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Background: Self-management is essential for the management of obstructive sleep apnea (OSA); however, the general public’s
understanding of OSA in China remains unclear. This study aimed to investigate the knowledge, attitudes, and practices (KAP)
concerning OSA among Chinese adults. This information is essential for informing population-level prevention strategies and
strengthening public health responses to OSA.

Methods: This cross-sectional study was conducted between October 2022 and October 2023 among Chinese adults. Based on
a knowledge—attitude—practice conceptual framework, we hypothesized that knowledge would directly influence attitudes, attitudes
would directly influence practices, and knowledge would exert both direct and indirect effects on practices.

Results: A total of 1,145 questionnaires were collected, and 850 valid responses were analyzed (valid response rate: 74.76%). The
mean scores for knowledge, attitudes, and practices were 20.84 (0-42), 37.96 (9-45), and 38.03 (10-50), respectively. Knowledge was
positively associated with attitude (r = 0.502, P < 0.001) and practice (r = 0.434, P < 0.001), while attitude showed a strong correlation
with practice (r = 0.722, P <0.001). Structural equation modeling showed that education positively affected knowledge (f = 0.166, P =
0.005). Knowledge directly influenced attitude (f = 0.502, P < 0.001) and practice (f = 0.096, P < 0.001), and indirectly affected
practice through attitude (f = 0.338, P = 0.012). Attitude had a strong direct effect on practice (f = 0.674, P < 0.001).
Conclusion: Chinese adults demonstrated a limited understanding of OSA; however, they generally exhibited positive attitudes and
moderate engagement in related practices. This study emphasized the need to strengthen public knowledge about OSA, which may
support improvements in attitudes and practices. The observed pathways among knowledge, attitudes, and practices suggest that
increasing public awareness could play an important role in shaping health-related behaviors.
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Introduction
Obstructive sleep apnea (OSA) is a prevalent sleep disorder characterized by recurrent episodes of upper airway
obstruction during sleep, leading to intermittent hypoxia and disrupted sleep architecture. OSA considerably impairs
quality of life and is associated with an elevated risk of cardiovascular diseases, cognitive deficits, and motor vehicle
accidents."”” Approximately 936 million adults aged 30 to 69 globally are affected by OSA, with China bearing the
highest burden, accounting for 176 million cases. In China, the estimated prevalence of OSA is 23.6% for mild to severe
cases (apnea-hypopnea index [AHI] >5 events/hour) and 8.8% for moderate to severe cases (AHI >15 events/hour).®
Despite its high prevalence, only approximately 1% of individuals diagnosed with OSA in China receive appropriate
treatment. This low treatment rate is primarily attributable to the limited availability of diagnostic modalities, such as
polysomnography, and therapeutic interventions like continuous positive airway pressure (CPAP), which are often
resource-intensive and predominantly available in specialized medical facilities.! Furthermore, nearly two-thirds of
diagnosed patients opt not to pursue treatment, mainly due to the perception that their condition is not severe (53.4%)
or due to the inconveniences associated with CPAP devices, including mask discomfort and nasal congestion (15.3%).
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Public awareness of OSA is markedly insufficient, with approximately 90% of affected individuals unaware of their
diagnosis before medical evaluation.”'® A 2022 study indicated that although 62.8% of the general Chinese population
had heard of OSA, only 37.2% could accurately identify its key characteristics, underscoring a significant knowledge
gap.'" Additionally, the study revealed that 89.4% of respondents expressed a willingness to receive education about
OSA, primarily through the internet and new media platforms."’

Given China’s substantial population (approximately 1.4 billion) and its status as the country with the highest
incidence of OSA, it is imperative to understand the knowledge, attitudes, and practices (KAP) regarding OSA among
Chinese adults to develop effective public health interventions and improve treatment adherence. To guide this
investigation, the KAP framework provides a widely used behavioral model that conceptualizes how awareness shapes
beliefs and subsequently influences health-related actions, making it appropriate for examining OSA-related behaviors.'?
SEM has been widely applied in public health research to examine directional pathways among behavioral constructs.'?
While previous KAP studies have predominantly focused on healthcare providers, such as primary care physicians and

dentists,'*!3

there exists a notable paucity of research targeting the general population. This study aims to address this
gap by investigating the KAP related to OSA among Chinese adults, utilizing a structural equation model to analyze the
interrelationships among these variables. Moreover, focusing on the general adult population, rather than only high-risk
subgroups, is essential because most individuals with OSA remain undiagnosed and asymptomatic, and population-level

prevention requires understanding awareness and behaviors across the broader community.'®

