outcomes • We will listen to and respect community voices.

• We will give priority to issues of concern to improve the health and

wellbeing of former refugee communities.

• We aim to equip and empower former refugee communities with

the necessary health literacy competencies to increase their capacity

to make good health decisions.

Driven by equity Focus on increasing equity in health outcomes and access to

services for people with varying health literacy needs

• The study is designed in a way to ensure the full participation of

community leaders and members in all discussions.

• The community leaders and members, and other stakeholders will

be involved in the decision-making process to ensure ownership and

transparency of the study process.

• We will emphasize the community values in the development of

health actions and interventions that build on their health

literacy strengths.

Driven by local wisdom Prioritize local wisdom, culture, and systems • We will respect and listen to the lived experience of former refugees.

• We will identify and respond to the communities’ diverse health

literacy needs and preferences to improve their engagement with

healthcare services.

• We will value their lived experience of migration and settlement.

Diagnosis of local needs Respond to locally identified health literacy needs • Wewill value the lived experiences of communitymembers and other

stakeholders.

• The study is designed by taking into consideration the context,

cultural background, health beliefs and available resources.

Co-design approach Engage all relevant stakeholders in the co-design and

implementation of actions

• In each stage of the Ophelia process, all the stakeholders will be

included in the process of developing the study design, suitable data

collection tool, action plan, and interventions.

Responsive-ness Respond to the varying and changing health literacy needs of

individuals and communities

• We will recognize the cultural diversity of former refugees and, and

their migration history.

• We will prioritize their voices and ideas to inform the development

of locally and culturally appropriate solutions.

• Interventions will be co-designed to increase the community’s

capacity to understand, access and use health care services and

information and enhance their ability to make informed decisions

about their health.

Applied across systems Focus on improvements at and across all levels of the health

systems

• The sequence of the study process (e.g., health literacy assessments

and workshops) will capture meaningful and evidence-based

knowledge over time through the full participation of and

engagement with the relevant stakeholders, which will promote

changes in different socio-ecological levels.

Sustainable Focus on achieving sustained improvements through

changes to environments, practices, cultures, and policies

• We will work collaboratively with former refugee communities,

settlement services, and other community organizations to reinforce

sustainable and meaningful interventions through the individual-

and community-centered approach.

• The collaborative effort is anticipated to advocate for communities

needs and preferences.

• This study will use culturally and linguistically informed methods,

which can be applied in different former refugee population groups.

2.4.2. Ideas generation workshop
In each workshop participants will discuss up to 4 vignettes.

The ideas will be grouped into 3 categories of health literacy

actions: (1) actions related to what community members can do

(e.g., increasing confidence of individuals in using their knowledge

and skills of local culture, beliefs, resources, and environment);

(2) actions related to what community or local health organizations

can do (e.g., understanding local wisdom of the community,

providing culturally sensitive services); and (3) policy level actions

(e.g., actions that influence organizational policy and decision

making processes) (29). Data analysis will be led by one researcher

with iterative review and checking of congruency of codes by other

members from the team including the community leaders and

AMES Australia staff.

Following the thematic analysis of the health literacy actions,

a prioritization workshop will be conducted with key stakeholders,

including community members and leaders and AMES Australia

staff. A health literacy development and implementation plan will

be developed.

3. Discussion

Health service organizations and settlement agencies who work

closely with former refugees experience challenges in identifying,

understanding, and responding in culturally responsive ways to the

diverse health literacy needs of this cohort. Given that substantial

health disparities in former refugee communities are frequently
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observed (23), new ways to support communities and health

authorities to understand the health needs and to take action

are warranted. Simply providing health information in different

languages for these communities is not sufficient to enhance their

engagement with the health services, reduce health inequities, and

improve their health outcomes (66–68).

This protocol details an adaptation of the Ophelia process

such that it can accelerate a settlement agency’s engagement with

their community and develop an in depth understanding about

how to best generate and implement health literacy development

actions and programs that are locally relevant and implementable.

Importantly, Ophelia provides an authentic process for engagement

and co-design with diverse stakeholders. The Ophelia process has

been successfully adapted to fit many projects in different countries

around the world (32) and previous Ophelia protocols for studies

in different contexts have been published (29, 69, 70) including a

study about refugees in Portugal (2). This study will be conducted

in accordance with the eight principles of the Ophelia process

(Table 2) which may mean that during the co-design phases of the

project, some protocol changes may be necessary to suit the cultural

and linguistic needs of the community, available resources, and

other contextual circumstances.

Potential limitations to this study protocol include inadequate

time for consultation and code sign with the agency and

community members, limited reach into the full range of refugee

groups, and reluctance of refugee groups to express any concerns

they may have in their new host country. The governance of

the Advisory Group and adherence to the Ophelia principles are,

however, likely to mitigate these potential limitations.

The Ophelia process recommends application of a formal

multidimensional questionnaire [i.e., the Health Literacy

Questionnaire (30)]. However, this type of tool, whether

administered in written or oral form, may miss key health

literacy elements of the refugee settlement experience, and may

be an unacceptable burden to people who are illiterate in the

own language, or come from an oral language tradition (26).

Consequently, this protocol includes a semi-structured qualitative

interview using the CHAT. If successful, this protocol will

increase the reach and impact of Ophelia into wider settings,

including among groups often not authentically included in

research and program development activities. The development

and continuous improvement of equitable healthcare services

require responsiveness to the local nuances of a community,

development of bespoke or tailored health literacy actions, and

careful evaluation of the acceptability, uptake and impact of public

health responses (32).

4. Conclusion

This study will support an organization to understand and

respond to the factors that affect a community’s ability to

understand, access, appraise, and use health information and

services to make informed decisions about their health. This

protocol applies authentic co-design to develop locally appropriate

interventions based on diverse stakeholders’ experiences and

identified needs. The outcomes of this study are anticipated to

be useful for various community-based organizations and policy

makers to reduce health disparities in former refugee and other

communities that experience vulnerability and marginalization

and to create enabling environments that enhance meaningful

engagement with and equitable access to health information

and services.
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Development and validation of
the diabetic self-management
scale based on information-
motivation-behavioral skills
theory

Zhenwei Dai1†, Shu Jing1†, Xiaoyang Liu1†, Haoran Zhang2,

Yijin Wu1, Hao Wang1, Weijun Xiao1, Yiman Huang1, Jiaqi Fu1,

Xu Chen1, Lei Gao2 and Xiaoyou Su1*

1School of Population Medicine and Public Health, Chinese Academy of Medical Sciences and Peking

Union Medical College, Beijing, China, 2NHC Key Laboratory of Systems Biology of Pathogens, Institute

of Pathogen Biology, and Center for Tuberculosis Research, Chinese Academy of Medical Sciences &

Peking Union Medical College, Beijing, China

Background: Self-management is important for the blood sugar control of

middle-aged and elderly Type 2 diabetes mellitus (T2DM) patients, of which

diet, exercise, and drug compliance are the most common components. The

Information-Motivation-Behavioral Skills Model (IMB) has been widely used in

health behavior management and intervention.

Objective: The purpose of this study is to develop and validate the Diabetic

Self-Management Scale (DSMS) based on the IMB model.

Methods: Self-report survey data was collected from middle-aged and elderly

T2DM patients in Zhongmu City, Henan Province, China in November 2021 using

convenience sampling. The original DSMS was developed through a literature

review and summary of previous similar scales using an inductive approach. Item

modification was finished by a panel of specialists. Exploratory factor analysis

and confirmatory factor analysis were used to evaluate the reliability, convergent

validity, discriminant validity, and criterion validity of DSMS.

Results: Four hundred and sixty nine T2DM patients completed the questionnaire

survey. The final DSMS consists of 22 items with three dimensions, including

information (five items), motivation (eight items), and behavior skills (nine items).

The results of simple factor analysis showed that the KMO value was 0.839, Bartlett

spherical test 2 = 3254.872, P < 0.001. The results of confirmatory factor analysis

showed that 2/df = 2.261, RMSEA = 0.073, CFI = 0.937, TLI = 0.930, and SRMR

= 0.096. The standardized factor loadings of 22 DSMS items were all above 0.6,

and the CR values of 3 dimensions were all higher than 0.9. In addition, DSMS also

showed good discriminant and criterion validity.

Conclusion: The 22-item DSMS has good reliability and validity, and can be used

to make diabetic self-management assessment regarding diet, physical activity,

and medication among middle-aged and elderly Chinese T2DM patients. DSMS

is of moderate length and easy to understand. It can be promoted in China in

the future to understand the self-management status of middle-aged and elderly

T2DM patients in China.

KEYWORDS

type 2 diabetes mellitus, self-management, psychometric properties, validation,

Information-Motivation-Behavioral Skills Model (IMB)
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1. Introduction

With the increasing rates of aging and obesity worldwide,

diabetes has become one of the most serious and common

chronic diseases currently (1). According to International Diabetes

Federation (IDF), there were about 537 million people suffering

from diabetes in 2021 worldwide, with a global prevalence

estimated to be more than 10%, and the number is expected to

reach 783 million by 2045 (2). Due to the large aging population,

China has now become the country with the highest prevalence

of diabetes in the world and has the largest number of diabetic

patients (3). According to the 2021 Global Diabetes Atlas released

by International Diabetes Federation (IDF), the total number of

diabetic patients in mainland China was estimated to be 140.9

million in 2021 (2). The incidence of diabetes continues to increase

with age, especially after the age of 50, and among the middle-

aged and elderly populations in China, the prevalence of diabetes

and pre-diabetes was more than 10 and 40% respectively in 2018

(4–6).Worse still, the high incidence of diabetes inmiddle-and low-

income countries has brought huge costs and burdens to the global

health economy (7). Empirical data showed that in 2021, the direct

health expenditure caused by diabetes has reached nearly 1 trillion

dollars, which has increased about 316% over the past 15 years

globally (2). Moreover, the socio-economic inequities in diabetes

are also not conducive to the prevention and control of diabetes

worldwide, especially in developing countries (8). Type 2 diabetes

mellitus (T2DM) is the most common type of diabetes mellitus,

accounting for 90% of all diabetic patients (9). T2DM patients

may develop microvascular and macrovascular complications such

as cardiovascular disease, diabetes nephropathy, and diabetes

ophthalmopathy without effective control of blood sugar (10). In

addition, T2DM patients have a 15% increased risk of all-cause

death compared with healthy people (11). This will lead to both

the compromise of life quality of T2DM patients and huge financial

burden to their families (12).

The main contributing factors for T2DM were obesity and

unhealthy lifestyles like sedentariness (13). Early control of T2DM

and patient-centered self-management can reduce blood glucose

levels and minimize complications (9). A series of randomized

controlled trials indicated that lifestyle interventions, such as

increasing physical activity and having a healthy diet, are simple

and effective ways to control the progression of T2DM (14–18).

Apart from the lifestyle changes recommended by their family,

friends or doctors, most of the T2DM patients are benefiting

from the diabetes medication, typically given to the control of

the blood glucose and further occurrence of complications of

T2DM.Hence, adhering to a doctor’s prescription for hypoglycemic

medications and suggestions is crucial for managing the condition

and preventing the emergence of T2DM complications (4, 19, 20).

However, the self-management practice of T2DM patients need

further optimization and refinement, since it involves multiple

aspects, such as eating habits, physical activities, and medication

adherence, and might be complicated for T2DM patients to follow

it strictly (21). Recent studies have found that most T2DM patients

only adhere to their treatment to a moderate degree (22–24).

In this case, an instrument to systematically assess eating habits,

physical activities, and medication adherence is necessary for

T2DM patients to evaluate their capacity for self-management.

Currently, most self-management scales employed among Chinese

T2DM patients were introduced from other countries, such as

the Diabetes Self-Care Scale (DSCS) which evaluates the self-

management ability from the perspective of diet, blood sugar

detection, feet care, physical activity, and medication; Summary

of Diabetes Self-Care Activities Scale (SDSCA) that contains the

assessment of diet, physical activity, blood sugar detection, feet care,

and smoking; The Personal Diabetes Questionnaire (PDQ) that

was developed under the structure of knowledge, self-decision, self-

management, and psychology; and Diabetes Care Profiles (DCP)

that evaluate the mental and social health of diabetic patients from

multiple dimensions (25–28). However, few studies focused on the

development and validation of a self-management scale for T2DM

patients in China considering the culture of the Chinese context.

Additionally, the existing self-management evaluation tools for

diabetes often involve multiple dimensions such as diet, physical

activity, blood glucose monitoring, feet care, and drug compliance.

Among them, diet, physical activity and drug treatment are of

utmost concerns by majority of the diabetes and prediabetes

patients, and it is also the focus of medical staff (6). Therefore,

developing a tool focusing on the above mentioned three aspects

to evaluate the self-management status of diabetes patients might

be expected to provide a measurement applicable to a broader

T2DM population.

The Information-Motivation-Behavioral Skills Model (IMB)

developed by Fisher et al. in the 1990’s was originally used to

evaluate the risk of HIV infection and promote the prevention of

HIV/AIDS (29). According to the IMB theory, the performance

of behavior requires behavior-specific information, motivation,

and behavior skills. Individuals with higher levels of information,

motivation and behavioral skills are more likely to adopt healthy

behaviors. Therefore, measuring the level of the above three

dimensions can well-predict and reflect individual’s behavior.

Information is a factor directly related to health-related behavior,

and motivation is an additional determinant of health-related

behavior. Adequate information and motivation can promote

individuals to develop appropriate behavioral skills and ultimately

lead to health-promoting behaviors (Figure 1) (30, 31). At present,

the IMB model has demonstrated a satisfactory predictive ability

to improve the compliance of self-management behavior and

ameliorate the health outcome of T2DM patients, showing good

practicability and maturity (32). For example, Qin compiled the

IMB-SMBG questionnaire based on the IMB model to investigate

the self-monitoring of blood glucose in adult type I diabetes patients

(33). However, the diabetic self-management scales employed in

these studies were mostly self-designed without strict validation,

and few studies focused onmiddle-aged and elderly T2DM patients

in China (34). Therefore, the purpose of the current study is

to develop a diabetic self-management scale (DSMS) in Chinese

middle-aged and elderly T2DM patients based on IMB theory. And

it is intended to evaluate the self-management of T2DM patients

from the perspective of diet, physical activity, and medication,

respectively, and to provide a tool for systematically understanding

of their relevant health-related behaviors.
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FIGURE 1

Conceptual framework of the role of IMB model on health behavior.

2. Materials and methods

2.1. Scale development

The Diabetic Self-Management Scale (DSMS) developed in

this study was based on the three dimensions of IMB theory,

namely information, motivation, and behavioral skills. And each

dimension covered items on physical activity, diet, and medication

of T2DM. The information dimension was developed based on

the items from the diabetes knowledge questionnaires of the

Diabetes Education Project in China of Project Hope, while items of

motivation and behavioral skill dimensions were developed based

on comprehensive literature reading and other scales that our

research team had previously developed and employed based on

IMB or similar models (35, 36). Initially, a 55-item pool (15 items

of information, 20 items of motivation, and 20 items of behavioral

skill) was generated via literature review and group discussion.

Then, similar items were collapsed into 1 item to avoid redundancy.

For example, “Appropriate physical activities can lower my blood

sugar level,” “Physical activities can make my blood sugar well

controlled”, and “Blood sugar level is difficult to control if I do

not exercise.” were collapsed into “Appropriate physical activities

can lower my blood sugar level.” Meanwhile, some items were

also removed by considering the practicability and applicability in

the study population by investigators and field workers who were

familiar with the study population and the local culture of the

study site, such as “Do you know what your ideal weight is?.” After

this phase, the 55-item pool was reduced to 43 items (13 items of

information, 15 items of motivation, and 15 items of behavioral

skill). Later, a panel of specialists in epidemiology, psychology,

and behavioral science were invited to further review the 43-

item pool, evaluating the face validity of the items, and to make

the final modification suggestion. According to the suggestions of

specialists, some unnecessary items were removed, such as “High-

fat food will increase the risk of complications of diabetes,” and “I

will feel anxious if my blood sugar level cannot be well-controlled,”

and a few items were slightly reworded to improve their linguistic

clarity. Finally, a total of 25 items (eight items of information, eight

items of motivation, and nine items of behavioral skill) remained

for subsequent analyses.

2.2. Study design and participants

The sample size was planned to be at least 120 in this study, with

the set of α = 0.05; β = 0.2; degree of freedom (df) = 120; RMSEA

= 0.05 in the null hypothesis; RMSEA= 0.08 in the test of close fit,

and RMSEA= 0.01 in the test of non-close fit (37). The calculation

was completed in R 4.2.2.

A descriptive cross-sectional questionnaire survey was

conducted in the present study. Participants were recruited from

Zhongmu, Henan province, China, and they were invited to

fill out a questionnaire including demographics and DSMS by

convenience sampling from November 2nd, 2021 to November

12nd, 2021. The inclusion criteria were: (1) Registered clinically

diagnosed diabetic patients aged from 45 to 65 years old; (2) Fasting
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TABLE 1 Demographic characteristics of participants (n = 469).

Variables N (%)

Age (years)

45–60 336 (71.6)

>60 133 (28.4)

Gender

Male 188 (40.1)

Female 281 (59.9)

Educational level

Primary school or below 265 (56.5)

Above primary school 204 (43.5)

Marital status

unmarried/divorced/widowed 32 (6.8)

Married 437 (93.2)

Annual household income in 2020 (RMB)

≤30,000 294 (62.7)

>30,000 175 (37.3)

Drink in the past year

No 363 (77.4)

Yes 106 (22.6)

Smoke in the last 6 months

No 395 (84.2)

Yes 74 (15.8)

High blood pressure

No 100 (21.3)

Yes 369 (78.7)

GLU (mmol/L) 9.93± 4.36

GHB (%) 10.27± 2.62

blood glucose level is not lower than 7.0 mmol/L or HbA1c is not

lower than 6.5%; (3) Can independently finish questionnaires; (4)

Can sign the informed consent form and cooperate to complete all

the research contents. The exclusion criteria were: (1) Patients with

serious diseases (such as malignant tumors), immunodeficiency

or immunosuppressants, or those with severe neurological or

mental disorders; (2) Patients who are deaf-mute, unable to move,

etc. Investigators who are familiar with the local dialect were

recruited and trained. Unified instructions were set for each item

in the questionnaire for the investigators to ask questions, and

they would fill out the questionnaire according to the answers of

the participants. After the investigators and proofreaders sign at

the end of each questionnaire, it is deemed that the investigation

of this sample is completed. Epidata software was used for data

entry and double check to ensure the accuracy of the data. In this

study, 484 participants completed the questionnaires, and 469

out of them met the eligibility criteria of the study, which were

employed for subsequent analysis, with an effective recovery rate

of 97%. The study protocol was approved by the Ethics Committee

of the Institute of Pathogen Biology, Chinese Academy of Medical

Sciences (Beijing, China) (IPB-2021-09).

