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Abstract

Study objectives: While sleep apnea has been associated with cardiovascular disease (CVD)
risk factors in white individuals in the U.S., these associations in Chinese and Korean Americans
are less well-understood, particularly how these associations vary by age, gender, Asian origin,
obesity, chronic conditions, and daytime sleepiness.

Methods: We used a sample of Chinese and Korean Americans ages 50-75 (7= 394) from the
Baltimore-Washington DC Metropolitan Area to examine the associations of high risk (HR) sleep
apnea with diagnoseable hypercholesterolemia and diabetes, as well as the following biomarkers:
total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), total cholesterol/HDL-C ratio, triglycerides, and glucose (non-fasting). Poisson models
included demographic factors, socioeconomic status, and body mass index (BMI). We tested for
potential effect modifiers.

Results: HR-sleep apnea was associated with higher LDL-C level (8= 14.56, p< 0.05) and
higher total cholesterol/HDL ratio (8= 0.64, p< 0.01). Younger respondents had higher levels

of triglycerides associated with HR-sleep apnea than older respondents. For men, HR-sleep apnea
was associated with higher total cholesterol, total cholesterol/HDL-C ratio, and triglycerides.
Obese and overweight respondents had positive associations between HR-sleep apnea and total
cholesterol, total cholesterol/HDL ratio, and triglycerides, while underweight/normal weight
individuals did not. The interactions between snoring and daytime sleepiness were associated
with hypercholesterolemia and diabetes.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Conclusions: This study demonstrates associations between sleep apnea risk and dyslipidemia
among Chinese and Korean Americans. Associations were particularly pronounced among
younger, male, overweight/obese, and sicker individuals. Future research should examine how
to improve sleep health in Asian American populations to improve CVD risk.

Keywords

Sleep apnea; Cardiovascular disease; Hypercholesterolemia; Diabetes; Cholesterol; Asian
Americans

1. Introduction

Left untreated, obstructive sleep apnea—defined as the repeated col-lapse of the upper
airway during sleep which induces disruptions to breathing and, often times, arousal

from sleep—increases risk of cardiovascular disease (CVVD) morbidity and mortality [1,
2]. Past longitudinal research shows that sleep apnea increases incidence of coronary
disease, stroke, and heart failure [3, 4]. The pathways linking sleep apnea to CVD include
increasing oxidative stress and inflammation [5, 6]. Furthermore, sleep apnea is associated
with metabolic syndrome and insulin resistance, which also heighten risk of end-stage
CVD [2, 5]. Epidemiological studies have demonstrated that sleep apnea increases risk of
dyslipidemia and hyperglycemia. [7-12] This research overall indicates the importance of
intervening to treat sleep apnea as a means of preventing CVD in the population [2, 3, 5].

While the links between sleep apnea and CVD risk have been demonstrated previously, most
of these studies were conducted with samples of white populations of European descent
[7-9], and very few studies have examined these associations for Asian Americans. Asian
Americans are often not viewed as having CVD disparities, with age-adjusted prevalence
of all heart diseases among Asian American adults being lower (4.4%) compared to
non-Hispanic white Americans (5.8%) [13]. In addition, Asian Americans overall have
lower rates of overweight and obesity—a risk factor of both sleep apnea and CVD [14].
Nevertheless, heart disease and stroke remain the second and third leading causes of death
among Asian Americans [15]. More detailed mortality data reveal important cardiovascular
health disparities: mortality rates for hypertensive disease and CVD are proportionately
higher for Asian Americans compared to non-Hispanic white Americans [16]. Furthermore,
Asian Americans are 40% more likely to be diagnosed with diabetes compared to white
Americans [17], with certain origin groups such as Koreans being diagnosed with diabetes
at earlier ages [18]. Research finds that Asian Americans start to have metabolic problems
—including higher blood sugar, higher blood pressure, and abnormal cholesterol and
triglyceride levels—at lower body mass indices (BMIs) compared to other populations,
highlighting the importance of addressing CVD risk for Asian Americans who may not be
considered overweight or obese according to the standard BMI cut-off points commonly
used in the United States (U.S.) [19]. Research on Asian American health usually combines
all people of Asian descent together, but it is important to note that Asian Americans are
extremely diverse with various countries of origin, histories of immigration, and health
behavior practices. More research is needed to highlight the unique health needs of specific
Asian groups.
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Although studies on sleep among Asian American groups are limited, initial evidence