Material and Methods
Study Design and Participants

This cross-sectional study was conducted between October 2022 and October 2023 among Chinese adults, using a self-
administered questionnaire. Participants aged 18 years or older were invited to complete an electronic questionnaire
either during their hospital visit or through links shared by researchers and their social media contacts. The study
received ethical approval from the Medical Ethics Committee of Xiangya Second Hospital, Central South University
(No. 735, 2022), and informed consent was obtained from all participants.

Questionnaire
The questionnaire (Supplementary Material) was designed based on the OSA screening study in the general population,
conducted by Sia et al,'” and the OSAKA questionnaire proposed by Schotland and Jeffe,'® as well as the Chinese OSA
diagnosis and treatment guidelines.'® The valid questionnaire responses demonstrated satisfactory reliability and validity
(Cronbach’s a = 0.941, KMO = 0.967), indicating good validity and reliability. In addition, a confirmatory factor analysis
(CFA) was performed to further evaluate the construct validity of the questionnaire. The overall model demonstrated acceptable
fit (Chi-square fit statistic/degrees of freedom (CMIN/DF) = 3.686; root mean square error of approximation (RMSEA) = 0.056;
incremental fit index (IFI) = 0.892; Tucker-Lewis index (TLI) = 0.886; CFI = 0.892) (Supplementary Figure 1).

The finalized questionnaire comprised four components: demographic characteristics, knowledge, attitude, and

practice. The knowledge component included 42 items, each scored as 1 for a correct response and 0 for an incorrect
or unclear one, giving a possible total score between 0 and 42. The attitude component contained nine items assessed on
a five-point Likert scale, ranging from strongly agree (5) to strongly disagree (1), with an overall score span of 9 to 45.
The practice component consisted of 12 items, also rated on a five-point Likert scale from “strongly agree/always” (5
points) to “strongly disagree/never” (1 point). Items 9 and 10 were excluded from the total practice score, resulting in
a possible range of 10 to 50 points. To assess participants’ overall Knowledge, Attitude, and Practice (KAP) levels,
knowledge scores were categorized as poor (<60%), moderate (60-80%), and good (>80%). Similarly, attitude was
classified as negative (<60%), neutral (60-80%), and positive (>80%), while practice was defined as inappropriate
(<60%), acceptable (60—80%), and appropriate (>80%), in accordance with modified Bloom’s cut-off criteria.?’

The questionnaire was distributed via “Questionnaire Star” (https://questionstar.com), a Chinese web-based survey

platform. A secure assessment page was created, and a quick response (QR) code was generated for dissemination. To
ensure data quality and response completeness, each IP address was limited to one submission, and all items were
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mandatory. The research team reviewed all returned questionnaires for completeness, internal consistency, and appro-
priateness. Participants who were unable to access the online platform independently received assistance from family
members, guardians, or healthcare personnel, who facilitated completion of the electronic questionnaire through oral
inquiry. Incomplete, inconsistent, or duplicate responses were excluded from the final analysis.

Sample Size Estimation

The required sample size for this study was calculated based on Cochran’s sample size estimation equation and the
expected proportion, as determined in a previous KAP study.?' The single population proportion formula was used, based
on the assumption that the probability of having low K, A, and P scores was 50.0%, with a 95% CI and a 5% margin of
error. The result was determined to be at least 384. By adding a non-response rate of 10%, the total required sample size
was 423.