2.3. Measurement

2.3.1. Demographic information
Demographic information included age, gender, educational

level, marital status, annual household income in 2020, whether

drank in the past year, whether smoked in the last 6 months,

whether have high blood pressure, blood glucose (GLU), and

glycosylated hemoglobin or glycated hemoglobin (GHB). (GLU and

GHB are the current diagnostic criteria for diabetes in China) (38).

GLU and GHB were measured by researchers during investigation.

2.3.2. Preliminary version of diabetic
self-management scale

The DSMS developed in this study was based on IMB theory,

which included three dimensions: information, motivation, and

behavioral skill. The information dimension consisted of eight

items on knowledge of diet, physical activity, and medication of

T2DM. Each item was of dichotomous response on “Yes” and

“No” (“Yes” equals 1 while “No” equals 0), participants would

receive 1-point for each correct response, and the higher total

score of this dimension indicated a higher level of knowledge on

T2DM. The Cronbach’s α of this dimension was 0.630 in this

study. The motivation dimension consisted of eight items and each

item was 5-point Likert scaled from 1–5, and higher total scores

indicated a higher level of motivation on diabetic self-management.

The Cronbach’s α of this dimension was 0.938 in this study. The

behavioral skill dimension consisted of nine items and each item

was a question that need an answer from “Yes,” “No,” or “Not clear.”

Participants would receive 1-point for each correct response and get

the total score after finishing all items. Higher total scores indicated

a higher level of behavioral skill. The Cronbach’s α of this dimension

was 0.898 in this study.

2.4. Statistical analysis

Descriptive analysis was used to describe the demographic

characteristics. Pearson correlation analysis was employed to

examine the correlation among the 3 dimensions of DSMS. When

assessing the psychometric properties of DSMS, the sample was

randomly divided into two parts via a random number generator,

to perform exploratory factor analysis (EFA) and confirmatory

factor analysis (CFA), respectively. The final sample size of the

EFA sample (sample 1) was 234 and the CFA sample (sample

2) was 235. Kaiser–Meyer–Olkin (KMO) and Bartlett’s test of

sphericity was used to test whether our data were suitable for

factor analysis. In EFA, principal component factor analysis with

varimax rotation was conducted to assess the underlying structure

for the 25 items of the DSMS. Items that had a factor loading of

more than 0.50 and did not load on multiple factors were obtained

for further CFA (39). After EFA, three-factor CFA with oblique

rotation was employed to evaluate the reliability and validity of
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TABLE 2 Factor loadings of 25 items in the preliminary DSMS (n = 234).

Items and expected dimensions Dimension

Information Motivation Behavioral skill

Information

Eating too much sugar or sweet food is a cause of diabetes. 0.279 −0.148 0.277

People with diabetes cannot eat fruits and vegetables. 0.122 −0.139 −0.077

Appropriate physical activities can lower my blood sugar level 0.546 0.198 0.046

Diabetic patients should start exercising 1/2 to 1 h after a meal 0.703 0.157 0.167

Diabetic patients should take sweets with them when exercising 0.696 −0.068 0.148

If I forget to take the hypoglycemic drugs in the morning, then I can take the two drugs together at noon

to make up for the morning’s vacancy

0.411 0.127 −0.253

All hypoglycemic agents may cause hypoglycemia 0.563 0.051 0.082

Paying attention to diet and strengthening physical activities are as important as taking hypoglycemic

agents

0.591 0.294 −0.061

Motivation

I attach great importance to my health 0.177 0.616 −0.198

It will be difficult to control my blood sugar if I do not control my diet −0.038 0.741 0.119

Poor control of blood sugar can easily lead to diabetic complications (such as nephropathy, etc.) 0.168 0.784 −0.098

My relatives and friends around me think I should stick to the diabetes diet 0.081 0.826 0.161

Moderate physical activities can control my blood sugar well 0.078 0.817 0.128

My relatives and friends around me think I should keep moderate physical activity to control my blood

sugar

0.079 0.849 0.184

Medication according to the doctor’s advice can control my blood sugar well 0.149 0.824 −0.062

My relatives and friends around me think that I should stick to the doctor’s advice 0.160 0.845 0.157

Behavioral skill

When you are busy, can you still follow the dietary principles suggested by your doctor? 0.020 0.039 0.756

If you make up your mind, can you stick to the diabetes diet? 0.021 −0.011 0.800

Do you know how to eat and drink to help control blood sugar? 0.117 0.159 0.667

When you are busy, can you still keep exercising? 0.059 0.090 0.820

If you make up your mind, can you keep exercising? 0.108 0.105 0.795

Do you know how to exercise to help control blood sugar? 0.163 0.110 0.755

Can you take the medicine according to the doctor’s advice during the period of taking the medicine

recommended by the doctor?

−0.135 −0.043 0.659

If you make up your mind, can you follow the doctor’s advice? −0.075 0.048 0.588

Do you know how you should take medicine to control blood sugar? 0.085 0.047 0.796

The bold values indicate factor loadings of expected dimensions.

the DSMS. Since the scales of indicators of “information” and

“behavioral skill” were binary, mean and variance-adjust weight

least squares (WLSMV) was used to estimate the parameters

of the CFA model (40). The structural validity of the DSMS

was evaluated by model fit indices, which include χ2, df, Root

Mean Square Error of Approximation (RMSEA), Comparative Fit

Index (CFI), Tucker-Lewis Index (TLI), and Standardized Root

Mean Square Residual (SRMR). The reliability and convergent

validity of the DSMS were assessed by standardized factor loadings,

composite reliability (CR), and average variance extracted (AVE)

(41). The discriminant validity of the DSMS was assessed by

the AVE method (41). The criterion validity was assessed by the

correlation among the three dimensions of DSMS and GLU and

GHB (42). All the analyses were completed with SAS 9.4 and

Mplus 8.3.

3. Results

3.1. Participant characteristics

A total of 469 T2DM patients were recruited in this study.

28.4% of the participants were above 60 years old, 59.9% were

female, and 78.7% had high blood pressure (see Table 1).
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TABLE 3 Model fit indices of the proposed model (n = 235).

χ2 df χ2/df CFI TLI RMSEA SRMR

Model 465.681 206 2.261 0.937 0.930 0.073 0.096

3.2. Exploratory factor analysis

The KMO measure of the 25-item original DSMS was 0.839,

indicating enough items are predicted by each factor in the current

study. The result of Bartlett’s test of sphericity was statistically

significant (χ2 = 3254.872, P < 0.001), suggesting that the items

are correlated highly enough to provide a reasonable basis for

factor analysis. In EFA, 3 major factors were expected, based

on the fact that the items were designed to index 3 constructs:

information, motivation, and behavioral skill. Table 2 displays the

items and factor loadings for the rotated factors, with loadings

<0.50 omitted in the further analysis (39). Three items in the

information dimension were deleted: “Eating too much sugar or

sweet food is a cause of diabetes,” “People with diabetes cannot eat

fruits and vegetables,” “If I forget to take the hypoglycemic drugs

in the morning, then I can take the two drugs together at noon to

make up for the morning’s vacancy.”

3.3. Confirmatory factor analysis

3.3.1. Structural validity
The CFA model with 22 items extracted from the EFA showed

χ2/df = 2.261, RMSEA = 0.073, CFI = 0.937, TLI = 0.930, and

SRMR = 0.096, suggesting an acceptable model fit and structural

validity of the DSMS. The model fit indices of the CFA are

illustrated in Table 3.

3.3.2. Reliability and convergent validity
The standardized factor loadings of 22-item DSMS were all

above 0.6 and statistically significant. The values of CRs for the

three dimensions were all above 0.9. The AVEs of the dimensions

were above 0.6, suggesting good reliability and convergent validity

of the DSMS (see Table 4, Figure 2).

3.3.3. Discriminant and criterion validity
To evaluate discriminant and criterion validity, the correlations

of 3 dimensions were examined. When the square root of each

factor’s AVE is greater than the absolute value of the correlation

between this dimension and the other two dimensions, the model

demonstrates discriminant validity. As is shown in Table 5, the

diagonal elements in the correlation matrix of DSMS factors were

the square root of AVE. All the diagonal elements were greater

than corresponding off-diagonal elements, indicating the DSMS

showed good discriminant validity. Additionally, criterion validity

was evaluated by the correlation between 3 dimensions of DSMS

and GLU, and GHB. As shown in Table 5, three dimensions

of DSMS were all negatively associated with GLU and GHB,

except the correlation between behavioral skill and GHB, but this

correlation was not statistically significant. Additionally, despite

the non-significant correlation between motivation and GLU,

the correlation between motivation and GHB were statistically

significant, indicating that DSMS developed in this study had good

criterion validity.

3.4. Characteristics of dimensions in DSMS

The average scores of information, motivation, and behavioral

skill for all participants were (2.697 ± 1.607), (4.073 ± 0.517), and

(6.058± 3.033) (see Table 6).

4. Discussion

T2DM is a chronic disease requiring patients’ lifelong self-

management to avoid the occurrence of complications and

to ensure the achievement of the best clinical outcomes (43,

44). Recognizing the weak links and misconceptions of self-

management of T2DM patients in China is of positive significance

for the health authorities and medical care workers to implement

targeted intervention among this population. Therefore, it is

necessary to develop a scale to comprehensively assess the self-

management status of T2DM patients. The primary aim of this

study was to develop a scale to evaluate the self-management

ability, including diet, physical activity, and medication, of middle-

aged and elderly T2DM patients in China based on IMB theory.

The final DSMS is a 22-item scale with a systematic yet simple

3-factor structure encapsulating information, motivation, and

behavioral skill, which is consistent with the established theoretical

perspectives of IMB (34). The standardized factor loadings of

22 items in CFA were all above the recommended value of

0.5 and statistically significant, indicating good communalities

of items (39). The value of Cronbach’s α and CR for the three

dimensions were all above 0.7, indicating good reliability and

convergent validity of the CFA model (41, 45). In addition, the

discriminant validity of the CFA model was acceptable according

to the comparison between correlation coefficients and AVEs.

These findings provide reasonable evidence that DSMS has satisfied

psychometric properties to meet the requirement for a self-report

measure of self-management ability among Chinese middle-aged

and elderly T2DM patients.

Blood sugar is an important indicator to evaluate the self-

management of T2DM patients (46, 47). The three dimensions of

DSMS were all negatively associated with hyperglycemia markers,

such as higher levels of GHB and GLU. The first dimension is

information, which is the precondition for healthy behavior in

the IMB model. Researchers have pointed out that information

can directly affect diabetes patients’ self-management behavior,

and a high level of diabetes-related knowledge is beneficial for

patients’ glycemic control (34, 48). In addition, sufficient diabetes-

related information can improve drug compliance and regular

glycemic monitoring of T2DM patients, which will also help

to avoid the deterioration of the disease (32, 49). The second

dimension is motivation, including personal motivation and

social motivation, which are independent and direct predictors

of T2DM self-management behavior (50). Researches indicated
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TABLE 4 Reliability and convergent validity of 22-item DSMS (n = 235).

Construct Indicator STD S.E. Z P CR AVE

Information Appropriate physical activities can lower my blood sugar level 0.820 0.067 12.194 <0.001 0.908 0.664

Diabetic patients should start exercising half an hour to 1 h after a meal 0.752 0.061 12.406 <0.001

Diabetic patients should take sweets with them when exercising 0.737 0.064 11.527 <0.001

All hypoglycemic agents may cause hypoglycemia 0.809 0.063 12.789 <0.001

Paying attention to diet and strengthening physical activities are as important as

taking hypoglycemic agents

0.942 0.055 17.029 <0.001

Motivation I attach great importance to my health 0.695 0.020 34.477 <0.001 0.949 0.702

It will be difficult to control my blood sugar if I do not control my diet 0.767 0.017 46.418 <0.001

Poor control of blood sugar can easily lead to diabetic complications (such as

nephropathy, etc.)

0.828 0.013 66.076 <0.001

My relatives and friends around me think I should stick to the diabetes diet 0.884 0.010 84.458 <0.001

Moderate physical activities can control my blood sugar well 0.906 0.007 127.555 <0.001

My relatives and friends around me think I should keep moderate physical activity to

control my blood sugar

0.886 0.010 85.441 <0.001

Medication according to the doctor’s advice can control my blood sugar well 0.854 0.009 96.811 <0.001

My relatives and friends around me think that I should stick to the doctor’s advice 0.862 0.012 70.752 <0.001

Behavioral skill When you are busy, can you still follow the dietary principles suggested by your

doctor?

0.927 0.022 42.545 <0.001 0.977 0.826

If you make up your mind, can you stick to the diabetes diet? 0.947 0.025 38.425 <0.001

Do you know how to eat and drink to help control blood sugar? 0.861 0.030 28.944 <0.001

When you are busy, can you still keep exercising? 0.934 0.021 45.399 <0.001

If you make up your mind, can you keep exercising? 0.916 0.023 40.319 <0.001

Do you know how to exercise to help control blood sugar? 0.919 0.023 39.335 <0.001

Can you take the medicine according to the doctor’s advice during the period of taking

the medicine recommended by the doctor?

0.895 0.030 29.867 <0.001

If you make up your mind, can you follow the doctor’s advice? 0.925 0.028 33.400 <0.001

Do you know how you should take medicine to control blood sugar? 0.853 0.031 27.200 <0.001

STD, Standardized factor loading; S.E., Standard error; CR, Composite reliability; AVE, Average variance extracted.

that positive motivation can promote physical activity and a

healthy diet in T2DM patients (49, 51). However, the relationship

between motivation and blood glucose monitoring and drug

compliance has not been identified, since these behaviors may

be more strictly limited by information such as doctor’s advice,

while the diet and physical activity are more flexible and can

be easily adjusted according to the patient’s motivation (52).

The last part of the IMB model is behavior skills. Behavior

skills are composed of personal objective skills and self-efficacy,

which are also positively associated with diabetes self-management

behavior (53). Previous studies have shown that information and

motivation are positively associated with behavioral skills, and

behavioral skills are also positively associated with T2DM self-

care behaviors (54). Although information and motivation are

essential for self-management behaviors in T2DM patients, it

might be difficult to adopt correct healthy behaviors without

solid practical skills (50). In addition, HIV-related intervention

studies suggested that behavioral skills mediate the relationship

among information, motivation, and health behaviors (55, 56).

Therefore, DSMS developed in this study might give a direct

evaluation of the health outcome of T2DM self-management.

Based on the DSMS, health authorities and medical care workers

can understand the factors of poor self-management behavior

of T2DM patients and then take targeted health education

and intervention.

In this study, all the items in the dimensions of motivation and

behavioral skill of the preliminary DSMS have been completed and

retained, indicating that the items of these two dimensions could

well-assess the self-management of T2DM patients. However, in

EFA, we found three redundant items and deleted them in the

“Information” dimension from the original version of DSMS due

to their low factor loadings and poor interpretability to the whole

DSMS. Since the launch of the new round of health system reform

in China in 2009, community-based diabetes management and

care has become one of the key contents of the country’s basic

public health services, including regular blood glucose testing, the

guidance of medication, diet control, and physical activity, which

has helped to improve the knowledge and self-care awareness level

of T2DM patients (57–59). In this case, the deleted three items in

“Information” dimension were more like common sense for T2DM
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FIGURE 2

Confirmatory factor analysis of DSMS. I1–I5 are items of information; M1–M8 are items of motivation; B1–B9 are items of behavioral skill.

TABLE 5 Discriminant and criterion validity of 22-item DSMS.

Information Motivation Behavioral skill

Information 0.815

Motivation 0.365∗ 0.838

Behavioral

skill

0.177∗ 0.130∗ 0.909

GLU −0.196∗ −0.068 −0.148∗

GHB −0.091∗ −0.171∗ 0.015

∗P < 0.05. The diagonal bold values indicate the correlation matrix of DSMS factors were the

square root of AVE.

TABLE 6 Average scores of 3 dimensions in 22-item DSMS.

Min Max Mean SD

Information 0.00 5.00 2.6972 1.60728

Motivation 1.00 5.00 4.0728 0.51720

Behavioral skill 0.00 9.00 6.0576 3.03310

Min, minimum; Max, maximum; SD, standard deviation.

patients, which might be too simple for them, thus demonstrating

low consistency with other items.

This study has several strengths. First, the 22-item scale is

relatively appropriate for the middle-aged and elderly and is

comparable in length to other widely used measures, such as

DSCS which has 26 items (26). Second, researchers in this study

had background in diabetic epidemiology and were familiar with

psychology and behavioral science, which could ensure the face and

content validity of the scale. Third, during the scale-development

process, we employed the IMB model as our theoretical framework

and considered the items from aspects of diet, physical activity,

and medication, which provided a systematic and comprehensive

assessment for the T2DM. Moreover, all 469 T2DM patients

fully completed the questionnaires, indicating the acceptability

of the scale, and the sample size was large enough for the

psychometric testing.

