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Objective: Sleep-disordered breathing (SDB) poses a substantial health burden. It is often marked by patients’ low awareness and
poor treatment-seeking. While age, obesity, and genetics are known risk factors, limited studies suggest that socioeconomic status,
including educational level, may also affect its prevalence. However, the exact relationship remains unclear. This study aims to explore
the link between educational level and SDB prevalence in Chinese community-dwelling individuals and its impact on medical
behavior.

Patients and Methods: This cross - sectional study analyzed data from 3,717 residents in the Guangdong cohort. Binary logistic
regression was used for multivariable analysis. The product - of - coefficients method was applied to analyze potential mediating
effects of education level on SDB through lifestyle and BMI.

Results: The prevalence of SDB was 29.7%, 33%, 29.2%, 30.5% and 31.5% in the illiterate, primary school, junior high school, high
school and university or above education groups, respectively, with no significant difference (P=0.580).After further adjustment for
age, gender, and marital status, the results showed that education level had no significant impact on the risk of SDB in the population
(P>0.05). Mediation analysis showed that education level had an indirect effect on SDB through BMI and smoking(P<0.0001). The
rates of SDB consultation among the five groups with different education levels were 2.8%, 4.4%, 3.7%, 3.7%, and 3.9%, respectively,
with no significant difference (P=0.981).

Conclusion: In Chinese community - dwelling individuals, SDB is present across all education levels. BMI and smoking may
influence this. SDB patients overall have low consultation rates. As medical behavior for SDB does not differ much across education
levels, disease education and intervention for SDB should target all education groups.

Keywords: educational attainment, factor, consultation rates, mediation

Introduction

Sleep Disordered Breathing (SDB) is a chronic condition that affects people’s health, and in addition to this, it can cause
economic and transportation safety losses and hazards.' Its primary etiology is the recurrent episodes of partial or
complete obstruction of the upper airway during sleep, leading to intermittent hypoxia and structural fragmentation of
sleep.? This causes multi-system damage to the individual, for example SDB has been shown to be associated with the
development of certain heart diseases, secondary hypertension.>
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The prevalence of SDB in the overall population is high, ranging from about 10 to 40%. In some older age groups, the
prevalence is even as high as 75% or more.” In the United States, about 25% of adults have SDB.> The burden of SDB
disease is heavy. The primary risk factors for SDB are obesity and advanced age,'® and risk factors for SDB also include
gender, neck circumference, race, family history, and structural abnormalities of the face and skull.*® In addition to these
well-known risk factors, SDB has been linked to socioeconomic status in several previous studies.'®"
Numerous chronic diseases can be influenced by socioeconomic status(SES), mainly due to the biological behavioral
social model.'> Previous studies have used a single variable or several of them (such as income, occupation, education
level) to represent an individual’s SES at the level of society.'®'” In this study, the single variable of “education level” is
mainly used to represent an individual’s level of SES. In recent years, many relevant studies have been done on the
impact of education level on heart diseases, diabetes, chronic kidney disease and other diseases.!>'® 2% However, there is
not much research on the relationship between education level and SDB disease, especially whether education level
affects the medical behavior of patients with this disease. Education level has become a strong determinant of health
disparities, such as coronary heart disease.'> In recent years, low education level has been considered a risk factor for
SDB,'*'? however there is controversy. Some studies have suggested that low education level is associated with an
increased prevalence of SDB, while others have found no significant association or even a protective effect.'!'*?!"2?

Therefore, studying the association between education level and SDB diseases in Chinese individuals is the purpose
of this study. Although previous studies have provided preliminary exploration, the current study needs to be conducted
with a larger sample, community-based population, and a cross-sectional study method. There are almost no studies on
the impact of education level on SDB patient seeking behavior. We assume that the incidence of SDB is higher in the low

education group than in the high education group, and the visit rate of SDB patients is lower.

