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Abstract

Purpose Obstructive sleep apnea (OSA) and metabolic syndrome (MetS) are common chronic disorders associated with
cardiovascular morbidity and mortality. The goal of our research is to identify the associations between OSA and MetS,
including different components of MetS, in adults.

Methods We used data from the 2007-2008 National Health and Nutrition Examination Survey, which included 5909
eligible subjects (2898 men, 3011 women), aged 20 and over, who had undergone a complete medical examination and
had self-reported three OSA symptom items. The primary study outcome was possible obstructive sleep apnea (pOSA) and
MetS components.

Results Participants in the pOSA group had significantly more MetS components (p <0.001). In the group aged > 60 years,
there was a stronger relationship between pOSA and MetS components. After additional adjustment, the odds ratios for pPOSA
among those with 2, 4, and 5 MetS components were 3.11, 3.19, and 4.89, respectively (p < 0.05).

Conclusions In conclusion, our study indicates that the risk of pOSA is higher in association with increased MetS factors,
particularly among the elderly. Leading a healthy lifestyle may help reduce OSA risk in elderly patients with MetS.

Keywords Obstructive sleep apnea - Metabolic syndrome - Visceral obesity - Inflammation

Introduction

Obstructive sleep apnea (OSA) is characterized by intermit-
tent collapse of the upper airway during sleep, resulting in
recurrent partial or complete breathing cessation; the pri-
mary symptom of OSA is heavy snoring, and its primary
consequence is daytime sleepiness [1]. OSA is a common,
chronic disorder linked to hypertension and cardiovascular
events [2—4]. Moreover, it is also linked with cerebrovascu-
lar morbidity and mortality [S]. Metabolic syndrome (MetS)
is a cluster of metabolic abnormalities, including obesity,
dyslipidemia, hypertension, and impaired glucose tolerance,
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which, like OSA, is associated with excessive cardiovascular
risk [6]. Rates of both OSA and MetS have increased over
the past few decades [7]. Previous research has indicated
that globally, approximately 2-5% of women and 3-7% of
men have OSA [8]. Approximately 40% of U.S. adults are
recognized as having MetS [9].

The term ‘syndrome Z’ is used to refer to MetS that
is comorbid with OSA [10]. H However, the underlying
mechanisms that mediate the association between OSA and
MetS are not well understood, particularly across different
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age groups, and the most important factors influencing MetS
remain unclear. Because both OSA and MetS are associated
with cardiovascular disease, our study goal was to identify
the degree of correlation between OSA and the components
of MetS in adults.

Furthermore, a previous study has indicated that OSA
causes morbidity in the elderly population and is associated
with higher healthcare utilization in elderly patients [11].
Importantly, the high prevalence of OSA in the elderly is
underestimated due to a lack of clinical symptoms in that
population [12]. Because the economic burden of sleep
disorders is greater than other pulmonary diseases and is
similar in scope to diabetes [13], more attention should be
focused on OSA, especially in the elderly. Therefore, for
further analysis, we divided our participants into two sub-
groups: those aged 20-59 years and those aged > 60 years.

Materials and methods
Study population

Our data were from the 2007-2008 National Health and
Nutrition Examination Survey (NHANES). The National
Center for Health Statistics (NCHS) of the Centers for Dis-
ease Control and Prevention (CDC) conduct the NHANES,
a health survey and assessment of non-institutionalized U.S.
citizens. The NHANES uses a stratified multistage design
with intentional oversampling of minority groups and cer-
tain age groups. Clinical examinations are performed at
mobile centers by study staff who have formal training to
collect: weight, height, waist circumference, blood pres-
sure, serum glucose concentration, and serum lipid pro-
files. Because our analyses focused on adults, we used only
data from participants aged > 20 years who had completed
the medical examination (4214 participants < 20 years old
were excluded). We also excluded participants with missing
sleep questionnaire data (n=7) and those who refused to
answer the key questions or who responded, “Don’t know”
(n=19). Our final sample included 5909 eligible subjects
(3011 women, 2898 men). The 2007-2008 NHANES was
approved by the NCHS Institutional Review Board, and each
subject underwent a basic informed consent process prior to
participation.

