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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized as a condi-
tion in which the upper airway repetitively collapses during 
sleep, completely or partially, resulting in frequent arousal 
and oxygen desaturation. According to previous reports, 
an estimated 425 million people aged 30 to 69 years have 
moderate to severe OSA, and up to 90% of OSA in the 
general adult population is misdiagnosed, and consequent-
ly untreated [1]. OSA is a growing health concern that has 
been related to a variety of comorbid conditions, includ-
ing metabolic, cardiovascular (CV), renal, pulmonary, and 
neuropsychiatric disorders [2]. The lack of oxygen caused 
by OSA leads to increased health risks, such as CV disease, 
aortic aneurysm, high blood pressure, stroke, diabetes melli-
tus (DM), depressive illness, cognitive impairment, and even 
mortality, if not treated [3,4]. Given that undiagnosed OSA 
has major consequences in terms of public safety and all-
cause mortality, focusing on the early detection and treat-
ment of OSA is crucial.

Despite the crucial implications of untreated OSA, prompt 
diagnosis is often difficult. The gold standard for diagnos-
ing OSA requires overnight polysomnography, which is 
time-consuming, expensive, and labor-intensive [5]. Further-
more, assessing OSA necessitates specialized personnel and 
equipment, which are rarely found in primary care clinics. 
As a result, to triage patients for early detection of OSA, a 

simple and reliable screening method is necessary. Several 
screening methods have previously been developed, and 
their efficacy has been validated. However, the limitations 
of these methods include the duration, complications as-
sociated with the method, and the requirement of upper 
airway evaluation [6,7].

The STOP-BANG questionnaire is an OSA screening tool 
that includes four self-reportable (STOP: snoring, weariness, 
witnessed apnea, and elevated blood pressure) and four 
demographic (BANG: body mass index [BMI], age, neck cir-
cumference, and gender) questions [8]. In the original vali-
dation trial, the STOP-BANG questionnaire with a score of 
≥ 3 had a sensitivity of (84, 93, and 100) % for detecting 
mild, moderate, and severe OSA, respectively. The STOP-
BANG questionnaire is frequently employed, given its high 
diagnostic accuracy, ease of use, and clear risk stratification 
criteria. However, BMI and neck circumference, two STOP-
BANG questionnaire questions, are impacted by region-spe-
cific body features, which may alter the STOP-BANG ques-
tionnaire performance in different geographic locations [9].

The objective of this study was to investigate the preva-
lence of high-risk OSA as determined by the STOP-BANG 
questionnaire using nationwide data collected from the 
2019 to 2020 Korean National Health and Nutrition Survey 
(KNHANES). We further intended to investigate the clinical 
features and comorbidities associated with high-risk OSA.

Background/Aims: We investigated the prevalence, associated factors, and comorbidities of high-risk obstructive sleep ap-
nea (OSA) as determined by the STOP-BANG questionnaire in a Korean adult population.
Methods: Data were obtained from 7,650 adults (aged ≥ 40 years) who participated in the Korea National Health and Nu-
trition Examination Survey (2019−2020). Multiple logistic regression analyses were used to evaluate the association of socio-
economic status, lifestyle related factors, and comorbidities with high-risk OSA (STOP-BANG score, 5−8).
Results: The prevalence of high-risk OSA according to the STOP-BANG questionnaire was 12.0 %. Older age, male, current 
smoking, heavy alcohol consumption, and more comorbidities were associated with higher STOP-BANG scores. In multivari-
able adjusted analysis, diabetes mellitus (DM) (odds ratio [OR], 1.57; 95% confidence interval [CI], 1.25 to 1.97), hypertension 
(OR, 4.81; 95% CI, 3.88 to 5.97), and obesity (OR, 2.02; 95% CI, 1.60 to 2.56) were associated with high risk of OSA, and 
when hypertension, DM, and obesity were combined, the risk increased synergistically (OR, 3.88; 95% CI, 2.94 to 5.11).
Conclusions: According to the STOP-BANG questionnaire, the high risk of OSA was more common in males, and was 
associated with chronic metabolic disease, particularly in those with DM, hypertension, and obesity combined. Active OSA 
screening, prevention, and management may be beneficial to improving health outcomes related to OSA in these popula-
tions.

Keywords: Sleep apnea, obstructive; STOP-BANG; Hypertension; Diabetes mellitus; Obesity
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METHODS

Study population
We used data from the KNHANES, a nationwide popula-
tion-based cross-sectional survey. This survey was conduct-
ed in eight phases: KNHANES phases I (1998), II (2001), III 
(2005), IV (2007−2009), V (2010−2012), VI (2013−2015), VII 
(2016−2018), and VIII (2019−2021). Data from KNHANES 
VIII−1 and VIII−2 (2019−2020) conducted by the Korea 
Centers for Disease Control and Prevention were assessed 
in this study. Written informed consent was obtained from 
all participants prior to survey administration. The present 
study was exempted from review by the Institutional Review 
Board of the Catholic University of Korea (VC22ZISI0106), 
because it employs deidentified and publicly available data.

The KNHANES consists of several surveys about gener-
al health and nutritional status, health examinations, and 
laboratory investigations [10]. This survey used a stratified 
multistage probability sampling method to represent the 
Korean adult population, and the method considered geo-
graphic area, sex, and age group by referring to household 
registries. There were 15,469 participants from KNHANES 
VIII−1 and VIII−2. We excluded those under the age of 40 
years (n = 6,173). Among them, 8,061 participants properly 
answered OSA-related questionnaires, such as the STOP-
BANG questionnaire. We also excluded participants without 
information on other confounding factors, such as DM, hy-
pertension, smoking, drinking, income, or education level. 
Finally, the data of 7,650 participants were included in the 

analysis (Fig. 1).

Survey for OSA 
Patients aged ≥ 40 years were asked about the risk factors 
associated with OSA using the STOP-BANG questionnaire, 
which contains four questions and four objective measures 
with yes/no answers: (1) Snoring: Do you snore loudly (loud-
er than talking or loud enough to be heard through closed 
doors)?; (2) Tired: Do you often feel tired, fatigued, or sleepy 
during daytime?; (3) Observed: Has anyone observed you 
stop breathing during your sleep?; (4) Pressure: Do you have 
or are you being treated for high blood pressure?; (5) BMI 
> 30 kg/m2; (6) Age > 50 years old; (7) Neck circumference 
> 36.3 cm; and (8) Gender (if male) [11]. The total sum of 
“yes” responses was counted.