show that they experience sleep disparities as well. Population research combining Asian
Americans together shows that they have overall shorter mean sleep duration than white
Americans [20]. Furthermore, one study reported greater odds of daytime sleepiness among
Chinese American men compared to white men [21]. Evidence indicates Asian Americans
as a whole have higher risk of sleep apnea compared to white Americans [22], with Chinese
men in particular experiencing higher rates of sleep apnea compared to white men, adjusting
for age and BMI [21, 23]. Chen et al. (2016) found that compared to white, Black, and
Hispanic individuals, Chinese individuals had the strongest association between BMI and
sleep disordered breathing, and this association was more pronounced among women and
younger (< 67 years-old) Chinese people [24]. In fact, for every increment of higher

BMI, Chinese participants experienced an increase in sleep disordered breathing score at

a rate almost double that of white, Black, and Hispanic participants. So far, there has not
been research on sleep health for other Asian origin groups in the U.S. besides Chinese
Americans.

Preliminary research shows that Chinese Americans are at risk for sleep apnea [21-23],
and other research demonstrates Asian Americans are at high risk of CVD, hypertension,
and diabetes [16, 18, 19], no study to date has examined the associations between sleep
apnea and CVD risk among Asian Americans. This study fills this gap by examing these
associations for Chinese and Korean Americans, the two largest East Asian populations in
the U.S. [25]. Some studies have found sleep apnea to be associated with higher rates of
hypercholesterolemia, dyslipidemia, metabolic syndrome, and diabetes in Asian countries
such as China and Taiwan [26-28], but studies of Chinese and Korean populations in the
U.S. are lacking. It is possible that associations between sleep apnea and CVD among
Chinese and Korean Americans are different than in other populations due to higher risk of
both conditions at lower BMIs. Furthermore, as 62% and 59% of Chinese and Korean
Americans, respectively, were born outside of the U.S., they likely experience unique
stressors including occupational/economic strain, limited healthcare access, and cultural/
language barriers that can subsequently impact both sleep and CVD risk. Multi-ethnic
samples in the U.S. that include white, Black, and Native American participants have
demonstrated associations between sleep apnea and CVD risk factors [10, 11]. However,
these studies did not have sufficient sample sizes to examine Asian Americans separately.
Only one multi-ethnic study examining the associations between sleep apnea and glucose
level included only Chinese Americans, but this study found no statistically significant
associations for this Asian American subgroup [29]. Therefore, more research is needed to
clarify the potential association between sleep apnea and CVD, which will inform whether
treating sleep apnea among Chinese and Korean Americans would be an appropriate
intervention to decrease risk of CVD and diabetes. If so, which Chinese and Korean
American patients may benefit most from intervention with regards to age, gender, and
other comorbidities?

To address this gap in the literature, our study examines the associations between risk

of sleep apnea and CVD in a sample of Chinese and Korean American adults. First,

we test whether risk of sleep apnea is associated with diagnoseable hypercholesterolemia
and diabetes, as well as with several biomarkers of metabolic abnormalities linked to
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CVD risk (total cholesterol, low-density lipoprotein cholesterol [LDL-C], high-density
lipoprotein cholesterol [HDL-C], total cholesterol-to-HDL-C [total cholesterol/HDL-C]
ratio, triglycerides, and glucose). Second, we test whether these associations between sleep
apnea and metabolic abnormalities are moderated by age, gender, Asian origin group,
obesity, and number of chronic conditions [10, 26, 27]. Third, we examine whether the
associations between snoring (a prominent indicator of sleep apnea) and CVD varies by
daytime sleepiness [30, 31]. The results of the current study will determine whether there

is a greater risk of CVD among Chinese and Korean Americans at high risk of sleep apnea
and will further identify which segments of Chinese and Korean American populations may
benefit most from intervention to decrease future CVD risk.

2. Methods

2.1. Sample

We used data from a randomized controlled trial to increase colorectal cancer screening
among Chinese and Korean Americans. Study participants were between the ages of 50

and 75 living in the Baltimore-Washington DC Metropolitan Area, and they were recruited
from primary care physicians’ clinics in Maryland and Northern Virginia. The baseline
survey data were collected from August 2018 to June 2020. After signing informed consent
forms, 400 participants (200 Chinese and 200 Korean Americans) completed the survey
either in-person or by phone in their preferred language (Mandarin, Korean, or English).
Eighty-nine percent of the participants (155 Chinese and 200 Korean Americans) completed
a self-administered questionnaire in-person, while 11% 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
University of California, Irvine and the University of Maryland, College Park.