This study also has several limitations. First, this study is

limited by the convenience sampling method and the fact that

it consisted only of middle-aged and elderly T2DM patients in

Zhongmu, Henan, China. Further studies including T2DMpatients

of different ages and regions are necessary to examine the validity

of DSMS in the Chinese context. Second, the CR values of the

three subscales were all above 0.9, despite displaying good reliability

of the scale, it suggested that further scale reduction might be

applicable, however, further deletion may reduce the face and

content validity of the scale. Third, this studymay also be limited by

the fact that the DSMS is a self-report instrument. Participants may

give a subjective or socially appropriate answer that does not reflect

their true thoughts. Further comprehensive investigation with the

additional use of qualitative methods may be valuable.

5. Conclusion

Currently, no instrument can be used to systematically assess

the self-management readiness of middle-aged and elderly T2DM

patients in China. The 22-item DSMS developed in our study is an

important step toward closing this gap, and can be used to make
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comprehensive assessment of diabetic self-management regarding

diet, physical activity, and medication, based on IMB theory. The

DSMS is validated with good reliability and validity, with moderate

length and understandable content for middle-aged and elderly

T2DM patients in China. Thus, the DSMS can be applied in China

to identify levels of self-management among middle-aged and

elderly T2DM patients in China.
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residents aged 15–69 years in
central China: A three-round
cross-sectional study

Xin Mei1†, Gong Chen2†, Yuting Zuo1†, Qian Wu1†, Junlin Li1* and

Yilin Li1*

1Wuhan Center for Disease Control and Prevention, Wuhan, China, 2Medical Department, The Central

Hospital of Wuhan, Tongji Medical College, Huazhong University of Science and Technology, Wuhan,

China

Introduction: Health literacy is an e�ective strategy to promote more

cost-e�ective use of health care services and a crucial tool for preventing

the spread of infectious diseases. The main objective of this study was to analyze

changes in health literacy from 2019 to 2021.

Methods: Data were from the latest three-round cross-sectional studies with the

same study design.

Results: Although the prevalence of adequate health literacy rose significantly

over time, increasing from 26.9% (95% CI 20.1–33.7) in 2019 to 34.1% (32.9–35.3)

in 2021, it was still at a relatively low level. The most significant decrease was

observed for health skills among the three aspects and health information literacy

among the six dimensions. Working as medical sta� was a protective factor for

adequate health literacy, health skills literacy, and health information literacy. Risk

factors for adequate health literacy and health information literacy were older age

and lower education level. Furthermore, adequate health information literacy was

positively related to annual family income.

Discussion: More practical and e�ective policies targeting health literacy for

critical aspects and groups in Central China, are urgently needed, especially during

the epidemic.
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Introduction

As defined by the U.S. National Library of Medicine and the World Health Organization

(WHO), health literacy refers to the ability to obtain, understand, and process basic health

information and services and use them to make sound health-related decisions to maintain

and promote health (1, 2). Health literacy is an essential factor affecting health and a strong

predictor of the population’s health status (3). Studies have shown that limited health literacy

is not only related to adverse health behaviors such as smoking, alcoholism, low physical

activity, difficulty communicating with doctors, and poor adherence to medicines prescribed

by doctors but also closely related to adverse health outcomes such as hypertension, diabetes,

stroke, and high mortality (4–8). Limited health literacy will also lead to increased medical

expenses and waste of healthcare services (9). Thus, improving health literacy can be an

effective strategy to promote more cost-effective use of healthcare services, contributing to

the ultimate goal of primary healthcare and improving the population’s health (10–14).
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Therefore, the international emphasis on health literacy is

increasing (15–17). Health literacy has become a research hotspot

in clinical medicine, health education, and health promotion

(18, 19). Research on health literacy is mainly based on two

perspectives: the clinical perspective (20) and the public health

perspective (21).

Research on health literacy in North American and European

countries mainly focuses on the clinical perspective (20, 21). With

the development of the health literacy evaluation system, many

countries have successively launched health literacy surveys. The

setting for these studies has been expanded from patients to the

general public, and the measurement content has expanded from

the clinical context to disease prevention, healthcare, and health

promotion (22).

From the perspective of public health, the impact of health

literacy on disease prevention, healthy lifestyle and behavior, and

maintenance and promotion of health was studied in China (23).

TheNational Health Commission of China released the educational

book “Health Literacy of Chinese Citizens-Basic Knowledge and

Skills (Trial)” and organized the first national health literacy survey

in 2008 (24). In 2010, the China Health Education Center studied

the evaluation system of health literacy, with the educational

book as the evaluation content, and compiled the Chinese

Health Literacy Survey Questionnaire (CHLSQ) (25). Since 2012,

China has carried out scientific and continuous health literacy

monitoring. Focusing on basic knowledge and concepts, healthy

lifestyle and behavior, and health skills, a health literacy monitoring

system for permanent residents aged 15–69 has gradually been

established in China (23).

Although the definitions, measurement instruments,

evaluation perspectives, and survey methods of health literacy

are different in different countries or regions, many surveys have

come to the same conclusion: Globally, health literacy needs to

be improved (26, 27). The National Assessment of Adult Literacy

(NAAL) found that 88% of adults do not have sufficient health

literacy in the USA (26). A systematic review indicated that the

prevalence of low health literacy ranged from 27 to 48% in Europe

(27). The Chinese national health literacy survey showed that the

prevalence of adequate health literacy among residents aged 15–69

was only 19% (28).

On 31 January 2020, the WHO declared the COVID-19

outbreak a Public Health Emergency of International Concern

(17). The pandemic posed a considerable threat to human health

(29, 30). Health literacy is a crucial determinant of health at both the

social and individual levels, in healthy populations and with diverse

infectious diseases (31), which is also a crucial tool for preventing

the spread of infectious diseases (32).

Previous studies have highlighted the significance of health

literacy for the outcomes of infectious diseases and the role that

health literacy plays regarding infectious diseases (33, 34). People

with low health literacy may not obtain adequate health knowledge

on time and cannot implement protective behaviors, such as the

adoption of immunization, to prevent infectious diseases (33).

Therefore, it is significant to study the changes in the health

literacy level and its determinants during this time. However, we

found few studies describing the changes in health literacy during

the pandemic.

Wuhan is located in central China, with a permanent

population of 13.6 million (35). The main objective of this study

was to analyze, based on three-wave city-level representative data

among 15- to 69-year-old permanent residents in Wuhan, China,

levels and changes in health literacy from 2019 to 2021 and the

relationship between health literacy and related factors.

Materials and methods

Study population

The China Health Literacy Survey (CHLS) is a nationally

representative household survey of the permanent population

aged 15–69 (36). In conjunction with the CHLS, the Wuhan

Health Literacy Survey (WHLS) aimed to provide data necessary

to estimate health literacy since 2016 at the 1-year interval. The

WHLS is a cross-sectional survey using the CHLS standardized

protocol and questionnaire. We based our study on the latest three

rounds (conducted from August to November 2019, 2020, and

2021) of the WHLS. The processes and sampling design of the

survey were reviewed and approved by the Institutional Review

Board (IRB) of Wuhan CDC (WHCDCIRB-K-2019016). All study

participants provided electronic informed consent. All collected

data were anonymous and self-administered.

Sampling method

The sample size was calculated by the formulaN =
µ2

α×p(1−p)
δ2

×

deff , where α was the significance level, µα was the α-quantile

of the standard normal distribution, p was the health literacy

level, δ was the maximum permissible error, and deff was the

design effect of complex sampling. Considering the rate of invalid

questionnaires and rejections, the final sample size is expected

to be calculated. The sampling procedure involved five stages to

ensure the representativeness of the selected study population.

First, the simple random sampling (SRS) method was used to

select several administrative districts (six in 2019 and 2020 and

five in 2021) from the 15 districts in Wuhan. Second, the SRS

method was used in each administrative district to select several

streets (four in 2019 and 2021 three in 2020). Third, the SRS

method was used in each street to select several neighborhood

committees (three in 2019 and 2021 and two in 2020). Fourth, the

SRS method was used in each neighborhood committee to select

several households (55 in 2019, 85 in 2020, and 80 in 2021). Fifth,

one resident was selected from each household using the KISH

method, and a certain number of questionnaires were completed

in each neighborhood committee (40 in 2019, 70 in 2020, and 52

in 2021).

Measurement instrument

The CHLSQ, as compiled by the China Health Education

Center (36), was used to measure health literacy. The questionnaire

has strong internal consistency and split-half reliability (23),
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which consists of two parts: sociodemographic characteristics

and health literacy content (a total of 50 items). The 50 items

include eight true-or-false questions, 23 single-choice questions,

15 multiple-choice questions, and four situational questions

(including three single and one multiple-choice questions). The

50-item health literacy is further categorized into three aspects

and six dimensions. Based on the knowledge, attitude, practice

(KAP) theory, the three aspects of literacy are basic knowledge

and concept literacy, healthy lifestyles and behavior literacy, and

health skill literacy (25). Guided by public health problems,

the six dimensions of literacy are scientific views of health,

infectious disease literacy, chronic disease literacy, safety and

first aid literacy, medical care literacy, and health information

literacy (24).

The total score of 50 items ranged from 0 to 66 points, with

one point for every true-or-false and every single-choice question

and two points for every multiple-choice question. Moreover, every

wrong or missing choice received 0 points. The total scores of the

three aspects were 28 (basic knowledge and concepts literacy, 22

items), 22 (healthy lifestyles and behavior literacy, 16 items), and 16

(health skill literacy, 12 items) points. The maximum total scores

for the six dimensions of literacy were 11 points (scientific views

of health, eight items), seven points (infectious disease literacy, six

items), 12 points (chronic disease literacy, nine items), 14 points

(safety and first aid literacy, ten items), 14 points (medical care

literacy, 11 items), and eight points (health information literacy,

six items).

Adequate health literacy is defined as when participants achieve

more than 80% of the total score (53–66 points), and limited

health literacy is defined as when participants score <80% of

the total score (0–52 points) (24, 25). The judgment criterion

for adequate health literacy in each aspect or dimension was

≥80% of the total score for the aspect or dimension. Health

literacy level was defined as the proportion of participants who had

adequate health literacy out of the total number of participants,

as was the health literacy level of the three aspects and six

dimensions (37).

Survey method

Before the fieldwork, the neighborhood committee issued an

investigation announcement about the purpose of the study to

encourage residents to participate. In the investigation, face-to-

face interviews were conducted at each participant’s home or in

other public places at their convenience. A portable tablet was

used to complete electronic questionnaires. If participants could

not complete the questionnaire, the investigators would neutrally

interview them as an alternative to completing the questionnaire

on behalf of the participants. In addition, participants were sent

small gifts as an incentive for participating. If the individuals were

already participants, they could withdraw at any time without

penalty or loss of benefits. Strict quality control was applied

to the whole investigative process. Two training sessions were

held, and all staff participated and passed the on-site exams. The

investigator complied with the investigation guidelines during

all processes.

Statistical analysis

We used the following independent variables drawn from

the literature in our analysis: (21, 24, 25, 38) sociodemographic

characteristics (i.e., gender, age, marital status, education level,

occupation, and annual family income) and self-reported health

status (Supplementary Table 1).

Data cleansing rules were created to ensure accuracy

and eliminate internal inconsistencies. The sampling weight

was considered since the survey adopted a multi-stage

sampling procedure. The three waves of data were weighted:

calculation of the sampling weight, non-response adjustment, and

poststratification calibration adjustment of the sample totals to

the known population totals. All of the analyses were based on a

complex survey design. Rao-Scott chi-square tests were used to

compare the differences in health literacy among subgroups in

bivariate analyses. Cochran–Armitage trend tests were used to

measure trends in health literacy over time. Multivariable logistic

regression analysis was conducted to identify the risk factors

related to adequate health literacy. A two-sided 5% significance

level assessed statistical inferences. Data cleaning, weighting, and

analysis were conducted using SAS software version 9.4 (SAS

Institute Inc. Cary, NC).

Results

Participant characteristics

Table 1 shows descriptive statistics of the study population over

time. A total of 2,880 individuals in 2019, 2,520 individuals in

2020, and 3,120 individuals in 2021 were invited to participate in

the survey, with effective response rates of 94.7% in 2019 (2,544

individuals), 95.3% in 2020 (2,295 individuals), and 99.0% in 2021

(3,088 individuals).

The unweighted average ages in 2019, 2020, and 2021 were

46.9 ± 13.4, 49.5 ± 13.7, and 47.8 ± 13.9, respectively. The

male:female ratios in 2019, 2020, and 2021 were 0.95:1, 0.94:1, and

0.93:1, respectively. No statistically significant difference was found

in the gender or age composition of the participants among the

different years.

Bivariate analysis of health literacy level
with variables of sociodemographic
characteristics

As shown in Table 2, there were significant differences in health

literacy level by age, education level, and occupation but not by

gender or self-reported health status in 2019, 2020, and 2021.

Trend analysis of health literacy, three aspects,
and six dimensions of literacy over time

Table 2 shows the level and trend in health literacy for

subgroups of sociodemographic characteristics. The prevalence

of adequate health literacy in most subgroups showed a

Frontiers in PublicHealth 03 frontiersin.org216

https://doi.org/10.3389/fpubh.2023.1092892
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Mei et al. 10.3389/fpubh.2023.1092892

TABLE 1 Descriptive statistics of the study population over time (n = 7,927).

Characteristic Survey year 2019
(n = 2,544)

Survey year 2020
(n = 2,295)

Survey year 2021
(n = 3,088)

Pc

n
a % (95%CI)b n

a % (95%CI)b n
a % (95%CI)b

Gender

Male 1,238 51.3 (45.5–57.1) 1,110 51.3 (44.3–58.3) 1,492 51.3 (47.2–55.4)

Female 1,306 48.7 (42.9–54.5) 1,185 48.7 (41.7–55.7) 1,596 48.7 (44.6–52.8)

Age, years

15–29 281 38.0 (32.7–43.4) 202 38.0 (28.8–47.2) 352 38.0 (30.6–45.4)

30–44 830 28.2 (21.9–34.5) 629 28.2 (21.6–34.8) 889 28.2 (24.8–31.6)

45–59 841 25.1 (19.2–31.1) 794 25.1 (16.8–33.4) 1,082 25.1 (20.8–29.5)

60–69 592 8.7 (5.4–11.9) 670 8.7 (4.5–12.8) 765 8.7 (4.8–12.6)

Marital status <0.001

Unmarried 249 26.2 (18.2–34.3) 203 24.3 (14.5–34.0) 401 30.1 (22.8–37.5)

Married 2,160 70.8 (61.7–80.0) 1,953 73.3 (63.6–83.0) 2,479 66.4 (59.4–73.5)

Divorced/Widowed 135 2.9 (1.0–4.9) 139 2.5 (1.0–3.9) 208 3.4 (2.8–4.1)

Education level <0.001

College or above 790 43.5 (22.2–64.9) 688 48.0 (29.5–66.5) 1,011 46.8 (24.7–68.8)

Senior high school and below 1,754 56.5 (35.1–77.8) 1,607 52.0 (33.5–70.5) 2,077 53.2 (31.2–75.3)

Occupation <0.001

Medical staff 47 2.3 (0.8–3.8) 53 3.0 (0.4–5.5) 69 2.7 (0.8–4.6)

Civil servant/teacher 136 4.7 (1.4–7.9) 62 2.9 (1.1–4.7) 61 2.2 (1.2–3.1)

Farmer/worker 788 18.5 (4.9–32.0) 829 23.4 (0.0–47.4) 943 24.1 (0.0–50.5)

Others 1,573 74.6 (63.5–85.6) 1,351 70.7 (46.4–95.0) 2,015 71.0 (46.3–95.8)

Annual family income (CNY)d <0.001

≥100,000 1,084 48.6 (25.4–71.8) 779 49.5 (26.2–72.8) 1,184 45.0 (24.8–65.2)

<100,000 1,460 51.4 (28.2–74.6) 1,516 50.5 (27.2–73.8) 1,904 55.0 (34.8–75.2)

Self-reported health status <0.001

Good 1,816 76.5 (67.6–85.3) 1,798 86.0 (81.0–91.0) 2,478 86.2 (81.8–90.7)

Medium 658 21.4 (13.7–29.1) 450 12.7 (8.3–17.2) 518 11.7 (8.6–14.8)

Poor 70 2.2 (0.8–3.5) 47 1.3 (0.2–2.4) 92 2.0 (0.3–3.7)

Health literacy <0.001

Limited (40–52 points) 1,948 73.1 (66.3–79.9) 1,648 66.4 (59.5–73.3) 2,175 65.9 (64.7–67.1)

Adequate (53–66 points) 596 26.9 (20.1–33.7) 647 33.6 (26.7–40.5) 913 34.1 (32.9–35.3)

aUnweight frequency. bWeighted percentage. 95% CI, 95% confidence interval. cOn the basis of chi-square tests. dCNY, Chinese Yuan; 1 US dollars, 6.7 Chinese yuan.

significant upward trend, but the subgroup of poor self-

reported health status showed a significant downward trend from

2019 to 2021.

The level and trend of health literacy, the three aspects, and

the six dimensions of literacy over time are presented in Table 3.

The prevalence of adequate health literacy rose significantly over

time, increasing from 26.9% (95% CI 20.1–33.7) in 2019 to 34.1%

(32.9–35.3) in 2021.

In 2021, the lowest prevalence of adequate health

literacy of the three aspects was for health skills; the

lowest prevalence of the six dimensions was for medical

care literacy.

In the trend analysis, the most significant increase was observed

for healthy lifestyles and behavior (increased 39% in 2020 and

48% in 2021) among the three aspects and infectious disease

literacy (increased 101% in 2020 and 99% in 2021) among the

six dimensions; the most significant decrease was observed for

health skills (decreased 15% in 2021) among the three aspects and

health information literacy (decreased 13% in 2021) among the

six dimensions.
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TABLE 2 Factors related to adequate health literacy (AHL) over time—results of bivariate analyses and trend analysis (weighted).