Clinical and laboratory measurements
Anthropometric, socioeconomic, health-related variables, 
and biochemical measurements were included in the anal-
ysis. BMI was calculated as weight in kilograms divided 
by height in square meters. BMI was categorized into five 
groups: underweight (< 18.5 kg/m2), normal weight (≥ 18.5, 
< 23 kg/m2), overweight (≥ 23, < 25 kg/m2), obese (≥ 25, 
< 30 kg/m2), and severely obese (≥ 30 kg/m2) according to 
the World Health Organization guidelines for the Asian-Pa-
cific region [12]. Obesity was defined as subjects with BMI  
≥ 25 kg/m2. Waist circumference (WC) in the KNHANES was 
assessed by measuring at the midpoint between the lowest 
rib and the anterior iliac crest in the standing position. Ab-

Subjects with older than 40 years, n = 9,296

Age under 40 years old, n = 6,173

Participants to KNHANES 2019-2020, n = 15,469

Without reporting STOP-Bang questionnaire, n = 1,235

Subjects with reporting questionnaire and older than  
40 years, n = 8,061

Subjects with reporting questionnaire, older than 40 years 
and other confounding factors, n = 7,650

Without examination of other confounding factors  
including diabetes, hypertension, smoking, drinking,  

income, education, n = 411

Figure 1. Flow chart presenting the selection of study participants. KNHANES, Korean National Health and Nutrition Survey.
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dominal obesity was defined as WC ≥ 90 cm in men, and  
≥ 85 cm in women, according to the Korean Society for the 
Study of Obesity [13].

Socioeconomic variables included gender, age, household 
income, educational level occupation (employed or unem-
ployed), and residency area (urban or rural). Educational at-
tainment was classified as elementary school or less, middle 
school, high school, and college or more. Residence area 
was defined as urban residence when residing in Seoul, 
Gyeonggi-do, or five metropolitan cities in Korea. The in-
formation on household income was obtained through 
the questionnaire, and stratified into five groups for each 
quintile. Household income was calculated as an equivalent 
income by dividing monthly income into the square root of 
family size.

Health-related variables included smoking and alcohol 
drinking status, physical activity, fasting plasma glucose 
(FPG), renal function, and lipid profiles. Smoking status was 
classified into three groups: never smoker, former smoker, 
and current smoker. Former smokers were distinguished 
from current smokers based on their present smoking sta-
tus. Subjects who ceased smoking at the time of the survey 
were considered former smokers, regardless of the duration 
of smoking cessation. Alcohol drinking status was classi-
fied into three groups: never, mild-to-moderate, and heavy 
drinkers, according to daily alcohol consumption at the time 
of the survey. Never drinker was defined as individuals con-
suming on < 1 occasion/month. Mild-to-moderate drinking 
was defined as individuals drinking < 30 g of alcohol/day. A 
heavy drinker was defined as an individual drinking ≥ 30 g 
of alcohol/day [14]. Physical activity was defined as perform-
ing moderate-intensity physical activity for at least 30 min/
day at least 5 times/week or strenuous-intensity physical ac-
tivity for at least 20 min/day at least 3 times/week [15].

For biochemical measurements, FPG and lipid profile lev-
els were measured after overnight fasting using a Hitachi 
Autonomic Analyzer 7600-210 (Hitachi, Tokyo, Japan). 
Glycosylated hemoglobin (HbA1c) levels were measured by 
high-performance liquid chromatography on a Tosoh G8 
device (Tosoh, Tokyo, Japan) [16]. The estimated glomerular 
filtration rate (eGFR) was calculated using the Modification 
of Renal Diet equation from baseline serum creatinine [17].

Primary outcome and assessment of covari-
ates
The primary outcome was the prevalence of high risk of 

OSA, and OSA risk was assessed using the STOP-BANG 
score as follows: (1) high risk of OSA: yes to 5−8 items; (2) 
intermediate risk of OSA: yes to 3−4 items; and (3) low risk 
of OSA: yes to 0−2 items [18].

The presence of comorbidities was determined by asking 
respondents if they were ever diagnosed with, or treated 
for, the following conditions: DM, hypertension, hypercho-
lesterolemia, or chronic kidney disease (CKD). The diagnosis 
of DM was indicated if any of the following were present: 
FPG ≥ 126 mg/dL, current use of antidiabetic medication, 
a previous history of DM, or HbA1c ≥ 6.5% [19]. Hyper-
tension was diagnosed if any of the following were pres-
ent: systolic blood pressure ≥ 140 mmHg or diastolic blood 
pressure ≥ 90 mmHg, the current use of antihypertensive 
medications, or a self-reported physician diagnosis of hy-
pertension [20]. Total cholesterol ≥ 240 mg/dL, or use of 
cholesterol-lowering medications, were all used to diagnose 
hypercholesterolemia [19]. CKD was defined as eGFR < 60 
mL/min/1.73 m2 [17].

Statistical analysis
General characteristics are presented as percentages (stan-
dard errors [SE]), and as the means and SE for quantitative 
variables. To perform group comparisons, the Rao-Scott 
chi-square test and analysis of variance (ANOVA) were used 
for categorical and continuous data, respectively. Both uni-
variate and multiple logistic regression analyses were used 
to calculate odds ratios (ORs) and 95% confidence intervals 
(CIs) for evaluating factors associated with the OSA high-risk 
group (STOP-BANG score 5−8). In addition to the unadjust-
ed model, the following confounding factors were consid-
ered in the multivariable regression model: age and sex for 
model 2; and age, sex, education level, household income 
quintile, smoking status, alcohol consumption, physical ac-
tivity, DM, hypertension, hypercholesterolemia, CKD, obe-
sity, and abdominal obesity for model 3. All statistical anal-
yses were conducted using SAS version 9.4 for Windows 
(SAS Institute Inc., Cary, NC, USA). The p values provided 
are two-sided, with a level of significance of 0.05.