We have different analytic samples depending on measure. For the 355 participants who
completed the in-person baseline survey, anthropometric measurements (e.g., height and
weight) and blood samples were collected by trained research assistants. Two out of

these 355 participants refused to provide their weight and height. For the 45 participants
who completed phone surveys, self-reported weight and height were collected during the
6-month follow-up phone survey, and four out of these 45 participants refused to provide
their weight and height. Thus, our first analytic sample was 7= 394 (excluding six
participants without weight and height information). The second analytic sample was based
on biomarker measurements (total cholesterol, LDL-C, HDL-C, total cholesterol/HDL-C
ratio, triglycerides, and glucose) from random blood samples. Study participants were not
required to fast prior to blood sample collection, which occurred anytime between mid-
morning to afternoon. Information on biomarker measurements were not available for the
45 people who completed a phone survey and could not provide blood samples. For the 355
people who completed an in-person survey, 25 participants refused to participate in blood
sample collection, and two participants had missing values for LDL-C and triglycerides due
to machine errors. Therefore, the analytic sample for biomarker measurement outcomes was
n=328.

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.
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2.2. Dependent variables

As dependent variables, we used six biomarker measurements of CVD risk (total
cholesterol, LDL-C, HDL-C, total cholesterol/HDL ratio, triglycerides, and glucose) and
two chronic conditions (hypercholesterolemia and diabetes). The biomarker measurements
were based on objective measurement from blood samples. A blood measuring device—
CardioChek Analyzer, Polymer Technology Systems, Inc.—was used to estimate total
cholesterol, LDL-C, HDL-C, triglycerides, and glucose. This device has been shown to
meet the accuracy guidelines established by the National Cholesterol Education Program of
the National Institutes of Health in published research and has been used in several other
studies [32, 33]. The lowest possible cholesterol level reading was 100 mg/dL, and the
highest possible triglyceride level reading was 500 mg/dL. We had five participants who
had total cholesterol values of 100 mg/dL and nine participants who had triglycerides values
of 500 mg/dL. We used total cholesterol, LDL-C, HDL-C, total cholesterol/HDL-C ratio,
triglycerides, and glucose as continuous variables.

Hypercholesterolemia and diabetes were based on a combination of objective biomarker
measurement and two self-reported variables on diagnosis by a doctor or other healthcare
professional (in the past year and ever) and medication usage. Hypercholesterolemia was
defined as having one or more of the following: total cholesterol measurement = 240 mg/dL
[34], self-report of currently taking anti-hypercholesterolemia medication, or self-report of
having been diagnosed with high cholesterol by a doctor or other healthcare professional

in the past year or ever. Diabetes was defined as having one or more of the following:
random glucose measurement = 200 mg/dL [35], self-report of currently taking anti-diabetes
medication, or self-report of having been diagnosed with diabetes by a doctor or other
healthcare professional in the past year or ever. Both hypercholesterolemia and diabetes
were used as binary variables in the analyses. As self-reported information on diagnosis and
medication usage were collected for all participants, analyses for hypercholesterolemia and
diabetes outcomes had larger sample size (7= 394) compared to the analyses for biomarker
measurement outcomes (7 = 328).

2.3. Sleep apnea risk

To identify the risk of having sleep apnea, we used the Berlin questionnaire—a valid clinical
screening test and epidemiological tool to identify people with sleep apnea [36]. As the
Berlin sleep apnea scale includes questions about obesity, which is one of the independent
variables of interest in this study, we used a modified high-risk (HR) sleep apnea score that
excluded obesity [37]. Three subcategories were used from the questionnaire: Subcategory
1, snoring, provided a positive score when snoring intensity was “louder than talking
and/or snoring frequency was “3-4 times a week ” or “almost every day ”’; Subcategory

2, breathing pauses (anyone noticing you stop breathing during sleep) provided a positive
score when the response was “3-4 times a week ” or “almost every day ”; and Subcategory
3, sleepiness (feeling tired or fatigued in the morning and/or daytime) provided a positive
score when the response was “3-4 times a week ” or “almost every day. ” Participants were
classified as HR-sleep apnea when they scored positive on two or more subcategories, and
the participants who did not score positive in any or only one subcategory were categorized
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as low-risk (LR)-sleep apnea. The risk of having sleep apnea was used as a binary variable
(HR-sleep apnea or LR-sleep apnea) in the analysis.