Materials and Methods

Research Subject
This study is a cross-sectional study. The participants were selected from the Guangdong cohort of the Chinese Academy
of Medical Sciences’ Whole Life Cycle Cohort Study and Information Construction in 2021. The cohort was established
using a multi-stage, stratified cluster sampling design to select a representative population. In the initial phase,
Guangdong Province was selected, with Shantou City (Chenghai District, Jinping District, Nan’ao County) and
Meizhou City (Meijiang District, Jiaoling County) designated as the sampling areas. Subsequently, in the second
phase, specific districts within these cities and villages within the counties were chosen. Ultimately, with the backing
of the local government, residents from the selected villages and communities were invited to take part in the study.
Participants who were willing to monitor their sleep at home and had a report of sleep monitoring were selected
(n=3830). After excluding participants with missing data on education level (n=113), 3717 participants were finally
included in the study. Detailed overview of the study process in the study is depicted in Figure 1 of the research report.
We used information such as questionnaire results, sleep monitoring results, and physical examination results. The study
was approved by the Ethics Committee of Guangdong Provincial People’s Hospital (GDREC2020221H), and all
participants provided written informed consent.

Questionnaire Administration

Baseline data were collected by trained personnel according to standard operating procedures. Unified questionnaires
were used throughout the survey. A face-to-face questionnaire was used to collect information on socio-demographics,
personal medical histories, lifestyle factors, and sleep-related symptoms and habits. Each questionnaire was checked for
completeness and accuracy by an epidemiologist through a face-to-face examination of the subjects.

Measures

Education Level

The highest level of education obtained was questionnaire collected and further categorized into five categories: illiterate,
primary school, junior high school, high school, university and above.
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I Completed type IV sleep monitoring (n=3830) |

Excluded participants with missing
educational level data (n=113)

| Final study population (n=3717) |

Educational level groups:
llliterate (n=239)

Primary school (n=616) Comparison of SDB prevalence among
Junior high school (n=915) the 5 groups

High school (n=1059)
University and above (n=888)

I Excluded participants with ODI < 7 (n=2573)

Educational level groups:
llliterate (n=71)

Primary school (n=203)
Junior high school (n=267)
High school (n=323)
University and above (n=280)

Comparison of medical behavior of SDB among the 5 groups

Figure | Flowchart of participant selection.

Sleep-Disordered Breathing

In this study, a type IV Wearable intelligent sleep monitor (WISM) developed by Chengdu Yunweikang Healthcare Co.,
Ltd. was used to monitor sleep at night. The WISM is a type IV sleep monitoring device that uses photoelectric sensors to
monitor blood oxygen saturation signals. The device is small and easy to wear, which greatly improves the cooperation of
the participants. The recommended monitoring site is the thenar region of the palm, and veins, scars, spots and hairy
areas should be avoided. We set 7 consecutive hours from 23:00 each night to 6:00 the next morning as the monitoring
time. The monitoring parameters mainly included the Oxygen desaturation index (ODI), which was the total number of
times that the blood oxygen saturation decreased by >3% divided by the effective monitoring time in hours. In
a comparative study of type IV WISM and PSG in a sleep center, our research group used a type IV WISM ODI of
7.0 events/hour as the threshold for screening for the presence or absence of SDB, which was misdiagnosed in only 2
cases (0.1%), and it had the best sensitivity, specificity, and accuracy for predicting SDB, with 86%, 91%, and 95%,
respectively.”* Therefore, in this study, ODI>7.0 events/hour was defined as SDB.

Other Factors

Based on standard practices, clinical expertise, and references from published literature, the following variables were
selected as covariates in accordance with the aforementioned principles: For sociodemographic factors, these included
age, sex, and marital status (categorized as unmarried, married, divorced, or widowed).The lifestyle included smoking,
drinking, drinking tea, physical exercise, and occupational labor. Smoking status was categorized as current smokers and
current nonsmokers, with the latter including former smokers. Alcohol consumption status was divided into current
drinkers and current nondrinkers, with the latter including former drinkers. The status of tea drinking was divided into
current tea drinkers and current non-tea drinkers, the latter included former tea drinkers. Physical exercise was classified
as rarely or never: less than 1 time/week, occasional exercise: 1-2 times/week, and regular exercise: more than 2 times/
week. Occupational labor is divided into light: mainly sitting at the desk, or moving less work, such as office staff, sales
staff, housework, etc; Middle: such as motor vehicle driving, electrician installation, lathe operation, assembly line
assembly, etc; Heavy: such as manual agricultural labor, steel-making, dance, sports, handling, etc. Other factors included
BMI, neck circumference, waist circumference, family monthly income level (divided into less than 3000 yuan,

Nature and Science of Sleep 2025:17 heeps: 751



@ Zheng et al

3000-4999 yuan, 5000-9999 yuan, 10000 yuan or more), history of disease (hypertension, diabetes, dyslipidemia),
snoring, insomnia, disease awareness (awareness of snoring as a disease), and health seeking behavior (Visited a doctor
for sleep breathing problems such as snoring).