RESULTS

Clinical characteristics according to STOP-
BANG score category
Table 1 demonstrates the clinical characteristics of the study 
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Table 1. Clinical characteristics of the study population according to the STOP-BANG score

Characteristic
STOP-BANG score

0–2 3–4   5–8 p value

No. of patients 3,863 (50.5) 2,868 (37.5) 919 (12.0)  

Age groups, % (SE) < 0.001

40–49 40.4 (1.2) 22.2 (1.2) 16.7 (1.5)

50–59 27.5 (0.9) 32.8 (1.2) 43.2 (2.1)

60–69 18.6 (0.8) 25.5 (1.0) 26.4 (1.8)

70–79 10.0 (0.6) 15.0 (0.8) 11.0 (1.0)

≥ 80   3.5 (0.4)   4.5 (0.4) 2.7 (0.5)

Male sex, % (SE) 17.0 (0.7) 74.6 (0.9) 92.0 (1.0) < 0.001

Educational level, % (SE) < 0.001

Elementary or lower 16.9 (0.8) 19.6 (1.0) 11.7 (1.1)

Middle school   9.9 (0.6) 12.7 (0.8) 12.4 (1.3)

High school 36.2 (1.1) 34.3 (1.2) 36.0 (1.9)

College or higher 37.0 (1.3) 33.5 (1.5) 39.9 (2.1)

Household income, % (SE) < 0.001

Quintile 1 (lowest) 11.8 (0.7) 14.2 (1.0) 12.5 (1.2)

Quintile 2 16.4 (0.8) 18.6 (1.0) 17.9 (1.5)

Quintile 3 20.4 (0.9) 20.3 (1.0) 19.9 (1.6)

Quintile 4 25.8 (0.9) 24.2 (1.2) 20.8 (1.5)

Quintile 5 (highest) 25.6 (1.2) 22.8 (1.3) 29.0 (2.0)

Region, urban, % (SE) 71.7 (1.8) 68.3 (1.9) 67.6 (2.4) 0.019

Occupation, yes, % (SE) 59.1 (1.1) 68.1 (1.1) 74.2 (1.7) < 0.001

Smoking, % (SE) < 0.001

Non 81.3 (0.7) 38.1 (1.1) 23.9 (1.6)

Former   9.6 (0.5) 37.3 (1.1) 47.7 (1.9)

Current   9.2 (0.6) 24.6 (1.0) 28.4 (1.7)

Drinking, % (SE) < 0.001

Non 35.6 (1.0) 27.0 (1.1) 20.8 (1.6)

Mild to moderate 61.2 (1.0) 61.0 (1.1) 60.2 (1.9)

Heavy   3.3 (0.4) 12.0 (0.8) 19.1 (1.5)

Physical activity, % (SE) 39.5 (0.9) 41.0 (1.1) 40.5 (1.9) 0.543

BMI groups, kg/m2, % (SE) < 0.001

< 18.5   4.0 (0.4) 1.2 (0.2) 0.15 (0.1)

≥ 18.5–< 23 47.8 (1.0) 24.5 (1.0) 10.3 (1.1)

≥ 23–< 25 23.5 (0.8) 28.9 (1.1) 23.4 (1.6)

≥ 25–< 30 23.5 (0.8) 39.5 (1.1) 46.7 (2.0)

≥ 30   1.1 (0.2) 5.9 (0.5) 19.4 (1.5)

Abdominal obesity, % (SE) 27.3 (0.8) 48.7 (1.0) 67.1 (1.7) < 0.001

Diabetes mellitus, % (SE) 10.8 (0.6) 22.3 (1.0) 32.7 (2.0) < 0.001

Hypertension, % (SE) 19.6 (0.8) 49.7 (1.2) 73.3 (1.8) < 0.001

Hypercholesterolemia, % (SE) 27.3 (0.9) 32.6 (1.0) 38.8 (1.7) < 0.001
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population according to the STOP-BANG score category. 
Among 7,650 total individuals, 919 subjects (12.0%) had 
a high risk of OSA (score 5−8). Compared to the interme-
diate- or low-risk group, the high-risk OSA group showed 
higher proportions of men, greater BMI, increased rates 
of smoking, heavy alcohol consumption, and abdominal 
obesity, and a higher proportion of employed responders. 
Regarding health-related factors, the high-risk OSA group 
had higher FPG, blood pressure, and triglyceride levels, and 
lower total cholesterol, high-density lipoprotein cholester-
ol, and eGFR levels. The high-risk STOP-BANG score group 
showed a significantly higher comorbidity prevalence. In 
the high-risk group, 67.1% had abdominal obesity, 32.7% 
DM, 73.3% hypertension, and 66.1% obesity, which was 
significantly higher, compared to the intermediate and low 
risk group. The clinical characteristics for males and females 
were both similar to the general population when they were 
analyzed separately (Supplementary Table 1). 

In the STOP questionnaire, the prevalence of each item 
decreased in the following order: hypertension (38.0%), 
tired feeling (30.9%), snoring (20.3%), and observed stop-
ping breathing during sleep (10.0%) (Table 2). In the BANG 

questionnaire, the prevalence of each item decreased in the 
following order: age > 50 years (69.6 %), male sex (48.5 %), 
neck circumference > 36.6 cm (41.9 %), and BMI > 30 kg/m2  
(5.3 %).

Fig. 2 shows trends in the prevalence of a high risk of 
OSA categorized by the STOP-BANG scoring system by age 
and sex groups. When classified according to age group, 
the prevalence of high risk of OSA was highest in patients 
in their 50s (17.8%) and 60s (15.5%), and lowest in the 
patients in their 40s (7.2%) in the total (p for trend < 0.001) 
and male populations (p for trend < 0.001). However, in 
the female group, the prevalence of a high risk of OSA was 
highest in the patients in their 60s (3.1%) and 50s (2.9%), 
and lowest in those in their 40s (0.1%) (p for trend < 0.001). 
The prevalence was increased approximately 10-fold in 
males compared with females across all age categories.

Combined comorbidities and high risk of OSA
Those with high-risk OSA showed significantly higher pro-
portions of individuals with comorbidities (DM, hyperten-
sion, hypercholesterolemia, CKD, obesity, and abdominal 
obesity) than the low- or intermediate-risk group (p < 0.001 

Table 1. Continued

Characteristic
STOP-BANG score

0–2 3–4   5–8 p value

CKD, % (SE)   1.7 (0.2) 4.3 (0.4) 4.5 (0.8) < 0.001

Age, yr   55.1 ± 0.3 58.9 ± 0.3 58.1 ± 0.4 < 0.001

Height, cm 159.6 ± 0.2 166.2 ± 0.2 169.0 ± 0.3 < 0.001

Weight, kg   58.9 ± 0.2 69.0 ± 0.3 76.8 ± 0.4 < 0.001

BMI, kg/m2    23.1 ± 0.1 24.9 ± 0.2 26.9 ± 0.1 < 0.001

Waist circumference, cm   80.7 ± 0.2 88.8 ± 0.3 94.4 ± 0.3 < 0.001

Fasting glucose, mg/dL   99.3 ± 0.4 107.1 ± 0.6 112.1 ± 1.2 < 0.001

Systolic BP, mmHg 117.2 ± 0.4 124.7 ± 0.4 127.5 ± 0.6 < 0.001

Diastolic BP, mmHg   74.7 ± 0.2 78.5 ± 0.2 81.9 ± 0.4 < 0.001

Total cholesterol, mg/dL 198.8 ± 0.8 190.7 ± 0.9 189.5 ± 1.7 < 0.001

LDL-C, mg/dL 120.6 ± 0.7 113.3 ± 0.8 111.2 ±1.5 < 0.001

HDL-C, mg/dL   54.9 ± 0.3 48.2 ± 0.3 46.5 ± 0.4 < 0.001

eGFR, mL/min/1.73 m2   97.0 ± 0.4 90.8 ± 0.5 90.3 ± 0.8 < 0.001

Triglyceride, mg/dL 102.6 
(100.6–104.7) 