2.4. Covariates

Sociodemographic characteristics included age, gender, Asian origin group, marital status,
education, household income, employment status, and health insurance based on self-report
in the survey. Age was used as a continuous variable in years, gender was classified as
male and female, and Asian origin group was categorized as Chinese and Korean. Marital
status was used as a binary variable: married/cohabiting and not currently married. We
classified education into five categories: less than high school, high school graduate or
GED, business/vocational school/some college, college graduate, and attended graduate/
professional school. We categorized household income into six categories: < $20,000,
$20,000-$39,999, $40,000-$59,999, $60,000-$79,999, $80,000-$99,999, and = $100,000.
Employment status was categorized as full time, part time, and not employed. Health
insurance was classified as private health insurance, Medicare/Medicaid, and no health
insurance. Continuous BMI was also included as a control variable, as it may be associated
with both sleep apnea and CVD risk factors.

Potential effect modifiers included age, gender, Asian origin, obesity, number of chronic
conditions, and daytime sleepiness. When testing age as a potential effect modifier, we
dichotomized the variable by median age (< 58 years-old or = 58 years-old). Obesity

was a three-category variable determined using cut-off points for BMI that are specific

for Asian populations: underweight/normal (< 23 kg/m?), over-weight (23-26.9 kg/m?), or
obese (= 27 kg/m?) [38, 39]. Number of chronic conditions was determined by counting
the number of positive responses when participants were asked whether or not they had
been told by a doctor in the past year that they had any of the following nine conditions:
high blood pressure, high cholesterol, heart attack, cancer, stroke, diabetes, anxiety or
depression, breathing problems such as asthma or emphysema, and any other health
problems. This variable was dichotomized at the median of one (> 1 chronic condition, or £
1 chronic condition). Daytime sleepiness was determined from subcategory 3 of the Berlin
questionnaire and used as a dichotomous variable (no sleepiness or positive sleepiness).

2.5. Statistical analysis

First, we conducted descriptive analysis for the sample overall and stratified by the risk

of sleep apnea. We calculated the mean and standard error for all continuous variables

and reported frequencies and percentages for all categorical variables. To compare the
differences between origin groups, we conducted two sample t-tests for continuous variables
and chi-square tests for categorical variables. Second, we used Poisson regression models
with robust error variance to estimate associations between sleep apnea risk and chronic
conditions (hypercholesterolemia and diabetes) and linear regression models to estimate
associations between sleep apnea risk and biomarker measurements (total cholesterol, LDL-
C, HDL-C, total cholesterol/HDL-C ratio, triglycerides, and glucose). Three regression
models were conducted for each outcome. Model 1 included sleep apnea risk, age, and
gender as independent variables. Model 2 added Asian origin, marital status, education,
household income, employment status, and health insurance to Model 1. Model 3 added

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.
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continuous BMI to Model 2. Then we tested age, gender, Asian origin, obesity, and number
of chronic conditions as potential effect modifiers of the associations between sleep apnea
risk and the outcomes, accounting for covariates of Model 2 and Model 3. We conducted
stratified analyses by the effect modifiers if the p-values of effect modifications were less
than 0.05. Finally, to capture a potentially more severe sleep apnea subtype associated with
excessive daytime sleepiness, we conducted stratified analyses by sleepiness (subcategory 3
of sleep apnea risk) to estimate the associations between snoring (subcategory 1 of the sleep
apnea risk) and all dependent variables, accounting for covariates in Model 2 and Model 3.
All statistical analyses were computed using SAS, version 9.4.

3. Results

Table 1 presents the characteristics of the participants. Of the 394 participants, 345 (87.6%)
were classified as LR-sleep apnea, while 49 (12.4%) were classified as HR-sleep apnea.
There were statistically significant differences between the two sleep apnea groups by
gender, HDL-C, total cholesterol/HDL-C ratio, and triglycerides. Individuals with a HR-
sleep apnea were more likely to be male (63.3%) relative to those with a LR-sleep apnea
(male: 44.9%). Respondents with HR-sleep apnea had significantly lower HDL-C (49.0
mg/dL), higher total cholesterol/HDL-C ratio (4.2), and higher triglycerides (229.2 mg/dL)
as compared to respondents with LR-sleep apnea (HDL-C: 54.7 mg/dL, total cholesterol/
HDL-C ratio: 3.5, triglycerides: 193.1 mg/dL).