Statistical Analysis

Statistical analyses were conducted using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were expressed as means and standard deviations (SD), whereas categorical variables were summarized as frequencies
and percentages (n, %). For normally distributed continuous variables, comparisons were made using independent sample
t-tests or one-way analysis of variance (ANOVA). Non-normally distributed variables were analyzed with the Wilcoxon-
Mann—Whitney test or Kruskal-Wallis ANOVA. Spearman correlation analysis was used to assess the relationships
among KAP scores. Structural equation modeling (SEM) was further applied to evaluate interrelations among KAP
dimensions. The SEM hypotheses were: (1) knowledge directly affects attitude, (2) attitude directly affects practice, and
(3) knowledge exerts both direct and indirect effects on practice. In the structural equation modeling (SEM) analysis,
baseline characteristics including age, education level, occupation, and chronic disease status were incorporated as
covariates to reduce potential confounding. These variables were selected based on prior evidence suggesting their
relevance to health literacy and health-related behaviors. The hypothesized model was constructed according to the KAP
framework, specifying paths from knowledge to attitude, from attitude to practice, and both direct and indirect effects
from knowledge to practice. Alternative path specifications were evaluated, but the final model was retained based on
theoretical rationale and superior model fit indices. All tests were two-sided, and a P-value < 0.05 was considered
statistically significant.

Results

Demographic Characteristics

A total of 1145 questionnaires were collected, of which 295 were excluded due to logical conflicts or all questions being
answered with the same response. After exclusion, 850 valid questionnaires remained, corresponding to the effectiveness
rate of 74.76%. Among the included participants with valid questionnaire responses, the majority (61.65%) were female,
residing in the city area (79.88%), and of Han ethnicity (95.29%), with a level of education of college or above (75.65%)
(Supplementary Table 1). The knowledge, attitudes, and practices scores were 20.84 + 14.13 (possible range: 0-42),
37.95 + 6.26 (possible range: 9-45), and 38.03 £ 6.97 (possible range: 10-50), respectively (Table 1).

Distribution of Knowledge, Attitude, and Practice Dimension

KAP responses showed that 84.83% of participants identified at least one risk factor for OSA, most commonly obesity
(75.5%) and nasal congestion (68.1%). A total of 79.53% recognized at least one symptom, with snoring (70.2%) and
apnea (62.6%) being the most frequently reported. Awareness of OSA-related hazards reached 68.00%, and increased
mortality was the most familiar consequence (53.3%). For treatment, 69.76% identified at least one option, most
commonly weight loss (59.6%) and exercise (58%). The least known items included nocturia (31.8%), atrial fibrillation
(27.2%), and continuous positive airway pressure (44.8%). Most respondents demonstrated neutral or positive attitudes
toward OSA prevention, and although few routinely paid attention to snoring, willingness to seek medical evaluation or
treatment when experiencing OSA-related symptoms was relatively high (Supplementary Tables 2—4).
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Table | The Knowledge, Attitude, and Practice Towards Obstructive Sleep Apnea

Characteristics Knowledge Attitude Practice
Mean * SD P Mean £ SD P Mean £ SD P
Total 20.84+14.125 37.95+6.258 38.03+6.965
Gender 0.762 0.776 0.754
Male 20.66x13.81 38.0246.20 37.9417.28
Female 20.96+14.33 37.90+6.30 38.09+6.77
Age 0.006 0.039 0.339
<30 22.84+14.93 38.32+6.19 37.5616.92
31-40 19.51£14.60 38.20+6.39 38.25+7.33
40-50 22.31%12.72 38.17+6.37 38.64+6.86
=50 18.79£13.05 36.61+5.81 37.55+6.37
Residence 0.059 0.135 0.552
Rural 18.27£14.25 37.27+6.22 38.50+7.00
City 21.4+14.06 38.15+6.24 37.9016.92
Suburb 19.73x14.13 36.65+6.53 38.70+7.75
Ethnicity 0.612 0.455 0.867
Han ethnicity 20.79+14.08 37.9816.18 38.0416.92
Minority 21.95+15.09 37.2317.74 37.85+7.94
Education <0.001 <0.001 0.085
Secondary school or below 16.45+13.00 36.54+6.34 37.30+6.89
College or above 22.26+14.19 38.40%6.17 38.26+6.98
Occupation <0.001 <0.001 <0.001
Office staff and related staff 19.16+13.96 37.411£6.42 37.25+6.85
Professional technical personnel 27.19£12.52 39.71£5.63 39.93£6.58
Commercial and service industry 19.09+14.73 37.4616.18 37.96+6.69
Others 19.14£13.71 37.59+6.36 37.59+7.43
Monthly income (Yuan) 0.060 0.007 0.239
<2000 18.35+13.87 36.2317.44 37.4417.54
2000-5000 19.98+14.38 37.38+6.44 37.65+7.07
5000-10000 20.33+13.87 37.95+5.92 37.8+6.91
10000-20000 23.35+14.22 39.3346.25 39.1£7.03
>20000 22.44+13.84 38.2615.61 38.47+6.19
Marital Status 0.196 0.190 0.215
Unmarried 22.33£14.55 38.67+6.07 37.92+6.91
Married 20.51+13.93 37.7316.24 38.15+6.95
Divorced 17.37£14.33 36.90+7.75 35.87+7.78
Widowed 18.33+£15.25 39.50+5.96 41.33+£5.72
Chronic Diseases* 0.160 0.809 0.055
No 20.60+14.37 37.93+6.35 37.85+6.98
Yes 22.38+12.45 38.08+5.69 39.1846.77
Medical Insurance Type
Government 20.88+14.05 0.652 37.98+6.25 0.469 38.12+6.96 0.062
Commercial 20.59+13.80 0.820 38.57+6.31 0.204 37.8216.86 0.706
Snoring 0.448 0.136 0.544
Yes 20.55+13.67 37.70+6.29 38.14+6.98
No 21.32+14.85 38.3616.20 37.85+6.95