Characteristic AHL
(Survey year 2019)

AHL
(Survey year2020)

AHL
(Survey year 2021)

Z P
b for

Trend

%(95%CI) P
a %(95%CI) P

a %(95%CI) P
a

Gender 0.914 0.225 0.725

Male 26.8 (19.3–34.3) 35.3 (26.0–44.6) 33.6 (28.7–38.5) 212.172 <0.001

Female 27.0 (20.1–34.0) 31.8 (25.7–37.8) 34.7 (30.6–38.7) 235.174 <0.001

Age, years <0.001 <0.001 <0.001

15–29 31.8 (18.5–45.0) 36.7 (26.4–47.0) 38.4 (34.0–42.7) 172.675 <0.001

30–44 29.6 (25.1–34.1) 41.5 (30.5–52.6) 36.9 (30.2–43.5) 164.221 <0.001

45–59 21.3 (15.7–27.0) 23.7 (16.6–30.9) 30.8 (23.1–38.4) 221.557 <0.001

60–69 13.2 (7.8–18.6) 22.7 (13.3–32.2) 16.4 (11.9–21.0) 51.455 <0.001

Marital status 0.625 0.022 0.041

Unmarried 28.5 (16.4–40.7) 32.0 (22.0–42.0) 38.7 (32.2–45.2) 233.494 <0.001

Married 26.5 (21.4–31.6) 34.6 (28.3–40.9) 32.5 (28.1–37.0) 223.990 <0.001

Divorced/Widowed 23.2 (7.6–38.8) 18.8 (6.1–31.5) 25.6 (20.3–30.9) 22.414 <0.001

Education level <0.001 0.042 0.001

College or above 37.2 (24.4–50.0) 40.3 (35.8–44.8) 44.5 (38.6–50.5) 204.254 <0.001

Senior high school and below 19.0 (12.3–25.7) 27.4 (14.0–40.8) 25.0 (15.8–34.2) 216.982 <0.001

Occupation <0.001 <0.001 <0.001

Medical staff 63.0 (34.7–91.2) 63.5 (54.5–72.4) 72.0 (46.8–97.2) 63.337 <0.001

Civil servant/teacher 39.4 (20.2–58.5) 60.2 (27.0–93.4) 40.4 (11.4–69.4) 42.213 <0.001

Farmer/worker 19.1 (12.8–25.4) 22.9 (13.3–32.5) 29.1 (23.7–34.5) 220.361 <0.001

Others 26.9 (21.0–32.9) 34.8 (26.6–43.0) 34.2 (30.9–37.5) 272.719 <0.001

Annual family income (CNY)c 0.003 0.001 0.178

≥100,000 32.7 (30.3–35.1) 42.2 (31.3–53.1) 36.8 (33.4–40.1) 123.490 <0.001

<100,000 21.5 (10.8–32.1) 25.2 (17.0–33.3) 32.0 (25.9–38.0) 354.688 <0.001

Self-reported health status 0.699 0.636 0.067

Good 27.6 (19.9–35.4) 33.3 (26.0–40.6) 35.3 (34.9–35.7) 297.991 <0.001

Medium 24.4 (17.2–31.6) 36.5 (21.8–51.2) 27.5 (17.5–37.6) 88.458 <0.001

Poor 27.0 (0.0–58.7) 24.8 (5.8–43.8) 22.6 (0.0–45.5) −29.843 <0.001

AHL, adequate health literacy. aBased on chi-square tests for comparing the proportion of adequate health literacy across groups. bBased on Cochran–Armitage tests for comparing the changing

trend of adequate health literacy across subgroups. cCNY, Chinese Yuan; 1 US dollars, 6.7 Chinese yuan.

Multivariable logistic regression analysis of
health literacy, health skill literacy, and
health information literacy

As the most significant decrease was observed for health skills

among the three aspects and health information literacy of the six

dimensions, they were also included in the multivariable logistic

regression analysis along with health literacy (Table 4).

Compared to 2021, the odds of adequate health literacy were

significantly lower in 2019. Working as medical staff was a

protective factor for adequate health literacy, health skill literacy,

and health information literacy compared with other occupations.

Risk factors for adequate health literacy and health information

literacy were older age (45–69) and lower education level (senior

high school and below). Risk factors for adequate health skill

literacy were older age (60–69). Furthermore, adequate health

information literacy was positively related to annual family income.

Discussion

This is the first study describing the changes over time in

health literacy in Wuhan, central China, based on representative

three-time-series survey data. We observed that the prevalence

of adequate health literacy rose significantly over time, increasing

from 26.9% (95% CI 20.1–33.7) in 2019 to 34.1% (32.9–35.3) in

2021. Although the prevalence showed the same upward trend as

a previous study (37) and is slightly higher than that of the Chinese

national level (25.4%) (39), it is still at a relatively low level, similar
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TABLE 3 Adequate health literacy, three aspects, and six dimensions of literacy in total and subgroup population over time—results of trend analysis

(weighted) (95% CI).

Survey year 2021 Survey year 2020 Survey year 2019 Z Pa for Trend

Health literacy 34.1 (32.9–35.3) 33.6 (26.7–40.5) 26.9 (20.1–33.7) 316.001 <0.001

Three aspects

Basic knowledge and concepts 46.3 (42.1–50.5) 39.6 (27.2–52.0) 45.8 (32.4–59.1) 23.539 <0.001

Healthy lifestyles and behavior 41.1 (36.4–45.7) 38.7 (30.5–46.8) 27.8 (19.7–36.0) 561.653 <0.001

Health skills 26.5 (23.4–29.6) 29.6 (21.5–37.7) 31.1 (20.1–42.1) −207.328 <0.001

Six dimensions

Scientific views of health 57.3 (48.5–66.1) 55.9 (44.0–67.9) 59.7 (49.8–69.6) −97.339 <0.001

Infectious disease literacy 39.4 (28.1–50.7) 39.9 (31.6–48.2) 19.8 (12.9–26.7) 848.035 <0.001

Chronic disease literacy 37.5 (32.5–42.5) 32.7 (25.1–40.2) 37.2 (26.8–47.5) 13.836 <0.001

Safety and first aid literacy 61.4 (50.2–72.7) 61.3 (50.2–72.4) 64.6 (53.1–76.2) −134.418 <0.001

Medical care literacy 34.2 (26.3–42.1) 34.4 (24.6–44.3) 27.8 (17.1–38.5) 277.968 <0.001

Health information literacy 39.8 (29.5–50.2) 44.2 (35.5–53.0) 45.9 (30.5–61.3) −249.012 <0.001

aBased on Cochran–Armitage tests, comparing changing trend of adequate health literacy in the total population and age subgroups.

to American and European countries (26, 27). The significant rise

may be mainly related to economic and social development, the in-

depth development of health education and health promotion, and

the people’s close attention to and urgency regarding health during

the COVID-19 epidemic (24, 37, 40, 41).

In 2021, the highest prevalence of adequate health literacy

among the three aspects was for basic knowledge and concepts, and

the lowest was for health skills. The prevalence of adequate health

literacy for healthy lifestyles and behaviors has risen rapidly, and

health skills have shown a significant downward trend. In recent

years, healthy lifestyle actions have been vigorously carried out,

and knowledge of infectious diseases has been spread, effectively

promoting healthy behavior (42). Health education should focus on

behavioral intervention and health skill training in the future.

In 2021, the lowest prevalence among the six dimensions was

medical care literacy. Residents who lack medical care literacy may

not be able to access and understand basic health information

and services and cannot effectively utilize the complex healthcare

system when they seek treatment (2, 10). From the perspective

of trend changes, the most significant increase was observed for

infectious disease literacy among the six dimensions. It may be

that the government and health departments paid more attention

to educating the public about infectious disease prevention

and control due to the COVID-19 epidemic (30). Against this

background, people not only knew about virus transmission routes

but also knew how to engage in effective preventive behaviors

such as hand washing, mask-wearing, household ventilation and

disinfection, and reduced interpersonal contact by avoiding visiting

crowded spaces (42, 43). In addition, the prevalence of adequate

literacy of the six dimensions for scientific views of health, safety

and first aid, and health information showed a downward trend

from 2019 to 2021, and health information literacy declined the

most. Therefore, health education in Wuhan should focus on the

aforementioned dimensions of literacy.

In multivariable logistic regression analysis, working as the

medical staff was a protective factor for adequate health literacy,

health skill literacy, and health information literacy compared with

other occupations, which is in line with the characteristics of an

occupation engaged in the medical and healthcare industries (23,

24, 44). The education level, knowledge reserve, and information

acquisition channels of medical staff are better than those of other

occupations. This study also showed that the prevalence of health

literacy of residents who reported poor health status showed a

significant downward trend from 2019 to 2021, indicating that

medical staff can be used to carry out health education of residents

with poor health status seeking treatment, to improve their health

literacy in a targeted manner.

Risk factors for adequate health literacy and health information

literacy were older age and lower education level, consistent with

previous studies (24, 25, 37, 45). This may be due to the following

reasons: the cognitive ability, learning ability, and memory of

elderly people decline, and their ability to accept new knowledge

is relatively poor, directly leading to the poor acquisition of health

knowledge and skills and limited health literacy; well-educated

individuals are more likely to seek beneficial information and

medical care and can communicate effectively with healthcare

workers (46). In addition, adequate health information literacy

was positively related to annual family income, consistent with

previous studies (21, 38, 47). This may be because a good economic

situation positively affects the acquisition of health information and

the utilization of healthcare resources. This indicates that targeted

health education and health promotion should be strengthened,

focusing on residents with older ages, lower education levels, and

lower annual family incomes.

Our study has several limitations that can be improved in

further research. First, the study design was cross-sectional, and

no causal relationships could be made. Second, some factors, such

as health behaviors, and health service quality were not assessed.

Third, we obtained data from self-reported items, which are prone

to bias. Finally, our research population consisted of permanent

residents aged 15–69, and some groups were not included, which

should be further studied.
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TABLE 4 Multivariable logistic regression analysis of factors related to health literacy, health skill literacy, and health information literacy (weighted).

Variables Health literacy Health skills literacy Health information literacy

OR (95% CI)a P OR (95% CI)a P OR (95% CI)a P

Year

2021 Ref ref ref

2020 0.9 (0.7–1.3) 0.691 1.1 (0.8–1.7) 0.528 1.2 (0.7–1.9) 0.510

2019 0.7 (0.5–0.9) 0.005 1.3 (0.9–1.9) 0.242 1.3 (0.8–2.1) 0.285

Gender

Male Ref ref ref

Female 0.9 (0.8–1.1) 0.245 0.9 (0.7–1.1) 0.309 1.0 (0.9–1.1) 0.930

Age, years

15–29 Ref ref ref

30–44 0.9 (0.7–1.2) 0.575 1.0 (0.8–1.3) 0.905 0.9 (0.7–1.0) 0.131

45–59 0.7 (0.5–1.0) 0.024 0.7 (0.5–1.0) 0.083 0.7 (0.6–0.8) <0.001

60–69 0.5 (0.3–0.7) <0.001 0.5 (0.3–0.8) 0.003 0.5 (0.4–0.7) <0.001

Marital status

Unmarried Ref ref ref

Married 1.2 (0.9–1.7) 0.158 1.1 (0.8–1.5) 0.724 1.2 (0.9–1.5) 0.146

Divorced/Widowed 1.1 (0.7–1.8) 0.704 0.8 (0.6–1.2) 0.344 1.1 (0.8–1.5) 0.546

Education level

College or above Ref ref ref

Senior high school and below 0.6 (0.4–0.9) 0.011 0.7 (0.5–1.1) 0.099 0.6 (0.5–0.8) <0.001

Occupation

Medical staff Ref ref ref

Civil servant/teacher 0.4 (0.2–0.7) 0.001 0.4 (0.2–0.6) <0.001 0.5 (0.3–0.7) <0.001

Farmer/worker 0.3 (0.2–0.4) <0.001 0.3 (0.2–0.4) <0.001 0.4 (0.2–0.6) <0.001

Others 0.3 (0.2–0.4) <0.001 0.3 (0.2–0.4) <0.001 0.4 (0.2–0.6) <0.001

Annual family income (CNY)b

≥100,000 Ref ref ref

<100,000 0.8 (0.5–1.0) 0.078 0.8 (0.6–1.2) 0.308 0.8 (0.6–1.0) 0.021

Self-reported health status

Good Ref ref ref

Medium 1.1 (0.9–1.4) 0.297 1.0 (0.8–1.2) 0.991 1.0 (0.8–1.1) 0.582

Poor 1.0 (0.6–1.7) 0.984 1.1 (0.7–1.7) 0.705 0.7 (0.4–1.3) 0.295

aOR, odds ratio; 95% CI, 95% confidence interval; bCNY, Chinese Yuan; 1 US dollars, 6.7 Chinese yuan.

This is the first study to characterize the levels, changes,

and factors related to health literacy among residents aged 15–

69 from 2019 to 2021 in central China. Overall, although the

prevalence of adequate health literacy rose significantly, increasing

from 26.9% (95% CI 20.1–33.7) in 2019 to 34.1% (32.9–35.3) in

2021, it was still at a relatively low level. In the context of the

COVID-19 epidemic, the prevalence of adequate infectious disease

literacy rose rapidly, but health skills and health information

literacy declined. The protective factor for adequate health literacy,

health skill literacy, and health information literacy was working as

medical staff, and the risk factors were older age, lower education

level, and lower annual family income. Tailored health education

and promotion strategies are needed for different subgroups of

residents to improve health literacy, especially for health skills and

health information literacy. At the same time, medical staff with

adequate health literacy can effectively be used by providing health

education for people who seek treatment with a poor health status

to improve the health literacy of this population.
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Introduction: Vaccination programs have been rolled out across the globe to 
contain and mitigate the spread of the COVID-19 infection. Until recently, such 
programs were limited to adults and the older population, thereby limiting 
children from getting vaccinated. Recently, the Malaysian government rolled 
out vaccination for children aged 5–11 years. However, there are certain factors 
that might affect vaccination uptake among children. This study explores factors 
influencing parents’ hesitancy to vaccinate children in Malaysia.

Method: A nationwide online cross-sectional convenience sampling survey 
from April 21, 2022 to June 3, 2022 was conducted. The study used descriptive 
statistics to inform about vaccine hesitancy among parents. Cross-tabulation was 
performed to calculate the frequency and percentage of vaccine hesitancy, quality 
of life, e-health literacy, and the 5C psychological antecedents of vaccination 
among parents with children 5-11 years in Malaysia. Graphical methods were 
used to portray the levels of e-health literacy and levels of 5C psychological 
antecedents of vaccination. The study used both bi-variate and multivariate 
analysis to understand the relationship between vaccine hesitancy and the socio-
demo-economic factors, quality of life, e-health literacy and 5C psychological 
antecedents.

Results: Of 382 participants, almost one-third (33%) of participants reported 
vaccine hesitancy for their children. For 5C’s psychological antecedents of 
vaccination, around one quarter (26.96%) reported disagreement for confidence 
in vaccination, almost half (52.36%) reported disagreement for vaccination 
complacency, three-fifths (60.99%) reported vaccination constraint, one quarter 
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(25.92%) reported calculation antecedent, and almost one-third reported 
disagreement over collective responsibility antecedent (25.92%). Chi-square test 
revealed that gender, employment status, and parents’ COVID-19 vaccination 
status were significantly associated (p<0.05) with vaccine hesitancy among 
parents. Assessing the influence of transactional e-health literacy, only the 
communication component contained a significant association (p<0.05). Among 
the 5C psychological antecedents, confidence, calculation, and collective 
responsibility were significantly associated (p<0.05) with vaccine hesitancy. 
Parents with secondary [OR: 8.80; CI: 2.44−31.79, (p<0.05)], post-secondary [OR: 
5.21; CI: 2.10-13.41, (p<0.05)], and tertiary education [OR: 6.77; CI: 2.25−20.35, 
(p<0.05)] had significantly higher likelihood of vaccine hesitancy than those with 
primary education.

Conclusion: Highly educated parents are more skeptical and are more likely to 
perceive the vaccine as unsafe and ineffective for their children. It is critical to 
disseminate the required information about the vaccine safety to the educated 
group.

KEYWORDS

vaccine hesitancy, COVID-19, children, Malaysia, health education and awareness

Introduction

The novel coronavirus disease (COVID-19) was first isolated 
from the Chinese city of Wuhan in December 2019, and has been 
the source of the most recent global health crisis (1–3). Malaysia 
detected its first three cases of COVID-19 before the declaration 
of pandemic status on 25 January 2020 (4–7). Since then, Malaysia 
has undergone multiple waves of COVID-19 infections. As of 5 
October 2022, there were 4.85 million of confirmed COVID-19 
cases in Malaysia, while there were 619 million cases globally at 
the same time (1, 2). Vaccination programs have been since rolled 
out across the globe to contain and mitigate the spread of the 
COVID-19 infection. The Malaysian government pledged its 
commitment toward the COVID-19 Vaccine Global Access 
(COVAX) partnership, which the World Health Organization 
(WHO) spearheaded (5). The administration of COVID-19 
vaccines in Malaysia was administered via the National COVID-19 
Vaccine Immunization Program (Program Imunisasi COVID-19 
Kebangsaan – PICK), which began on 24 February 2021 (8)– (9). 
There were three vaccines first introduced to the country 
vaccination program, namely AZD1222 (AstraZeneca), BNT162b2 
(Pfizer-BioNTech), and CoronaVac (Sinovac) (8, 9). On 23 
September 2021, Malaysia began offering COVID-19 vaccines to 
adolescents in the country, primarily employing the BNT162b2 
vaccine (10, 11). It was not until February 2022, however,  
that the same BNT162b2 vaccine was offered to children aged 
5–11, while CoronaVac was too provided to this group in March 
2022 (12).

Clinical evidence has shown the efficacies of these vaccines against 
COVID-19-related mortality, hospitalization, and symptomatic illness 
(8). Despite this, a small number of people may be unsure about the 
acceptance of certain vaccines. Vaccine hesitancy was defined by the 
Strategic Advisory Group of Experts on Immunization (SAGE) as “the 
delay in acceptance or refusal of vaccination despite the availability of 

vaccine services” (13, 14), and is regarded a certain hindrance for a 
country to achieve herd immunity against COVID-19.

