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Abstract

This study aimed to examine the association between obstructive sleep apnea (OSA) and obesity 

among young adults. A total of 2911 college students in Thailand participated in the study. 

Anthropometric measurements and blood pressure were taken by trained research staff. Overall, 

6.3% of college students had OSA determined by the Berlin Questionnaire, 9.6% were overweight 

(BMI: 25–29 kg/m2), 4.5% were obese (BMI≥30 kg/m2); 12.4% had abdominal obesity (men: 

waist circumference≥90 cm; women: waist circumference≥80 cm). There were significant 

associations between OSA and overweight (odds ratio (OR)=1.72; 95% confidence interval 

(CI)=1.04–1.85) and obesity (OR=24.23; 95% CI=15.20–38.61), independent of demographic and 

lifestyle factors, blood pressure, and psychological distress. Students with OSA were more likely 

to have abdominal obesity than those without OSA (OR=2.09; 95% CI=1.19–3.67). OSA was 

significantly related to joint effects of general and abdominal obesity. The OSA-obesity 

associations were robust and evident for both genders, individuals with normal and elevated blood 

pressure, and those with and without psychological distress. This study shows independent 

associations of OSA with general and abdominal obesity among young adults. OSA could be a 

risk factor for obesity and consequent cardiovascular morbidities. OSA screening and treatment 

might be important for young adults.
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1. Introduction

The obesity epidemic is a worldwide public health problem, with the prevalence of obesity 

up to 36% for US adults [1]. Obesity predicts various health outcomes such as diabetes, 
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cardiovascular disease, and mortality, and is also related to increased health care costs, 

decreased productivity, and lower quality of life [2, 3]. Body mass index (BMI) has been 

employed widely for classifying general obesity [1]. Abdominal fat deposition measured by 

waist circumference (WC) or waist-to-hip ratio (WHR) has been suggested as a better 

indicator of obesity in relation to health outcomes than BMI [4, 5]. The rapid economic 

growth in Asia has led to a rapid increase in the prevalence of obesity, especially abdominal 

obesity in Asia [6, 7].

One of possible identifiable risks of obesity is obstructive sleep apnea (OSA), a common 

disorder characterized by repetitive episodes of upper airway obstruction that occur during 

sleep [8]. OSA may contribute to obesity or excess weight through increased sympathetic 

activation, sleep deprivation, and disrupted metabolism [8, 9]. Furthermore, OSA may be 

related to changes in leptin, ghrelin, and orexin levels, and thus may increase individuals’ 

appetite and caloric intake, which exacerbate obesity [8]. OSA is highly prevalent among 

middle-aged and older adults [10–12], but remains underdiagnosed in the general 

population. A recent systematic review has highlighted the lack of data regarding the 

prevalence of OSA in Asia [13].

A growing body of evidence suggests that OSA is independently associated with health 

outcomes (e.g., hypertension, cardiovascular disease) [14, 15]. It has been reported that 

untreated OSA is associated with increased mortality [16], and successful treatment has been 

shown to reduce mortality [17]. It is unclear whether OSA is associated with obesity. Two 

earlier small longitudinal studies found no statistically significant correlations between 

change in OSA and change in BMI [18, 19], whereas several recent epidemiologic studies 

have demonstrated significant associations between OSA and obesity [20, 21].

There is a paucity of research evaluating OSA and its related general and abdominal obesity 

among young adults, especially among healthy college students in Asian countries. To our 

knowledge, only one study examined OSA and its association with general and abdominal 

obesity concurrently but focused on middle-aged adults in Korea [21]. To fill the research 

gap, we examined the associations of OSA with general and abdominal obesity in a large 

cross-sectional study of college students in Thailand.