Sample Size Calculation

We assumed that the prevalence of SDB in the general population was 38%,>> the odds ratio (OR) of the education level
between university and above and illiterate was about 1.5, with an a of 0.05, 3474 participants would have 80% power to
detect this effect size.

Statistical Analysis

Measurement data with normal distribution were represented as mean + SD, and analysis of variance was used to compare
means among three or more independent samples. The count data were expressed as percentage (%), the ordered classified
data were analyzed by nonparametric test, and the unordered classified data were analyzed by chi-square test. Binary
logistic regression were used for multivariate analysis, and the results were expressed as odds ratio (OR) and 95%
confidence interval, respectively. To explore the potential mediating factors that may influence the relationship between
education level and SDB, we conducted a mediation analysis using the product of coefficients method. This method allows
us to estimate the indirect effect of education level on SDB mediated through lifestyle factors and BMI. Interaction and
stratified analyses were conducted according to age (<60 and > 60 years) and sex (male and female). All of the analyses
were performed with SPSS25.0 software, the statistical software packages R (http://www.R-project.org, The R Foundation)

and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). P <0.05 was considered to indicate

statistical significance.

Results

Basic Information of the Subjects
The subjects we actually analyzed in this study were 3717, and the details of the subjects are shown in Table 1. Among
them, 2573 (69.2%) were in the non-SDB group and 1144 (30.8%) were in the SDB group.

Association Between Educational Level and Prevalence of SDB

The prevalence of SDB was 29.7%, 33.0%, 29.2%, 30.5% and 31.5% in the illiterate, primary school, junior high school,
high school and college or above education groups, respectively. Chi-square test showed that there was no significant
difference in the prevalence of SDB among the five groups (P=0.580) (Table 1). After adjusting for age, gender and
marital status, the results showed that there was no significant difference in the risk of SDB among different education
levels (Table 2).

Although the overall relationship between education level and SDB was not significant, we explored the potential
mediating effects of lifestyle and BMI. The results of the mediation analysis are presented in Table 3. The mediation
analysis revealed several key findings. Firstly, regarding BMI, the direct effect of education level on SDB was significant
(P=0.004). Moreover, the indirect effect of BMI was also significant (P<0.0001), accounting for —88.81% of the total
effect. This suggests that BMI plays a crucial role in the relationship between education level and SDB. Secondly, in
terms of smoking, the indirect effect was significant (P<0.0001), accounting for 26.25% of the total effect. This indicates
that smoking also has an important impact on this relationship. Lastly, for other mediators including drinking, drinking
tea, occupational labor, and physical exercise, no significant indirect effects were observed. In summary, while the overall
relationship between education level and SDB was not significant, the mediation analysis highlighted the significant roles
of BMI and smoking in this relationship.

Stratified Analysis by Gender and Age
As shown in the Figure 2, the P-values for all interaction terms were not statistically significant (P > 0.1). This indicates
that age and gender do not have an interactive effect on the association between education level and SDB in our study.
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Table | Baseline Characteristics of Community Populations Grouped Based on Educational Level