Notes: * Chronic diseases include long-lasting health conditions with persistent effects, such as hypertension and diabetes.

Spearman Correlation Analysis
Spearman correlation analysis revealed significant positive associations between knowledge and attitude (r = 0.502, P <
0.001), knowledge and practice (r = 0.434, P < 0.001), and attitude and practice (r = 0.722, P < 0.001) (Table 2).
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Table 2  Spearman

Correlation  Between

Knowledge, Attitude, and Practice

Dimensions | Knowledge

Attitude | Practice

Knowledge |
Attitude 0.502*
Practice 0.434*

0.722* |

Notes: *: P < 0.001.

Structural Equation Model Analysis
The SEM demonstrated highly favorable model fit indices: CMIN/DF = 2.653 (reference: 1-3 excellent, 3—5 good),
RMSEA = 0.034 (reference < 0.08), IFI = 0.983 (reference > 0.80 good), TLI = 0.968 (reference > 0.80 good), and
comparative fit index = 0.983 (reference > 0.80 good), indicating an excellent model fit (Supplementary Table 5). The
SEM results showed that education exerted a direct positive effect on knowledge (B = 0.166, P = 0.005), whereas
occupation and age showed no significant associations. Knowledge had a direct positive influence on attitude (f = 0.502,
P < 0.001) and practice (f = 0.096, P < 0.001). Attitude also demonstrated a strong direct effect on practice (f = 0.674,
P <0.001). In addition, knowledge exerted a significant indirect effect on practice through attitude (f = 0.338, P =0.012).
Chronic diseases, occupation, and age did not exhibit significant direct effects on practice. (Figure 1, Table 3, and

Supplementary Table 6).
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Figure | Graphical representation of the structural equation model.
Notes: el—-e7 represent measurement error terms of the observed variables, reflecting unexplained variance after measurement.
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Table 3 Structural Equation Modeling Analysis

Model Paths Standardized Total Effects | Standardized Direct Effects | Standardized Indirect Effects
B (95% CI) P B (95% CI) P B (95% CI) P

Chronic Diseases—Knowledge | 0.062 (—0.002,0.141) | 0.056 | 0.062 (—0.002,0.141) 0.056

Occupation—Knowledge —0.002 (—0.090,0.059) | 0.821 | —0.002 (—0.090,0.059) | 0.82I

Education—Knowledge 0.166 (0.104,0.236) 0.005 0.166 (0.104,0.236) 0.005

Age—Knowledge —0.055 (—0.125,0.025) | 0.155 | —0.055 (—0.125,0.025) | 0.155

Chronic Diseases—Attitude 0.031 (-0.002,0.070) | 0.063 0.031 (-0.002,0.070) 0.063
Occupation—Attitude —0.001 (—0.044,0.028) | 0.801 —0.001 (—0.044,0.028) 0.801
Education—Attitude 0.083 (0.050,0.126) 0.006 0.083 (0.050,0.126) 0.006
Age —Attitude —0.028 (—0.065,0.014) | 0.162 —0.028 (—0.065,0.014) 0.162
Knowledge—Attitude 0.502 (0.442,0.554) 0.013 0.502 (0.442,0.554) 0.013

