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Abstract
Objective  This study examines associations between the risk of sleep apnea and abdominal obesity (assessed by waist-to-
hip ratio (WHR)) and general obesity (assessed by body mass index (BMI)) in a sample of Chinese and Korean American 
immigrants.
Methods  The dataset included Chinese and Korean participants aged 50–75 who were recruited from primary care physi-
cians’ clinics from April 2018 to June 2020 in the Baltimore-Washington D.C. Metropolitan area (n = 394). Abdominal 
obesity was determined if WHR ≥ 0.9 in men and WHR ≥ 0.85 in women. General obesity was determined if BMI ≥ 30. The 
risk of sleep apnea was determined by using the Berlin questionnaire. Poisson regression models examined associations 
between sleep apnea risk and obesity. Models controlled for socio-demographic risk factors.
Results  Twelve percent of the study participants were classified as a high risk for sleep apnea, and 75% had abdominal obesity 
whereas 6.4% had general obesity. High risk of sleep apnea was positively associated with abdominal obesity (PR = 1.31, 
95% CI: 1.17–1.47) and general obesity (PR = 2.19, 95% CI: 0.90–5.32), marginally significant at p < 0.1).
Conclusions  Chinese and Korean immigrants living in the USA who are at high risk of sleep apnea have higher abdominal 
obesity, even after accounting for sociodemographic characteristics. Abdominal obesity may be a better indicator than general 
obesity when examining the risk of sleep apnea among Asian Americans.
Information on Clinical Trial  Name: Screening To Prevent ColoRectal Cancer (STOP CRC) among At-Risk Asian American 
Primary Care Patients
NCT Number: NCT03481296;
Date of registration: March 29, 2018
URL: https://​clini​caltr​ials.​gov/​ct2/​show/​NCT03​481296?​term=​Sunmin+​Lee&​draw=​2&​rank=1

Keywords  Abdominal obesity · Sleep apnea · Asian Americans

Introduction

Studies on obstructive sleep apnea—a common condition 
characterized by the collapse of the upper airways result-
ing in oxygen desaturation and fragmented sleep [1]—
reveal that ethnic/racial obstructive sleep apnea dispari-
ties exist [2, 3]. While comparisons of obstructive sleep 
apnea prevalence across racial/ethnic groups in the USA 
remain limited [3], according to a 2015 cross-sectional 
analysis of the Multi-Ethnic Study of Atherosclerosis 
(MESA) data, 14.9% of non-Hispanic Blacks, 17.7% of 
Hispanics, and 17.8% of Chinese Americans had severe 
sleep apnea compared to 12.4% of non-Hispanic Whites 
[3]. Moreover, racial/ethnic minoritized populations have 
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a higher rate of undiagnosed and untreated sleep apnea 
compared to their non-Hispanic White counterparts, with 
the same 2015 MESA study revealing that Chinese popu-
lations were 49% less likely to report a prior diagnosis of 
obstructive sleep apnea compared to non-Hispanic White 
populations despite their higher rates of obstructive sleep 
apnea via multiple objective measurements [3]. These 
observed disparities in obstructive sleep apnea are of par-
ticular concern because sleep apnea has been implicated 
in the pathogenic pathways of multiple conditions includ-
ing diabetes [4], obesity [5], stroke [6], cardiovascular 
diseases [7], and all-cause mortality [8]. In particular, 
sleep apnea can increase the risk of developing obesity by 
potentially predisposing individuals to increased body fat 
percentages through leptin-mediated disrupted metabo-
lism [9] and dysregulation in glucose levels [10]. Sleep 
apnea may also lead to changes in appetite-regulating 
orexin neuron activity, leading to increased food intake 
and reduced physical activity, which increase weight gain 
[11, 12].