A recent systematic review explored vaccine acceptance rates 
across the globe and found that Malaysia had the highest acceptance 
rate (94.3%) for COVID-19 (13, 15). Various studies have also 
explored the attitude of the Malaysian population toward COVID-19 
vaccines and the phenomenon of vaccine hesitancy among adults (16, 
17). However, these studies primarily focused on vaccine hesitancy 
rates among adults. A recently published study investigated parents’ 
willingness to vaccinate their children under 12 years old against 
COVID-19, and 73.6% of their participants were willing to vaccinate 
their children (18). Parental levels of vaccine hesitancy, together with 
parental knowledge and attitudes about the disease and vaccine, has 
been shown to predict willingness to vaccinate their children (3, 4).

Examining coronavirus-related issues has remained elusive in the 
Malaysian context as far as vaccine hesitancy for children is concerned, 
especially from the parents’ perspective. To our knowledge, there is no 
published study investigating the willingness of parents to vaccinate 
their adolescent children at the time of writing. However, authors 
found some studies pertaining to health literacy related to COVID-19 
vaccination, although these studies did not examine health literacy 
from parent’s perspective as we intend to examine in this study (19, 
20). Some countries have conducted surveys to investigate COVID-19 
vaccine hesitancy among parents with children aged 5–11 years old. 
In the United States, 40.75% of Malaysian parents were willing to 
vaccinate their children (21). In research involving multiple Middle 
Eastern countries, 32% of children were vaccinated against COVID-19 
(22). A quarter of mothers participating in a survey in Saudi Arabia 
expressed hesitancy about their children’s vaccination (23). There were 
also varying degrees of parental vaccine hesitancy among the Asian 
regions. Only 11.7–19.4% of parents expressed hesitancy in the 
Chinese cities of Shandong and Zhejiang (24), whereas 35.3% of 
Japanese parents were hesitant to vaccinate their children (25). In 
contrast, more than 70% of the parents in Hong Kong were hesitant to 
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vaccinate their children (26). Some studies have applied health beliefs 
and planned behavior theoretical models (27–29) to examine the 
relationship between vaccine hesitancy and parental attitudes 
and beliefs.

The most consistent predictors of parents’ COVID-19 vaccine 
resistance for children 5–11 years are a lack of confidence in the safety 
and effectiveness of the vaccine, followed by lack of trust in 
government, perceptions that children are not susceptible to the 
disease, and a lack of community and family support for vaccinating 
children against COVID-19 (29–42). Positive attitudes toward 
vaccination experiences or outcomes may also play a role in predicting 
parental willingness to vaccinate their children (29). Demographic 
variables have also been associated with parental COVID-19 vaccine 
acceptance. These include higher parental income and education, and 
whether the parent has received the COVID-19 vaccination 
themselves (30, 32, 35). Racial and ethnic differences have also been 
reported. For example, Asian-American parents were most likely to 
vaccinate their 5–11-year-old and 12–17-year-old children, whereas 
non-Hispanic White parents were least likely (43, 44). These 
differences in parental intentions appear to coincide with the race and 
ethnicity of older children who have been vaccinated based on their 
share of the population (45).

The advancement of technology has a major influence on how 
health information is disseminated and received by the general public. 
The Transactional Model of eHealth Literacy was first proposed to 
define a hierarchy of skillsets that may have an impact on an 
individual’s healthcare engagement experience (46). For example, 
functional eHealth literacy is defined as basic skills in writing and 
reading about health on the internet; communicative eHealth literacy 
involves skills that allowed communication about health with other 
users on the online environment; and critical eHealth literacy refers 
to the ability to evaluate the information obtained and understand the 
risk in the sharing of such information. The ability to apply health 
knowledge obtained via the internet across different setting forms the 
highest cognitive level of eHealth literacy and this is termed 
translational eHealth literacy (46). Health literacy has been proposed 
as an important element in the fight against COVID-19 and higher 
health literacy has been associated with higher likelihood of intention 
to be immunized (47–49).

Further, the 5C model of psychological antecedents, which 
include confidence, complacency, constraint, calculation, and 
collective responsibility, is often used to predict vaccination hesitancy 
in a population (50, 51). Generally, people with greater confidence 
trust the safety and efficacy of COVID-19 vaccines, and also believe 
in the competence and reliability of their local healthcare service 
providers in delivering the vaccination program (32). On the contrary, 
people lacking confidence may adopt a conspiracy mentality with 
regards to vaccines, and worry about the harmful effects of vaccine 
(50). Complacency in the 5C model of psychological antecedents was 
defined as having low perceived risk of the vaccine-preventable 
disease and eventually deeming vaccination as unnecessary (50). In 
view of this, complacent people may express lower intention to receive 
vaccination. Constraints may be  seen as barriers that impede the 
vaccination process. These barriers may include the accessibility, 
availability, and affordability of vaccines and the willingness-to-pay of 
the population (50). Calculation in the 5C model refers to people who 
would undergo extensive information gathering. Depending on the 
sources of information search, calculation may influence vaccination 

attitudes in diverse ways. For example, if anti-vaccination or vaccine - 
critical information was found, calculation would potentially lead to 
higher hesitancy (50).

Herd immunity is an important public health concept that can 
be used to mitigate the spread of an infectious disease. Consequently, 
some may be  willing to receive vaccination in order to protect 
others within the community. This is termed collective 
responsibility (50).

Our study aimed to investigate Malaysian parents’ hesitancy, 
health literacy, and behaviors surrounding COVID-19 vaccinations of 
their children aged 5–11 years old, and to examine the psychological 
barriers that may prevent parents in Malaysia from getting their 
children vaccinated against the COVID-19 virus.

Method

Study design, respondents, and sample size

We conducted a nationwide online cross-sectional study in 
Malaysia from April 21, 2022 to June 3, 2022. The inclusion criteria of 
the study were as follows: parents with children 5–11 years, and 
currently a resident in Malaysia. Participants who were unable to read 
English, those not given consent, and non-citizens of Malaysia were 
excluded from the study. To calculate the required sample size for a 
single proportion, we  used Pocock’s formula: n = Zα 2 p(1-p)/d2, 
where n = minimum required sample size, (Zα) = 1.96, d 
(precision) = 5%, and P = expected prevalence. Based on our extensive 
literature search, the prevalence of vaccine hesitancy was found to 
be  within the range of 10 to 30%. Using these percentages, an 
estimated sample size of between 138 and 318 was required. The 
average provided a required minimum sample size of 227. Considering 
potential dropouts and incomplete forms (227 + [20%]), 275 was our 
target sample size. A total of 1,000 questionnaires were distributed 
with 38.2% response rate.

Procedure

A pilot study was conducted prior to the actual data collection to 
test the survey questions, assess the feasibility of the study design, and 
identify any potential issues. An online survey was used for data 
collection because of the ongoing COVID-19 pandemic in the 
country. Participants were recruited using convenience sampling 
method. Questionnaires were disseminated via various social media 
platforms such as Instagram, Twitter, Facebook, WhatsApp, and 
Telegram. Participants completed an online consent form after 
confirming that they understood the purpose, risks, and benefits of 
the study. Time for completion of questionnaire was approximately 
10–15 min. No incentive was offered for completing the questionnaire. 
We conducted a follow-up and reminder to ensure a higher response 
rate. Specifically, we sent a reminder email to all participants who had 
not completed the survey after 1 week. Face and content validity were 
considered satisfying by the multidisciplinary panel of five experts 
including a psychiatrist, clinical psychologist, physician, pharmacist, 
and public health expert for critical review, content, and face validity. 
All items were evaluated for necessity, clarity, and relevance. The 
content validity and face validity were 88 and 92%, respectively.
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Measures

Demographics
Malaysian participants indicated their age, gender (male, female), 

residential area (rural, urban), educational level (no formal education, 
primary, secondary, tertiary), marital status (single, married, divorced, 
widowed), employment (unemployed, part-time, full-time), religion 
(Christian, Buddhism, Muslim, Hinduism, Other, None), ethnicity, 
and household income.

Quality of life
Next, participants were asked about their perceived quality of life 

(“How would you rate your quality of life?”), which was rated on a 
5-point Likert scale (1 = very poor; 5 = very good; M = 4.57, SD = 1.48). 
The higher score indicates better quality of life.

Parents’ hesitancy to vaccinate their children
This was measured by a single item asking the participants to rate 

the extent they felt likely to vaccinate their children with the 
COVID-19 vaccine on a 6-point Likert scale (1 = very likely; 6 very 
unlikely; M = 4.57, SD = 1.48). Higher scores indicate greater hesitancy. 
A point greater than or equal to 4 was considered overall likely to 
vaccinate the child, whereas a point of less than 4 suggested that the 
parents were overall unlikely to vaccinate their child. So, a score of <4 
was coded as 1 and was labelled as “Unlikely,” and a score of 4 and 
above was coded as 0 and labelled as “Likely” and thus converted into 
a binary variable.

5C’s psychological antecedents of vaccination
The 5Cs were assessed using the previously validated 5C scale 

(32). The scale consisted of 15 items. Each of the Cs — Confidence, 
Constraints, Calculation, Complacency and Collective responsibility 
— were captured using three items. Responses were provided on a 
six-point Likert scale (1 = strongly disagree; 6 = strongly agree). The 
scale was adapted to focus on COVID-19 vaccinations.

All items were scored in a way such that a higher score indicates 
a higher degree of the C assessed. Internal consistency, as reflected by 
Cronbach’s alpha, were acceptable in our sample: Confidence α = 0.87, 
M = 4.57, SD = 1.48; Complacency α = 0.75, M = 4.57, SD = 1.48; 
Constraints α = 0.88 M = 4.57, SD = 1.48; Calculation α = 0.76, M = 4.57, 
SD = 1.48; Collective responsibility α = 0.77, M = 4.57, SD = 1.48.

The 5C psychological antecedents of vaccination consisted of 5 
domains. Each of the domains had 3 questions which were measured 
using a 6-point Likert Scale (1 = strongly disagree; 6 = strongly agree). 
So, the total possible score of each domain was 18. A cumulative score 
of greater than 9 was taken as overall agreement to that domain, 
whereas a score of less than or equal to 9 was taken as overall 
disagreement to that domain. It was then recoded as 1 “Disagree” and 
2 “Agree” and converted to a binary variable. Thus 5 binary variables 
were created for each domain of the 5C psychological antecedent 
of vaccination.

e-Health Literacy
Participants’ vaccine literacy was captured by the COVID-19 

vaccine literacy scale (45). The scale was comprised of four 
components, including functional, communication, critical, and 
translational skills. Each component was measured using four items 
on a 6-point Likert scale (1 = strongly disagree; 6 = strongly agree; 

α = 0.86, M = 4.57, SD = 1.48). The total score ranged from 16 to 48. The 
higher the score, the higher the COVID-19 vaccine literacy.

Ethical considerations

The anonymous survey data were confidentially stored with 
password-protected security standards. We  utilized an online 
informed consent process that required participants to read and agree 
to the terms of participation before beginning the study. The online 
consent form provided participants with a clear explanation of the 
study’s purpose, procedures, risks, benefits, confidentiality, and the 
participant’s rights as a research subject, including information on the 
use and anonymization of the data and how survey responses 
guarantee the anonymity of each participant. Participants were also 
informed that their participation was voluntary, and they could 
withdraw at any time without consequence. We  ensured that 
participants could only access the survey once to prevent multiple 
responses. This study was conducted according to the Declaration of 
Helsinki. Online informed written consent was obtained from all 
participants before the commencement of the study. Ethics approval 
was obtained from the Medical Research and Ethics Committee of the 
Management and Science University.

Data analysis

Vaccine hesitancy was taken as the primary outcome variable for 
this study. The variable was recoded as a binary variable (Yes = 1/
No = 0) for the primary analysis. Socio-economic and demographic 
categorical predictors included gender, marital status, highest 
qualification level, household monthly income, ethnicity, religion, 
employment status, residential area, insurance status of the child, 
parents’ comorbidity status, comorbidity status of child, parents’ 
COVID-19 vaccination status, oldest child’s (5–11 years) COVID-19 
vaccination status, side effects experienced by respondent after getting 
the COVID-19 vaccination, side effects experienced by the oldest 
child (5–11 years) after getting the COVID-19 vaccination, and risk 
perceptions about COVID-19. Quality of life, transactional e-health 
literacy, and 5C psychological antecedents to vaccination were also 
categorized based on scores from the Likert scale and included in the 
regression analysis.

Statistical analysis

The study used descriptive statistics to assess vaccine hesitancy 
among parents with children under 18 years old in Malaysia based on 
each socio-economic and demographic characteristics. Cross-
tabulation was performed to calculate the frequency and percentage 
of vaccine hesitancy, quality of life, e-health literacy and 5C 
psychological antecedents of vaccination among parents with children 
5–11 years in Malaysia. Graphical methods were used to portray the 
levels of e-health literacy and levels of 5C psychological antecedents 
of vaccination among the study subjects.

Next, the study used bi-variate and multivariate analysis to 
understand the relationship between vaccine hesitancy and the socio-
demo-economic factors, quality of life, e-health literacy, and 5C 
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psychological antecedents. Chi-square tests were performed to 
examine the association between vaccine hesitancy and the different 
predictor variables. p-values were reported to understand the 
significance of the association. Multivariate analysis included both 
unadjusted and adjusted binary logistic regressions with vaccine 
hesitancy as the binary outcome variable and the predictors as 
categorical variables.

The adjusted regression was performed taking into account all the 
predictor variables in a single model. This was used to understand the 
effect of a predictor variable on the outcome variable after adjusting 
for the effect of other predictor variables. Odds Ratios (OR) with 95% 
Confidence Intervals and p-values were reported to understand the 
significance of the relationship between the outcome variable and the 
predictor variables. ORs greater than 1 indicated a greater chance of 
vaccine hesitancy while ORs of less than 1 indicated a lesser risk of 
vaccine hesitancy.

Results

Table 1 shows percentages of vaccine hesitancy among parents 
with children 5–11 years old for socio-economic and demographic 
characteristics. Of the 382 participants, 33% of respondents 
expressed hesitation in vaccinating their children. In Table  2, 
among those hesitant to vaccinate their children, the majority were 
married couples (68.3%). People with lower household income 
expressed lower hesitation in vaccinating their children, as were 
people with post-secondary and tertiary education. Among those 
who were unlikely to vaccinate their children, a majority (62%) 
were full-time employees and residing in rural areas (78.6%). 
Further, 73.0% of the hesitant parents had insurance for their 
children. Among the 126 respondents who expressed hesitancy in 
vaccinating their children, 108 (85.7%) were without any 
chronic illness.

Table  3 presents levels of quality of life among parents with 
children 5–11 years old in Malaysia. Almost 30% of the respondents 
were satisfied with their lives, and 24% were very satisfied with their 
lives. 24 and 11% of the parents were very dissatisfied and dissatisfied 
with their lives, respectively. The remaining 11% were neither satisfied 
nor dissatisfied.

Tables 4, 5 provides the levels of e-health literacy among parents 
with children 5–11 years old in Malaysia. Above 90% of the 
respondents agreed to the functional, communicative, critical, and 
translational criterions of e-health literacy. The mean scores 
obtained from the respondents’ answers was 4.13 for the functional 
criteria, 3.87 for the communication criteria, 3.95 and 4.15 for the 
critical and translational criterions, respectively, which indicated 
that most of the respondents agreed to the items asked to them.

TABLE 2 Vaccine hesitancy among parents with children 5–11 years old.

Vaccine hesitancy → No (n, %) Yes (n, %)

Socio-economic and demographic variables ↓

Age (Mean = 39.5)

Gender

Male 88 (34.0) 58 (46.0)

Female 168 (66.0) 68 (54.0)

Marital Status

Single 83 (32.4) 25 (19.8)

Married 142 (55.5) 86 (68.3)

Divorced 10 (3.9) 8 (6.4)

Widowed 2 (0.8) 1 (0.8)

Single parent 19 (7.4) 6 (4.8)

Highest qualification level

Primary 57 (22.3) 16 (12.7)

Secondary 23 (9.0) 13 (10.3)

Post-secondary 99 (38.7) 54 (42.9)

Tertiary education 77 (30.0) 43 (34.1)

Household Income

Equals/less than RM 4,850 125 (49.0) 61 (48.4)

RM 4,850 to RM 10, 959 102 (40.0) 46 (36.5)

More than RM 10, 960 28 (11.0) 19 (15.1)

Ethnicity

Malay 92 (36.1) 34 (27.0)

Chinese 46 (18.0) 28 (22.2)

Indian 97 (38.0) 59 (46.8)

Others 20 (7.9) 5 (4.0)

Religion

Islam 98 (38.3) 39 (31.0)

Christianity 30 (11.7) 17 (13.5)

Buddhism 30 (11.7) 17 (13.5)

Hinduism 88 (34.4) 49 (38.9)

Others 10 (3.9) 4 (3.2)

Employment status

Employed: full time 140 (54.7) 78 (61.9)

Employed: part time 9 (3.5) 9 (7.1)

Self-employed 19 (7.4) 12 (9.5)

Retired/Pensioners 2 (0.8) 3 (2.38)

Housewife/Househusband 17 (6.6) 10 (7.9)

Unemployed 69 (27.0) 14 (11.1)

Residential area

Urban 53 (20.7) 27 (21.4)

Rural 203 (79.3) 99 (78.6)

Insurance status of child

Insured 178 (69.5) 92 (73.0)

(Continued)

TABLE 1 Percentage of COVID-19 vaccine hesitancy among parents with 
children 5–11 years old.

Vaccine 
hesitancy

Frequency Percentage

No 256 67.02

Yes 126 32.98

Total 382 100
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Tables 6, 7 shows the levels of 5C psychological antecedents of 
vaccination among parents with children 5–11 years old in Malaysia. 
The percentages of agreement and disagreement varied across the 5C 
areas. 73% agreed in the confidence area, while 52% disagreed in the 
complacency area. 39% of the respondents agreed in the constraints 
area, while 71 and 74% agreed in the calculation and collective 
responsibility areas, respectively. As observed in Table 7, the mean 
score for the set of questions was above 4 for the confidence, 
calculation and collective responsibility areas.