Variable Educational Level (N=3717) P-value

llliterate Primary School Junior high School High School University and Above

(N=239) (N=616) (N=915) (N=1059) (N=888)
Age (year) 64.34+8.05 60.29+9.00 54.74£10.78 55.06£12.12 44.19+12.37 0.000
Sex (%)
Male 15 (6.3%) 149 (24.2%) 262 (28.6%) 379 (35.8%) 315 (35.5%) 0.000
Female 224 (93.7%) 467 (75.8%) 653 (71.4%) 680 (64.2%) 573 (64.5%)
BMI (kg/m?) 24.24+3.25 24.23+3.29 23.93+3.31 23.38+3.19 22.88+3.35 0.000
Neck circumference (cm) 33.52+2.55 34.10+3.33 34.02+3.68 34.15£3.79 33.92+3.78 0.142
Waist measurement (cm) 85.25+8.52 84.47+9.90 82.96+10.01 81.63+9.93 78.91+10.09 0.000
Marital status (%)
Unmarried 0 (0%) 3 (0.5%) 11 (1.2%) 39 3.7%) 135 (15.2%) 0.000
Married 194 (81.2%) 527 (85.6%) 834 (91.1%) 961 (90.7%) 735 (82.8%)
Divorced/widowed 45 (18.80%) 86 (14%) 70 (7.7%) 59 (5.6%) 18 (2%)
Physical exercise (%)
Rarely or never 111 (46.40%) 184 (29.90%) 235 (25.7%) 216 (20.40%) 205 (23.10%) 0.000
Occasional 15 (6.3%) 65 (10.60%) 80 (8.7%) 120 (11.30%) 142 (16.00%)
Regular 113 (47.30%) 367 (59.60%) 600 (65.6%) 723 (68.3%) 541 (60.9%)
Occupational labor (%)
Light 216 (90.40%) 535 (86.9%) 768 (83.90%) 960 (90.70%) 851 (95.8%) 0.000
Middle 15 (6.3%) 42 (6.8%) 109 (11.9%) 77 (7.3%) 31 (3.5%)
Heavy 8 (3.3%) 39 (6.3%) 38 (4.20%) 22 (2.1%) 6 (0.7%)
Family monthly income
level (%)
Less than 3000 yuan 99 (41.40%) 333 (54.10%) 482 (52.70%) 468 (44.20%) 75 (8.4%) 0.000
30004999 yuan 131 (54.80%) 261 (42.40%) 343 (37.50%) 373 (35.20%) 274 (30.90%)
5000-9999 yuan 8 (3.3%) 16 (2.6%) 75 (8.2%) 193 (18.2%) 476 (53.60%)
10000 yuan or more 1 (0.4%) 6 (1%) 15 (1.6%) 25 (2.4%) 63 (7.1%)
Drinking (%)
No 225 (94.10%) 544 (88.30%) 781 (85.40%) 888 (83.90%) 734 (82.70%) 0.000
Current 14 (5.9%) 72 (11.70%) 134 (14.60%) 171 (16.10%) 154 (17.30%)
Smoking (%)
No 228 (95.4%) 531 (86.20%) 789 (86.20%) 889 (83.90%) 787 (88.60%) 0.000
Current Il (4.6%) 85 (13.8%) 126 (13.8%) 170 (16.10%) 101 (11.40%)
Drinking tea (%)
No 66 (27.6%) 173 (28.1%) 261 (28.5%) 230 (21.7%) 183 (20.6%) 0.000
Current 173 (72.4% 443 (71.9%) 654 (71.5%) 829 (78.3%) 705 (79.4%)
History of disease
Hypertension (%)
No 188 (78.70%) 481 (78.10%) 714 (78%) 838 (79.1%) 808 (91%) 0.000
Yes 51 (21.30%) 135 (21.90%) 201 (22%) 221 (20.9%) 80 (9%)
Diabetes (%)
No 209 (87.4%) 538 (87.30%) 821 (89.7%) 971 (91.7%) 854 (96.2%) 0.000
Yes 30 (12.6%) 78 (12.7%) 94 (10.3%) 88 (8.3%) 34 (3.8%)
Dyslipidemia (%)
No 227 (95%) 543 (88.1%) 816 (89.2%) 932 (88%) 786 (88.5%) 0.035
Yes 12 (5%) 73 (11.9%) 99 (10.8%) 127 (12%) 102 (11.5%)
SDB (%)
No 168 (70.3%) 413 (67%) 648 (70.8%) 736 (69.5%) 608 (68.5%) 0.580
Yes 71 (29.7%) 203 (33%) 267 (29.2%) 323 (30.5%) 280 (31.5%)

Abbreviation: SDB, Sleep Disordered Breathing.

Nature and Science of Sleep 2025:17

https:

753



@ Zheng et al

Table 2 Correlation Between Education Level and Risk of SDB Prevalence

Education Level Unadjusted Model Adjusted Model

OR (95% Cl) | P-value | OR (95% Cl) | P-value

llliterate 1.000 1.000

Primary school 1.163 (0.841,1.609) 0.361 1.093 (0.784,1.524) 0.599

Junior high school 0.975 (0.714,1.332) 0.873 1.007 (0.726,1.396) 0.967

High school 1.038 (0.764,1.411) 0.810 0.985 (0.713,1.361) 0.926
(

University and above | 1.090 (0.798,1.488) | 0589 | 1.371 (0.965,1.946) | 0.078

Notes: Adjusted model: adjusted for age, sex, marital status.
Abbreviations: SDB, Sleep Disordered Breathing; OR, Odds Ratio; 95% Cl, 95% Confidence Interval.