With the increasing number of studies implicating obe-
sity as an outcome of sleep apnea [13] as well as a causal 
pathway between sleep apnea and cardiometabolic disease 
risk [5], it is important to note that Asians have higher 
health risks at lower weight categories compared to other 
racial and ethnic groups [14]. In the USA, only 17.4% 
of Asian Americans are considered obese, compared to 
49.6% of Blacks, 44.8% of Hispanics, and 42.2% of non-
Hispanic Whites [15]. However, body mass index (BMI)—
the most commonly used metric of obesity in the USA—is 
not an accurate indicator of obesity among Asian popula-
tions because they are known to develop obesity-related 
illnesses (e.g., cardiovascular disease, diabetes, and meta-
bolic syndrome) at a much lower BMI [16]. Despite hav-
ing lower obesity prevalence, rates of diabetes and meta-
bolic syndrome among Asians are similar to or slightly 
higher than for non-Hispanic White populations in every 
BMI category [17]. A growing body of literature suggests 
that measuring abdominal fat may be a better indicator of 
obesity among Asians. Measuring abdominal fat is par-
ticularly critical for Asians (Chinese, Indians, Indonesians, 
and Malays) who have 3 to 5% higher body fat percentages 
than European White populations at the same BMI [18]. 
Asian American women furthermore have larger amounts 
of visceral adipose tissue compared to European American 
women [19]. Another study also suggested that visceral 
and liver fat were much greater among Japanese Ameri-
cans compared to Hispanic, non-Hispanic Black, non-
Hispanic White, and Native Hawaiian Americans [20]. 
This higher intra-abdominal fat may contribute to larger 
upper airway soft tissues among Asian Americans, which 
can lead to sleep apnea [21]. Recent studies reported that 

abdominal obesity is correlated with tongue fat—which 
may play a more proximate role in obstructive sleep apnea 
pathogenesis than fat elsewhere [22, 23]. Notably, waist-
to-hip ratio (WHR) provides a measure of both subcuta-
neous and intra-abdominal adipose tissue [24], which has 
been associated with several well-established metabolic 
risk factors including diabetes [25, 26], high blood pres-
sure [25, 27], and high cholesterol [25] in various East 
Asian populations. Therefore, it is important to consider 
WHR in addition to BMI as the measure of obesity and 
corresponding cardiometabolic disease risk among Asian 
Americans.

While existing evidence points to sleep apnea being 
associated with increased abdominal obesity, no study 
to our knowledge has examined these associations for 
Asian Americans. This is especially important to exam-
ine because initial evidence shows that sleep apnea is 
more prevalent and severe among Americans from East 
Asia, compared to Americans of European or African 
descent, even at similar BMIs [28]. This discrepancy may 
be because Asians have narrower cranial base dimensions 
than Europeans, causing reduced pharyngeal airflow and 
an increased risk of sleep apnea [29]. Existing studies of 
sleep apnea, WHR, and BMI have focused on populations 
of mostly non-Hispanic White participants in the USA 
and populations from Asian countries. A US-based study 
found that patients with obstructive sleep apnea had a 
significant weight gain of approximately 7 kg greater 
than similarly obese controls without obstructive sleep 
apnea in the year preceding obstructive sleep apnea diag-
nosis [30]. Two studies in Asian countries also suggested 
similar findings. Using 838 community participants of 
the Korean Genome Epidemiology study, Kim and col-
leagues found that individuals with sleep apnea had a 
1.57 increased odds of having visceral obesity, which 
was defined as having a visceral fat area (VFA) greater 
than or equal to 100 cm2 as measured by CT scan [28]. 
Another study involving 120 patients undergoing regu-
lar check-ups at the National Taiwan University Hospi-
tal found that sleep-disordered breathing was associated 
with 1.10 increased odds of central obesity as defined 
as having a waist circumference greater than or equal 
to 90 cm in men and greater than or equal to 80 cm in 
women, even after adjustment for BMI [31].

The current study fills critical gaps in sleep disparities 
research by clarifying the associations between the risk of 
sleep apnea and obesity among Asian Americans, compar-
ing measures of WHR and BMI. To our knowledge, our 
study is the first to examine these associations between the 
risk of sleep apnea, WHR, and BMI in a sample of Chinese 
and Korean Americans. Based on the findings of previ-
ous studies, we aim to examine the separate associations 
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between the risk of sleep apnea and obesity measured 
using WHR and measured using BMI, to investigate if 
there are any differences in these associations for Asian 
Americans. As the first hypothesis, we expect a positive 
association between sleep apnea risk and obesity measured 
using WHR. Secondly, we expect a positive but weaker or 
non-existent association between sleep apnea risk and BMI 
(hypothesis 2).