Table 8 provides the relationship between socio-economic and 
demographic variables, quality of life, transactional e-health 
literacy, 5C psychological antecedents to vaccine hesitancy. The left 
part of the table gives us the association between vaccine hesitancy 
and the different independent variables using Pearson’s Chi-Square 
test. The right part of the table shows the univariate and multivariate 
logistic regression with vaccine hesitancy as the binary outcome 
variable. The unadjusted model (univariate regression) shows the 
effect of each independent variable on the dependent variable 
separately. The adjusted model (multivariate regression) shows the 

overall effects of all the independent variables when acting together 
on the dependent variable. From the p-values obtained from the 
Chi-Square tests, gender, employment status, and parent’s 
COVID-19 vaccination status are significantly associated with 
vaccine hesitancy among parents (p < 0.05). Among transactional 
e-health literacy, only the communication component had a 
significant association (p < 0.05). Among the 5C psychological 
antecedents, confidence, calculation and collective responsibility 
were significantly associated (p < 0.05) with vaccine hesitancy.

Results from the univariate logistic regression suggest that parents 
who were married were 2 times [OR: 2.01; CI: 1.19–3.39] more likely 
to hesitate in vaccinating their children than those who were single. 
Parents with post-secondary and tertiary education also had 
significant higher risks of hesitancy than those with primary education 
(p < 0.05). Unemployed parents were 36% less likely to report hesitancy 
[OR: 0.36, CI: 0.19–0.69, p = 0.002] than those who were full-time 
employed. Parents who expressed lower confidence, calculation, and 
collective responsibility were also less likely to report vaccine hesitancy 
from the unadjusted regression.

After including all the independent variables together in the 
adjusted model, we found that parents with secondary [OR: 8.80; CI: 
2.44–31.79, p = 0.001], post-secondary [OR: 5.21; CI: 2.10–13.41, 
p = 0.000] and tertiary education [OR: 6.77; CI: 2.25–20.35, p = 0.001] 
were significantly more likely to express vaccine hesitancy than those 
with primary education. Parents of Chinese and Indian ethnicity 
were 23 times and 18 times more likely to report hesitation than 

TABLE 4 e-health literacy among parents with children 5–11 years old.

Frequency Percentage

Functional

Agree 348 91.1

Disagree 34 8.9

Communicative

Agree 368 96.34

Disagree 14 3.66

Critical

Agree 366 95.81

Disagree 16 4.19

Translational

Agree 345 90.31

Disagree 37 9.69

TABLE 3 Level of quality of life among parents with children 5–11 years 
old.

Overall quality of life ↓ Frequency Percentage

Very dissatisfied 91 23.82

Dissatisfied 42 10.99

Neither satisfied nor dissatisfied 41 10.73

Satisfied 116 30.37

Very satisfied 92 24.08

Total 382 100

TABLE 2 (Continued)

Vaccine hesitancy → No (n, %) Yes (n, %)

Not insured 78 (30.5) 34 (27.0)

Parent’s comorbidity status

With chronic illness 36 (14.1) 18 (14.3)

Without chronic illness 220 (85.1) 108 (85.7)

Comorbidity status of child

With chronic illness 19 (7.4) 6 (4.8)

Without chronic illness 237 (92.6) 120 (95.2)

Parent’s COVID 19 vaccination status

Not vaccinated 3 (1.2) 0 (0.00)

Completed 1 dose 0 (0.0) 2 (1.6)

Completed 2 doses 23 (9.0) 35 (27.8)

Completed more than 2 doses 230 (89.8) 89 (70.6)

Oldest child’s COVID 19 vaccination status

Not vaccinated 85 (33.3) 54 (42.9)

Completed 1 dose 48 (18.8) 23 (18.2)

Completed 2 doses 122 (47.8) 49 (38.9)

Side effects experienced after getting COVID 19 vaccination

Yes 90 (35.3) 44 (34.9)

No 165 (64.7) 82 (65.1)

Side effects experienced by oldest child after getting COVID 

19 vaccination

Yes 44 (17.2) 25 (19.8)

No 211 (82.8) 101 (80.2)

Risk perception about COVID 19

Concerns over getting infected with 

COVID-19

64 (25.0) 34 (27.0)

Concerns over the continuous spread of 

COVID-19

96 (37.5) 53 (42.1)

Concerns over the new COVID-19 variants 96 (37.5) 39 (30.9)
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Malay people, respectively. Unemployed parents were 28% less likely 
to express hesitancy [OR: 0.36, CI: 0.19–0.69, p = 0.012] than those 
who were full-time employed. Parents who expressed low confidence 
and collective responsibility were significantly less likely to report 
vaccine hesitancy than those who express high agreement. However, 
people low in complacency and calculation criteria had significantly 
higher likelihood of vaccine hesitancy (3 and 7 times, respectively) 
than those who agreed. Other independent variables did not have any 

significant association with vaccine hesitancy as per the 
multivariate analysis.

Discussion

The core aims of this study were to explore Malaysian parents’ 
hesitancy, health literacy, and behaviors surrounding COVID-19 
vaccinations of their children 5–11 years old, and to examine the 
psychological barriers that may prevent parents in Malaysia from 
getting their children vaccinated against the COVID-19 virus. 
We found that 32.98% of participants expressed hesitancy in allowing 
their children 5–11 years old to receive COVID-19 vaccines. This 
finding was similar to the study investigating the willingness of parents 
to vaccinate their children under 12 years old in Malaysia, where 
26.4% of the participants were either unwilling or hesitant (18). 
Multiple studies investigating attitudes toward vaccinations among the 
Malaysian adult population reported varied acceptance rates (i.e., 
between 27.7 and 96%) (52–55). Parents’ experiences and attitudes 
toward vaccination may play a role in their decision to vaccinate their 
children. Compared to other countries, parents from Italy and China 
showed a similar acceptance rate to vaccinate their children. In 
contrast, parents expressed greater vaccine hesitancy in countries such 
as Germany, Turkey, and Saudi Arabia (56–60).

Malaysia is a multiracial, multicultural country. Malays and the 
aborigine people of the country formed the largest ethnic group (61). 
Higher hesitancy to vaccinate their children was expressed among 
Chinese and Indian races. This finding was in line with studies 
investigating the willingness of the country’s adult population in 
COVID-19 vaccination (53, 62). According to the SAGE working 
group report, culture and religion were the determinants of vaccine 

TABLE 5 Levels of e-health literacy among parents with children 5–11 years old in Malaysia.

Transactional 
e-Health literacy

Score Mean 
Score

Description

Functional 4.07 4.13 Can summarize basic health information from the Internet in my own words.

4.32 Know how to access basic health information on the Internet

4.08 Can use my computer to create messages that describe my health needs

4.04 Have the skills I need to tell someone how to find basic health information on the Internet

Communicative 4.14 3.87 Can achieve my health information goals on the Internet while helping other users achieve theirs

3.76 Have the skills I need to talk about health topics on the Internet with multiple users at the same time

3.95 Can identify the emotional tone of a health conversation on the Internet

3.75 Have the skills I need to contribute to health conversations on the Internet

3.77 Have the skills I need to build personal connections with other Internet users who share health information

Critical 3.96 3.95 Can tell when an Internet user is a credible source of health information

3.88 Can tell when health information on the Internet is fake

3.84 Can tell when a health website is safe for sharing my personal health information

4.06 Can tell when information on the Internet is relevant to my health needs

3.99 Know how to evaluate the credibility of Internet users who share health information

Translational 4.17 4.15 Can use the Internet to learn how to manage my health in a positive way

4.15 Can use the Internet as a tool to improve my health

4 Can use information on the Internet to make an informed decision about my health

4.27 Can use the Internet to learn about topics that are relevant to me

TABLE 6 5C Psychological antecedents of vaccination.

Frequency Percentage

Confidence

Agree 279 73.04

Disagree 103 26.96

Complacency

Agree 182 47.64

Disagree 200 52.36

Constraint

Agree 149 39.01

Disagree 233 60.99

Calculation

Agree 283 74.08

Disagree 99 25.92

Collective responsibility

Agree 270 70.68

Disagree 112 29.32
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hesitancy via contextual influences (63). This may explain our finding 
on the differences in vaccine hesitancy among the ethnic groups. 
Nevertheless, our study found no significant association between most 
major religions (Islam, Christianity, Buddhism, and Hinduism) and 
vaccine hesitancy. This finding opposes results of previous studies in 
Malaysia in which religion was a significant predictor of vaccine 
hesitancy (62, 64, 65). Islam is the religion with most adherents in the 
country as 61.3% of Malaysians are Muslims, followed by Buddhism, 
Christianity, and Hinduism (66). Larger sample sizes are needed to 
obtain participants with religions proportionate to the 
country’s population.

Further, higher educational levels was associated with a higher 
levels of vaccine hesitancy. This result echoed a previous study 

conducted in Malaysia, in which parents with higher education were 
more unwilling to vaccinate their children (18). Similar results were 
obtained in studies conducted in Saudi Arabia and Turkey (59, 67). 
It is possible that more educated parents may be more skeptical and 
perceive that the vaccine is unsafe and ineffective for their children. 
On the contrary, studies reported that higher parental education was 
associated with higher acceptance vaccinating children in other 
regions of the world, including China, Thailand, Italy, and the 
United States (56–59). The SAGE Working Group observed such 
diverse educational levels’ effects on vaccine hesitancy. The working 
group reported that higher education may result in higher or lower 
vaccine hesitancy, despite better education often resulting in better 
overall health (63).

We found that only communicative eHealth literacy significantly 
reduced the risk of vaccine hesitancy, whereas the other dimensions 
of eHealth literacy were not significantly correlated with parental 
vaccine hesitancy. Studies in Asian countries show significant 
associations between eHealth literacy and hesitancy toward 
COVID-19 vaccination (68–70). However, studies on the impact of 
eHealth literacy on various health related behaviors and attitude are 
relatively scarce in Malaysia. Therefore, more research is needed in 
this area to better understand the detrimental effects of misinformation 
on important health-related issues such as vaccination (71).

We found that higher confidence from the 5C model reduced the 
risk of vaccine hesitancy among parents. This finding was similar to the 
studies in Switzerland and Israel, where confidence predicted intentions 
to vaccinate children against COVID-19 (51, 72). A Malaysian study 
conducted among the adult population found significant correlation 
between confidence and vaccine hesitancy (73). The population from 
our study supported this and showed significant vaccine hesitancy 
when expressing complacency. However, two studies conducted in 
Switzerland and Malaysian did not obtain significant correlation 
between complacency with vaccine hesitancy (72, 73). Parents 
expressed high calculation – referring to people undergoing extensive 
information gathering – were 7 times more likely to be vaccine-hesitant 
as compared to who were low. Various studies have shown that 
calculation may predict lower vaccine intention (72–75). Depending 
on the sources of information search, calculation may influence 
vaccination attitudes in diverse ways. For example, if anti-vaccination 
or vaccine-critical information was found, calculation may potentially 
lead to higher hesitancy (50). Healthcare providers may play an 
important role in providing correct and valuable information regarding 
vaccines to parents, which may influence their willingness to vaccinate 
their children. This has been supported in Italy and China (5, 6).

Parents with higher collective responsibility were found to have 
lower vaccine hesitancy as people would be  willing to receive 
vaccination for the benefits of others. Collective responsibility was 
found to be a strong predictor of vaccine acceptance in many studies 
across the globe (72–74, 76). In our study, the only psychological 
antecedent in the 5C model that was not associated with negative 
vaccination attitudes was constraint.

Studies from Switzerland and Bangladesh yielded similar results in 
the aspect of constraint (72, 75). As opposed to our finding, previous 
research has found that constraint was a significant predictor of vaccine 
attitudes (73). All in all, the 5C model of psychological antecedents 
were important predictors of vaccine attitude in our study population.

This study uses eHealth literacy and the 5C model of 
psychological antecedents to explore Malaysian parents’ hesitancy, 

TABLE 7 Levels of 5C psychological antecedents of vaccination among 
parents with children 5–11 years old in Malaysia.

5C area Score Mean 
score

Description

Confidence 4.15 4.15 Completely confident that COVID-19 

vaccines are safe

4.17 Completely confident that COVID-19 

vaccines are effective

4.14 Confident that public authorities 

decide in the best interest of the 

community

Complacency 3.09 3.31 Vaccination against COVID-19 for 

children is unnecessary

3.5 The immune system of children is so 

strong; it also protects them against 

COVID-19

3.33 COVID-19 disease in children is not 

severe; vaccinate them is superfluous

Constraint 2.84 2.92 Everyday stress prevents me from 

having my child vaccinated against 

COVID-19

3.12 Inconvenient to have my child 

vaccinated against COVID-19

2.79 Healthcare facility visits makes me 

uncomfortable

Calculation 4.09 4.21 I weigh its benefits and risks to make 

the best decision possible

4.1 I closely consider whether COVID-19 

vaccine is useful for my child

4.43 It is important for me to fully 

understand the topic of vaccination 

before I get my child vaccinated

Collective 

responsibility

3.92 4.11 Like everyone else, I must get my 

child vaccinated

4.15 Having my child vaccinated against 

COVID-19 can protect people with a 

weaker immune system

4.27 Vaccination against COVID-19 is a 

collective action to prevent the spread 

of the disease
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TABLE 8 Relationship between sociodemographic factors, quality of life, e-health literacy, psychological antecedents to vaccine hesitancy.

Parameters Hesitancy n (%) p-value Univariate analysis Multivariate analysis

OR (95% CI) p-value Adjusted OR 
(95% CI)

p-value

Total = 382 126 (33.0)

Age (mean ± SD) 37.6 ± 11.4 0.076 1.01 (0.99–1.02) 0.54 1.00 (0.97–1.03) 0.984

Gender 0.027

Male 58 (46.0) Ref. Ref.

Female 68 (54.0) 0.61** (0.4–0.95) 0.028 0.60* (0.34–1.06) 0.077

Marital status 0.061

Single 25 (19.8) Ref. Ref.

Married 86 (68.3) 2.01*** (1.19–3.39) 0.009 1.45 (0.63–3.32) 0.38

Divorced 8 (6.4) 2.66* (0.95–7.45) 0.063 2.03 (0.53–7.86) 0.303

Widowed 1 (0.8) 1.66 (0.14–19.08) 0.684 0.74 (0.05–1.31) 0.821

Single Parent 6 (4.8) 1.05 (0.38–2.91) 0.928 0.65 (0.19–2.26) 0.498

Highest qualification level 0.171

Primary 16 (12.7) Ref. Ref.

Secondary 13 (10.3) 2.01 (0.84–4.84) 0.118 8.80*** (2.44–31.79) 0.001

Post-Secondary (Pre University/

Diploma)

54 (42.9) 1.94** (1.02–3.71) 0.044 5.21*** (2.10–13.41) 0.000

Tertiary education (Degree/Master) 43 (34.1) 1.99** (1.02–3.88) 0.044 6.77*** (2.25–20.35) 0.001

Household income (Monthly) 0.492

B40 (equals/less than RM 4,850) 61 (48.4) Ref. Ref.

M40 (RM4,850 to RM10,959) 46 (36.5) 0.92 (0.58–1.47) 0.739 0.77 (0.42–1.42) 0.406

T20 (more than RM10,960) 19 (15.1) 1.39 (0.72–2.69) 0.326 1.55 (0.66–3.59) 0.313

Ethnicity 0.094

Malay 34 (27) Ref. Ref.

Chinese 28 (22.2) 1.65 (0.89–3.04) 0.11 23.33** (2.07–42.31) 0.011

Indian 59 (46.8) 1.65* (0.99–2.74) 0.055 18.18** (1.85–38.37) 0.013

Others 5 (4.0) 0.68 (0.24–1.95) 0.468 1.94 (0.31–12.16) 0.479

Religion 0.681

Islam 39 (31.0) Ref. Ref.

Christianity 17 (13.5) 1.42 (0.71–2.87) 0.323 0.11** (0.01–1.00) 0.05

Buddhism 17 (13.5) 1.42 (0.71–2.87) 0.323 0.09* (0.01–1.06) 0.056

Hinduism 49 (38.9) 1.4 (0.84–2.33) 0.196 0.11* (0.01–1.03) 0.053

Others 4 (3.2) 1.01 (0.3–3.4) 0.993 0.06** (0.004–0.93) 0.044

Employment status 0.01

Employed; full-time 78 (61.9) Ref. Ref.

Employed; part-time 9 (7.1) 1.8 (0.68–4.71) 0.235 1.32 (0.37–4.72) 0.659

Self-employed 12 (9.5) 1.13 (0.52–2.46) 0.751 0.64 (0.24–1.68) 0.366

Retired/Pensioners 3 (2.4) 2.69 (0.44–16.46) 0.284 0.83 (0.09–7.23) 0.864

Housewife/Househusband 10 (7.9) 1.06 (0.46–2.42) 0.898 1.39 (0.49–3.97) 0.533

Unemployed 14 (11.1) 0.36*** (0.19–0.69) 0.002 0.28** (0.10–0.0.75) 0.012

Residential area 0.87

Rural 27 (21.4) Ref. Ref.

Urban 99 (78.6) 0.96 (0.57–1.61) 0.87 0.80 (0.39–1.65) 0.552

(Continued)

231

https://doi.org/10.3389/fpubh.2023.1091015
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Marzo et al. 10.3389/fpubh.2023.1091015

Frontiers in Public Health 10 frontiersin.org

TABLE 8 (Continued)

Parameters Hesitancy n (%) p-value Univariate analysis Multivariate analysis

OR (95% CI) p-value Adjusted OR 
(95% CI)

p-value

Insurance status of the child 0.482

Insured 92 (73.0) Ref. Ref.

Not insured 34 (27.0) 0.84 (0.53–1.36) 0.482 0.73 (0.37–1.43) 0.357

Parent’s comorbidity status 0.953

With chronic illnesses; e.g.: asthma, 

autoimmune disease, heart disease etc.