Probable obstructive sleep apnea

The probable obstructive sleep apnea (pOSA) score was
based on three self-reported questionnaire items designed
to identify OSA risk [14]. The first question was whether
the participant had been previously diagnosed with sleep
apnea. The second question was whether they had ever expe-
rienced gasping, snorting or cessation of breathing during
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sleep. The third question was about the occurrence of snor-
ing during sleep. All subjects were asked “How often did
you snort, gasp, snore or stop breathing while asleep in the
past 12 months?”, with the following response options:
“never”’; “1-2 nights/week”; “3—4 nights/week’; and “5 or
more nights/week.” Participants who responded that they
had these symptoms more than 3—4 nights per week or who
had been previously diagnosed with OSA were identified
as pOSA.

The criteria of metabolic syndrome

Using the revised National Cholesterol Education Program’s
Adult Treatment Panel IIT (NCEP: ATP III), MetS was iden-
tified based on the presence of three or more of the fol-
lowing components: central obesity; waist circumference
(WC)>88 cm in females and > 102 cm in males; elevated
blood pressure (diastolic blood pressure > 85 mmHg or sys-
tolic blood pressure > 130 mmHg); currently taking antihy-
pertensive drugs; high plasma triglyceride level (> 150 mg/
dL in individuals who do not take lipid-lowering medicines);
low high density lipoprotein cholesterol (HDL-C) (<50 mg/
dL in women and <40 mg/dL in men); receiving medical
treatment for a cardiovascular or related condition; high
fasting glucose (> 100 mg/dL); and currently using an oral
hypoglycemic agent or insulin [15].

Associated clinical variables

Clinical NHANES variables, including biochemistry pro-
files, demographics and medical conditions, have been
previously described [16]. Briefly, participant information
included age, sex, race/ethnicity, anthropometry (weight,
height, and WC), blood pressure, and medical conditions.
Body mass index (BMI) was calculated according using the
formula kg/m?. Moderate recreational activities were defined
based on participants’ answers to the question about engage-
ment in recreational activities, fitness or moderate-intensity
sports that induce little increase in heart rate or breathing,
such as bicycling, swimming or running for at least 10 min
without interruption. Details about data processing and
specimen collection are available on the NHANES website.

Statistical analysis

Predictive Analytics Suite Workstation Statistics, version
18.0 for Windows (SPSS Inc., Chicago, IL, USA) was used
to perform statistical analyses. Participants were divided
into age groups: aged 20-59 years or aged > 60 years.
These groups were further divided into pOSA or non-
pOSA. Chi-square test was used to analyze discrete vari-
ables and Mann—Whitney U test was used to analyze con-
tinuous variables. The correlation between pOSA and the
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number of MetS components was calculated. Based on
previous studies, important medical and demographic
factors were used as covariates in adjusted multivariable
logistic regression models. Model 1 was adjusted for gen-
der, age and race/ethnicity. Model 2 was extended to also
adjust for body mass index, smoking status, alcohol con-
sumption, stroke, coronary heart disease, moderate rec-
reational activities, non-restorative sleep, daytime sleepi-
ness, and sleep duration. Model 3 was adjusted for serum
uric acid, total bilirubin, homeostatic model assessment
for insulin resistance (HOMA-IR) and C-reactive protein
(CRP). Additionally, p values were evaluated for trends to

Table 1 Characteristics of participants with or without pPOSA

determine the relationship between the number of MetS
components (as a continuous variable) and pOSA status.

Results
Demographics and clinical characteristics

Table 1 shows the characteristics of the 5909 subjects (2898
men, 3011 women) categorized by age group and pOSA sta-
tus. Participants with pOSA status were significantly more
likely than those with non-pOSA status to quality as having
MetS (p <0.001).

Variables Age >60 years (n=2137) Age:20-60 years (n=3772)
pOSA Non-pOSA P Value pOSA Non-pOSA P Value
n=1115 n=1022 n=1916 n=1856