Methods

Sample

We used data from a randomized controlled trial to 
increase colorectal cancer screening among 400 Chinese 
and Korean Americans (200 Chinese and 200 Korean 
Americans) living in the Baltimore-Washington D.C. Met-
ropolitan area. Study participants were between the ages 
of 50 and 75, and they were recruited from primary care 
physicians’ clinics in Baltimore, Maryland, Northern Vir-
ginia, and Washington D.C. We used the baseline survey 
data collected from August 2018 to June 2020. After sign-
ing informed consent forms, 400 participants completed 
the survey either in-person or by phone in their preferred 
language (Mandarin, Korean, or English). Ninety-two 
percent of the participants (155 Chinese and 200 Korean 
Americans) completed a self-administered questionnaire in 
person, and 8% of the participants (45 Chinese Americans) 
completed a research assistant-led phone survey because 
of the COVID-19 outbreak in March 2020. This study was 
approved by the Institutional Review Boards of the Uni-
versity of Maryland, College Park, and the University of 
California, Irvine.

We have two analytic samples based on two obesity-
related measures. For the participants who completed 
in-person baseline meetings (n = 355), trained research 
assistants measured height, weight, and waist and hip cir-
cumferences. For those who completed phone-based base-
line meetings (n = 45), self-reported weight and height 
were collected during the 6-month follow-up phone survey. 
Two out of 355 participants refused to measure weight and 
height during the in-person baseline meeting, while four 
out of 45 participants were not responsive to our phone call 
for a 6-month follow-up survey where we asked about their 
weight and height. Therefore, our analytic sample for the 
outcome of BMI was 394. Information on the waist and hip 
circumferences was not collected for those who completed 
a phone-based baseline meeting (n = 45), and three par-
ticipants refused to measure waist and hip circumferences 
during in-person baseline meetings, resulting in an analytic 
sample of n = 352 for the outcome of WHR.

Waist to Hip Ratio (WHR)

We assessed abdominal obesity using WHR. The WHR was 
generated by dividing waist circumference by hip circumfer-
ence (measured in cm). The measurements of WHR were 
rounded to two decimal places. Having a high WHR was 
defined as WHR ≥ 0.9 in men and ≥ 0.85 in women, based 
on clinical cut points that have been determined to be asso-
ciated with an increased risk of chronic conditions [32, 33]. 
Based on this definition, we created a binary variable: high 
(≥ 0.9 in men and ≥ 0.85 in women) and low (< 0.9 in men 
and < 0.85 in women) WHR.

Obesity

To assess obesity, we used BMI which is generally used 
to determine obesity. We calculated BMI by dividing 
weight in pounds (l b) by height in inches (in) squared 
and multiplying by a conversion factor of 703, according 
to the guideline of the Centers for Disease Control and 
Prevention [34]. For the main analysis, we used obesity as 
a binary variable based on standard criteria for BMI (non-
obese: BMI < 30, obese: BMI ≥ 30) [35]. As a sensitivity 
analysis, we used a binary obesity variable based on lower 
BMI recommendations in Asian populations, referred to as 
Asian BMI (non-obese: BMI < 27, obese: BMI ≥ 27) [36].

Sleep Apnea

To identify the risk of having sleep apnea, the Berlin 
questionnaire was used [37], a valid clinical screening 
test and epidemiological tool to identify people with the 
risk of sleep apnea [37–40]. As the Berlin sleep apnea 
scale includes questions about obesity, which is one of 
the dependent variables in this study, we used a modi-
fied high-risk obstructive sleep apnea score [41]. Three 
subcategories were used from the questionnaire: subcat-
egory 1, snoring patterns, i.e., snoring intensity and snor-
ing frequency provided a positive score when the response 
was “louder than talking” or “3–4 times a week or almost 
every day”; subcategory 2, breathing pauses provided a 
positive score when the response was “3–4 times a week” 
or “almost every day”; and subcategory 3, feeling tired or 
fatigued in the morning and/or daytime, provided a posi-
tive score when the response was “3–4 times a week” or 
“almost every day.” Participants were classified as high-
risk obstructive sleep apnea when they scored positive 
on 2 or more subcategories, and the participants who did 
not score positive in any or only 1 subcategory were cat-
egorized as low-risk obstructive sleep apnea. The risk of 
having sleep apnea was used as a binary variable (high 
risk versus low risk) in the analysis. We did not use 
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hypertension information included in the Berlin question-
naire to minimize bias by having underlying cardiovascular 
diseases.