18 (14.3) Ref. Ref.

Without chronic illnesses 108 (85.7) 0.98 (0.53–1.81) 0.953 0.70 (0.30–1.64) 0.416

Comorbidity status of your child 0.323

With chronic illnesses; e.g.: asthma, 

autoimmune disease, heart disease, etc.

6 (4.8) Ref. Ref.

Without chronic illnesses 120 (95.2) 1.6 (0.62–4.12) 0.327 3.52* (0.84–14.67) 0.084

Parent’s COVID-19 vaccination status 0

Not vaccinated 0 (0) Ref. Ref.

Completed 1 dose 2 (1.6) - - - -

Completed 2 doses 35 (27.8) 3.93*** (2.2–7.03) 0 7.26*** (3.23–16.29) 0.000

Completed more than 2 doses 89 (70.6) - - - -

Oldest child’s (5–11 years) COVID-19 vaccination status 0.164

Not vaccinated 54 (42.9) Ref. Ref.

Completed 1 dose 23 (18.3) 0.75 (0.41–1.38) 0.359 0.68 (0.32–1.46) 0.326

Completed 2 doses 49 (38.9) 0.63* (0.39–1.02) 0.059 0.28*** (0.13–0.59) 0.001

Side effects experienced by respondent after getting the COVID-19 

vaccination

0.943

Yes 44 (34.9) Ref. Ref.

No 82 (65.1) 1.02 (0.65–1.59) 0.943 0.98 (0.48–1.97) 0.945

Side effects experienced by the oldest child (5–11 years) after getting 

any vaccination before

0.537

Yes 25 (19.8) Ref. Ref.

No 101 (80.2) 0.84 (0.49–1.45) 0.538 0.42** (0.18–0.99) 0.049

Risk perception about COVID-19 0.448

Concerns over getting infected with 

COVID-19

34 (27.0) Ref. Ref.

Concerns over the continuous spread 

of COVID-19

53 (42.0) 1.04 (0.61–1.77) 0.888 1.10 (0.55–2.18) 0.795

Concerns over the new COVID-19 

variants

39 (31.0) 0.77 (0.44–1.34) 0.346 0.69 (0.33–1.39) 0.3

Overall quality of life: how would you rate your quality of life? 0.635

Very dissatisfied 30 (23.8) Ref. Ref.

Dissatisfied 13 (10.3) 0.91 (0.42–2) 0.817 0.62 (0.23–1.730) 0.365

Neither satisfied nor dissatisfied 11 (8.7) 0.75 (0.33–1.69) 0.481 0.69 (0.20–2.39) 0.557

Satisfied 36 (28.6) 0.92 (0.51–1.65) 0.767 0.42 (0.15–1.21) 0.11

Very satisfied 36 (28.6) 1.31 (0.71–2.39) 0.386 1.01 (0.32–3.17) 0.98

Transactional e-Health literacy

Functional 0.067

Disagree 16 (12.7) Ref. Ref.

(Continued)
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health literacy, and behaviors surrounding COVID-19 vaccinations 
of their children 5–11 years old. It has been found that parents who 
are in agreement with confidence and collective responsibility are at 
a lower risk of vaccine hesitancy in their children, as well as 
complacent parents, who may express a lower intention to receive the 
vaccination. The results of this study suggest the need for specific 
interventions in the future to reduce vaccine hesitancy in our practice 
as a whole.

A limitation of the TeHLI is that it is a self-reported measure. As 
such, this assessment was not objective as only the respondent’s 
perceptions toward their own eHealth literacy competencies are 
measured. Even so, the TeHLI is an instrument built on a robust 
theoretical foundation and serves as a useful tool for the quick 
assessment of eHealth literacy levels. Further, the cross sectional 
design of the study is another important limitation as parental 
willingness to vaccinate their children is a dynamic process and the 
picture captured in the current study might have difficulty to reflect 
the changes over time. Selection bias as a result from convenience 
sampling method employed in this study may potentially affect the 

findings. The survey was conducted via online platform and this 
could also lead to selection bias as eHealth literacy of the people who 
commonly use the internet and social media may differ from those 
who are not. This could affect the generalizability of the result from 
this study. Social desirability bias may be present in the study as all 
the instruments used were of a self-reporting nature, therefore 
participants may underreport behaviors or ideas that might 
be deemed as unfavorable by others.

In conclusion, nearly a third of the participants in the study were 
hesitant to vaccinate their children. This study also suggests that 
highly educated parents are more skeptical and more likely to perceive 
the vaccine as unsafe and ineffective for their children. It is therefore 
critical to disseminate the required information about the vaccine 
safety to educated groups. Further, the 5C model of psychological 
antecedents explained probable reasons behind parental vaccine 
hesitancy in Malaysia. This is the first study that has examined vaccine 
hesitancy for children from their parents’ perspective in Malaysia, and 
the findings could be used by policymakers to understand the ways 
through which they can improve the vaccination for children. In 

TABLE 8 (Continued)

Parameters Hesitancy n (%) p-value Univariate analysis Multivariate analysis

OR (95% CI) p-value Adjusted OR 
(95% CI)

p-value

Agree 110 (87.3) 0.52 * (0.26–1.06) 0.071 1.07 (0.29–3.87) 0.922

Communicative 0.002

Disagree 10 (7.9) Ref. Ref.

Agree 116 (92.1) 0.18 ** (0.06–0.6) 0.005 0.30 (0.05–1.86) 0.196

Critical 0.043

Disagree 9 (7.1) Ref. Ref.

Agree 117 (92.9) 0.37 * (0.13–1.01) 0.051 0.43 (0.09–2.08) 0.297

Translational 0.509

Disagree 14 (11.1) Ref. Ref.

Agree 112 (88.9) 0.79 (0.39–1.59) 0.51 2.40 (0.67–8.63) 0.18

5C psychological antecedents

Confidence 0.000

Disagree 61 (48.4) Ref. Ref.

Agree 65 (51.6) 0.21*** (0.13–0.34) 0.000 0.20*** (0.08–0.46) 0.000

Complacency 0.279

Disagree 61 (48.4) Ref. Ref.

Agree 65 (51.6) 1.27 (0.83–1.94) 0.279 2.69** (1.20–6.00) 0.02

Constraint 0.632

Disagree 79 (62.7) Ref. Ref.

Agree 47 (37.3) 0.89 (0.58–1.39) 0.632 1.19 (0.55–2.56) 0.663

Calculation 0.005

Disagree 44 (34.9) Ref. Ref.

Agree 82 (65.1) 0.51*** (0.32–0.82) 0.005 6.99*** (1.92–25.49) 0.003

Collective responsibility 0.000

Disagree 67 (53.2) Ref. Ref.

Agree 59 (46.8) 0.19*** (0.12–0.30) 0.000 0.06*** (0.02–0.21) 0.000

*means p-value < 0.1, **means p-value < 0.05 and ***means p-value < 0.01.
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addition, the study should be replicated, and the results contrasted 
with countries from Europe (e.g., Italy, Austria and Germany), who 
faced long lockdowns and conducted studies regarding 
vaccine hesitancy.
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Introduction: The importance of health literacy in achieving optimum health is

highly significant, particularly in the nursing professionwhere it is an integral part of

the roles and functions of nurses. Therefore, this scoping review aims to describe

the roles of nurses in promoting patient health literacy and identify the determinant

factors of health literacy in nursing practices.

Methods: An integrative search was conducted through four databases, namely,

ScienceDirect, ProQuest, SAGE Journal, and PubMed, using various keyword

combinations such as “health literacy,” “health information,” “patient health

literacy,” “patient literacy,” and “nurses.” Furthermore, the inclusion criteria

employed were peer-reviewed articles focused on the nursing profession,

explicitly discussing health literacy related to nursing, and including original

studies, such as cross-sectional, quasi-experimental, and qualitative studies. The

selected review articles were all published between 2017 and 2022.

Results: In total, 13 articles met the criteria and were applied in this scoping

review. Most of these discuss health literacy related to nursing practice in clinical

and community settings, as well as educational institutions. Health literacy is an

essential aspect of professional nursing practice. Consequently, the supportive

roles of nurses include acting as caregivers, facilitators, and educators to help

patients overcome their literacy limitations and attain improved wellbeing.

Conclusion: Nurses can improve the health literacy skills of patients by making

health information related to their illnesses easier to access, understand, evaluate,

and use. They must also recognize various factors influencing health literacy and

use the factors as opportunities to optimize health literacy improvement. A health

literacy approach can be applied by nurses to solve health problems and improve

the quality of care for patients.

KEYWORDS

health literacy, health information, patient health condition, nursing, nurse

Introduction

Health literacy is a concept that has been in existence for a long time but is relatively new

in professional nursing practice. It is interpreted as health promotion (1), which is one of

the goals of nursing science. This activity aims to maintain or improve individuals, groups,

and communities (2). According to the American Nurses Association (ANA) (3), nurses

must participate in ensuring and promoting the health of individuals, groups, communities,

and society in general. Therefore, nurses should be well-equipped to protect, promote, and

optimize the health and ability of everyone.
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Nurses must understand health literacy as a concept that

contributes to the health attitudes and behavior of individuals (4)

in order to reduce health information gaps for patients (5). Limited

health literacy can lead to health disparities and poor quality of care

(6). Therefore, nurses and other healthcare providers need to be

mindful of supporting health literacy to reduce existing disparities

(7, 8). Patients with adequate health literacy are competent in

paying attention to their health, families, and communities (9, 10).

Good health literacy will improve healthy lifestyle behaviors and

increase individual capacity to manage disease conditions (11–13).

Meanwhile, limited health literacy will affect behaviors related to

self-management of diseases, as well as health outcomes and costs

(14, 15).

Based on the perspective of healthcare workers, health literacy

can be described as a skill involving knowledge, motivation, and

the ability to process information (16). This term is seen as a

means of enabling individuals to access, understand, evaluate, and

use health information to improve their wellbeing (17). Similarly,

Guzys et al. (18) defined health literacy from the perspective of

healthcare providers by emphasizing the knowledge and skills

needed to prevent diseases and improve health in everyday life.

Health literacy skills in professional nursing facilitate effective

communication between professional care providers and the public

or clients. Carrying out this effective communication based on

appropriate health information will enable patients tomake the best

decisions concerning their health problems (19, 20). Patients who

make decisions based on health literacy are highly valued as they

tend to be well-informed. Due to this, health literacy is defined as

the process of obtaining and using correct information in making

decisions related to health. It can be seen as a complex concept and

requires a greater understanding of the nursing profession (21).

Nurses need to understand that no one is entirely health literate.

Therefore, they should have the necessary skills to help patients

utilize information and correct misconceptions about diseases

resulting from misinformation obtained from other sources (22).

The general understanding of health literacy in nursing is of utmost

importance, and more exploration is necessary in this area (23).

The enhancement of health literacy through health

optimization is an integral aspect of professional nursing

practice. Nurses, as healthcare professionals, play a vital role in

addressing the issue of health literacy by comprehending the

various forms of health literacy and providing quality care for

patients. However, nurses understanding of health literacy and

their associated supportive roles are still limited (23). The nature

of health literacy in nursing practice needs to be explained to

provide nurses with a clear understanding of how to utilize this

concept. Therefore, this review aims to describe the roles of nurses

in improving patient health literacy and identify the determinant

factors that influence health literacy.

Methods

Protocols

Scoping reviews have been used to identify knowledge gaps,

determine the scope of a body of literature, or clarify concepts

(24). In this study, a scoping review approach was employed to

collate articles focused on health literacy in nursing. An integrative

search was conducted, and the results were presented following

the guidelines of the Preferred Reporting Item for Systematic

Reviews and Meta-Analysis (PRISMA) Extension (25). Therefore,

the review question was formulated as “What are the role of nurses

and the factors influencing it to increase health literacy within the

scope of nursing?” Sub-questions explored to address the primary

study question included the following:

• “What is the role of nurses in strengthening health literacy?”

• “What are the determinant factors influencing health literacy

in nursing practice?”

Information sources and search strategy
In consultation with the study team, an expert information

specialist conducted comprehensive literature searches through

ScienceDirect, ProQuest, SAGE Journal, and PubMed to identify

potentially relevant documents. These four databases were searched

to fulfill the aims outlined above, using search terms specific

to the context of health literacy in nursing. The searches were

performed using various keyword combinations and Boolean

operators, incorporating synonyms of “health literacy” or “health

information,” along with “patient health literacy,” “patient literacy,”

and “nurses.” Furthermore, the article search menu in all databases

was enabled based on the nursing subject. The entire search terms

were based on Medical Subject Headings (MeSH). The articles

included in this review were limited to those peer-reviewed in the

English language.

Eligibility criteria

Due to the vast literature obtained, the analysis conducted

was restricted to the articles published in the last 6 years, from

2017 to 2022. The study team initially screened articles by reading

the title and abstract and then reviewed the full text of relevant

articles to determine their eligibility for inclusion. The inclusion

criteria consisted of articles that (1) focused on individuals in

the nursing field, with study subjects including nurses, nurse

educators, and nursing students; (2) explicitly discussed health

literacy related to nursing; and (3) included original studies, such as

cross-sectional, quasi-experimental, qualitative, andmixed-method

studies. Meanwhile, the exclusion criteria applied were as follows:

(1) articles focused on health literacy involving various healthcare

workers except for nurses; (2) articles that do not discuss health

literacy about nursing; and (3) literature reviews, dissertations,

editorials, commentaries, and other expert opinions.

Study selection process
Articles were selected based on inclusion criteria through

predetermined data-based searches. Those found during the search

were added to the bibliography manager software (Mendeley).

Duplicates were excluded through the automatic duplication

removal process in Mendeley’s tool. Articles not identified by the

software were further examined and manually removed.
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During the review process, two reviewers independently filtered

and assessed each article using two stages based on the eligibility

criteria. The first stage involved reviewing the title and abstract,

while the second stage included a thorough examination of the

full-text articles selected from the first stage. Any article deemed

relevant by at least one reviewer progressed further in the review

process. Subsequently, two independent blind readers checked and

scored the Materials and Methods as well as Results sections, and

only articles they both considered relevant were included in this

study. To ensure consistency and accuracy in the selection process,

Cohen’s Kappa and percent agreement were used to calculate

inter-rater reliability for both titles/abstract and full-text articles

(26, 27). The Altman benchmark scale was employed to interpret

the agreement degree of the Kappa value: <0.20 (poor), 0.21–0.40

(fair), 0.41–0.60 (moderate), 0.61–0.80 (good), and 0.81–1.00 (very

good) (26). A Kappa value >0.41 was considered acceptable (27).

All disagreements between the two reviewers were discussed and

resolved until a consensus was reached, and a third opinion was

sought from a senior reviewer when unanimity was required.

Data extraction and analysis

After selecting the articles, their data were entered into a

spreadsheet for extraction and charting. For those in form of

scoping reviews, data on study characteristics, such as years

of conduct, aims, design, and subjects, were abstracted and

are presented in Table 1. The years of publication were limited

to 2017–2022 according to the eligibility criteria. The design

selected was primarily cross-sectional, and only one appeared

quasi-experimental. To align with the study aims and formulated

questions, the data were also extracted based on the aims

and subjects related to the role of nurses and determinant

factors of health literacy in nursing. In the next stage of

analysis, all publications were screened for a second time

to verify whether these issues were being addressed in the

included articles.

The team read and assessed the entire results, which were then

summarized descriptively and compared in the data extraction

sheet to identify common themes. Two reviewers independently

identified themes for synthesis using thematic analysis that

matched the study aims, and all discrepancies were resolved

through discussion. Data descriptions indicating statements

related to the role of nurses in literacy were grouped, and all

results that showed factors related to health literacy in nursing

were reviewed. These were organized into two main categories

based on the sub-review questions: (1) the role of nurses in

promoting health literacy and (2) factors influencing health literacy

in nursing.

Results

Search result

The PRISMA-ScR flow diagram (25) presented in Figure 1

depicts each step of the article selection process, including the

specific rationale for the exclusion of full-text articles. An initial

search through four electronic databases and review article

references yielded 1,674 results, which were reduced to 1,315 after

removing duplicates. Two independent reviewers evaluated 925

articles in a two-step screening process. First, title and abstract

screening for key terms, including health literacy, health literacy in

nursing, nurses’ roles, and factors related to patient health literacy,

led to the exclusion of 794 records. Second, the remaining 131

articles were further assessed to determine their eligibility. From

this, 117 articles were eliminated for the following reasons: 55 were

not original studies, 39 did not align with the nursing scope, and

23 did not explicitly address health literacy in nursing; then, the 14

articles left were included in the final examination.

The inter-rater reliability analysis conducted produced the

Kappa values of 0.742 and 0.815 for title/abstract and full-text

screening, respectively. The Kappa values of 0.61≤ 0.80 and 0.81≤

1.00 indicated good to very good agreement between independent

reviewers, respectively (26). Reviewing the references list of the

last 14 full-text articles led to their inclusion in the final analysis.

In total, 14 articles met the eligibility criteria for the current

scoping review.

Characteristics of studies

Characteristics of the included studies, such as author,

publication year, aims, design, and subjects, are presented in

Table 1. The articles reviewed comprised both quantitative and

qualitative studies (n = 13) focused on health literacy within

nursing, with subjects including nurses (n = 6), nurse educators

(n = 1), and nursing students (n = 7). Their designs were cross-

sectional (n = 11), quasi-experimental (n = 1), and qualitative

(n = 1). Each report provided information on health literacy in

nursing scopes.

Synthesis of results

Based on the data synthesis pertaining to the review question

shown in Table 2, the synthesis of the results was grouped into two

categories. These categories included the role of nurses in health

literacy and the factors influencing it.

Roles of nurses in health literacy
Nurses play a crucial role in health literacy as caregivers who

offer support to enhance patients’ health status. As professionals,

they need to improve patient health and patient-centered care

by providing nursing care that facilitates literacy support. Seven

studies stated that nurses have a responsibility of providing health

promotion to increase patient health literacy (11, 12, 30, 33–36).