Table 3 Mediation Analysis of the Association Between Education Level and the Risk of SDB

Prevalence
Mediators Direct Effect Indirect Effect PM (%)
Coefficients (95% CI) | P-value Coefficients (95% CI) P-value

BMI 0.0206 (0.0065,0.0336) 0.004 —0.0097 (—0.0133,-0.0064) | <0.0001 | -88.8I
Smoking 0.0085 (—0.0060,0.0218) 0.216 0.0030 (0.0006,0.0047) <0.0001 26.25
Drinking 0.0108 (-0.0033,0.0241) 0.118 0.0001 (—0.0009,0.0006) 0.862 1.29
Drinking tea 0.0106 (-0.0037,0.0240) 0.126 —0.0000 (—0.0006,0.0008) 0.824 —=0.11
Occupational labor | 0.0083 (—0.0060,0.0216) 0.232 0.0022 (—0.0001,0.0048) 0.058 20.59
Physical exercise 0.0102 (—0.0046,0.0236) 0.142 0.0004 (—0.0018,0.0032) 0.640 4.11

Notes: The mediation analysis were adjusted sex, age, marital status.
Abbreviations: SDB, Sleep Disordered Breathing; BMI, Body Mass Index; 95% Cl, 95% Confidence Interval; PM, Proportion
Mediated.

To further explore the relationship between education level and the risk of SDB across different age groups and sexes,
we conducted subgroup analyses, and the results are presented in the forest plot (Figure 2). These findings indicate that
there was no significant difference in the risk of SDB among different education levels across different age groups and
sexes.

Although the overall association between education level and SDB was not significant across different sexes, we
investigated the potential mediating effects of BMI and smoking. The mediation analysis yielded some intriguing insights
regarding the mediating roles of BMI and smoking.

In females, the indirect effect of BMI was significant (P<0.0001), accounting for —138% of the total effect. This
suggests that BMI plays a crucial role in the relationship between education level and SDB in females. The indirect effect
of smoking was not significant (P=0.082) (Table 4).

In males, the indirect effect of smoking was significant (P=0.008), accounting for 18.85% of the total effect. This
indicates that smoking plays an important role in the relationship between education level and SDB in males. The indirect
effect of BMI was not significant (P=0.928) (Table 5).

Relationship Between Education Level and Medical Behaviors of SDB Patients

A total of 1144 SDB patients were included in this study as subjects. Among them, 44 (3.8%) had the behavior of
attending the clinic. The rates of SDB visits in the five groups with different levels of education were 2.8%, 4.4%, 3.7%,
3.7%, 3.9%, and the chi-square test showed that the difference in the rate of visits among the five groups was not
significant (P=0.981) (Table 6).
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Figure 2 Forest plot of stratified and interaction analyses of the association between education level and the risk of SDB prevalence.
Notes: Adjusted model: adjusted for age, sex, marital status.
Abbreviations: SDB, Sleep Disordered Breathing; OR, Odds Ratio; 95% Cl, 95% Confidence Interval.

Discussion
Studying the association between education level and SDB prevalence was the purpose of this study so that an
individual’s likelihood of developing SDB could be predicted based on education level. SDB prevalence among

Table 4 Mediation Analysis of the Association Between Education Level and the Risk of SDB
Prevalence in Female Participants

Mediators Direct Effect Indirect Effect PM (%)

Coefficients (95% CI) | P-value | Coefficients (95% Cl) | P-value

BMI 0.0283 (—0.0018,0.0565) 0.070 —0.0164 (-0.0230,-0.0102) | <0.0001 —-138
Smoking 0.0101 (—0.0206,0.0395) 0.560 0.0003 (-0.0000,0.0049) 0.082 2.44

Notes: The mediation analysis were adjusted age, marital status.
Abbreviations: SDB, Sleep Disordered Breathing; BMI, Body Mass Index; 95% Cl, 95% Confidence Interval; PM, Proportion
Mediated.
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Table 5 Mediation Analysis of the Association Between Education Level and the Risk of SDB