Covariates

Sociodemographic characteristics included age, sex, Asian 
subgroup, marital status, education, income, and employ-
ment status. Age was a continuous variable in years, and 
sex was categorized as male and female. The Asian sub-
group was categorized as Chinese and Korean. Marital 
status was recoded into a binary variable: married, cohab-
iting, or not currently married. Education was classified as 
follows: less than high school, high school graduate/GED, 
some college/vocational school, college graduate, and 
higher than a college degree. Household income was cate-
gorized as < $20,000, $20,000-$39,999, $40,000–$59,999, 
and ≥ $60,000. Employment status was recoded into three 
categories: full-time, part-time, and not employed (which 
includes people who were unable to work or on disability, 
students, keeping house, or retired).

Potential Effect Modifiers

We tested age, sex, Asian subgroup (Chinese vs. Korean), 
and marital status (married or live with a partner vs. not cur-
rently married) as potential effect modifiers of the associa-
tions between sleep apnea risk, WHR, and obesity.

Statistical Analysis

First, descriptive analysis was conducted for the entire sam-
ple and by the risk of sleep apnea. We report the mean and 
standard error for continuous age and frequencies and per-
centages for all other categorical variables. We calculated 
differences in these variables by sleep apnea risk using t-test 
and chi-square tests. Second, we conducted Poisson regres-
sion models to estimate associations between sleep apnea 
risk and high WHR or obesity. Poisson regression models 
were used as the preferred method to estimate prevalence 
ratios instead of logistic models that may overestimate the 
associations using odds ratios in cross-sectional studies [42, 
43]. For each outcome, three regression models were con-
ducted. The first model estimated the association between 
sleep apnea risk and each outcome variable without any 
covariates. The second model added age, sex, Asian sub-
group, and marital status to the first model, while the third 
model added education, household income, and employment 
status to the second model. Finally, we examined interaction 
terms to test for effect modification by age, sex, Asian sub-
group, and marital status for the association between sleep 
apnea risk and high WHR and obesity. All statistical analy-
ses were computed using Stata, version 15.1.

Results

Table 1 reports the descriptive characteristics. Out of 394 
participants, 345 (87.6%) respondents were classified as 
low risk of sleep apnea, while 49 (12.4%) were classified 
as high risk. There were statistically significant differ-
ences between the two sleep apnea risk groups for WHR1 
and sex at the p < 0.05 level. There were moderate differ-
ences between the two sleep apnea risk groups for obesity 
at the p < 0.1 level. A higher proportion of individuals in 
the high-risk sleep apnea group had high WHR (n = 41, 
93.2%) compared to those in the low-risk group (n = 222, 
72.1%). The high-risk group had a larger proportion of 
obese participants (n = 6, 12.2%) than the low-risk group 
(n = 19, 5.5%). Additionally, the high-risk group had a 
greater proportion of males (n = 31, 63.3%) compared to 
the low-risk group (n = 155, 44.9%).

Table 2 displays the adjusted prevalence ratio (aPR) 
and 95% confidence intervals (CIs) for Poisson regression 
models to estimate associations between sleep apnea risk 
and high WHR. In all models, we found that a high risk of 
sleep apnea was significantly associated with a high WHR 
(all p-values < 0.01). In the first model, without adjust-
ing any potential confounders, participants who are in the 
high-risk group had 1.29 (95% CI: 1.16–1.44) times the 
prevalence of having high WHR compared to those in the 
low-risk group. This positive association was maintained 
in the second model (aPR: 1.29; 95% CI:1.16–1.45), where 
age, sex, Asian subgroup, and marital status were con-
trolled for. In model 3, which further adjusted education, 
income, and employment status, individuals with a high 
risk of sleep apnea had a 1.31 prevalence of having high 
WHR compared to those with a low risk of sleep apnea 
(95% CI: 1.17–1.47).