2. Methods

2.1 Study Population

This cross-sectional study was conducted between December 2010 and February 2011 at 

seven colleges in Thailand. The study procedures have been described elsewhere [22]. A 

total of 3000 full-time undergraduate students participated in the study. Students with 

incomplete questionnaires and missing data for OSA were excluded (n=89). These students 

were similar to the total population with regards to their demographic and lifestyle 

characteristics. The final analyzed sample included 2911 (97.0%) college students (964 

males and 1947 females) with complete information on OSA, demographic and lifestyle 

factors, anthropometric measurements, and psychological distress. All the completed 

questionnaires were anonymous, and no personal identifiers were collected.
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All study procedures were approved by the institutional review boards of the Faculty of 

Medicine Chulalongkorn University and Walailak University in Thailand, and the 

University of Washington, USA. The Harvard School of Public Health Office of Human 

Research Administration, USA, granted approval to use the anonymous data set for analysis.

2.2 Measures

Recruitment flyers were posted on each campus to invite college students to participate in 

the study. Students who expressed an interest in participating were asked to meet in a large 

classroom or an auditorium where they were informed the purpose of the study. Students 

who consented to participate were asked to complete a self-administered questionnaire 

survey regarding demographic information, psychological distress status, lifestyle factors, as 

well as sleep related questions including the Berlin Questionnaire. Measurements of height, 

weight, waist circumference (WC), hip circumference (HC), and blood pressure (BP) were 

taken by trained researchers.

2.2.1 General Obesity—Measured weight and height were used to calculate body mass 

index (BMI) and to define normal weight (BMI < 25 kg/m2), overweight (BMI: 25–29.9 

kg/m2), and obesity (BMI ≥ 30 kg/m2). Students were divided into the non-obese group and 

obese group if their BMI was <30 kg/m2 or ≥30 kg/m2, respectively.

We also used the Asian criteria of overweight and obesity [23], and further grouped students 

into normal weight (BMI < 23 kg/m2), overweight (BMI: 23–26 kg/m2), obesity (BMI ≥ 27 

kg/m2). Study participants were divided into the non-obese group and obese group if their 

BMI was < 27 kg/m2 or ≥ 27 kg/m2, respectively [23].

2.2.2 Abdominal Obesity—Abdominal obesity was defined based on the new 

International Diabetes Federation (IDF) criteria for the use in South Asia: WC ≥ 90cm for 

men and WC ≥ 80cm for women [24]. WC, HC, and waist-to-hip ratio (WHR) were 

categorized by quartile distribution. Abdominal obesity was also determined as WHR equal 

or higher than the top quartile (WHR ≥ 0.83).

2.2.3 Obstructive Sleep Apnea (OSA)—We used the Berlin Questionnaire for the 

assessment of OSA. The Berlin Questionnaire has been validated and widely used in 

previous studies [25, 26]. The questionnaire is divided into three sections. Section 1 is about 

snoring behavior. Section 2 is about individuals’ feelings of fatigue, tiredness, and daytime 

sleepiness, and section 3 ascertains the presence of obesity or hypertension. In sections 1 

and 2, high risk for OSA is considered when there is a persistent symptom (more than 3–4 

times/week). In section 3, high risk for OSA is defined when there is a history of 

hypertension or BMI ≥30 kg/m2. Individuals are considered at a high risk for OSA if they 

are qualified as high risk in two or three sections.

2.2.4 Covariates—Students’ demographic information were age, sex, and education level. 

Lifestyle factors were cigarette smoking history, and participation in moderate or vigorous 

physical activity, alcohol consumption, and energy drinks. Energy drinks or stimulant 

beverages are a group of beverages used to provide an extra boost in energy, promote 

wakefulness, and provide cognitive and mood enhancement [22]. Participants were first 
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asked whether they consumed more than one stimulant or energy drink per week every 

month during the current academic semester/quarter. Energy drinks were summarized and 

categorized as dichotomous variables (no vs. yes) [22]. Psychological distress was evaluated 

by the General Health Questionnaire 12-item scale (GHQ-12). The GHQ-12 is a self-report 

instrument for the detection of psychological distress in the community and in primary care 

settings [27]. The GHQ scoring method (0-0-1-1) was used, with the sum scores ranging 

from 0 to 12. Participants with the total GHQ-12 score ≥ 2 were considered to have 

psychological distress [27].