131.9
(128.2–135.7)

147.4
(140.9–154.2)

< 0.001

Values are presented as number (%), percentage (standard error), mean ± standard error, or geometric mean (95% confidence in-
terval). Abdominal obesity was defined as waist circumference ≥ 90 cm in men, and ≥ 85 cm in women. 
BMI, body mass index; CKD, chronic kidney disease; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, 
high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.
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Table 2. STOP-BANG score distribution according to questionnaire items

Variable Total
STOP-BANG score Score by risk groupa

0 1 2 3 4 5 6 7 8 0–2 3–4 5–8

No. of patients 7,650 551 1,444 1,868 1,634 1,234 608 235 67 9 3,863 2,868 919

Percentage 7.2 18.9 24.4 21.4 16.1 7.9 3.1 0.9 0.1 50.5 37.5 12.0

STOP                    

Snore 20.3 
(0.6)

0.0
(0.0)

1.9
(0.4)

6.7 
(0.7)

19.5
(1.2)

30.4
(1.5)

61.4 
(2.3)

87.6
(2.4)

100.0 
(0.0)

100.0 
(0.0)

3.8
(0.4)

24.2
(1.0)

71.5
(1.8)

Tired 30.9 
(0.7)

0.0
(0.0)

20.4 
(1.3)

25.6 
(1.3)

35.7 
(1.4)

35.1
(1.7)

55.3 
(2.4)

64.4 
(3.6)

90.2 
(3.8)

100.0 
(0.0)

19.5
(0.8)

35.4
(1.1)

60.6
(1.9)

Observed 10.0
(0.4)

0.0
(0.0)

0.6
(0.2)

1.4 
(0.3)

5.2 
(0.7)

12.6 
(1.0)

35.5 
(2.4)

69.2 
(3.4)

96.7 
(2.0)

100.0 
(0.0)

0.8
(0.2)

8.4
(0.6)

49.4
(2.0)

Pressure 38.0 
(0.8)

0.0
(0.0)

3.8
(0.5)

39.3 
(1.3)

39.7
(1.5)

63.0
(1.8)

68.9
(2.4)

77.2
(3.0)

95.4 
(2.8)

100.0 
(0.0)

19.6
(0.8)

49.7
(1.2)

73.3
(1.8)

BANG  

BMI 5.3 
(0.3)

0.0
(0.0)

0.5
(0.2)

2.0 
(0.4)

4.3 
(0.6)

8.1 
(0.9)

15.1 
(1.7)

23.2
(3.2)

34.9 
(6.9)

100.0 
(0.0)

1.1
(0.2)

5.9
(0.5)

19.4
(1.5)

Age 69.6 
(0.9)

0.0
(0.0)

65.8
(1.6)

75.2 
(1.3)

73.9
(1.6)

83.1 
(1.4)

82.2 
(1.9)

84.4
(2.9)

86.5 
(4.8)

100.0 
(0.0)

59.6
(1.2)

77.9
(1.2)

83.3
(1.5)

Neck 41.9 
(0.6)

0.0
(0.0)

0.8 
(0.3)

18.5
(1.2)

55.3 
(1.5)

82.7
(1.2)

91.3 
(1.3)

99.0 
(0.7)

100.0 
(0.0)

100.0 
(0.0)

8.9
(0.6)

67.1
(1.1)

94.1
(0.9)

Gender male 48.5 
(0.5)

0.0
(0.0)

6.3 
(0.8)

31.5
(1.4)

66.6 
(1.3)

85.2
(1.1)

90.2 
(1.4)

95.0 
(1.6)

96.4 
(2.2)

100.0 
(0.0)

17.0
(0.7)

74.6
(0.9)

92.0
(1.0)

Values are presented as percentage (standard error). 
Key words represent following questions. Snore: Do you snore loudly (louder than talking or loud enough to be heard through 
closed doors)?; Tired: Do you often feel tired, fatigued, or sleepy during daytime?; Observed: Has anyone observed you stop 
breathing during your sleep?; Pressure: Do you have or are you being treated for high blood pressure?; BMI: Body mass index  
> 30 kg/m2?; Age: Age over 50 years old?; Neck: Neck circumference > 36.6 cm?; Gender: Gender male?; 
aRisk levels: 0−2, low risk of OSA; 3−4, intermediate risk of OSA; 5−8, high risk of OSA.

Figure 2. Prevalence of high risk of obstructive sleep apnea (OSA) using the STOP-BANG scoring system according to age and sex group. 
In both the total and male populations, the prevalence of high risk of OSA was highest in patients in their 50s, and lowest in patients in 
their 40s. Patients in their 60s had the largest female group, while those in their 40s had the lowest. The prevalence increased approxi-
mately 10-fold in males compared with females across all age categories. The chi-square test p for trend: total and male, < 0.001; female, 
< 0.001.
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for all, except for CKD, p = 0.264) (Fig. 3). In particular, 
if the subjects had DM, hypertension, and obesity at the 
same time, the prevalence of high risk in the OSA popula-
tion increased up to approximately four times, compared to 
those who did not have any of the comorbidities (42.3% vs. 
11.1%, p < 0.001). The association was also apparent when 
the prevalence of high-risk OSA was obtained based on the 
measures of hypertension, diabetes, and obesity according 
to decile group (Supplementary Table 2). The prevalence 
tended to increase with higher measures of systolic/diastolic 
blood pressure, FPG, HbA1c, BMI, and WC. 

In multivariable logistic regression analysis, the high risk 
of OSA was significantly associated with increasing age (OR, 
1.01; 95% CI, 1.00 to 1.02), males (OR, 13.24; 95% CI, 
9.34 to 18.77), and higher education (OR, 1.93; 95% CI, 
1.34 to 2.77), after adjusting for multiple demographic, bio-
chemical, and comorbidity confounders (Table 3). However, 
no association was noted between household income sta-
tus, employment, smoking, alcohol consumption status, or 
physical activity, and higher STOP-BANG scores. The pres-
ence of comorbidities, such as DM (OR, 1.57; 95% CI, 1.25 
to 1.97), hypertension (OR, 4.81; 95% CI, 3.88 to 5.97), 
obesity (OR, 2.02; 95% CI, 1.60 to 2.56), and abdominal 
obesity (OR, 1.61; 95% CI, 1.28 to 2.02) were significantly 
associated with a high risk of OSA. Participants who had 
DM, hypertension, and obesity altogether had almost 4-fold 

high risk of OSA, compared to those with no comorbidi-
ties (OR, 3.88; 95% CI, 2.94 to 5.11). In terms of gender, 
the high risk of OSA was significantly associated with age, 
education level, and abdominal obesity only in males. In 
contrast, DM, hypertension, and obesity were all associated 
with the high risk of OSA in both males and females (Sup-
plementary Table 3).