Table 2 displays the results of Poisson regression models to estimate associations between
sleep apnea risk, hypercholesterolemia, and diabetes. The prevalence ratios (PRs) and 95%
confidence intervals (CI) are reported. Having HR-sleep apnea was positively associated
with having hypercholesterolemia in Model 1 (p < 0.05). Participants with HR-sleep

apnea were at 1.28 (95% CI: 1.00-1.62) times greater risk of having hypercholesterolemia
compared to those with LR-sleep apnea, accounting for age and gender in Model 1.

The significance was attenuated in Model 2 and Model 3 with further adjustment for

Asian origin, marital status, socioeconomic status, health insurance, and BMI. Among the
covariates, age (aPR: 1.03, 95% CI: 1.01-1.05, p< 0.01) and BMI (aPR: 1.04, 95% CI:
1.02-1.07, p< 0.01) were positively associated with having hypercholesterolemia. Having
HR-sleep apnea was positively associated with having diabetes in Model 1 (aPR: 1.47, 95%
Cl: 0.94-2.31, p<0.1). The association remained similar in Model 2, but the association
was slightly attenuated when BMI was further adjusted in Model 3 (aPR: 1.44, 95% ClI:
0.90-2.31, p>0.1). Chinese participants were slightly less likely to have diabetes than
Korean participants in Model 2 (aPR: 0.68, 95% CI: 0.43-1.06, p < 0.1), but this association
was attenuated after accounting for BMI in Model 3. Among the covariates in Model 3, age
(aPR: 1.06, 95% CI: 1.02-1.09, p < 0.01), working part time relative to working full time
(aPR: 1.62, 95% Cl: 1.04-2.51, p< 0.05), and BMI (aPR: 1.05, 95% CI: 1.00-1.10, p<
0.05) were positively associated with having diabetes.

Table 3 shows the results of linear regression models to estimate associations between sleep
apnea risk and biomarkers, adjusting for covariates. Participants with HR-sleep apnea had
significantly higher LDL-C and total cholesterol/HDL-C ratio, which was robust to the
adjustment for all covariates in Model 3. When all covariates were adjusted for, HR-sleep
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apnea was associated with higher level of LDL-C by an average of 14.56 mg/dL (p <
0.05), while it was associated with higher total cholesterol/HDL-C ratio by 0.64 (p< 0.01).
Additionally, individuals with HR-sleep apnea were more likely to have lower HDL-C by
3.99 (p< 0.1) and higher triglycerides by 30.32 mg/dL (v < 0.1) compared to those with
LR-sleep apnea in Model 2. However, these associations were attenuated when BMI was
included in Model 3. We did not find any significant associations between HR-sleep apnea
and total cholesterol and glucose, although trends suggest a positive association.

We tested age, gender, Asian origin, obesity, and number of chronic conditions as potential
effect modifiers of the association between sleep apnea risk and CVD risk factors. The
stratified analyses of the effect modifications with p-values less than 0.05 are presented

in Table 4. Age was a significant modifier of the association between sleep apnea and
triglycerides. Younger participants (age < 58) with HR-sleep apnea had a higher level of
triglycerides by 77.73 mg/dL (p < 0.01), while the association between sleep apnea risk and
triglycerides was not significant among older participants (age = 58). Gender and obesity
were significant modifiers for three outcomes: total cholesterol, total cholesterol/HDL-C
ratio, and triglycerides. Men with HR-sleep apnea had higher levels of total cholesterol,
total cholesterol/HDL-C ratio, and triglycerides compared to those with LR-sleep apnea

by an average of 25.50 mg/dL (p < 0.05), 1.07 (p< 0.01), and 51.56 mg/dL (o < 0.05),
respectively. The associations between sleep apnea risk score and these three outcomes were
not significant among women. Models stratified by obesity indicate that obese participants
with HR-sleep apnea had 45.68 mg/dL higher total cholesterol (o < 0.05), while sleep apnea
was not strongly associated with total cholesterol for underweight/normal or overweight
people. Overweight individuals had 1.36 higher total cholesterol/HDL-C ratio and 81.64
mg/dL higher triglycerides (p < 0.01) when they had HR-sleep apnea compared to LR-sleep
apnea. However, we did not find any significant associations between sleep apnea risk and
these two outcomes for individuals who were underweight/normal or obese. The number

of chronic conditions was significant modifier of sleep apnea for three outcomes: total
cholesterol, LDL-C, and total cholesterol/HDL-C ratio. For participants with more than one
chronic condition, HR-sleep apnea was associated with higher level of total cholesterol,
LDL-C, and total cholesterol/HDL-C ratio by an average of 38.28 mg/dL, 46.58 mg/dL,
and 1.00, respectively (p < 0.01). The associations between sleep apnea risk and the three
outcomes were not significant among those with zero or only one chronic condition.