Chronic Diseases—Practice 0.027 (-0.002,0.059) | 0.066 0.027 (—0.002,0.059) 0.066
Occupation—Practice —0.001 (—0.036,0.026) | 0.821 —0.001 (—0.036,0.026) 0.821
Education—Practice 0.072 (0.041,0.112) 0.005 0.072 (0.041,0.112) 0.005
Age—Practice —0.024 (—0.057,0.005) | 0.122 —0.024 (—0.057,0.005) 0.122
Knowledge—Practice 0.434 (0.382,0.503) 0.003 0.096 (0.059,0.125) 0.001 0.338 (0.296,0.381) 0.012
Attitude—Practice 0.674 (0.611,0.719) 0.016 0.674 (0.611,0.719) 0.016

Discussion

This study found that awareness of OSA among the general population in China is relatively inadequate; however,
a positive attitude and moderate practices regarding OSA management exist. The findings suggest that positive attitudes
toward OSA management are closely linked to better practices, highlighting the need for education. The findings
highlight barriers that contribute to the alarmingly low consultation and treatment rates among OSA patients. They
can inform the development of educational interventions to enhance self-recognition and risk assessment for individuals
with OSA by influencing their knowledge and attitudes.

The present study indicated that while awareness of OSA was relatively low, there was a positive attitude towards its
management, and practices related to OSA were appropriate. The study’s findings are supported by recent research
conducted by Pan et al,'® which indicated that only 37.2% of respondents could accurately identify key features of OSA,
despite the participants being predominantly from urban areas with higher education levels. That previous study also
found limited knowledge about OSA among the general Chinese population, despite a high demand for education on the
topic. This underscores a substantial knowledge gap in China and the need for targeted educational interventions.
Similarly, Liao et al’ found that nearly two-thirds of diagnosed OSA patients in China choose not to pursue treatment,
often perceiving their condition as less serious or finding CPAP devices cumbersome. Our findings align with the notion
that, while attitudes and practices are relatively positive, actual treatment-seeking behavior may be low, possibly due to
insufficient awareness of the seriousness of OSA. Nevertheless, the present study builds upon previous studies by
employing a SEM analysis to explore the interrelationships among KAP dimensions and other factors, revealing that
education has a significant influence on knowledge, which subsequently affected attitudes and practices. Furthermore,
attitudes demonstrated a substantial and direct influence on practices, underscoring their central role in translating
knowledge into behavioral engagement. Knowledge also exerted an indirect effect on practice through attitudes, high-
lighting the mediating role of attitudinal change within the KAP pathway. Therefore, educational interventions should
focus on disseminating accurate information about OSA and fostering positive attitudes toward its management. Zhang
et al'” demonstrated that brief educational interventions significantly improved OSA knowledge among medical students
in Guangzhou, suggesting scalable strategies for the general population. In contrast, age, occupation, and chronic disease
status did not show significant associations with any of the KAP dimensions in the SEM.

The positive associations among KAP dimensions indicate that enhancing knowledge about OSA can directly
improve practices and also indirectly do so through its strong effect on attitudes. It is particularly important given the
low treatment rates for OSA in China, as noted by.” Our findings suggest that targeted educational campaigns could help
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bridge this gap by increasing awareness of the seriousness of OSA and the benefits of treatment. For instance,
interventions could focus on disseminating accurate information about OSA symptoms, risks, and treatment options
through accessible channels such as social media, community health programs, and workplace wellness initiatives.

Cultural factors may also significantly influence OSA awareness and management in China.”*** Traditional Chinese
beliefs about health and sleep, as well as reliance on family and community networks, may influence how individuals
perceive and respond to OSA symptoms.'*** For example, the emphasis on family harmony in Chinese culture might
lead to underreporting of symptoms to avoid burdening family members, or there may be a preference for traditional
remedies over CPAP due to perceived discomfort or cultural unfamiliarity. Future educational interventions should
consider integrating traditional and modern approaches to enhance acceptance and adherence to treatment. Additionally,
community-based programs that leverage family and social networks could be effective in promoting OSA awareness
and encouraging early diagnosis.