Table 3 reports aPR and 95% CIs for Poisson regres-
sion models to assess associations between sleep apnea risk 
and obesity (BMI ≥ 30). Across all models, the associations 
between the high risk of sleep apnea and the prevalence 
of obesity were only marginally significant (p < 0.1) with 
wide confidence intervals. Without any potential confound-
ers, individuals with a high risk of sleep apnea had 2.22 
(95% CI: 0.93–5.30) times the prevalence of obesity as 
those with low risk. This positive association was similar in 
models 2 and 3, after including age, sex, Asian subgroup, 
marital status, education, household income, and employ-
ment status as covariates (aPR in model 2: 2.19; 95% CI: 
0.91–5.23; aPR in model 3: 2.19; 95% CI: 0.90–5.32).

In a sensitivity analysis, we examined an association 
between sleep apnea risk and the prevalence of obesity 

1  The mean and standard errors for waist-hip ratio are based on a 
sample of n = 352.
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using Asian BMI (Appendix). Although the findings sug-
gest that a high risk of sleep apnea may be associated with 
a greater prevalence of obesity based on Asian BMI, none 
of the associations was statistically significant (p > 0.1).

Additionally, none of the interaction tests revealed any 
significant effect modifications by age, sex, Asian subgroup, 
or marital status.

Discussion

To the best of our knowledge, the present study is the first to 
examine the relationship between sleep apnea risk, abdominal 
obesity, and obesity among Chinese and Korean Americans 
from a general population sample. First, our study found a 
significant positive association between sleep apnea risk and 

Table 1   Characteristics of the 
study participants (n = 394)

1 The mean and standard errors for waist-to-hip ratio are based on smaller sample (n = 352)
WHR, waist-hip ratio; low, WHR < 0.9 for men, WHR < 0.85 for women; high, WHR ≥ 0.9 for men, 
WHR ≥ 0.85 for women
Non-obese, BMI < 30; obese, BMI ≥ 30

Sleep apnea p-value

Total Low risk High risk

(100%) n = 345 (87.6%) n = 49 (12.4%)

WHR1, n (%)
  Low 89 (25.3) 86 (27.9) 3 (6.8) 0.003
  High 263 (74.7) 222 (72.1) 41 (93.2)
  WHR, mean (SE) 0.902 (0.003) 0.898 (0.003) 0.928 (0.008) 0.003

Obesity, n (%)
  Non-obese 369 (93.7) 326 (94.5) 43 (87.8) 0.070
  Obese 25 (6.4) 19 (5.5) 6 (12.2)
  BMI, mean (SE) 24.6 (0.2) 24.5 (0.2) 25.4 (0.6) 0.110
  Age, mean (SE) 58.4 (0.3) 58.3 (0.3) 58.8 (0.9) 0.580

Sex, n (%)
  Male 186 (47.2) 155 (44.9) 31 (63.3) 0.016
  Female 208 (52.8) 190 (55.1) 18 (36.7)

Asian subgroup, n (%)
  Chinese 194 (49.2) 174 (50.4) 20 (40.8) 0.208
  Korean 200 (50.8) 171 (49.6) 29 (59.2)

Marital status, n (%)
  Married or living with a partner 336 (85.3) 295 (85.5) 41 (83.7) 0.735
  Not currently married 58 (14.7) 50 (14.5) 8 (16.3)

Education, n (%)
   < HS 42 (10.7) 35 (10.1) 7 (14.3) 0.230
  HS grad/GED 88 (22.3) 78 (22.6) 10 (20.4)
  Some college/vocational school 67 (17.0) 57 (16.5) 10 (20.4)
  College grad 101 (25.6) 85 (24.6) 16 (32.7)
  College +  96 (24.4) 90 (26.1) 6 (12.2)

