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Abstract
Purpose The relationship between obstructive sleep apnea
(OSA) syndrome and metabolic syndrome is far from
conclusion for obesity as a confounding factor. The aim of
the present study was to investigate the association between
OSA and some components of metabolic abnormality in
nonobese patients.
Methods We consecutively recruited nonobese subjects who
underwent polysomnography and analyzed some components
of metabolic abnormality in subjects with and without OSA.
Multiple linear regression was used to evaluate the indepen-
dent risk factor of some components of metabolic abnormality.
Results A total of 154 subjects were enrolled and were
divided to control group (45 subjects) and OSA group (113
subjects). Body mass index was no different between
groups. Systolic blood pressure, triglycerides, and insulin
concentration were significantly higher among OSA group
compared with control group (p=0.000, 0.043, and 0.006,
respectively), and the prevalences of dyslipidemia, hyper-
tension, and at least two of the metabolic abnormalities
were significantly greater in OSA group (p=0.003, 0.031,
and 0.000, respectively). After adjusting for confounding
factors, lowest O2 saturation was the major contributing
factor for elevated systolic blood pressure (p=0.001), and
independent associations were found between apnea–
hypopnea index and the following parameters of metabolic

abnormality: triglycerides and homeostasis model assess-
ment of insulin resistance (all p=0.000).
Conclusions Our finding was consistent with previous
studies that OSA was independently associated with
dyslipidemia, hypertension, and at least two of metabolic
abnormalities in nonobese patients.
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Introduction

Obstructive sleep apnea (OSA) syndrome affects 2–4% of
men and 1–2% of women in the general population [1]. It is
a common disorder characterized by recurrent episodes of
partial or complete obstruction of the upper airway during
sleep, resulting in intermittent hypoxia. The symptoms of
OSA include snoring and airflow cessation during sleep,
excessive daytime sleepiness, morning headaches, fatigue,
etc. OSA has been proven to be associated with many
disease systems, including hypertension, stroke, cardiovas-
cular disease (CVD), etc. [2–4]; however, much of the
causal role and mechanisms are still unraveled.

The prevalence of metabolic syndrome (MS) is 22.8% of
men and 22.6% of women in general population [5]). MS
[6], known as insulin-resistant syndrome, is recognized as a
constellation of central obesity, glucose intolerance, dysli-
pidemia, and hypertension, predisposing patients to the
development of CVD and diabetes.

MS is caused by the accumulation of visceral fat and an
increase in insulin resistance. OSA is associated with the
accumulation of visceral fat, too, and OSA may be related to
other metabolic abnormalities that comprise the diagnostic
criteria ofMS, such as impaired fasting glucose, hypertension,
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dyslipidemia. Even so, the evidence for the contribution of
OSA to the development of MS is far from conclusion. To the
author’s knowledge, many investigators tried to elucidate the
relationship between OSA and MS, and the results in these
studies were controversial. Several studies [7–9] have shown
a direct relationship between OSA and MS, independently of
obesity, while other studies have demonstrated that adiposity,
as a confounding factor, contributed to MS among OSA
patients [10, 11]. The subjects among many previous studies
were adipose [10, 12], and few studies have focused on lean
weight patients [8, 13].

The aim of our study was to find whether OSA was
associated with some components of MS in nonobese
patients independently of confounding factors.

Materials and methods

Subjects

We consecutively recruited nonobese subjects who pre-
sented to our sleep laboratory between January 1, 2008 and
January 31, 2011, with a history of snoring duration from 5
to 20 years and witnessed episodes of apnea during sleep or
excessive daytime sleepiness duration from 1 to 10 years.
Nonobese was defined as body mass index (BMI) <25 kg/
m2 and waist circumference according to the recommended
criteria for Asians [14], at <90 cm in men and <80 cm in
women. Participants were questioned about their sleep
symptoms, medical history, current smoking, alcohol
consumption, and medications by special physicians who
were trained before this study began. According to their
previous medical histories, which were from their written or
self-reported medical record, physical examination, electro-
cardiography, and lung function test, subjects who had any
acute or apparent chronic inflammatory disorders, chronic
obstructive pulmonary disease, and coronary heart disease
were excluded. Subjects with other sleep disorders, such as
upper airway resistance syndrome, central sleep apnea,
periodic limbs movements, or narcolepsy, were also
excluded. Written informed consents were obtained from
all subjects before the study, and our study had been
approved by the local institutional review board.