Prevalence in Male Participants

Mediators Direct Effect Indirect Effect PM (%)
Coefficients (95% ClI) | P-value | Coefficients (95% CI) | P-value

BMI 0.0709 (0.0173,0.1243) 0.010 —0.0002 (—0.0201,0.0194) 0.928 —-0.32

Smoking 0.0568 (-0.0030,0.1169) 0.072 0.0132 (0.0030,0.0273) 0.008 18.85

Notes: The mediation analysis were adjusted age, marital status.
Abbreviations: SDB, Sleep Disordered Breathing; BMI, Body Mass Index; 95% Cl, 95% Confidence Interval; PM,

Proportion Mediated.

Table 6 Sleep, Disease Awareness, and Health Seeking Behavior in SDB Patients with Different Levels of Education

llliterate Primary school | Junior high school High school University and P-value
(N=71) (N=203) (N=267) (N=323) above (N=280)
Snoring (%) 28 (39.4%) 119 (58.6%) 158 (59.2%) 193 (59.8%) 186 (66.4%) 0.002
Insomnia (%) 32 (45.1%) 90 (44.3%) 114 (42.7%) 132 (40.9%) 107 (38.2%) 0.645
Awareness of snoring as a disease (%) 4 (5.6%) 35 (17.2%) 92 (34.5%) 135 (41.8%) 179 (63.9%) 0.000
Visited a doctor for sleep breathing problems 2 (2.8%) 9 (4.4%) 10 3.7%) 12 (3.7%) Il (3.9%) 0.981
such as snoring (%)

community residents did not appear to be significantly correlated with education level. Individuals’ education level
cannot be used to predict the risk of SDB prevalence.

A cross-sectional study of a randomly selected population over the age of 18 years living in an Iranian city with 3529
individuals filling out the Berlin questionnaire to investigate the risk of SDB. Education level was not found to be
associated with SDB prevalence.'”

A Korean population-based cross-sectional study with 7955 subjects using the Berlin Questionnaire (K-BQ) to assess
the risk of SDB found that education level and occupation were not associated with the prevalence of SDB, and high
education level was not a protective factor for SDB."*

Another cross-sectional study of 715 hospital staff who completed the Berlin questionnaire in 2012 found education
level not associated with SDB prevalence.*'

A study in Tehran, Iran, included 4021 participants who filled out the STOP-BANG questionnaire to measure the risk
of SDB. The higher education group did not differ from the lower education group in STOP-BANG scores, and education
level did not have any significant effect on those at high risk of SDB.??

An observational Swedish study of 10336 men and 2602 women with a first hospital admission for SDB in adults
over 35 years of age showed that educational level was not associated with SDB in women.*

Other studies have shown that low SES is not associated with apnea-hypopnea index, indicating that SES is not
associated with SDB.*°

These studies all showed no effect of education level on SDB prevalence.

The low SES of men may be protective against SDB, according to other studies.?’

All of these studies support the idea that education level is not a protective factor for the prevalence of SDB, which is
different from our perceptions regarding the effect of education on chronic diseases. In people’s perception, higher levels
of education should reduce the prevalence and mortality of some chronic diseases, including hypertension, diabetes, and
heart disease. However, this paper observes that education level does not affect the risk of SDB.

While many studies have examined the link between education level and SDB, most have used questionnaires. This
study innovatively applies objective diagnostic criteria to assess SDB prevalence, offering a more precise evaluation and
deepening our understanding of their relationship.

It should be stressed that although some prior studies used objective diagnostic criteria, they mostly focused on
specific groups like hospitalised patients or occupational cohorts. In contrast, this study targets a healthy community -
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based Chinese population. This difference is crucial as SDB varies among ethnicities, and community residents’ health
and lifestyle may differ from those in clinical settings, impacting SDB prevalence and characteristics.

Moreover, this study not only establishes the association between education level and SDB prevalence but also delves
into the underlying mechanisms. This exploration informs targeted interventions and policies, contributing to reducing
SDB prevalence.

Although the overall relationship between education level and SDB was not significant, the mediation analysis
provided valuable insights into the potential mechanisms underlying this relationship. The most notable finding was the
significant indirect effect of BMI, which accounted for —88.81% of the total effect. This suggests that BMI may play
a crucial role in the relationship between education level and SDB. Similar conclusions were reached in the study by
Petrovic D et al.'?