2.3 Statistical Analysis

Unpaired t-tests and χ2 tests were conducted to evaluate the differences in covariates on 

either a continuous or discrete scale across the OSA status. Linear regression analyses were 

conducted to evaluate the associations of OSA with BMI, WC, HC, and WHR. Multinomial 

logistic regression models were used to assess associations of OSA with overweight and 

obesity; those with normal weight served as the reference group. Odds ratios (ORs) and 95% 

confidence intervals (95% CIs) were estimated using the logistic regression models. We also 

evaluated whether individuals with OSA had a high risk of joint effects of having general 

and abdominal obesity compared to those without OSA in logistic regression analyses. 

Potential confounders included age, sex, education, cigarette smoking, physical activity 

participation, alcohol consumption, use of energy drinks, BP, and psychological distress. 

Stratified analyses were conducted to examine whether these associations varied by sex, BP 

level, and psychological distress. All tests were performed by using Statistical Analysis 

Software (SAS, version 9.3; SAS Institute, Cary, NC). The significance levels were set at P 

<0.05 for two-sided analyses.

3. Results

Of 2911 college students, 33.1 % were males and the average age was 20.3 years (standard 

deviation: 1.3). Overall, 6.3% of college students reported having OSA.

Table 1 shows demographic and lifestyle characteristics of participants by OSA status. A 

total of 8.5 % of college students reported smoking cigarettes. More than half (54.9 %) of 

students regularly participated in recreational physical activity. Overall, 9.6% of students 

were overweight (BMI: 25–29 kg/m2) and 4.5% were obese (BMI≥30 kg/m2) according to 

the WHO definition. When the Asian criteria were applied, 18.4% were overweight and 

8.0% were obese. Based on the IDF criteria of abdominal obesity, 12.4% of students were 

centrally obese. The factors associated with OSA were male gender, older age, alcohol 

consumption, cigarette smoking, use of energy drinks, and higher BP. Students with OSA 

had a higher BMI, WC, HC, and WHR, and a higher percentage of general and abdominal 

obesity than those without OSA.

Table 2 presents the results about OSA and anthropometric measures from the linear 

regression models. OSA was significantly associated with multiple measures of general 

obesity as measured by BMI as well as measures of fat distribution including abdominal 

adiposity. The associations were robust across obesity measures and persisted even after 

adjustment for possible confounders. For example, OSA was significantly related to a higher 
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BMI (beta: 4.20; standard error: 0.27; P<0.001), after adjustment for age, sex, education, 

alcohol drinking, cigarette smoking, use of energy drinks, BP, and psychological distress. 

Further adjustment for WHR showed a significant and consistent association between OSA 

and a high BMI (beta: 3.64; standard error: 0.25; P<0.001). Similar results were found for 

other measures of abdominal obesity including WHR, WC, and HC.

Table 3 shows the associations of OSA with overweight and obesity based on the 

multinomial logistic regression analyses. OSA was significantly associated with overweight 

and obesity, independent of potential confounders. The adjusted OR was 1.72 (95% CI: 

1.04–1.85) for overweight and 24.23 (95% CI: 15.20–38.61) for obesity after adjustment for 

demographic and lifestyle factors, BP, and psychological distress. Further adjustment for 

WHR did not change the results substantially. We found similar results using the Asian 

criteria of overweight and obesity.

As shown in Table 4, OSA was strongly associated with general obesity as reflected by 

BMI, regardless of criteria used. Similar results were observed in terms of abdominal 

obesity defined by the upper quartile of WHR or the IDF criteria. After adjustment for 

potential confounders including BMI, students with OSA were more likely to have 

abdominal obesity compared with those without OSA (OR=2.09; 95% CI 1.19–3.67).