Anthropometric and biochemical measurements

Body weight and height were measured in bare feet and
light clothing in the morning. BMI was defined as weight
(kilograms)/height2 (meters). Waist circumference was
measured at a level midway between the lower costal
margin and the iliac crest. Hip circumference was measured
at the maximum circumference of buttocks. Waist circum-
ference/hip circumference ratio was calculated. Blood

pressure was measured on the right arm with the subjects
in a sitting position and after a 5-min rest, using a mercury
sphygmomanometer: The average of two measurements,
1 min apart, was considered. Fasting blood was taken in the
morning for the measurement of serum glucose, insulin,
and lipid profile comprising total cholesterol, high density
lipoprotein-cholesterol (HDL-C), low density lipoprotein-
cholesterol (LDL-C) and triglycerides. All blood samples
were analyzed using the H-7600 autoanalyzer (Hitachi).
Fasting insulin sensitivity was estimated using the homeo-
stasis model assessment of insulin resistance (HOMA-IR)
[15] in all patients. The value of HOMA-IR was calculated
by the following equation: fasting insulin (micro-units per
milliliter)×fasting glucose (millimoles per liter)/22.5.

Polysomnography

Polysomnography (P Series Sleep System; Compumedics;
Melbourne, Australia) was performed overnight between
2200 and 0600 hours. Polysomnography consisted of
continuous polygraphic recording from surface leads for
electroencephalography, electrooculography, electromyog-
raphy, thermistors for nasal and oral airflow, thoracic and
abdominal impedance belts for respiratory effort, pulse
oximetry for oxyhemoglobin level (SaO2), and tracheal
microphone for snoring and sensor to assess changing of
the position during sleep. Polysomnography records were
staged manually according to the criteria of American
Academy of Sleep Medicine published in 2007 [16]. Apnea
was defined as the absence of airflow for at least 10 s and
indicated by the thermistors and nasal cannula. Hypopnea
was defined as a reduction in airflow by at least 30%,
lasting for at least 10 s, and associated with a 4% or more
decrease in oxyhemoglobin saturation or arousal, as
indicated by the electroencephalogram. The apnea–hypo-
pnea index (AHI) was calculated as the number of episodes
of apnea and hypopnea per hour of sleep. The oxygen
desaturation index (ODI) was defined as the total number of
episodes of oxyhemoglobin desaturation ≥4% from the
immediate baseline. The percentage of total sleep time
spent with SaO2 <90% (TST) and lowest O2 saturation
(LaSO2) were also recorded. OSA group was defined as
AHI ≥5/h, while control group was defined as AHI <5/h.

Definition of metabolic abnormalities

The definition of metabolic abnormalities was based on the
clinical diagnostic criteria of the Third Report of the
National Cholesterol Education Program (NCEP) [17].
Parameters of metabolic abnormality were as following:
(1) hypertension as defined by a recorded systolic blood
pressure ≥130 mmHg or diastolic blood pressure
≥85 mmHg according to the average of two consecutive
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measurements; (2) glucose intolerance as defined by a
fasting blood glucose concentration ≥6.1 mmol/L; and (3)
dyslipidemia as defined by a HDL-C in men <1.03 mmol/L
or in women <1.29 mmol/L or a serum total triglycerides
concentration ≥1.7 mmol/L. Patients who were already
receiving therapy for hypertension, dyslipidemia, or diabe-
tes were considered to have these diseases. Since our study
had strict enrolment criterion, subjects who had BMI ≥25
[14] and waist circumference at ≥90 cm in men and ≥80 cm
in women were excluded and MS as an entity could not be
diagnosed when using NCEP criterion.