Health literacy is an essential factor in the scope of professional

nursing practice. According to four studies, it has an impact on

health behaviors and promotion that influence patients’ health

status (11, 28, 31, 32). The impact of health literacy is broad and

covers the physical, psychological, social, and spiritual aspects of

nursing care practice.
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TABLE 1 Characteristics of the reviewed studies.

Author, year Aims Study Design Subjects

Coşkun and Bebiş (11) To determine the impact of health promotion on developing

healthy lifestyle behaviors and health literacy in nursing students.

Quasi-experimental

study

133 nursing students

Kim and Oh (28) To identify the relationship between e-health literacy and health

promotion behavior through social media related to health

information, health information-seeking behavior, and self-care

agency.

Cross-sectional study 558 nursing students

Mosley and Taylor (12) To identify health literacy-based patient learning curricula and

strategies.

Cross-sectional study 15 nursing educators and

53 nursing students

Shiferaw et al. (29) To examine internet use and electronic health literacy skills

among university students

Cross-sectional study 236 nursing students

Wittenberg et al. (20) To assess nurse communication and health literacy in patients Cross-sectional study 74 nurses

Ayaz-Alkaya and Terzi (30) To determine health literacy and the factors influencing it in

nursing students.

Cross-sectional study 303 nursing students

Nesari et al. (19) To assess the knowledge and experience of registered nurses with

health literacy practices.

Cross-sectional study 190 nurses

Turan et al. (31) To examine the effect of e-health literacy on students’ healthy

lifestyle behavior.

Cross-sectional study 232 nursing students

Koduah et al. (32) To assess the knowledge of health literacy and the factors

influencing nurses.

Cross-sectional study 876 nurses

Munangatire et al. (33) To explore nursing students’ understanding of health literacy

concepts and health practice.

Cross-sectional study 205 nursing students

Yusefi et al. (34) To assess health literacy status and its relationship with quality of

life among hospital nurses.

Cross-sectional study 185 nurses

Kim and Oh (35) To identify nurses’ perspectives on health literacy and education

in elderly patients.

Qualitative study 16 nurses

Yang (36) To identify the relationship between health literacy competencies

and patient-centered care by clinical nurses.

Cross-sectional study 180 nurses

In addition to promoting patient health, providing information

and knowledge about the disease is essential. In this case, nurses

assist patients in understanding limited information about the

disease and treatment procedure. The support of nurses in health

literacy has a significant impact on patients’ ability to obtain and

comprehend disease information and apply it to improve their

health behavior (11, 12, 30, 33, 35). With assistance from nurses,

patients can interpret the disease process and manage their health

effectively (12). The quality of patient care is optimized when nurses

provide care that meets their health needs, such as the need for

information about the disease being suffered. Three studies found

that health literacy affects healthy lifestyle behaviors, as well as

improves the quality of life and care (11, 31, 36). Health literacy

is a strategy employed by nurses to meet this need.

According to three studies, nurses play an educational role in

helping patients understand the value of practicing good health

habits and promoting health literacy (30, 33, 35). All nurse

educators should emphasize the importance of health literacy skills

for themselves and their patients. Another three studies showed

that health literacy skills impact the ability of nurses to deal with

problems, such as stress management, positive thinking, spiritual

wellbeing, and quality of life (11, 31, 34). Therefore, educating

patients on health literacy skills becomes crucial to enhance their

quality of life and health outcomes. Furthermore, four studies

stated that health literacy is one of the core skills of nursing practice

(11, 19, 20, 33). Even during the educational process, students must

be imparted with health literacy knowledge to be used all through

their nursing careers (12, 30, 33).

Determinant factors of health literacy

Many determinant factors influence health literacy in nursing

practice. These include age, gender, education, ethnicity, religiosity,

language, income, and marital status, which affect health literacy

in both nurses and patients (11–13, 19, 20, 28, 30, 32, 33, 35).

Additionally, work experience, work status, information media,

and internet usage affect the health literacy of nurses in providing

care for patients (19, 20, 28–32, 34). Two studies stated that

communication, patient attitudes, and perceptions about their

health impact the effectiveness of health literacy in addressing the

health problems suffered (11, 35).

Two studies showed the impact of health literacy on

health behavior through intermediary mediating factors, such

as information-seeking motivation, information-seeking behavior,

self-care agency, self-efficacy, and self-care management (13, 28).

Another study suggested that health literacy does not directly

increase health promotion behavior but directly impacts the

use of social media in seeking information, thereby increasing

information-seeking behavior and self-care agency (28, 35).
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FIGURE 1

PRISMA scoping review flow diagram. Selection of sources of evidence.

Five studies reported that health literacy in nursing practice

is influenced by educational factors and professional training,

including nursing specialization or scope of the work area, work

experience, employment status, length of study, and educational

attainment (19, 29, 32, 34, 37). These factors have an impact

on the understanding of health literacy among nurses and their

performance in providing care to patients (29, 34, 36).

Discussion

This scoping review showed the roles of nurses in patient health

literacy as caregivers, facilitators, and educators. As caregivers,

they carry out comprehensive care by paying attention to patient

health literacy as one of the factors to support the success of

treatment goals. To support the success of treatment programs,

nurses play a crucial role in enhancing patients’ limited knowledge

about their disease and treatment options. As educators, nurses

provide information, knowledge, and health literacy skills essential

for achieving optimal health outcomes. Health literacy is a complex

concept and skill in nursing practice influenced by various factors,

which nurses and patients should understand to effectively improve

the quality of health. This study described the roles of nurses

in patient health literacy and the factors influencing the concept

within the framework are shown in Figure 2.

A nurse who plays a role in improving health literacy should

understand the extent of health literacy skills and patients’ level of

understanding about a disease or problem. Applying health literacy

at any time and in all patient care settings will promote achieving

client empowerment, engagement, activation, and optimal health

outcomes (38). Nurses have a significant role in educating patients

on health information and promotion (12, 35). Their core skill also

includes providing support for patient health literacy, which should

be understood broadly (37).

Optimizing health outcomes is a fundamental goal of nursing,

which involves efforts to prevent and promote health through

individual awareness and active engagement in staying. To achieve

this, individuals need to possess adequate health literacy skills
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TABLE 2 Summarized results of the reviewed studies.

Reference Summarized Results

Roles of nurses in health literacy Determinant factors Outcomes

Coşkun and

Bebiş (11)

Nurses play a role in facilitating health promotion to increase

health literacy and positive health-related lifestyle behaviors

Gender, BMI, family

structure, parental knowledge

status, income, smoking habit,

alcohol drinking habit, history

of chronic disease, drug use,

and perception of health

status

• Health literacy has an impact on increasing the

achievement of positive health behaviors.

• The ability to find information and media sources

related to health increases patient health literacy

Kim and Oh

(28)

Nurses facilitate health literacy to carry out health

promotion by encouraging the use of social media in seeking

information and then increasing information-seeking

behavior and self-care agency

Age, gender, education,

religion, duration of internet

use, and health status

• Electronic health literacy has a significant

relationship with health promotion behavior in

students. The higher the health literacy, the better the

health promotion behavior

Mosley and

Taylor (12)

Nurses must have the ability to provide care to patients with

low health literacy. Therefore, health literacy education in

the nursing process is essential

Age, language, language

ability, and risk groups

• Health literacy increases the ability to use social

media, online health information-seeking behavior,

self-care agency, and health behavior.

• Health literacy improves the patient’s ability to

interpret the disease process, manage their disease,

and make decisions regarding health issues.

Shiferaw

et al. (29)

The nursing profession must strengthen health literacy skills

by increasing access to technology. In the clinical setting, the

role of nurses is to improve patients’ literacy skills

Gender, domicile, and

students’ registration years

• Health literacy impacts students’ academic abilities or

grade point averages.

• Meanwhile, the ability to access the internet used to

obtain information determines health literacy in

college students

Wittenberg

et al. (20)

Providing health literacy support to patients is one of the

core skills of nursing. Nurses must have good

communication skills, specifically in assessing the level of

health literacy. This is a strategy to support health literacy

Age, ethnicity, education,

income, language, job

position, demographic

situation, and work

experience

Health literacy impacts patient health support and

health quality

Ayaz-Alkaya

and Terzi

(30)

Nurses act as care providers by paying attention to health

literacy needs based on knowledge and experience. Every

nurse educator must emphasize the importance of health

literacy and patient empowerment

Age, gender, family income,

social insurance, domicile,

history of chronic disease,

drug consumption, visual and

hearing impairment, and

internet use

Health literacy has an impact on increasing patient

empowerment. Nurses must have optimal health

literacy skills to deal with rapid changes in the health

care system

Nesari et al.

(19)

Nurses play a role in improving public health literacy

practices, such as understanding health information and

making decisions about patients’ health

Age, work experience, gender,

and scope of the work area

• Efforts to increase equity in health literacy are

significant in supporting the quality of patient care.

• Health literacy practices facilitate effective

communication between healthcare professionals

and the public

Turan et al.

(31)

Nurses can use electronic health literacy and healthy lifestyle

behaviors to improve the quality of care by supporting

teaching methods and nursing role models. Health literacies

are essential to support patients and families in accessing

and using health information to improve patient safety and

quality of care

Age, health insurance,

expenses, health status, and

internet usage

• Health literacy is essential in promoting students’

healthy lifestyle behavior.

• Health literacy positively affects interpersonal

relationships, stress management, positive life

perspective, spiritual health, and lifestyle.

Koduah

et al. (32)

Nursing practice must integrate health literacy knowledge

professionally by considering characteristics, social and

cultural values, nursing education, and experience

Educational and professional

practice factors: nursing

specialization, work

experience, employment

status, length of study, and

higher education

Factors of personal characteristics, social and cultural

values, nursing education, and experience have a

relationship or connection with health literacy

knowledge in nursing professional practice

Munangatire

et al. (33)

Nurses play an educator role in ensuring patients

understand the importance of health literacy and practice to

increase their health quality. In the educational setting, the

educators ensure that every nurse student understands the

health literacy that will impact patients

Age, marital status, gender,

and medical history

• Health literacy skills can transfer to students’

professional careers as nurses

• Nursing students understand health literacy concepts

well, but they must all try to translate this

understanding into health literacy skills

Yusefi et al.

(34)

Nurses play a role in increasing patient health literacy, which

affects their quality of life. Health literacy possessed by

nurses has an impact on their professional ability to work

and decide on a problem

Age, work experience, and

employment status

Health literacy’s dimensions closely related to the

quality of life include access to information, and the

ability to read, understand, and use health information

Kim and Oh

(35)

Nurses act as health literacy educators for patients by helping

to improve their literacy skills that support self-care practices

Age, knowledge, education,

communication, patient

attitude, and family support

Patient health literacy will increase with the support of

effective communication and health education

Yang (36) Nurses play a role in developing health literacy competencies

to improve patient-centered care. Education programs

should emphasize the integration of health literacy into the

nursing school curriculum

Education level, prior health

literacy knowledge, and health

literacy competencies

Health literacy skills significantly affect the caring

aspect of patients
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FIGURE 2

The framework for the role of the nurse and the factors that determine healthy literacy.

that ensure the making of good decisions on healthcare, disease

prevention, and health promotion, ultimately leading to improved

health outcomes (39, 40). Mosley and Taylor described health

literacy as an ability required by nurses in adapting care to

patients (12). Health literacy in the nursing process requires

knowledge, motivation, and competence to access, understand,

assess, and apply health information. Nurses play a critical role

in facilitating patients’ efforts to access and understand health

information by developing interventions focused on improving

their ability to manage illnesses through comprehensive reading

and interpretation of health information (23).

Health literacy in nursing practice has been widely recognized

as a mediator between individual and social health status and

health outcomes. It is the initial component of obtaining a

permanent health culture and optimal health status (41). Health

literacy skills are a process to access, understand, evaluate, and

use health information, to improve health quality and prevent

disease emergence (11). According to the Healthy People 2030

framework, health literacy is the extent to which individuals can

find, understand, and use a piece of information to make decisions

about their health and that of other individuals (42).

Individuals with good health literacy will be able to participate

in public and private discussions about health, medicine, scientific

knowledge, and cultural beliefs (43). Ancker’s definition places the

responsibility of health literacy solely on the individual, leaving the

healthcare provider not accountable for providing information in

a health-literate manner (44). This situation makes the increase

in health literacy not to be optimal. Therefore, strengthening

health literacy with the assistance of nurses can enhance primary

health conditions at the individual and community levels by using

appropriate health information to increase health literacy and meet

patient needs (12, 20).

Health literacy is how individuals can use the information

studied effectively to determine the most appropriate nursing

intervention offered to patients. Nurses are expected to assess the

level of health literacy of patients (20). Decisions made based on

health literacy are highlighted discoveries because being “well-

informed” is not just the right decision. Therefore, health literacy

is a process of obtaining and using appropriate information in

deciding about personal health and the health of others. Nurses can

utilize health literacy strategies in informing individuals to make

the best possible health-related decision.

In nursing, health literacy is essential in communication

strategies for all clients (35). Clients cannot fully participate in

their healthcare choices or make appropriate decisions without

accurate information for their health literacy needs (45). Nurses

as healthcare workers who have a closer relationship with patients

can become facilitators to meet these health literacy needs through

health education or promotion activities. Sometimes nurses

overestimate patients’ level of health literacy, by creating reports

based on their feelings and relying only on external indicators

such as education or socioeconomic status. This approach is

problematic because health literacy cannot be determined solely

with the aforementioned factors. While providing information

to the patients, nurses should be careful in interpreting their

observable body language movements, such as nodding of

the head as an indication that the information received was

understood (46).

As previously explained, health literacy is a complex concept

that requires careful, thorough, and persistent assessment.

Inadequate assessment of health literacy can pose a significant

barrier to clients’ health literacy. As stated by Cohen et al. (47), to

ensure understanding and overcome health literacy barriers, nurses

must conduct adequate assessments to determine patients’ level

Frontiers in PublicHealth 07 frontiersin.org243

https://doi.org/10.3389/fpubh.2023.1022803
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wilandika et al. 10.3389/fpubh.2023.1022803

of knowledge, emotional reactions to information, and external

support from other healthcare teams.

Wittenberg et al. (37) provided several recommendations for

assessing health literacy in individuals, groups, or communities

experiencing barriers. This includes the following: (1) Nurses

must understand the beliefs and cultural norms of their clients.

(2) Information explanations should be repeated or provided

in a way that is more technically adapted to clients’ cultural

approach. (3) Nurses should be attentive to verbal and non-verbal

cues, and use simple language during communication, avoiding

medical terms that may be unfamiliar to clients. (4) In case of

a language barrier, a translator should be involved to ensure

effective communication.

Assessing patient understanding and addressing challenges

related to health literacy are essential for providing quality

nursing care and improving health literacy. Therefore, nurses

should possess good health literacy knowledge and experience to

empower patients with the best information for their health. They

need to emphasize the importance of health literacy and patient

empowerment to achieve effective care.

Various determinant factors influence health literacy skills,

which is the basis for professional nursing practice in supporting

patient care. These should be considered by interventions meant to

improve health status through good health literacy in individuals,

communities, and society. Personal factors, specifically age, gender,

income, education, and employment status, are associated with the

determination of health literacy (11, 13, 20, 28, 30, 32, 33, 35).

Among all, age has the closest relationship with health literacy as

they are both inversely proportional (48–50). Similarly, Sántha (14)

discovered that health literacy has a significant correlation with age

and education.

According to Yang et al. (50), personal factors and access to

information or its sources, such as the internet, play a crucial role

in determining an individual’s health literacy. Health literacy is a

concept based on information existence, hence inadequate access

to information may hinder health literacy development, despite

possessing literacy skills. Various studies found that using multiple

sources of information significantly impacts an individual’s level of

health literacy (28, 30, 31). Motivational factors and the ability to

access information can influence health literacy (51).

In contrast to some previous studies, Guo et al. (39) found that

sociodemographic factors, including gender, education, income,

and access to information, are not directly related to health literacy.

Personal characteristics, such as self-efficacy, social support, and

health status, were observed to have a significant impact on health

literacy. Furthermore, health status has been identified as a key

predictor of health literacy. This along with factors such as disease

history, disease severity, presence of other disorders, and the use of

drugs can affect patients’ ability to improve or decrease their health

literacy (11, 13, 28, 30, 31, 33).

Health literacy is also affected by spiritual and environmental

factors, as well as an individual’s ecological aspects, education, place

of work, and religious beliefs (8). The study conducted by Koduah

et al. (32) discovered that religiosity can impact health literacy.

Nurses with strong religious beliefs view health as necessary and

make health literacy essential to their lives. Home and work

environments can impact health literacy (19, 20, 32, 34). Therefore,

nurses play a crucial role in improving and determining the

health literacy levels of individuals, groups, or communities by

considering these factors (20, 30, 32).

Strengths and limitations

This review systematically outlines the peer-reviewed literature

related to health literacy within the scope of nursing science.

Although health literacy skills are essential for nurses at all levels,

specifically those providing direct care to patients, this study does

not explicitly focus on any particular level. The literature analyzed

was various study types, and the evidence level obtained was not the

highest. Books, gray literature, or other sources that can provide

more in-depth information on the subject of health literacy were

not included in this scoping review.

Conclusion

The results showed that nurses play an essential role in

supporting health literacy through the dissemination of relevant

information. Health literacy is one of the critical skills that nurses

and patients must master to make informed decisions capable of

impacting health outcomes. Nurses act as caregivers, facilitators,

and educators in meeting the limited health literacy needs of

patients to improve their health status. They help to optimize

patients’ health literacy skills by facilitating the ability to find,

understand, assess, and use health information related to their

diseases. It is important to note that health literacy is influenced

by various factors, and nurses should utilize these factors as

opportunities to promote health literacy improvement. By fully

understanding health literacy from a nursing perspective, nurses

can use this approach to solve health problems and ultimately

improve the quality of care for patients.
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