Continuous variables
Age (years) 69.58 (6.78) 71.72 (7.18) <0.001 41.95 (10.63) 36.92 (11.4) <0.001
BMI (kg/m?) 29.85(5.9) 27.8 (5.73) <0.001 31.06 (7.58) 26.88 (5.71) <0.001
SBP (mm-Hg) 136.64 (22.09) 137.07 (21.48) 0.669 122.37 (15.84) 117.26 (14.36) <0.001
DBP (mm-Hg) 68.28 (15.12) 67.12 (15.67) 0.97 73.26 (12.19) 70.23 (11.52) <0.001
WC (cm) 104.5 (14.29) 99.2 (14.34) <0.001 103 (16.7) 91.54 (13.95) <0.001
LDL (mg/dL) 111.5 (36.36) 114.48 (38.45) 0.224 120 (34.7) 113.13 (34.64) <0.001
Serum triglycerides (mg/dL) 172.7 (106.78) 162.61 (132.01) 0.066 179.87 (160.21) 143.32 (136.28) <0.001
HDL (mg/dL) 51.39 (15.47) 55.41 (16.48) <0.001 48.57 (15.11) 53.78 (15.99) <0.001
CPP (mg/dL) 0.5 (0.9) 0.53 (1.31) 0.621 0.47 (0.76) 0.34 (0.63) <0.001
Serum glucose (mg/dL) 112.53 (45) 110 (42.82) 0.211 101.9 (39.94) 94.41 (33.57) <0.001
Serum bilirubin (mg/dL) 0.79 (0.31) 0.79 (0.28) 0.763 0.76 (0.31) 0.76 (0.29) 0.64
Serum uric acid (mg/dL) 5.853 (1.48) 5.75 (1.56) 0.129 5.65(1.4) 5.08 (1.34) <0.001
HOMA-IR 4.65 (5.89) 3.58 (4.9) 0.003 4.39 (5.2) 3.04 (3.78) <0.001
Sleep duration (h) 6.91 (1.52) 7.00 (1.55) 0.17 6.58 (1.46) 6.83 (1.42) <0.001

Categorical variables
Male 610 (54.4) 430 (41.6) <0.001 1103 (59.2) 767 (39.9) <0.001
Non-Hispanic white 587 (52.4) 589 (57) <0.001 815 (43.7) 770 (40.1) 0.546
CHD 124 (11.1) 80 (7.7) 0.03 35(1.9) 14 (0.8) 0.014
Stroke 108 (9.6) 91 (8.8) 0.61 42 (2.2) 17 (0.9) 0.005
Alcohol drinking 629 (56.1) 539 (52.18) 0.378 1316(70.7) 1186 (61.8) 0.001
Smoking 604 (53.9) 489 (47.3) 0.007 967 (51.9) 742 (38.6) <0.001
Moderate recreationa activity 328 (29.3) 319 (30.9) 0.22 685 (36.7) 754 (39.3) 0.001
Non-restorative sleep 472 (42.3) 344 (33.7) <0.001 1059 (55.3) 969 (52.2) 0.063
Daytime sleepiness 464 (41.5) 353 (34.3) 0.001 920 (48.0) 760 (40.9) <0.001
MetS 689 (61.4) 532 (51.5) <0.001 969 (59.9) 570 (37) <0.001
MetWC 986 (93.1) 788 (84.4) <0.001 1706 (91.7) 1291 (72.2) <0.001
MetBP 613 (61.1) 563 (63.3) 0.343 549 (31.9) 324 (19.5) <0.001
MetTG 494 (49.2) 379 (42.6) 0.004 796 (45.5) 518 (31.2) <0.001
MetGlu 509 (50.6) 408 (45.8) 0.038 537 (30.7) 331(19.9) <0.001
MetHDL 775 (72.8) 581 (61.7) <0.001 1455 (78.4) 1092 (62.1) <0.001

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference, LDL low density lipoprotein, HDL
high density lipoprotein, CRP C-reactive protein, CHD coronary heart disease, MetS metabolic syndrome
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Table 3 Correlation coefficients and logistic regression between pOSA and components of the MetS in the elderly

HDL

Glucose

TG

BP

wC

Variable

Cor

0.037 0.12

Cor

0.004 0.05

Cor

0.338 0.07

Cor

Cor

pOSA

<0.001

—0.02

<0.001

0.14

Unadjusted OR (95% CI)

1.66 (1,38, 2.01)

Unadjusted OR (95% CI)

1.21 (1.01, 1.45)

Unadjusted OR (95% CI)

1.31 (1.09, 1.57)

Unadjusted OR (95% CI)

0.91 (0.76, 1.10)

Unadjusted OR (95% CI)

2.50 (1.86, 3.37)

WC waist circumference, BP blood pressure, TG triglycerides, HDL high density lipoprotein

relatively greater pathogenic role in older adults with OSA
[19]. Our study indicates that MetS may also be a major
factor affecting OSA in older adults. Parish and colleagues
reported a significantly higher proportion of OSA with MetS
in men older than 50 years than in women or those younger
than 50 years [20]. Indeed, a bi-directional association exists
between OSA and MetS, meaning that they are two sides of
the same coin [21]. One article published in the Journal of
Internal Medicine in 2003 noted that visceral obesity and
insulin resistance play significant roles in the development
of OSA [22]. In 2008, a review article reported that OSA
and MetS are characterized by the same theoretical patho-
physiologic link to development of cardiovascular disease,
including their respective relationships with insulin resist-
ance and visceral fat accumulation [23]. Other studies have
also demonstrated that inflammation, insulin resistance and
abdominal obesity contribute to the development of OSA
[24, 25].