Figure 1 presents the associations of OSA with the joint effects of general obesity and 

abdominal obesity after adjustment for potential confounders. Compared to students without 

OSA, those with OSA had an 8-fold higher odds of having both general obesity assessed by 

BMI and abdominal obesity evaluated by WC (Figure 1a). When using WHR to define 

abdominal obesity (WHR≥Q3), we found consistent and robust associations between OSA 

and joint effects of general and abdominal obesity (Figure 1b).

Figure 2 presents the gender-specific associations of OSA with the joint effects of general 

and abdominal obesity. The consistent and robust associations between OSA and joint 

effects of general obesity and abdominal obesity were found in both males and females.

Our stratified analyses show that associations of OSA with general obesity and abdominal 

adiposity were robust and evident for both males and females, individuals with normal and 

elevated BP, and those with and without psychological distress (Table 5).

4. Discussion

In this large cross-sectional study, 6.3% of college students in Thailand were at a high risk 

of OSA. Although the prevalence of obesity in our study population was lower than that in 

US adults [1], we found consistent and robust associations of OSA with general and 

abdominal obesity, regardless of the obesity criteria used. To our knowledge, this is the first 

study to evaluate OSA and its association with both general obesity and abdominal obesity 

concurrently among young adults in Asia.

4.1 OSA Prevalence and OSA Related Risk Factors

OSA is a common disorder and remains underdiagnosed in the general population. The 

prevalence of OSA in our Thai college students was relatively low when compared with 
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middle-aged and old adults in the US [25] but higher than other populations such as young 

college students in Hong Kong [28]. In the 2005 Sleep in America Poll of the National Sleep 

Foundation, the prevalence of OSA among middle-aged adults (mean age: 49 years) was 

26% (men: 31%; women: 21%) [25]. The prevalence of OSA was 6% in a large, relatively 

healthy, community-based cross-sectional study of 22,389 volunteer blood donors aged 16–

84 years in New Zealand [20]. A study conducted in a university student population in Hong 

Kong found that 25.7% of first-year college students reported snoring, while the estimated 

prevalence of sleep-disordered breathing (SDB) was only 0.1% among college students [28]. 

Although snoring was prevalent, SDB was uncommon in this Chinese college student 

population. The Hong Kong study reported that neck circumference did not predict the 

occurrence of SDB [28].

Predictors of high risk for OSA have been reported, including male gender, older age, 

alcohol consumption, and cigarette smoking [29]. Consistent with previous research, we 

found similar results. We also found that the use of energy drinks was related to a higher 

risk of OSA, which has not been reported substantially in the literature. The fact that most of 

the risk factors for OSA such as energy drinks and cigarette smoking are modifiable 

indicates the need to develop appropriate intervention programs among college students.

4.2 The Association between OSA and Obesity

Although obesity has been reported as a risk factor of OSA [12, 20], the bidirectional 

association between OSA and obesity is unclear. The Wisconsin Sleep Cohort Study of 690 

middle-aged US adults reported that obesity was associated with a significantly increased 

prevalence of OSA [12]. A small cross-sectional survey of 370 young adults and adults in 

Nigeria [30] reported that overall 19% of participants had a high risk of OSA defined by the 

Berlin Questionnaire, and adults with OSA were more likely to be obese [30]. Another 

cross-sectional study in Korea reported that middle-aged adults with OSA had a higher BMI, 

WC, and percent body fat than those without OSA [21].

Consistent with the Korean study reporting a significant and independent association 

between OSA and visceral obesity [21], we found that Thai college students with OSA were 

more likely to have abdominal obesity than those without OSA independent of potential 

confounders. Furthermore, we found that OSA was related to a much higher risk of being 

both general obesity and abdominal obesity, indicating that early screening, diagnosis, and 

treatment of OSA could be important in reducing obesity and related comorbidities among 

young adults.