DISCUSSION

In this recently investigated, large nationwide cross-section-
al study, we found that comorbidities, such as DM, hyper-
tension, and obesity, were significantly associated with a 
high risk of OSA, based on the STOP-BANG questionnaire 
in a Korean adult population. Notably, these three comor-
bidities had a synergistic impact in elevating OSA risk. The 
STOP-BANG scoring questionnaire was first introduced in 
the KNHANES VIII in 2019. Hence, this is the first nation-
wide study on the association of chronic metabolic disease 
with a high risk of OSA in the representative Korean popu-
lation utilizing the STOP-BANG questionnaire. According to 
the results of our study, screening for OSA should be more 
actively recommended for patients with DM, hypertension, 
and obesity, particularly males.

The STOP-BANG questionnaire is well recognized as a reli-

Figure 3. Prevalence of high risk of obstructive sleep apnea (OSA) using the STOP-BANG scoring system according to comorbidities. Dia-
betes mellitus (DM), hypertension (HTN), obesity, and abdominal obesity were significantly associated with a high risk of OSA. Diabetes, 
hypertension, and obesity show a synergistic effect on the prevalence of high-risk OSA. When the three comorbidities were combined, 
the odds of having a high risk of OSA increased nearly 4-fold, compared to people who had no comorbidities. Abdominal obesity was de-
fined as waist circumference ≥ 90 cm in men, and ≥ 85 cm in women. Obesity was defined as subjects with body mass index ≥ 25 kg/m2. 
Red bar: prevalence without comorbidity, blue bar: prevalence with comorbidity. CKD, chronic kidney disease. ap < 0.05.
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Table 3. Multivariate logistic regression analysis for the high-risk group of obstructive sleep apnea

Variable
Model 1 Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age 1.01 (1.00–1.02) < 0.001 1.02 (1.01–1.03) < 0.001 1.01 (1.00–1.02) 0.012

Male sex 15.94 (12.04–21.08) < 0.001 16.42 (12.43–21.70) < 0.001 13.24 (9.34–18.77) < 0.001

Education < 0.001 0.077 0.003

Elementary or lower 1 (ref) 1 (ref) 1 (ref)

Middle 1.72 (1.27–2.32) 1.38 (0.99–1.93) 1.41 (0.98–2.03)

High 1.57 (1.23–2.00) 1.45 (1.08–1.95) 1.82 (1.30–2.55)

College 1.73 (1.37–2.20) 1.45 (1.07–1.96) 1.93 (1.34–2.77)

Household income 0.037 0.126 0.208

Q1 1 (ref) 1 (ref) 1 (ref)

Q2 1.05 (0.81–1.37) 1.04 (0.76–1.40) 0.93 (0.66–1.33)

Q3 1.00 (0.76–1.30) 0.99 (0.73–1.35) 0.84 (0.59–1.20)

Q4 0.85 (0.66–1.09) 0.83 (0.61–1.12) 0.75 (0.52–1.09)

Q5 1.21 (0.95–1.55) 1.16 (0.85–1.59) 1.02 (0.69–1.51)

Occupation, no 1 (ref) < 0.001 1 (ref) 0.334 1 (ref) 0.330

Yes 1.69 (1.42–2.00) 1.11 (0.90–1.39) 1.13 (0.88–1.46)

Smoking < 0.001 0.042 0.540

Non 1 (ref) 1 (ref) 1 (ref)

Former 5.80 (4.79–7.02) 1.33 (1.07–1.67) 1.16 (0.89–1.50)

Current 4.69 (3.79–5.81) 1.19 (0.93–1.52) 1.13 (0.86–1.49)

Alcohol consumption < 0.001 0.272

Non 1 (ref) < 0.001 1 (ref) 1 (ref)

Mild to moderate 1.51 (1.24–1.84) 1.07 (0.86–1.340) 1.06 (0.80–1.39)

Heavy 4.15 (3.19–5.41) 1.67 (1.247–2.24) 1.27 (0.91–1.76)

Physical activity, no 1 (ref) 0.841 1 (ref) 0.423 1 (ref) 0.481

Yes 1.02 (0.86–1.20) 0.93 (0.78–1.11) 0.93 (0.76–1.14)

DM, no 1 (ref) < 0.001 1 (ref) < 0.001 1 (ref) < 0.001

Yes 2.60 (2.14–3.15) 2.27 (1.83–2.81) 1.57 (1.25–1.97)

HTN, no 1 (ref) < 0.001 1 (ref) < 0.001 1 (ref) < 0.001

Yes 5.67 (4.71–6.82) 6.13 (5.01–7.49) 4.81 (3.88–5.97)

Hypercholesterolemia, no 1 (ref) < 0.001 1 (ref) < 0.001 1 (ref) 0.138

Yes 1.51 (1.29–1.76) 1.86 (1.56–2.21) 1.18 (0.95–1.45)

CKD, no 1 (ref) 0.011 1 (ref) 0.313 1 (ref) 0.264

Yes 1.65 (1.12–2.43) 1.26 (0.81–1.96) 0.77 (0.49–1.22)

Obesity, no 1 (ref) < 0.001 1 (ref) < 0.001 1 (ref) < 0.001

Yes 3.86 (3.27–4.56) 3.66 (3.06–4.38) 2.02 (1.60–2.56)

Abdominal obesity, no 1 (ref) < 0.001 1 (ref) < 0.001 1 (ref) < 0.001

Yes 3.55 (3.02–4.17) 3.35 (2.82–3.99) 1.61 (1.28–2.02)

BMI, kg/m2 < 0.001 < 0.001 < 0.001

< 18.5 0.20 (0.05–0.85) 0.17 (0.04–0.72) 0.17 (0.04–0.78)

≥ 18.5–< 23 1 (ref) 1 (ref)
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able OSA screening tool that is both simple and self-report-
able [8]. The validity of this method is evidenced in several 
prior systemic reviews. A recent meta-analysis confirmed 
that the STOP-BANG questionnaire can be used as a screen-
ing tool to help triage individuals with suspected OSA [9]. 
Another previous meta-analysis validated the strong perfor-
mance of the STOP-BANG questionnaire for OSA screen-
ing [21]. The correlation between STOP-BANG scores and 
the probability and severity of OSA is also well indicated. 
A STOP-BANG score of (5−8) indicated individuals with a 
high chance of moderate/severe OSA in recent prospective 
research using a surgical population [18]. Another previ-
ous study also classified patients with a STOP-BANG score 
of (0−2) as low risk for moderate to severe OSA, whereas 
those with a score of (5−8) were classified as high risk for 
moderate to severe OSA [22]. This classification was utilized 
in our study to evaluate clinical features according to the 
severity of OSA.