Data analysis

Statistical analysis was performed using the SPSS statistical
software version 13.0 for Windows (SPSS, Inc, Chicago, IL,
USA). All data were tested for normal distribution prior to
analysis. Normally distributed data were expressed as mean±
SD and were compared by Student’s t test between the OSA
and the control group, while skewed data (including AHI,
ODI, TST, LaSO2, triglycerides, insulin, and HOMA-IR)
were expressed as median (interquartile range) and were
compared using Mann–Whitney U nonparametric test
between groups. Categorical variables were expressed as
number (percentage) and were compared by the chi-square
test or Fisher’s exact test. All skewed data were log-
transformed before correlation, and regression analysis was
performed. Spearman’s rank correlation was used to evaluate
the interrelation between clinical, polysomnographic, and
metabolic parameters, and multiple linear regression analysis
was performed to determine the independent predictors of
some parameters of metabolic abnormality. A p<0.05 was
considered to be statistically significant.

Results

A total of 154 subjects were included in our study. One
hundred thirteen subjects whose AHI ≥5/h were as OSA
group, and the remainders of 45 participants were grouped
as control group. Subjects with and without OSA did not
significantly differ in sex, age, current smoking, alcohol
consumption, medications, BMI, and waist circumference
(all p>0.05). AHI, ODI, TST, and LaSO2 were markedly
greater in OSA group (all p=0.000) (Table 1).

Systolic blood pressure (SBP), triglycerides were signif-
icantly higher in subjects with OSA (p=0.000 and 0.043,
respectively). Insulin concentration and HOMA-IR were
higher in subjects with OSA (p=0.006 and 0.002, respec-
tively), but fasting glucose was similar to controls (p=
0.084). There were no significant difference in diastolic
blood pressure, total cholesterol, HDL-C, and LDL-C
between two groups (Table 1).

The percentages of dyslipidemia and hypertension in
OSA group were significantly higher compared with
control group (60.2% vs. 33.3%, p=0.003; 46.0% vs.
26.7%, p=0.031, respectively). There were 38.9% of
patients in OSA group, compared with only 8.9% in control
group, who had at least two of the metabolic abnormalities
(p=0.000) (Table 1).

Table 2 shows that the polysomnographic parameters,
including log AHI, log ODI, log TST, and log LaSO2, were
all significantly correlated with SBP, log triglycerides and
log HOMA-IR (all p<0.01). Multiple linear regression
showed that when using SBP as a dependent variable, log
LaSO2 was the major contributing factor for elevated SBP
(β=−0.316, adjusted r2=0.341, p=0.001; Fig. 1), When
using log triglycerides as dependent variable, log AHI was
the independent predictor of log triglycerides (β=0.323,
adjusted r2=0.098, p=0.000; Fig. 2) and when using log
HOMA-IR as dependent variable, log AHI was indepen-
dently associated with log HOMA-IR (β=0.317, adjusted
r2=0.130, p=0.000; Fig. 3).

Discussion

Our study involved both sexes of nonobese subjects with
and without OSA matched for age and BMI. The major
findings of the present study were that the occurrences of
hypertension, dyslipidemia, and at least two of the
metabolic abnormalities were significantly higher in
patients with OSA. Multiple linear regression elucidated
that the polysomnographic parameter, AHI, was an
independent predictor of increased triglycerides and
insulin resistance. Meanwhile, LaSO2, also known as an
important polysomnographic parameter, was negatively
correlated to SBP.