Income, n (%)
   < $20 61 (15.5) 51 (14.8) 10 (20.4) 0.616
  $20 K–39,999 61 (15.5) 55 (15.9) 6 (12.2)
  $40 K–59,999 84 (21.3) 72 (20.9) 12 (24.5)
   > $60 K 188 (47.7) 167 (48.4) 21 (42.9)

Employment, n (%)
  Full-time 229 (58.1) 200 (58.0) 29 (59.2) 0.683
  Part-time 81 (20.6) 73 (21.2) 8 (16.3)
  Not employed 84 (21.3) 72 (20.9) 12 (24.5)
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high WHR. Specifically, individuals with a high risk of sleep 
apnea were more likely to have unhealthy WHR compared 
to those with a low risk of sleep apnea. These associations 
were evident in unadjusted models and in models adjusted 
for demographic and socio-economic variables that could be 

potential confounders. Second, we also found that individuals 
in the high risk of sleep apnea group may be more likely to 
be obese than those in the low-risk group, but the 95% con-
fidence intervals were too wide to draw conclusions for both 
regular and Asian BMI cutoff values.

Table 2   Poisson regression 
analysis: association between 
sleep apnea and high waist-to-
hip ratio (n = 352)

† p < 0.10; *p < 0.05; **p < 0.01
Model 1: sleep apnea
Model 2: model 1 + age, sex, Asian subgroup, marital status
Model 3: model 2 + education, household income, employment status
PR, prevalence ratio; CI, confidence interval
low, WHR < 0.9 for men, WHR < 0.85 for women; high, WHR ≥ 0.9 for men, WHR ≥ 0.85 for women

Model 1 Model 2 Model 3
PR (95% CI) PR (95% CI) PR (95% CI)

High risk of sleep apnea (ref: low risk) 1.29** 1.29** 1.31**
(1.16–1.44) (1.16–1.45) (1.17–1.47)

Age 1.01* 1.01
(1.00–1.02) (1.00–1.02)

Sex (ref: male)
Female 1.10 1.10

(0.97–1.24) (0.96–1.26)
Asian subgroup (ref: Korean)
Chinese 0.93 0.90

(0.82–1.06) (0.79–1.02)
Marital status (ref: married/cohabit)
Not currently married 0.90 0.88

(0.74–1.08) (0.73–1.07)
Education (ref: graduate/professional)
 < HS 1.06

(0.86–1.31)
HS graduate/GED 1.01

(0.82–1.23)
Some college/vocational school 1.08

(0.90–1.30)
College grad 0.92

(0.76–1.12)
Household income (ref: > $60 K)
 < $20 0.99
$20 K-39,999 (0.81–1.20)

1.06
$40 K-59,999 (0.91–1.25)

0.88
(0.74–1.05)

Employment status (ref: full-time)
Part-time 0.99

(0.85–1.16)
Not employed 1.02

(0.87–1.21)
Constant 0.72** 0.39** 0.45*

(0.67–0.77) (0.22–0.69) (0.23–0.88)
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Our findings are consistent with previous studies in 
Asian countries. In a representative adult cohort in Korea 
(n = 838), individuals with sleep apnea had higher waist 
circumference and abdominal visceral fat measured by 
CT scanning compared to individuals without sleep 
apnea [28]. In that study, the association between sleep 

apnea and visceral fat remained, even after adjusting for 
BMI and other covariates. Similar to our current analy-
sis, a case–control study in China (n = 120) demonstrated 
through logistic regression analysis that participants with 
sleep-disordered breathing had significantly higher waist 
circumferences but not significantly greater BMI compared 

Table 3   Poisson regression 
analysis: association between 
sleep apnea and obesity 
(n = 394)

† p < 0.10; *p < 0.05; **p < 0.01
Model 1: sleep apnea
Model 2: model 1 + age, sex, Asian subgroup, marital status
Model 3: model 2 + education, household income, employment status
PR, prevalence ratio; CI, confidence interval
Non-obese, BMI < 30; obese, BMI ≥ 30

Model 1 Model 2 Model 3
PR (95% CI) PR (95% CI) PR (95% CI)

High risk of sleep apnea (ref: low risk) 2.22† 2.19† 2.19†
(0.93–5.30) (0.91–5.23) (0.90–5.32)