4.3 Potential Mechanism of the Association between OSA and Obesity

Data from animal and human studies provide a biological plausibility to the notion that OSA 

may activate pathways that lead to obesity, insulin resistance, atherosclerosis, hypertension, 

and cardiovascular disease [8]. OSA is associated with increased sympathetic activity, sleep 

disturbance, oxidative stress, systemic inflammation, insulin resistance, and changes in 

leptin, ghrelin, and orexin levels, which potentially lead to excess weight or obesity [8, 9]. 

Obesity can increase fat deposits around the upper airway, narrow the upper airway, and 

diminish the activity of the muscles in this region, collapsing the airway during sleep [8, 31]. 
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Hormonal changes, changes in neuromuscular tone, and lifestyle factors such as energy 

drinks and alcohol consumption may contribute to the development of OSA among young 

adults [32, 33]. The lack of early diagnosis and treatment of OSA and obesity might form a 

vicious cycle where each aggravates the other [8].

4.4 Clinical and Public Health Implications

Our findings suggest that clinical and public health programs that target screening and 

treatment of OSA may help reduce the risk of obesity and its related cardiovascular 

morbidity among college students and other young adults. Identifying individuals at a high 

risk of OSA and targeting them for cardiovascular disease control may be important to 

mitigate risk for future morbidity and premature mortality [16, 17]. Effectively treated OSA 

was associated with a significant decline in health care use when compared to OSA patients 

who were not effectively treated [34], and undiagnosed OSA patients incurred much higher 

medical costs than controls without OSA [35]. Given the fact that OSA is an independent 

risk factor for many chronic diseases, our study emphasizes the need for recognition and 

appropriate management of OSA among young adults to reduce the prevalence of obesity 

and other cardiovascular diseases.

4.5 Strengths and Limitations

Our study has several strengths. First, this is a large population-based cross-sectional study 

of college students conducted in Thailand. Second, although polysomnography is the gold 

standard test for OSA diagnosis in clinical settings [36, 37]. it is expensive and time 

consuming, and is not available at most primary care centers or in general populations [38]. 

The Berlin Questionnaire is a validated instrument that has been used widely to identify 

individuals who are at risk for OSA [25]. Third, we used several robust statistical 

approaches and different definitions of obesity to evaluate the associations between OSA 

and general obesity and abdominal obesity. We also conducted stratified analyses and found 

strong and significant associations between OSA and obesity varied little by sex, blood 

pressure level and mental health status.

Our study has limitations. First, we did not use random sampling, but instead considered 

subjects who were willing to participate in the study, so it was a convenient sample. Hence, 

our findings may be subject to volunteer bias. Second, our study only included full-time 

Thai college students and did not include students taking classes in correspondence, 

extension, or night school programs. Thus, the results might not be generalized to those 

students. Third, as this was a cross-sectional study, we were unable to determine the causal 

association between OSA and obesity. In addition, although the Berlin Questionnaire has 

been validated as a screening tool for OSA in general and clinical populations, some 

researchers have reported a lower sensitivity for screening health care workers for OSA 

[39]. It is possible that the Berlin Questionnaire might have a high proportion of false 

negatives, the prevalence of OSA may have been underestimated in our study population. 

Future prospective studies are warranted to thoroughly elucidate bi-directional associations 

between OSA and obesity among college students and other young adults.
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In conclusion, our study shows significant associations of OSA with general and abdominal 

obesity among Thai college students, suggesting that OSA could be a risk factor for obesity 

and related cardiovascular morbidities. Our findings have clinical and public health 

implications for OSA screening and treatment among young adults. Our study highlights the 

need for increased awareness of OSA risk and its adverse health consequences among young 

adults.
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Figure 1. 
Associations of obstructive sleep apnea with the joint effects of general and abdominal 

obesity among 2911 college students in Thailand.
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Figure 2. 
Associations of obstructive sleep apnea with the joint effects of general and abdominal 

obesity among 2911 college students in Thailand, according to gender distribution
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Table 1