OSA may promote the onset of MS through several
mechanisms: intermittent hypoxemia [18], enhanced sym-
pathetic activity [19], fragmentation of sleep, dysregulation
of the hypothalamic–pituitary–adrenal axis [20], impaired
vascular endothelial function [21], and abnormal produc-
tion of inflammatory cytokines and adipokines. Many
studies [7, 9, 22] demonstrated that the prevalence of MS
among OSA patients was 56–87%. A study based on
community in Hong Kong of China identified that subjects
with OSA had five times increased risk to develop MS [9].
A Japanese study [13] found that at least two components
of MS were identified in 39.6% of the lean male patients
with OSA. Another study [8] elucidated 19% patients in the
nonobese male OSA compared with only 4% in the non-
OSA having least two of the following: hypertension,
hyperglycemia, and dyslipidemia. The two studies have
suggested that OSA itself may predispose to the develop-
ment of various types of metabolic dysfunction and thus
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MS, without the presence of excess visceral adiposity. The
present study was consistent with above mentioned studies,
and the overall prevalence of at least two of metabolic
abnormalities in nonobese OSA patients was 38.9%.
However, an India report demonstrated that it was obesity
rather than OSA that contributed to lipid abnormalities,
insulin resistance, serum leptin, and adiponectin level [10].
It is obvious that prospective studies with longer follow-up
and rigorous characterization of subjects would be needed
to address the direction of causality between OSA and MS.

Our study confirmed the association of OSA with
hypertension. The prevalence of hypertension in OSA
subjects was 46.0%, higher than control group. After
adjustment for confounding factors, the polysomnographic

parameter, LaSO2, was an independent predictor of SBP.
Our study was consistent with many epidemiologic and
clinical studies. The Sleep Heart Health Study elucidated
that the mean systolic and diastolic blood pressure, as well
as the prevalence of hypertension, increased obviously with
an increase in AHI [23]. In a study that covered 709
subjects after a 4-year follow-up period, it was found that
OSA patient with AHI ≥15/h would have 2.03 times to
predispose to hypertension [24]. Kono et al. [8] studied
nonobese Japanese men, and they reported that the
prevalence of hypertension was 45.2% in patients with
OSA. Both previous data and our study revealed that
nonobese OSA patients might be prone to develop
hypertension. Several potential mechanisms may explain

Table 1 Clinical, polysomnographic, and metabolic characteristics in all subjects according to OSA status