Table 5a shows the results of Poisson regression models to estimate associations between
snoring, hypercholesterolemia, and diabetes, stratified by sleepiness. Among individuals
without sleepiness, those with positive snoring were at 1.46 (95% CI: 1.15-1.84) and 1.39
(95% CI: 1.09-1.79) times greater risk of having hypercholesterolemia in Models 2 and 3,
compared to those without snoring (p < 0.01). However, the association between snoring
and hypercholesterolemia was not significant among participants with positive sleepiness.
Among individuals with positive sleepiness, positive snoring was associated with greater
risk of having diabetes (Model 2: PR: 2.06, CI: 1.08-3.93, p < 0.05; Model 3: PR: 2.05, ClI:
1.07-3.91, p< 0.05). For those without sleepiness, there was not a significant association
between positive snoring and diabetes (Model 3: PR: 0.65, Cl: 0.39-1.08, p< 0.1).

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.
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Table 5b displays the results of linear regression models to estimate associations between
snoring and biomarkers stratified by sleepiness. Among participants without sleepiness,
those with positive snoring had lower HDL-C level by 5.28 mg/dL in Model 2 (p< 0.01)
compared to those without snoring, but the association decreased after further adjustment for
BMI in Model 3 (8= -3.64, p< 0.1). The association between snoring and HDL-C was not
significant for those with positive sleepiness. Individuals with positive snoring had higher
total cholesterol/HDL-C ratio (p < 0.05) in Model 2, no matter what sleepiness status they
were, but the association was stronger for those with positive sleepiness (positive sleepiness:
B=0.86, p<0.05; no sleepiness: g =0.34, p< 0.05). When we further adjusted for BMI

in Model 3, the significance was attenuated for both those with and without sleepiness. In
models stratified by sleepiness, we did not find any significant associations between snoring
and total cholesterol, LDL-C, triglycerides, and glucose at p < 0.05.

Asian origin was not a significant effect modifier in any of the analyses.

4. Discussion

In this paper, we examined the associations between sleep apnea and CVD risk among
Chinese and Korean Americans across multiple metabolic parameters. Our study suggests
that overall Chinese and Korean Americans at high risk of sleep apnea have a higher
burden of metabolic abnormalities than those at low risk of sleep apnea, with the
strongest associations found among younger (< 58 years-old), men, overweight or obese
individuals, and among people with existing chronic conditions. Associations also varied
by the interaction between snoring and daytime sleepiness. This is the first study to our
knowledge to demonstrate these associations with a sufficient sample for Asian American
subpopulations.

We found evidence of sleep apnea among Chinese and Korean Americans being associated
with dyslipedemia in the sample overall. Adjusting for age and gender, Chinese and Korean
Americans at high risk of sleep apnea were at elevated risk of hypercholesterolemia.
Although this association was attenuated after including BMI in the regression model,

the trend suggests that people at high risk of sleep apnea may have 22% greater risk

of hypercholesterolemia than those with low risk of sleep apnea, accounting for all else.
Furthermore, we found that high risk of sleep apnea was strongly associated with higher
LDL-C and total cholesterol/HDL ratio, even after adjustment for demographic factors,
socioeconomic status, and BMI. These findings indicate greater risk for CVD associated
with sleep apnea taken from reliable measures from random blood samples. Our results
confirm prior studies showing strong associations between sleep apnea and higher levels of
LDL-C and higher total cholesterol/HDL-C ratio [12, 27]. However, these previous studies
were conducted in samples in China and the United Kingdom, and this is the first study to
show this association among Chinese and Korean Americans.

Chinese and Korean Americans with high risk of sleep apnea may be more likely to have
diabetes. Although the association between high risk of sleep apnea and diagnosed diabetes
was positive, this association was only marginally significant (o < 0.1) when adjusting

for age and gender alone. The association was attenuated after including other covariates.

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.
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Overall, the trend suggests that those at high risk of sleep apnea might have on average

44% greater risk of diabetes, accounting for all else, but these trends should be interpreted
with caution. High risk of sleep apnea did not have a statistically strong association with
random glucose measurement. As with other studies, our current sample may have been
underpowered to demonstrate strong associations between sleep apnea, diabetes, and glucose
[10, 12, 26, 29]. Previous studies have been able to demonstrate associations between sleep
apnea and glucose intolerance [8, 9, 28, 29].