Characteristics of 2911 college students in Thailand, according to obstructive sleep apnea status

Characteristic Total
(n=2911)

OSA P
valuea

No (n=2728) Yes (n=183)

Demographic characteristics

Age, year, mean (SD) 20.3 (1.3) 20.3 (1.3) 20.6 (1.5) 0.005

Male, % 33.1 31.7 54.6 <0.001

Education (college)

  First year 24.5 25 16.9 0.034

  Second year 31.9 31.8 35.5

  Third year 26.8 26.9 26.8

  Senior 16.7 16.4 20.8

Lifestyle factors

Recreational PA participation, % 54.9 54.8 55.2 0.926

Alcohol consumption, % 16.3 15.6 25.1 <0.001

Cigarette smoking, % 8.5 7.9 17.5 <0.001

Use of energy drinks, % 58 57.4 66.7 0.014

Psychological health

Psychological distressb, % 29.1 27.3 55.7 <0.001

Blood pressure

Hypertensionc, % 4.5 3.9 14 <0.001

Elevated BPd, % 12.9 11.9 29.2 <0.001

Anthropometric measurements

BMI, kg/m2, mean (SD) 21.6 (3.8) 21.4 (3.4) 25.9 (6.1) <0.001

WHO criteria of obesity, %

  Normal weight (BMI<25 kg/m2) 85.9 87.9 55.6 <0.001

  Overweight (BMI: 25–29 kg/m2) 9.6 9.5 11.6

  Obese (BMI≥30 kg/m2) 4.5 2.6 32.8

Asian criteria of obesity, %

  Normal weight (BMI<23 kg/m2) 73.6 75.6 43.7 <0.001

  Overweight (BMI: 23–26 kg/m2) 18.4 18.4 18.6

  Obese (BMI≥27 kg/m2) 8.0 6.1 37.7

Abdominal obesitye, % 12.3 10.3 41.5 <0.001

Waist circumference, cm, mean (SD) 73.2 (9.4) 72.6 (8.5) 83.3 (14.3) <0.001

Hip circumference, cm, mean (SD) 91.2 (7.7) 90.7 (7.1) 98.7 (11.3) <0.001

Waist-to-hip ratio, mean (SD) 0.80 (0.05) 0.80 (0.05) 0.84 (0.06) <0.001

Waist-to-hip ratio≥Q3 (0.83), % 25.0 23.5 47.2 <0.001

Abbreviations: OSA, obstructive sleep apnea; SD, standard deviation; PA, physical activity; BP, blood pressure; BMI, body mass index.

a
Student t-test for continuous variables; Chi-square for categorical variables.

b
Evaluated by the General Health Questionnaire 12-item scale (GHQ-12).
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c
Hypertension defined as: Systolic BP≥140 mmHg or diastolic BP≥90 mmHg.

d
Elevated BP defined as: Systolic BP≥120 mmHg or diastolic BP≥80 mmHg.

e
Based on the International Diabetes Federation (IDF) criteria for the definition of abdominal obesity among South Asians: waist circumference ≥ 

90 cm for men; waist circumference ≥ 80 cm for women.
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Table 3

Multinomial logistic regression analyses: associations of obstructive sleep apnea with overweight and obesity 

among 2911 college students in Thailand

Model WHO criteriaa Asian criteriab

Overweight
(BMI: 25–29)

Obesity
(BMI≥30)

Overweight
(BMI: 23–26)

Obesity
(BMI≥27)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Model 1c 1.91 (1.17, 3.10) 19.58 (13.18, 29.09) 1.75 (1.16, 2.64) 10.78 (7.53, 15.43)