Control (N=45) OSA (N=113) p value

Male, number (%) 38 (84.4) 91 (80.5) 0.654

Age 47.04±12.79 48.13±14.36 0.658

Current smoking, number (%) 7 (15.6) 24 (21.2) 0.509

Alcohol consumption, number (%) 4 (8.9) 18 (15.9) 0.315

Medications

Antilipimic agents, number (%) 2 (4.4) 10 (8.8) 0.511

Antidiabetic agents, number (%) 1 (2.2) 6 (5.3) 0.674

Antihypertensive agents, number (%) 4 (8.9) 20 (17.7) 0.105

Body mass index 22.39±2.05 22.70±1.75 0.353

Waist circumference (cm) 79.96±5.33 81.35±5.00 0.122

Waist/hip ratio 0.936±0.021 0.944±0.021 0.068

AHI 3.30 (2.50–3.90) 23.00 (12.30–45.70) 0.000

ODI 2.00 (0.50–3.40) 15.67 (7.60–39.20) 0.000

TST 0.04 (0.00–0.31) 2.90 (0.45–10.87) 0.000

LaSO2 89.00 (86.00–91.00) 80.00 (71.50-85.00) 0.000

Systolic blood pressure (mmHg) 114.60±12.72 124.36±16.53 0.000

Diastolic blood pressure (mmHg) 72.40±9.25 76.27±8.44 0.127

Total cholesterol (mmol/L) 4.63±1.19 4.87±1.08 0.230

Triglycerides (mmol/L) 1.40(1.22–1.54) 1.48(1.24–1.72) 0.043

HDL-C (mmol/L) 1.39±0.25 1.32±0.22 0.06

LDL-C(mmol/L) 2.89±1.03 2.90±0.89 0.909

Fasting glucose (mmol/L) 5.31±0.57 5.56±0.89 0.084

Insulin (μU/ml) 10.50 (10.11–11.50) 11.40 (10.50–13.50) 0.006

HOMA-IR 2.45 (2.27–2.84) 2.77 (2.38–3.32) 0.002

Dyslipidemia, number (%) 15 (33.3) 68 (60.2) 0.003

Hyperglycemia, number (%) 4 (8.9) 24 (21.2) 0.104

Hypertension, number (%) 12 (26.7) 52 (46.0) 0.031

Subjects with at least two of metabolic abnormalities 4 (8.9) 44 (38.9) 0.000

Normally distributed data were expressed as mean±SD, skewed data (including AHI, ODI, TST, LaSO2, triglycerides, insulin, and HOMA-IR)
were presented as median (interquartile range). Categorical variables were expressed as number (percentage). Metabolic abnormalities were as
follows: dyslipidemia, hyperglycemia, and hypertension

OSA Obstructive sleep apnea,AHI apnea–hypopnea index, ODI oxygen desaturation index, TST the percentage of total sleep time spent with SaO2 <90%,
LaSO2 lowest O2 saturation, HDL-C high density lipoprotein-cholesterol, LDL-C low density lipoprotein-cholesterol, HOMA-IR homeostasis model
assessment-insulin resistance
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Fig 2 Correlation between log AHI and Log TG (r=0.360, p=0.000).
We entered gender, age, current smoking, alcohol consumption,
antilipemic agents, BMI, log AHI, log ODI, log TST, log LaSO2,
SBP, DBP, total cholesterol, HDL-C, LDL-C, fasting glucose, and log
insulin as independent variables. Stepwise linear regression showed
that only log AHI was included in the final model, and it was the
independent predictor of log TG (β=0.323, adjusted r2=0.098, p=
0.000). TG Triglycerides, AHI apnea–hypopnea index, BMI body
mass index, ODI oxygen desaturation index, TST the percentage of
total sleep time spent with SaO2 <90%, LaSO2 lowest O2 saturation,
SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C
high density lipoprotein-cholesterol, LDL-C low density lipoprotein-
cholesterol

Fig 1 Correlation between log LaSO2 and SBP (r=−0.484, p=0.000).
We entered gender, age, current smoking, alcohol consumption,
antihypertensive agents, BMI, log AHI, log ODI, log TST, log LaSO2,
total cholesterol, log triglycerides, HDL-C, LDL-C, fasting glucose,
and log insulin as independent variables. Stepwise linear regression
showed that age, log triglycerides, log TST, and log LaSO2 were
included in the final model. Log laSO2 was the independent predictor
of SBP (β=−0.316, adjusted r2=0.341, p=0.001). LaSO2 Lowest O2

saturation, SBP systolic blood pressure, BMI body mass index, AHI
apnea–hypopnea index, ODI oxygen desaturation index, TST the
percentage of total sleep time spent with SaO2 <90%, HDL-C high
density lipoprotein-cholesterol, LDL-C low density lipoprotein-
cholesterol

SBP Log triglycerides Log HOMA-IR

r p value r p value r p value

Male −0.144 0.071 −0.006 0.939 0.168 0.035

Age 0.224 0.005 −0.008 0.922 0.208 0.009

Current smoking 0.079 0.325 0.020 0.802 0.093 0.247

Alcohol comsuption 0.063 0.431 0.199 0.012 −0.023 0.776

Body mass index 0.187 0.019 0.181 0.023 0.141 0.077

Log AHI 0.464 0.000 0.360 0.000 0.378 0.000

Log ODI 0.453 0.000 0.280 0.000 0.320 0.000

Log TST 0.491 0.000 0.279 0.001 0.245 0.005

Log LaSO2 −0.484 0.000 −0.200 0.012 −0.253 0.001

SBP – – 0.222 0.005 0.191 0.016

Diastolic blood pressure 0.619 0.000 0.118 0.140 0.190 0.017

Total cholesterol 0.220 0.005 0.066 0.411 0.133 0.095

Log Triglycerides 0.222 0.005 – – 0.182 0.022

HDL-C −0.050 0.532 −0.094 0.239 −0.164 0.039

LDL-C 0.141 0.076 0.091 0.254 −0.005 0.954

Fasting glucose 0.211 0.008 0.119 0.136 0.644 0.000

Log insulin 0.082 0.305 0.091 0.253 0.766 0.000

Log HOMA-IR 0.191 0.016 0.141 0.077 – –

Table 2 Spearman’s rank corre-
lation coefficients between SBP,
log triglycerides, log HOMA-IR,
and clinical, polysomnographic,
and metabolic characteristics