Notably, our study found that the associations between sleep apnea and metabolic
abnormalities were moderated by age, gender, obesity, and number of chronic conditions.
Younger people (< 58 years-old) in our sample had higher levels of triglycerides when they
had high risk of sleep apnea in comparison to those who were older. The apparently stronger
associations in younger compared to older individuals is also consistent with evidence

that associations between sleep apnea and incident coronary heart disease is stronger in
younger individuals [40]. While the reasons for this are not well understood, sleep apnea

in younger individuals may cause greater autonomic nervous system dysfunction, with
secondary effects on inflammation and metabolic abnormalies. Furthermore, our study found
that the associations between high risk of sleep apnea and higher total cholesterol, total
cholesterol/HDL-C ratio, and triglycerides were strong in the positive direction for men, but
not for women. These results coincide with findings by Geovanini et al. (2018) that similarly
found that the associations between sleep apnea and CVD risk factors were stronger among
younger people and men [10]. Stronger associations in men may reflect differences in
underlying sleep apnea endotypes in men and women. Specifically, recent data indicate

that men tend to have longer apneas and hypopneas, which would lead to more profound
oxyhemoglobin desaturation—a key driver for metabolic disturbances and cardiovascular
disease [41, 42].

Stratified analyses also revealed that the association between high risk sleep apnea and
total cholesterol was strongest among obese people (BMI = 27 kg/m?), and the associations
between high risk sleep apnea with total cholesterol/HDL ratio and triglycerides were
strongest among overweight people (BMI 23 to 26.9 kg/m?2). These findings may reflect
the additive or synergistic effects of are similar to other studies in China and Taiwan that
found associations between sleep apnea and cholesterol were greater in higher BMI groups
[26, 27]. Our study is the first to show stronger associations between sleep apnea and total
cholesterol, LDL-C, and total cholesterol/HDL ratio among primarily people with more
than one chronic conditions. In sum, associations between sleep apnea and biomarkers for
CVD risk varied by age and gender. Furthermore, people with high risk of sleep apnea

in combination with other comorbidities, such as overweight/obesity and other chronic
conditions, may be particularly at risk for higher cholesterol levels.

This study further explored a potential interaction between snoring and daytime sleepiness
on CVD risk factors. Excessive daytime sleepiness is a marker of more severe-potentially
more chronic sleep apnea, as well as a marker for potentially elevations in inflammatory
cytokines [43, 44]. Accordingly, excessive daytime sleepiness has been studied as a potential
marker of increased CVD incidence in individuals with sleep apnea [45]. We found that
Chinese and Korean Americans who reported snoring but did not report excessive daytime
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sleepiness had about 40% higher risk of hypercholesterolemia than people who did not
snore. This is in contrast to study by Endeshaw et al. (2013) that found higher incidence

of CVD when participants reported both snoring and daytime sleepiness [31]. However,

our study also found that respondents who were positive for both snoring and daytime
sleepiness were at over two times greater risk for diabetes than those who did not snore.
This finding seems similar to the Endeshaw et al. (2013) study of 70 to 79 year-old Black
and white Americans, as well as findings from Lindberg et al. (2007) in a sample of adult
women in Sweden [30, 31]. Based on our data, it is not clear whether excessive daytime
sleepiness moderates associations between sleep apnea and cardiometabolic abnormalities in
individuals of Chinese or Korean descent.

Our study found similar associations between sleep apnea and CVD risk factors among
people of Chinese compared to those of Korean descent. Many scholars and community
advocates have stressed the importance of disaggregating Asian American data to look

at health differences by group defined by country of origin, due to different contexts of
immigration, socioeconomic indicators, and cultural practices. Although we did not find
significant differencs between Chinese and Korean Americans in the current study, a major
strength of our sample was the ability to explore potential differences by country of origin.