Model 2d 1.63 (1.00, 2.66) 19.45 (12.89, 29.34) 1.59 (1.05, 2.41) 9.91 (6.86, 14.32)

Model 3e 1.63 (0.99, 2.67) 20.29 (13.37, 30.78) 1.58 (1.04, 2.40) 10.09 (6.96, 14.63)

Model 4f 1.62 (0.98, 2.66) 20.09 (12.98, 31.08) 1.56 (1.02, 2.37) 9.64 (6.58, 14.14)

Model 5g 1.72 (1.04, 2.85) 24.23 (15.20, 38.61) 1.66 (1.09, 2.55) 10.97 (7.36, 16.35)

Model 6h 1.69 (0.99, 2.88) 26.46 (15.54, 45.04) 1.68 (1.08, 2.61) 11.21 (7.09, 17.74)

Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval; WHR, waist-to-hip ratio.

a
BMI<25 kg/m2 served as the reference group in the WHO criteria.

b
BMI<23 kg/m2 served as the reference group in the Asian criteria.

c
Model 1: Unadjusted

d
Model 2: adjusted for demographic factors including age, sex, and education level.

e
Model 3: adjusted for demographic & lifestyle factors including age, sex, education level, recreational physical activity participation, alcohol 

consumption, use of energy drinks, and cigarette smoking.

f
Model 4: Model 3+blood pressure

g
Model 5: Model 4+psychological distress (evaluated by the General Health Questionnaire 12-item scale).

h
Model 6: Model 5+WHR.
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Table 5

Stratified analysis for the associations of obstructive sleep apnea with overweight and obesity, by sex, blood 

pressure, and psychological distress

Stratified variable WHO criteria Asian criteria WHO criteria IDF criteria

BMI≥25 vs. <25
OR (95% CI)a

BMI≥27 vs. <27
OR (95% CI)a

BMI≥30 vs. <30
OR (95% CI)a

Abdominal obesityb

OR (95% CI)c

Sex

Male 4.11 (2.35, 7.20) 6.62 (3.39, 12.92) 15.16 (6.62, 34.72) 4.56 (1.94, 10.71)

Female 7.19 (4.23, 12.21) 15.60 (8.79, 27.68) 39.38 (20.04, 77.36) 3.57 (1.70, 7.48)

P value for interaction 0.048 0.003 0.004 0.937

Elevated blood pressure

No 4.88 (3.28, 7.28) 9.77 (6.24, 15.30) 24.84 (14.40, 42.85) 3.44 (1.95, 6.09)

Yes 8.87 (1.94, 40.54) 9.67 (2.16, 43.34) 18.52 (3.37, 101.87) 2.27 (0.21, 24.68)

P value for interaction 0.990 0.199 0.076 0.396

Psychological distressd

No 7.04 (4.15, 11.94) 14.53 (8.08, 26.10) 36.89 (18.87, 72.10) 4.43 (2.10, 9.34)

Yes 3.70 (2.10, 6.52) 6.44 (3.37, 12.29) 14.14 (6.16, 32.43) 3.62 (1.59, 8.22)

P value for interaction 0.052 0.024 0.015 0.541

Abbreviations: BMI, body mass index; IDF, International Diabetes Federation; OR, odds ratio; 95% CI, 95% confidence interval.

a
Except for the stratified variables, the following variables were adjusted for: age, sex, education, recreational physical activity participation, 

alcohol consumption, cigarette smoking, use of energy drinks, waist-to-hip ratio, and psychological distress.

b
Abdominal obesity was defined by the International Diabetes Federation (IDF) criteria for South Asians: WC ≥ 90 cm for men and waist 

circumference (WC) ≥ 80 cm for women.

c
Except for the stratified variables, the following variables were adjusted for: age, sex, education, recreational physical activity participation, 

alcohol consumption, cigarette smoking, use of energy drinks, body mass index, and psychological distress.

d
Psychological distress was evaluated by the General Health Questionnaire 12-item scale.
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