The present study also observed that the higher the BMI, the higher the risk of SDB prevalenceD (Table S1). Many
previous studies have also yielded similar results.”>***° The mechanism of action of which has also been studied more
clearly. One, it may be that fat deposition in or around the upper airway increases the collapsibility of the upper airway;
two, it may be that it reduces circulatory latency, leading to shorter times and thus more events per hour;**>" and three, it
may be that it increases the arousal threshold.*”

Previous studies have found a negative association between socioeconomic status and BMI in high- and middle-
32735 and our study found similar results (Table S2).The main reason for this social disparity is that
people with higher SES are more likely to have more healthy behaviors, including healthier diets, more physical activity,

income countries,

and more hours of sleep, as well as higher awareness, literacy, and easier access to resources for health compared to those
with lower SES.**™’

In conclusion, BMI may act as a negative regulatory mediator. Individuals with lower education levels tend to have
higher BMIs, which in turn leads to a higher risk of SDB. Therefore, we should encourage universal weight loss, which
can better prevent SDB.

Smoking also showed a significant indirect effect, accounting for 26.25% of the total effect. This finding suggests that
smoking cessation programs targeted at individuals could be an effective strategy for reducing the risk of SDB.

The results of the stratified analysis by sex revealed that education level was not strongly associated with SDB
prevalence in either males or females. However, the mediation analysis highlighted some interesting differences in the
potential mediating roles of BMI and smoking between the two sexes.

In females, the significant indirect effect of BMI suggests that women with higher education levels may have lower
BMI, which in turn reduces their risk of SDB. This finding is consistent with previous research indicating that women
with higher education levels are more likely to have healthier lifestyles and higher levels of health literacy.*® They may
be more concerned about their weight and engage in behaviors that help maintain a healthy BMI. In contrast, the indirect
effect of BMI was not significant in males. This may be due to differences in lifestyle behaviors and health literacy
between men and women. Men with higher education levels may not show the same level of concern about their weight
or engage in the same healthy behaviors as women.*’

Regarding smoking, the significant indirect effect in males suggests that smoking plays a more important role in the
relationship between education level and SDB in men. This finding highlights the need for targeted smoking cessation
programs for men.

Many people with SDB usually do not seek medical attention after the onset of symptoms, resulting in a high
prevalence of undiagnosed SDB.

The visit behavior of SDB patients is influenced by multiple factors at multiple levels. However, there is a paucity of
research on influencing visit behavior.*® The purpose of this study was to investigate the current status of SDB patients’
access to medical care and to determine whether education level influences patient access. In our study, only 3.8% of
SDB patients had sought medical attention. This shows that it is very common in China for SDB patients not to seek
medical attention. One study has shown that SDB is not considered to be a disease, but rather a normal physiological
phenomenon, which may be related to natural aging, or due to some behaviors at bedtime. As long as these behaviors are
corrected, SDB can be alleviated or “disappear” without the need to go to the hospital,*’ which may be one of the reasons
why people do not go to the hospital. And this study showed that education level did not affect SDB patients’ attendance
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and had little relationship with SDB patients’ attendance. A similar conclusion was reached in a study by Hui Zhang
et al.*’

In our study, as educational level increased, there were no significant differences in insomnia rates among the five
groups. However, higher education levels were associated with increased snoring rates and greater awareness of snoring
as a disease, yet no significant differences in medical consultation rates were observed (Table 6).To analyze the possible
reasons, first, although the public believes that snoring is a problem, they think that there is no good solution to snoring
and it is useless to seek medical treatment; second, some people think that snoring is a shameful thing and do not want
other people to know about it, and they do not want to go to the doctor because of snoring.** Third, although the public
realizes that snoring is a problem, they think that snoring will not have serious consequences for them, so they do not go
to the doctor. Further analysis of the underlying reasons is mainly due to the general public’s superficial knowledge of
SDB and the low level of importance attached to it, which has also been found by many surveys.*****

Our study finds that disease awareness, comorbid diabetes, and comorbid insomnia act as protective factors regarding
the medical behavior of SDB patients (Tables S3 and S4). Further analysis suggests that education is a key motivator for
SDB patients to seek medical care. Therefore, the state and society should vigorously pursue programs and measures to
disseminate knowledge about SDB.