Several studies employing the STOP-BANG question-
naire, including the Asian population, have been reported. 
According to earlier systematic reviews, the prevalence of 
moderate-to-severe OSA was 21.3%, whereas that of se-
vere OSA was 7.8% [23]. In a study of the Singapore pop-
ulation, the prevalence of moderate-to-severe OSA was 

28.1%, and that of severe OSA was 10.7% [24]. Other 
questionnaire-based studies reported that the prevalence of 
high-risk OSA ranged (12.4 to 15.8) % in the Korean adult 
population; however, those studies of the Korean popula-
tion utilized the Berlin questionnaire [25,26]. Altogether, 
the results of our study seem to be consistent with previous 
data regarding the adult population.

Our study presents a remarkably higher prevalence of 
high-risk OSA in males, compared with females. The male 
predominance in high-risk OSA was frequently presented in 
previous epidemiologic studies, and male sex is a widely ac-
cepted risk factor for OSA [27]. The 10-fold predominance 
of high-risk OSA in males correlates with an old renowned 
study conducted in 1979 [28]. However, recent studies show 
a rather mild male predominance, compared to our study 
[26]. This discrepancy may be explained by a more recent 
study that indicated an unacceptably low sensitivity of the 
STOP-BANG questionnaire in females, compared to males 
[29]. Due to the bias toward males, sex-specific cutoffs for 
STOP-BANG should be carefully investigated. Although the 
predominance of male in high-risk OSA is apparent in our 
study, the clinical characteristics among males and females 
were not largely different, and the tendency was compara-
ble to the general population. 

Table 3. Continued

Variable
Model 1 Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

≥ 23–< 25 3.30 (2.50–4.36) 2.59 (1.94–3.47) 2.19 (1.60–3.00)

≥ 25–< 30 5.61 (4.32–7.27) 4.49 (3.42–5.90) 3.20 (2.37–4.33)

≥ 30–< 35 22.15 (15.66–31.31) 47.53 (30.06–75.14) 31.33 (19.40–50.58)

≥ 35 23.47 (10.87–50.66) 74.16 (21.81–252.23) 38.44 (12.26–120.51)

Obesity group < 0.001 < 0.001 < 0.001

Low BMI, low WC 1 (ref) 1 (ref) 1 (ref)

Low BMI, high WC 1.79 (1.29–2.47) 1.51 (1.08–2.11) 1.21 (0.86–1.72)

High BMI, low WC 2.29 (1.62–3.25) 1.86 (1.30–2.66) 1.48 (1.01–2.17)

High BMI, high WC 4.74 (3.95–5.68) 4.48 (3.67–5.46) 3.19 (2.56–3.97)

DM + HTN + obesity 1 (ref) < 0.001 1 (ref) < 0.001 1 (ref) < 0.001

Yes 5.86 (4.67–7.35)   6.26 (4.83–8.10)   3.88 (2.94–5.11)  

Model 1 was unadjusted; Model 2 was adjusted for age and sex; Model 3 was adjusted for age, sex, education, household in-
come, occupation, smoking, drinking, physical activity, DM, hypertension, hypercholesterolemia, CKD, obesity, and abdominal 
obesity (weight circumference: men ≥ 90 cm/women 85 cm). Abdominal obesity was defined as WC ≥ 90 cm in men, and ≥ 85 cm 
in women. Low and high WC was determined by this standard. Obesity was defined as subjects with BMI ≥ 25 kg/m2.
OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease; BMI, body mass 
index; WC, waist circumference. 
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Our study also presents that socioeconomic factors, such 
as education level, household income, region of residence, 
and occupation status, were associated with high risk of 
OSA. The hypothesis that lower socioeconomic status is 
linked to poor sleep quality and increased prevalence of 
OSA is supported by various research [30,31], and a signif-
icant higher risk for OSA was observed in association with 
less education and lower economic income [32]. Common 
comprehensive measures of socioeconomic status include 
household income, location of residence, occupation sta-
tus, and basic education or education-derived variables 
[25]. Although there is no conclusive evidence on the re-
lationship between socioeconomic status and the risk of 
OSA, it is widely accepted that socioeconomic status has 
an impact on a range of health practices, biomarkers, and 
chronic diseases [30]. Therefore, our results support the no-
tion that composite indicators of socioeconomic status, such 
as household income, area of residence, occupation status, 
and education attainment, are associated with the risk of 
OSA. 

The most significant finding of our study is the association 
of a higher STOP-BANG score with a higher comorbidity 
prevalence, as well as a synergistic effect, when all three 
comorbidities are present. According to our results, hyper-
tension, DM, and obesity were significantly associated with 
high-risk OSA, and the prevalence of high-risk OSA consis-
tently increased with higher measures of hypertension, DM, 
and obesity. OSA has long been understood to play a role 
in CV disorders, particularly hypertension, heart failure, and 
stroke [3]. OSA is further exacerbated by an increase in body 
weight. According to studies, gaining 10% of one’s body 
weight increases the risk of OSA by six times [33]. Obesi-
ty-related fat deposition in the neck can obstruct the pha-
ryngeal lumen, causing it to collapse when sleeping [34]. 
OSA is also known to cause arterial stiffness, which can lead 
to a CV disorder, and OSA therapy can help to reduce ar-
terial stiffness [35]. Furthermore, sleep breathing disorders 
may increase the risk of DM through affecting plasma in-
sulin levels and glycemia [36]. Thus, it is possible to deduce 
that OSA and comorbidities, such as hypertension, DM, 
and obesity, interact, and have an impact on one another. 
According to our results, OSA should be screened and de-
tected early in patients with DM, hypertension, or obesity, 
especially if all three are present. The health impact of OSA 
in certain chronic metabolic illnesses could be decreased by 
using this validated short questionnaire, and the importance 

of lifestyle modification and active treatment of coexisting 
diseases should be emphasized for those individuals. 