The findings of this study have significant implications for public health policy in China. From a public health
perspective, the findings underscore the need to develop comprehensive educational strategies to enhance public under-
standing of OSA. Given the high prevalence of OSA and the low public awareness, nationwide educational campaigns
are needed to improve understanding of symptoms, risks, and the value of early diagnosis. Additionally, integrating OSA
screening into routine health check-ups for high-risk groups, such as overweight individuals or those with hypertension,
could facilitate early detection. Making CPAP machines more affordable through subsidies or insurance coverage could
improve treatment adherence. Policymakers should also consider cultural factors when designing intervention programs
to ensure they are acceptable and effective within the Chinese cultural context. Zhang et al*> highlighted that undiag-
nosed OSA eventually burdens society and healthcare systems when the patient’s condition worsens or complications
occur.*®

Future research should explore personalized medicine approaches to OSA management in China, as suggested by
Zhang.***%?7 Given the heterogeneity of OSA, tailoring diagnostic and treatment strategies to individual patient
characteristics could improve outcomes and adherence to therapy.”®?° In addition, targeted interventions for specific
populations, such as older adults or individuals with comorbidities, could provide more detailed insights and guide more
effective public health strategies. Recent clinical guidelines, such as the Chinese consensus report on OSA management
in patients with cardiovascular disease (2024),*® emphasize multidisciplinary approaches and early intervention, which
could be integrated into future research and policy.

However, this study has several limitations. First, the population was predominantly female, despite the higher
prevalence of OSA among males. This discrepancy may indicate that female respondents are more interested in acquiring
OSA knowledge relevant to their family members. Second, the questionnaires were distributed to hospital visitors and
shared on social media, which may have introduced selection bias. Such bias could lead to overestimation of attitudes
and self-reported practices, thereby affecting the internal validity of the associations observed among the KAP dimen-
sions. While utilizing two participant sources enhanced the representativeness of the study sample, certain social groups,
such as elderly individuals without internet access, were largely excluded, resulting in a mean participant age of under 50
years. Future studies should include older and underserved populations, who tend to have lower knowledge levels and
may require more targeted education. Third, the responses in the practical section of the questionnaire cannot be verified
without investigating the actual behaviors of participants. Consequently, further research is needed to explore the
healthcare-seeking behaviors of OSA patients. Additionally, questionnaire-based studies are susceptible to social desir-
ability bias, as participants may provide responses that align with societal expectations. For instance, they might feign
a high level of knowledge or education, leading to positive answers to questions they do not fully understand. Finally,
certain social groups may have been excluded from participation due to the distribution method, which could result in
a skewed understanding of KAP if these groups, such as the elderly or individuals without access to social media and the
internet, were included.

Despite these limitations, the present study provides important insights into the KAP regarding OSA among Chinese
adults and highlights the need for targeted educational interventions. Future research should focus on developing and
testing specific educational strategies that are culturally appropriate and effective in improving KAP. Longitudinal studies
could also be conducted to assess the long-term impact of these interventions on OSA management behaviors and health
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outcomes. Additionally, qualitative studies could explore cultural barriers to treatment adherence and identify ways to
integrate traditional and modern approaches to OSA management. Finally, research on personalized medicine
approaches, as suggested by Su & Xiao,”’ could help tailor diagnostic and treatment strategies to individual patient
characteristics, potentially improving outcomes and adherence to therapy. Furthermore, important potential confounders
such as health literacy and socioeconomic status were not measured in this study, and these factors may influence
individuals’ knowledge levels and health-related behaviors. Future research incorporating these variables will help
improve the explanatory power and validity of KAP-based models.

Conclusions

Chinese adults demonstrated a limited understanding of OSA; however, they generally exhibited positive attitudes
and moderate engagement in related practices. This study emphasized the need to strengthen public knowledge
about OSA, which may support improvements in attitudes and practices rather than guarantee them. The observed
pathways among knowledge, attitudes, and practices suggest that efforts to increase public awareness could play an
important role in shaping health-related behaviors. Addressing identified knowledge gaps and fostering supportive
attitudes may encourage better health-seeking behaviors among individuals at risk of OSA. While policy and
cultural considerations remain relevant, their roles should be interpreted cautiously, as they were not directly
evaluated in this study.

Abbreviations

OSA, obstructive sleep apnea; KAP, knowledge, attitudes, and practices; AHI, apnea-hypopnea index; CPAP, continuous
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