Age 1.01 1.00
(0.94–1.08) (0.93–1.08)

Sex (ref: male)
Female 0.67 0.59

(0.30–1.49) (0.27–1.33)
Asian subgroup (ref: Korean)
Chinese 1.65 1.82

(0.74–3.68) (0.80–4.13)
Marital status (ref: married/cohabit)
Not currently married 0.55 0.59

(0.13–2.29) (0.13–2.62)
Education (ref: graduate/professional)
 < HS 0.53

(0.11–2.61)
HS graduate/GED 1.09

(0.34–3.45)
Some college/vocational school 0.70

(0.18–2.67)
College grad 0.86

(0.30–2.44)
Household income (ref: > $60 K)
 < $20 1.27

(0.30–5.43)
$20 K-39,999 1.71

(0.50–5.90)
$40 K-59,999 2.43†

(0.92–6.40)
Employment status (ref: full-time)
Part-time 0.91

(0.29–2.93)
Not employed 1.55

(0.65–3.68)
Constant 0.06** 0.03 0.04

(0.04–0.09) (0.00–2.00) (0.00–4.48)
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to those without sleep-disordered breathing, after account-
ing for control variables [31]. Our current study of Chinese 
and Korean Americans builds on this literature conducted 
in China and Korea to demonstrate that the association 
between sleep apnea risk and WHR appeared to be more 
precise and stronger than the association between sleep 
apnea risk and obesity measured using BMI. Altogether, 
these findings indicate that for Chinese and Korean Ameri-
cans, abdominal obesity may be a better indicator of poor 
health than obesity measured using BMI. This is confirmed 
by other studies that show that Asian Americans tend to 
carry more visceral fat around their abdomen than non-
Hispanic Whites Canadians of European origin [19, 44]. 
Furthermore, studies have found that Asian Americans 
tend to have more chronic diseases associated with high 
abdominal obesity measured using WHR as compared to 
obesity measured using BMI [45].

Overall, our findings align with growing evidence that 
sleep apnea has a pathophysiologic mechanism linked to 
high WHR and obesity. Sleep apnea increases sleep dep-
rivation, daytime somnolence, and disrupted metabolism 
[11, 46]. Some studies have revealed that individuals with 
sleep apnea have gained weight in the year preceding the 
diagnosis and have higher levels of leptin—a hormone 
that helps in inhibiting hunger when the body does not 
need energy—than expected based on their percentage of 
body fat [47, 48], compared to similarly obese controls. 
These findings indicate that sleep apnea is associated 
with higher resistance to the weight-reducing effects of 
leptin [11]. Additionally, intervention studies have found 
that treatment of sleep apnea led to decreases in levels of 
ghrelin—a hormone that stimulates hunger and increases 
fat storage [49, 50]—which could decrease food intake 
and result in lowering overall body fat [51, 52]. Emerging 
findings also indicated a correlation between abdominal 
obesity and tongue fat, which may play a role in obstructive 
sleep apnea pathogenesis [22]. Furthermore, sleep apnea 
may result in behavioral changes due to daytime somno-
lence [46], including a reduction of physical activity and 
an increase in unhealthy eating habits [11]. Studies have 
found associations between increased sleep apnea severity 
and decreases in objectively measured as well as in self-
reported physical activity [12, 53].

Our study has some limitations. First, we assessed the 
risk of sleep apnea using self-reports of the Berlin ques-
tionnaire. Although the Berlin questionnaire has been eval-
uated as a valid clinical screening test and epidemiological 
tool to identify people with a risk of sleep apnea [37–40], it 
does not indicate a clinical diagnosis of sleep apnea. Sec-
ond, we used self-reported weight and height to calculate 
BMI for 45 of the original 400 participants who completed 
a phone-based survey due to the onset of the COVID-19 
pandemic, which may lead to some reporting bias. Third, 

the cross-sectional study design did not enable us to exam-
ine temporal ordering or causal mechanisms between sleep 
apnea risk and WHR and obesity. Fourth, although we 
adjusted for several socio-demographic covariates, there 
is a possibility of unmeasured confounding, which could 
distort the associations. Finally, the study was limited to 
Chinese and Korean Americans aged 50 to 75 years living 
in the Washington D.C. Metropolitan area. Thus, our find-
ings may not be generalizable to Asian Americans outside 
of this age range, with origins from Asian countries other 
than China and Korea, or who live elsewhere in the USA.