Our study has several limitations. First, the subjects were 
not clinically confirmed to have OSA using polysomnog-
raphy. The risk stratification was exclusively based on the 
participant’s self-reporting questionnaire. The fact that our 
study’s prevalence of high-risk OSA was comparable to that 
of prior population-based studies implies that our sampling 
approach was rather reliable. Second, given that our sample 
excluded patients aged less than 40 years, the biased sam-
ple may have affected the true clinical significance of our 
data. However, previous data show that utilization of health 
care is only substantial in OSA patients over the age of 40 
years, which supports the KHANES policy of only adminis-
tering the STOP-BANG questionnaire to those over the age 
of 40 years [37,38]. As a result, in terms of social welfare, 
populations above the age of 40 years should be prioritized 
for the early identification of OSA. Finally, this study was 
inevitably performed with a cross-sectional design, given the 
retrospective analysis of the established dataset. Thus, caus-
al associations between high-risk OSA and other comorbid-
ities, or the use of antihyperglycemic, antihyperlipidemic, 
and antihypertensive medications, cannot be completely 
clarified. However, this research has advantages in retriev-
ing data from a nationally representative survey sample with 
a high response rate; therefore, a large amount of data 
was provided to overcome potential confounding issues. 
Furthermore, our data were obtained from a large sample, 
which improved the precision of our findings, and allowed 
for numerous statistical adjustments. This study is the first to 
report the prevalence of high-risk groups of OSA based on 
the STOP-BANG questionnaire in a Korean population, and 
provides the clinical implication of a high-risk OSA group.

In conclusion, we present for the first time that based on 
the STOP-BANG questionnaire, the prevalence of high-risk 
OSA groups in the general Korean population was 12.0%. 
OSA must be screened and detected early in patients with 
DM, hypertension, and obesity. The health burden of OSA 
in chronic metabolic disease could be reduced using this 
simple and validated short questionnaire. In the future, the 
exact prevalence of OSA needs to be diagnosed by a con-
firmed method in this high-risk group of OSA in the Korean 
population.
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KEY MESSAGE
1. The STOP-BANG questionnaire revealed that the 

prevalence of a high risk of obstructive sleep apnea 
(OSA) was 12.0% in the Korean population over 
age 40 years.

2. A high risk of OSA was associated with socioeco-
nomic (older age, male gender, current smoker, 
heavy alcohol drinker) and chronic metabolic dis-
ease, particularly in those with diabetes mellitus, 
hypertension, or obesity.

3. Active OSA screening, prevention, and manage-
ment may improve health outcomes related to 
OSA in patients with diabetes mellitus, hyperten-
sion, or obesity.
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Supplementary Table 1. Clinical characteristics compared by gender of the study population according to the STOP-BANG score

Characteristic

STOP-BANG score

Male Female

0–2 3–4 5–8 p value 0–2 3–4  5–8 p value

Number 516 1,969 836   3,347 899 83  

Age groups, yr < 0.001 < 0.001

40–49 66.5 (2.4) 26.8 (1.4) 18.0 (1.6) 35.1 (1.2) 8.5 (1.2) 2.1 (1.5)

50–59 12.7 (1.6) 33.9 (1.4) 43.1 (2.1) 30.6 (0.9) 29.7 (2.1) 43.6 (6.9)

60–69 12.2 (1.6) 23.3 (1.1) 25.7 (1.8) 19.9 (0.8) 32.0 (1.8) 34.7 (6.6)

70–79 6.0 (1.0) 12.3 (0.8) 10.7 (1.0) 10.8 (0.6) 22.8 (1.7) 14.1 (4.0)

≥ 80 2.6 (0.7) 3.6 (0.4) 2.5 (0.5) 3.7 (0.4) 7.1 (1.0) 5.5 (2.8)

Educational level < 0.001 < 0.001

Elementary school or lower 7.4 (1.2) 12.7 (1.0) 9.8 (1.0) 18.8 (0.9) 39.7 (2.0) 33.8 (5.9)

Middle school 6.8 (1.1) 11.9 (0.9) 12.2 (1.4) 10.6 (0.6) 14.9 (1.4) 14.6 (4.9)

High school 30.9 (2.4) 35.6 (1.4) 36.5 (2.0) 37.3 (1.1) 30.5 (2.1) 30.3 (5.9)

College or higher 54.8 (2.6) 39.8 (1.7) 41.5 (2.1) 33.4 (1.3) 14.9 (1.5) 21.3 (5.9)

Household income 0.016 < 0.001

Quintile 1 (lowest) 8.8 (1.5) 11.1 (0.9) 11.3 (1.2) 12.4 (0.8) 23.3 (1.8) 27.2 (5.5)

Quintile 2 13.5 (1.7) 16.6 (1.0) 17.2 (1.5) 17.0 (0.8) 24.2 (1.8) 25.6 (6.0)

Quintile 3 19.4 (2.1) 20.6 (1.1) 20.3 (1.7) 20.6 (0.9) 19.2 (1.6) 14.2 (3.6)

Quintile 4 31.8 (2.6) 25.3 (1.2) 20.8 (1.6) 24.6 (0.9) 20.8 (1.6) 20.1 (5.8)

Quintile 5 (highest) 26.6 (2.6) 26.4 (1.5) 30.4 (2.0) 25.4 (1.2) 12.4 (1.3) 12.9 (4.1)

Region, urban 70.1 (2.9) 70.0 (2.0) 67.1 (2.5) 0.456 72.0 (1.7) 63.4 (2.6) 73.5 (5.9) < 0.001

Occupation, yes 85.9 (1.7) 75.8 (1.1) 77.3 (1.7) < 0.001 53.6 (1.2) 45.4 (2.2) 37.9 (6.4) < 0.001

Smoking < 0.001 0.244

Non 26.7 (2.3) 20.3 (1.0) 18.1 (1.5) 92.4 (0.5) 90.5 (1.2) 90.9 (4.3)

Former 36.3 (2.4) 48.5 (1.3) 51.3 (2.0) 4.1 (0.4) 4.4 (0.8) 7.4 (4.1)

Current 37.0 (2.7) 31.2 (1.3) 30.7 (1.8) 3.5 (0.4) 5.1 (0.9) 1.7 (1.7)

Drinking 0.002 0.046

Non 16.7 (1.8) 20.5 (1.1) 18.9 (1.6) 39.4 (1.0) 46.0 (2.0) 42.3 (6.6)

Mild to moderate 70.7 (2.2) 63.9 (1.4) 60.5 (2.0) 59.2 (1.0) 52.6 (2.0) 55.9 (6.7)

Heavy 12.7 (1.7) 15.6 (1.0) 20.6 (1.6) 1.4 (0.2) 1.4 (0.5) 1.8 (1.3)