In exploring whether the allocation of time resources for SDB education can be based on the level of education as an
objective factor, this study found that there is no difference in the risk of SDB disease between different levels of
education, and that the level of education has little relationship with the consultation behavior of SDB patients, and that
the level of education does not affect the consultation behavior of SDB patients. It suggests that the knowledge of SDB
should be educated in the whole population, and the same SDB education should be carried out in the population with
different education levels. This study also provides some reference value in the design of intervention programs for early
identification of people at risk for SDB and increased patient attendance at the clinic.

Strengths of this study: Firstly, relying on a large cohort study, this study is the first large-sample cross-sectional study
to examine the association between education level and the prevalence of SDB in a community-based population in
China, and explores the potential mechanisms of this association, providing a scientific basis for the prevention of SDB
in China. Secondly, there is a problem of low diagnosis rate of SDB. PSG is the gold standard for SDB diagnosis, but it is
time-consuming, laborious, and requires expensive equipment, and it is unrealistic to conduct a large-scale population
study in a community where it is generally difficult to have multiple pieces of equipment at the same time. In this case,
type IV sleep testing equipment shows its unique advantages, which is easy and fast to operate and suitable for large-
scale population studies; it is also a way to apply type IV sleep monitoring equipment to large-scale population studies in
China, and to accumulate experience for the application of type IV sleep monitoring equipment in population studies.
Thirdly, this study incorporated rich demographic characteristics, lifestyle and other indicators.

The current study has some limitations. First, the study population consisted of ethnic Chinese individuals, and the
manifestation of SDB can vary among different ethnicities. This may affect the generalizability of our findings to other
ethnic populations. We acknowledge that SDB symptoms and their impact on health may differ across ethnic groups due
to variations in anatomical features, lifestyle factors, and genetic predispositions. Therefore, the results of this study may
not be directly applicable to other ethnic populations. Multi-ethnic studies are needed to explore the cross-cultural
applicability of our results and develop more inclusive diagnostic and treatment methods. Second, the potential selection
bias caused by voluntary participation in sleep monitoring might influence the results. To minimize this, we used
regression adjustment and stratified analysis, but it remains a limitation. We propose that future studies adopt more
comprehensive recruitment strategies or advanced statistical methods to better control for this bias. Third, the level of
education was collected through a questionnaire and the objectivity could be improved. Fourth, the cross-sectional nature
of the study limits our ability to establish causality. Future longitudinal studies are needed to better understand the
temporal relationships between these variables. Fifth, while we have adjusted for several key confounding factors,
including age, sex, and marital status, and considered lifestyle and BMI as mediators, there may be other unmeasured
confounding factors that could influence the relationship between education level and SDB. For example, race, family
history and structural abnormalities of the face and skull could also play a role. Future studies should consider including
these factors to provide a more comprehensive understanding of the relationship. Sixth, we acknowledge that
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socioeconomic factors such as income and occupation may significantly influence the relationship between education
level and SDB. While our study focuses on education level as a key indicator of SES, we recognize that a more
comprehensive assessment of SES, including income and occupation, would provide a deeper understanding of this
relationship. Therefore, we emphasize that future studies should incorporate a broader range of SES measures, such as
income and occupation, to more robustly explore the association between education level and SDB. This approach will
help to clarify the complex interplay of socioeconomic factors and their impact on health outcomes like SDB. Seventh,
SDB was diagnosed with a type IV sleep apnea monitoring device, not with a polysomnography device, which led to
a decrease in the reliability of the diagnosis of SDB,***¢ but there are now some studies that support the use of a type IV
device for screening in a population.”***” This demonstrates the reliability of our use of type IV devices to screen for SDB
in the population. Eighth, the prevalence of SDB is associated with a variety of factors, and the interrelationships and
effects of numerous factors have not been adequately demonstrated.

Conclusion

Our study shows that in Chinese community - dwelling individuals, SDB is present across all education levels. BMI and
smoking may influence this, with gender differences. These findings provide valuable insights into the potential
mechanisms underlying the relationship between education level and SDB and suggest that interventions should be
tailored to the specific needs of each sex. SDB patients overall have low consultation rates. As medical behavior for SDB
does not differ much across education levels, disease education and intervention for SDB should target all education
groups.
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