This study has limitations that should be noted. The current analysis is cross-sectional, so
longitudinal studies with follow-up over longer period of time could determine whether
sleep apnea increases risks for CVD and diabetes over the life course. In this study, we
demonstrate associations, but we cannot make causal inferences about the directionality

of sleep apnea with CVD risks and biomarkers. Furthermore, this study was conducted
among Chinese and Korean American immigrants living in the Balitmore-Washington DC
Metropolitan Area. The findings in this study may not be generalizable to Chinese and
Korean American populations outside of this geographic area, nor to other Asian Americans
with origins other than China or Korea. Future studies should examine associations between
sleep and CVD among other subpopulations, as the Asian American grouping is extremely
diverse. Respondents in our sample were between the ages of 50 to 75, so only represent
this older age group. Future sleep studies among Asian Americans should include a broader
range of ages. Blood samples were collected at random, so we could not measure fasting
glucose—a more accurate indicator of diabetes risk. Since respondents were assessed at
different times of the day, it was unfortunately not possible to capture fasting glucose in
this sample. The findings for glucose in our study should be interpreted accordingly. Our
measure of sleep apnea relied on self-reported modified Berlin questionnaire, rather than
objectively measured sleep apnea, which is more ideal. Lastly, 11% of our sample’s data
were collected during the COVID-19 pandemic leading to some missing biomarker data.
Furthermore, prior studies have demonstrated the effect of the COVID-19 pandemic on sleep
health, but the sample size collected for our study during lockdowns was too small to do a
separate analysis of the effect of the pandemic [46, 47].

Nevertheless, the major strength of this study is the ability to examine associations between
sleep and risk factors of CVD and diabetes in a sample of Chinese and Korean Americans,

with surveys conducted in the participants’ preferred language of either Mandarin, Korean,
or English. Notably, the response rate for blood sample collection was quite high in this
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study (93% response rate among in-person participants), especially compared to population-
based studies that also collect blood samples, such as the National Health and Nutrition
Examination Survey (49% final examination response rate in 2017-2018) [48]. This is

an indication of the value of samples collected through engagement with communities to
improve data quality for groups commonly underrepresented in research [49, 50].

These findings demonstrated associations between sleep apnea risk and cardiometabolic
abnormalities among Asian American groups. Health practitioners should recognize the
potential links between sleep and cardiovascular health for their Chinese and Korean
American patients. Future research should examine the efficacy of addressing sleep apnea as
a way to prevent CVD burden in Asian American populations. Efforts to identify and treat
sleep apnea to prevent CVD may especially be beneficial for Chinese and Korean American
patients who are younger, who are men, who have existing chronic conditions, and who

are overweight or obese according to the lower BMI cut-off points suggested for Asian
populations (normal 18.5-22.9 kg/m?, overweight 23-27.5 kg/m?, and obese > 27.5 kg/m?)
[19, 38].
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Linear regression analysis of biomarkers and snoring, stratified by day-time sleepiness (r7= 328).

Table 5b

Sleepiness

No sleepiness
n =251
B (SE)

Positive sleepiness
n=77
B(SE)

Total Cholesterol

Model 2

Snoring (reference: No snoring)
Positive snoring

Model 3

Snoring (reference: No snoring)

Positive snoring

-0.07 (5.79)

-0.57 (6.08)

23.63 (15.53)

17.98 (15.72)

LDL-C

Model 2

Snoring (reference: No snoring)
Positive snoring

Model 3

Snoring (reference: No snoring)

Positive snoring

3.20 (5.00)

2.52 (5.25)

29.27 (15.66)

27.05 (16.15)

HDL-C

Model 2

Snoring (reference: No snoring)
Positive snoring

Model 3

Snoring (reference: No snoring)

Positive snoring

-5.28 (2.00)

364 (207)"

-3.47 (3.77)

-3.85 (3.90)

Total Cholesterol/HDL ratio
Model 2

Snoring (reference: No snoring)
Positive snoring

Model 3

Snoring (reference: No snoring)

Positive snoring

0.34 (0.14)*

0.23 (0.15)

*

0.86 (0.38)

0.76 (0.39)

Triglycerides

Model 2

Snoring (reference: No snoring)
Positive snoring

Model 3

Snoring (reference: No snoring)

Sleep Epidemiol. Author manuscript; available in PMC 2022 December 01.
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Sleepiness

No sleepiness  Positive sleepiness

n =251 n=77
B(SE) B(SE)
Positive snoring 7.15 (15.36) 0.79 (28.66)
Glucose
Model 2
Snoring (reference: No snoring)
Positive snoring -2.15 (7.38) 23.09 (14.27)
Model 3
Snoring (reference: No snoring)
Positive snoring -8.00 (7.64) 25.03 (14.73) 7
fp< 0.1.
*
p<0.05.
Hk
p<0.01.

Model 2: Snoring + age, gender, Asian origin, marital status, education, household income, employment status, health insurance Model 3: Model 2
+ BMI. Note: All outcomes are based on blood measurement. SE=standard error.
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