Our study shows a close connection between pOSA and
MetS in older but not younger adults, which raises interest-
ing questions. A 2009 review article indicated that aging
is associated with increased adiposity and redistribution of
body fat to the abdominal or visceral region [26]. Another
study revealed that visceral fat is a major factor in insulin
resistance and MetS [27]. The pathophysiology of visceral
obesity includes release of proinflammatory cytokines that
lead to insulin resistance and inflammation [28]. In fact, a
2014 review article demonstrated that chronic inflammation
induces impairment of normal lipid accumulation and dys-
function of adipose tissue, and leads to endoplasmic reticu-
lum stress which cause insulin resistance [29]. A theory of
aging-induced insulin resistance and metabolic dysfunction
has also been proposed [30]. As is well-known, the compo-
nents of MetS include visceral obesity, insulin resistance
and the inflammatory process, which account for the patho-
physiological mechanism of cardiovascular disease [31]. The
mechanism common to insulin resistance, visceral obesity,
aging-induced inflammation, and MetS might be explained
by the results of our study: the close association between
pOSA and MetS specifically in the elderly.

Our findings also raise the question of which MetS
component is most strongly associated with OSA. The
conclusions based on previous research findings have
been inconsistent. In 2015, Bakker JP [32] proposed that
impaired fasting glucose was significantly associated with
OSA in specific ethnic groups in the Multi-Ethnic Study of
Atherosclerosis. Another study indicated that BMI was the
major contributing factor to OSA [33]. However, BMI was
not the major criteria of MetS according to NCEP: ATP
III. A recent article, published in 2016, demonstrated that
mesenteric fat, a specific type of visceral adipose, is the
primary factor affecting OSA [34]. Another 2016 paper
showed that visceral adiposity is significantly associated
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with OSA [35]. On the basis of these studies, we can
hypothesize that visceral adiposity was the most likely
and important MetS component contributing to OSA in
our study. This hypothesis is consistent with the mecha-
nism we have proposed herein to explain the association
between pOSA and MetS in elderly participants. How-
ever, the fully adjusted model in our study to examine
the associations between pOSA and each components of
MetS did not reach statistical significance. We speculate
that the cumulative metabolic variables may predict OSA,
but that such prediction is not specific to any single MetS
component.

There were several limitations to this study. First,
since it was cross-sectional and we do not have long-term
follow-up data, we are unable to draw causal inferences
between pOSA and MetS. Second, the definition of pOSA
used here was based on self-report rather than polysom-
nography (PSG), the standard diagnostic test for OSA [36].
However, use of PSG in clinical practice is limited due to
its expense, and subjective screening tools are often used
clinically both to estimate of the likelihood that patients
have OSA and to identify those who should be referred for
confirming examination [37]. Future studies may design a
screening questionnaire with high sensitivity and accept-
able specificity. Third, our study did not consider anatomic
abnormality such as neck circumference, which has direct
causal effects on obstructive sleep apnea [38, 39]. As it
reflects parapharyngeal fat that contributes to upper air-
way narrowing, if we were able to add neck circumference
as a covariate in our regression analysis, they would be
more convincing. Fourth, we did not confirm whether par-
ticipants previously diagnosed with OSA had been treated
with medication or continuous positive airway pressure.
Excluding those with severe OSA but no clinical symp-
toms (i.e., because they had received treatment) may have
biased our results. Finally, we were unable to determine
the severity of OSA based on the limited questionnaire
information available; such information may have revealed
different influences of MetS based on severity.

In conclusion, our study indicates that in the elderly, the
rate of pOSA status increases with increased MetS compo-
nents. Based on these findings, those who met MetS criteria
have a higher likelihood of developing OSA due to visceral
obesity, insulin resistance and inflammatory reaction, espe-
cially if they are elderly. These results suggest that older
patients with MetS should be asked about their sleep quality
and patterns, as well as whether they have excessive daytime
sleepiness, and they should be referred as appropriate for
further evaluation to rule out or treat OSA to decrease the
rates of mortality due to cardiovascular disease.
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