Physical activity 39.9 (2.4) 43.9 (1.3) 42.0 (2.0) 0.301 39.4 (1.0) 32.6 (2.0) 24.0 (5.2) < 0.001

BMI groups, kg/m2 < 0.001 < 0.001

< 18.5 6.1 (1.2) 1.6 (0.3) 0.2 (0.1) 3.6 (0.4) 0.2 (0.1) 0.0 (0.0)

≥ 18.5–< 23 50.5 (2.4) 24.8 (1.2) 10.6 (1.2) 47.3 (1.1) 23.6 (1.7) 8.0 (3.2)

≥ 23–< 25 22.8 (2.1) 31.4 (1.3) 25.3 (1.7) 23.7 (0.8) 21.6 (1.7) 1.3 (0.8)

≥ 25–< 30 20.6 (2.0) 39.9 (1.3) 48.2 (2.0) 24.1 (0.9) 38.3 (1.8) 30.2 (6.1)

≥ 30 0.0 (0.0) 2.3 (0.4) 15.8 (1.5) 1.3 (0.2) 16.4 (1.4) 60.5 (6.5)

Abdominal obesity 17.8 (1.9) 44.3 (1.2) 65.2 (1.9) < 0.001 29.3 (1.0) 61.5 (1.9) 89.7 (3.6) < 0.001

Diabetes mellitus 7.2 (1.3) 20.4 (1.1) 32.0 (2.2) < 0.001 11.5 (0.7) 27.9 (1.7) 40.7 (6.1) < 0.001

Hypertension 2.5 (0.8) 40.0 (1.3) 72.0 (1.9) < 0.001 23.2 (0.9) 78.3 (1.7) 88.8 (4.4) < 0.001

Hypercholesterolemia 15.8 (1.9) 26.8 (1.2) 37.9 (1.8) < 0.001 29.7 (1.0) 49.5 (2.0) 49.5 (6.5) < 0.001

CKD 0.5 (0.2) 3.9 (0.5) 4.1 (0.8) < 0.001 1.9 (0.3) 5.3 (0.9) 9.7 (3.8) < 0.001
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Supplementary Table 1. Continued

Characteristic

STOP-BANG score

Male Female

0–2 3–4 5–8 p value 0–2 3–4  5–8 p value

Age, yr 50.9 ± 0.5 57.4 ± 0.3 57.8 ± 0.4 < 0.001 56.0 ± 0.3 63.2 ± 0.5 61.5 ± 1.2 < 0.001

Height, cm 170.8 ± 0.3 170.0 ± 0.2 170.0 ± 0.2 0.065 157.4 ± 0.1 155.2 ± 0.2 157.4 ± 0.7 < 0.001

Weight, kg 82.6 ± 0.4 89.0 ± 0.2 94.0 ± 0.4 < 0.001 80.4 ± 0.2 88.3 ± 0.4 97.9 ± 1.3 < 0.001

BMI, kg/m2 22.7 ± 0.1 24.6 ± 0.1 26.6 ± 0.1 < 0.001 23.2 ± 0.1 26.0 ± 0.2 30.1 ± 0.5 < 0.001

Waist circumference, cm 82.6 ± 0.4 89.0 ± 0.2 94.0 ± 0.4 < 0.001 80.4 ± 0.2 88.3 ± 0.4 97.9 ± 1.3 < 0.001

Fasting glucose, mg/dL 100.1 ± 0.9 107.5 ± 0.7 112.2 ± 1.3 < 0.001 99.1 ± 0.4 106.0 ± 0.8 111.0 ± 3.6 < 0.001

Systolic BP, mmHg 115.1 ± 0.6 122.4 ± 0.4 127.3 ± 0.6 < 0.001 117.6 ± 0.4 131.3 ± 0.8 130.6 ± 1.8 < 0.001

Diastolic BP, mmHg 75.8 ± 0.4 78.8 ± 0.3 81.9 ± 0.5 < 0.001 74.5 ± 0.2 77.6 ± 0.4 81.0 ± 1.2 < 0.001

Total cholesterol, mg/dL 195.1 ± 1.8 191.1 ±1.0 189.4 ± 1.8 0.065 199.6 ± 0.9 189.4 ± 1.5 190.8 ± 5.3 < 0.001

LDL-C, mg/dL 117.7 ± 1.7 113.6 ± 0.9 111.2 ± 1.6 0.016 121.2 ± 0.8 112.4 ± 1.3 111.9 ± 4.9 < 0.001

HDL-C, mg/dL 49.7 ± 0.6 46.9 ± 0.3 46.4 ± 0.4 < 0.001 56.0 ± 0.3 52.0 ± 0.5 48.3 ± 1.2 < 0.001

eGFR, mL/min/1.73 m2 96.2 ± 0.8 90.4 ± 0.5 90.0 ± 0.8 < 0.001 97.2 ± 0.5 91.9 ± 0.9 92.7 ± 2.9 < 0.001

Values are presented as percentage (standard error) or mean ± standard error.
BMI, body mass index; CKD, chronic kidney disease; BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, 
high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.
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Supplementary Table 2. The prevalence of high-risk OSA for measures of hypertension, diabetes, and obesity, according to 

decile group

Decile

Prevalence of high-risk OSA according to decile group 

SBP DBP FPG HbA1c BMI WC

% SE % SE % SE % SE % SE % SE

1 4.2 1.0 7.7 1.1 6.8 1.2 7.1 1.2 1.3 0.4 1.7 0.6

2 7.2 1.0 6.8 1.0 5.1 0.8 5.4 0.8 2.9 0.8 5.1 1.0

3 7.5 1.2 6.8 1.0 7.0 1.0 9.3 1.3 4.8 0.9 9.8 1.2

4 9.8 1.3 9.2 1.3 11.8 1.8 13.9 1.6 7.5 1.2 9.9 1.3

5 13.8 1.5 11.3 1.6 12.2 1.4 10.3 1.3 12.4 1.5 9.9 1.2

6 17.2 1.8 12.1 1.3 13.5 1.6 12.7 1.5 10.2 1.2 12.8 1.4

7 14.7 1.5 11.5 1.4 13.8 1.5 14.0 1.8 18.3 1.6 12.2 1.3

8 18.9 1.8 14.7 1.4 16.1 1.7 16.3 1.3 12.6 1.5 13.9 1.6

9 22.0 1.7 15.8 1.6 20.8 1.8 21.7 2.1 22.4 2.0 20.4 1.9

10 19.0 1.6 30.9 1.9 25.7 1.9 24.4 1.8 35.8 2.2 37.2 2.1

OSA, obstructive sleep apnea; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, gly-
cosylated hemoglobin; BMI, body mass index; WC, waist circumference; SE, standard error.
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