Despite these limitations, our findings have important 
implications. First, we found that Chinese and Korean 
Americans ages 50 to 75 years with a high risk of sleep 
apnea were more likely to have high abdominal obesity. 
The association between sleep apnea risk with WHR 
appeared to be stronger than the association between sleep 
apnea risk with obesity. Healthcare providers should be 
aware that solely focusing on BMI may lead to an under-
estimation of the consequence of sleep apnea risk among 
older Chinese and Korean Americans. Second, our study 
suggests a possible mechanism for the increased incidence 
of cardiovascular disease in Chinese and Korean Ameri-
cans ages 50 to 75 years with sleep apnea [28]. Recent 
evidence indicates that the increased prevalence of obesity 
and cardiovascular diseases in the US adult population has 
been catalyzed and compounded by the increased occur-
rence of sleep apnea, but previous studies did not include 
large enough samples of Asian Americans to determine 
whether this pattern is true for this population [54, 55]. 
With a prospective study design, future research on this 
topic should use objective measurements to examine the 
associations between sleep apnea risk, WHR, obesity, 
and subsequent cardiovascular disease among Asian sub-
groups across various ages to provide richer information 
and greater generalizability.

Physicians, nurses, and mid-level providers should 
understand that sleep apnea can contribute to abdominal 
obesity, which may be a better indicator of poor health 
than obesity measured using BMI for Chinese and Korean 
American patients. Medical professionals may provide 
their Asian American patients with education about the 
causes, symptoms, and consequences of sleep apnea as well 
as abdominal obesity prevention. Future public health and 
policy interventions should address how Asian Americans 
have been underdiagnosed and undertreated for sleep apnea 
[56]. These interventions may take into consideration these 
findings to monitor abdominal obesity when identifying 
and treating East Asian patients for sleep apnea, including 
when physicians and other healthcare providers prescribe 
effective treatments such as nasal continuous positive air-
way pressure (CPAP) [56].
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Appendix

Table 4

Table 4   Poisson regression 
analysis: association between 
sleep apnea and obesity using 
Asian BMI (n = 394)

† p < 0.10; *p < 0.05; **p < 0.01
Model 1: sleep apnea
Model 2: model 1 + age, sex, Asian subgroup, marital status
Model 3: model 2 + education, household income, employment status
PR, prevalence ratio; CI, confidence interval
Non-obese: BMI < 27; obese: BMI ≥ 27

Model 1 Model 2 Model 3
PR (95% CI) PR (95% CI) PR (95% CI)

High risk of sleep apnea (ref: low risk) 1.37 1.26 1.27
(0.84–2.23) (0.78–2.03) (0.80–2.04)

Age 1.00 1.00
(0.97–1.03) (0.96–1.04)

Sex (ref: male)
Female 0.60* 0.58**

(0.40–0.89) (0.38–0.87)
Asian subgroup (ref: Korean)
Chinese 0.83 0.82

(0.56–1.23) (0.53–1.28)
Marital status (ref: married/cohabit)
Not currently married 0.57 0.56

(0.28–1.16) (0.28–1.14)
Education (ref: Graduate/Professional)
 < HS 1.08

(0.54–2.18)
HS graduate/GED 1.50

(0.86–2.61)
Some college/vocational school 1.14

(0.61–2.16)
College grad 0.99

(0.56–1.76)
Household income (ref: > $60 K)
 < $20 0.78

(0.40–1.54)
$20 K-39,999 1.11

(0.65–1.89)
$40 K-59,999 0.81

(0.49–1.36)
Employment status (ref: full-time)
Part-time 0.90

(0.51–1.58)
Not employed 1.05

(0.60–1.83)
Constant 0.21** 0.29 0.28

(0.17–0.26) (0.04–1.92) (0.03–2.79)
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