SBP Systolic blood pressure,
HOMA-IR homeostasis model
assessment-insulin resistance,
AHI apnea–hypopnea index,
ODI oxygen desaturation index,
TST the percentage of total sleep
time spent with SaO2 <90%,
LaSO2 lowest O2 saturation,
HDL-C high density lipoprotein-
cholesterol, LDL-C low density
lipoprotein-cholesterol
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the association of OSA with hypertension: recurrent
hypoxia/reoxygenation, arousal, sympathetic overactiva-
tion, etc. [25]. Both positive [3, 26] and negative [27]
results were reported about the effect of continuous positive
airway pressure (CPAP) on hypertension among OSA
patients. Overall, these findings suggested that CPAP
treatment of OSA could lower blood pressure, but its effect
was slight.

Dyslipidemia among OSA patients has been reported in
many studies [7, 9, 28, 29]. However, adiposity, as a
confounding factor, played an important role in the
relationship between OSA and dyslipidemia. The preva-
lence of dyslipidemia among OSA patients was higher in
our study matched for age, BMI, and waist circumference,
and an positive correlation between AHI and triglycerides
were observed. It was consistent with some previous
investigations [7, 9]. In the Sleep Heart Health Study of
over 6,000 men and women, there was a negative
relationship between AHI and HDL-C and a positive
correlation between AHI and triglycerides [29]. Some
studies [7, 28] have pointed out that the severity of OSA
was independently associated with low HDL. A Japanese
study focused on lean men found that HDL-C and
triglycerides did not differ between the OSA and the control
group, but the incidence of dyslipidemia in OSA group was

markedly greater [8]. Animal experiment research has
supported that chronic intermittent hypoxia was the key
factor in the pathogenesis of dyslipidemia in OSA [30].
There are limited interventional data on OSA and dyslipide-
mia showing controversial results. Borgel et al. [28] analyzed
the effect of CPAP treatment on serum lipid profiles among
470 OSA patients, and they found that after 6 months CPAP
treatment, the HDL-C level increased significantly. However,
a randomized study [2] demonstrated that no changes in lipid
profiles after a 6-week CPAP treatment in patients with OSA.
Corroborative evidence is needed to delineate the causal
relation between OSA and lipid profiles and the effect of
CPAP on dyslipidemia in OSA patients.

Insulin resistance is a key factor in the diagnosis of MS
[6]. There is accumulating evidence to support that OSA is
associated with insulin resistance, independent of con-
founding factors [9, 31–34]. Some studies [8, 32] focused
on nonobese subject with OSA, and they identified an
association between sleep-disordered breathing/OSA and
insulin resistance. Epidemiologic data suggested that sub-
jects with mild or moderate to severe OSA have increased
risks for fasting glucose intolence after adjustment for
confounding factors [33]. The Wisconsin Cohort Study [34]
found that 15% of individuals with and AHI of 15 or
greater had twofold relative risk to be prone to diabetes
after adjustment for age, sex, and BMI. Punjabi and
colleagues [12] showed that a worsening of insulin
resistance with increasing AHI, again independent of
obesity. However, Sharma et al. [10] showed that it was
adiposity playing an important role in the development of
insulin resistance in the OSA population. Interventional
data on OSA and insulin resistance showed conflicting
results. One study [35] showed that CPAP treatment could
make a reduction of insulin resistance in nonobese OSA
patients. In our study, insulin level was significantly higher
in subjects with OSA, and AHI was independently
correlated with HOMA-IR. It may induce that nocturnal
hypoxic episodes can deteriorate insulin resistance. The
following animal studies supported this theory: Polotsky
and co-workers [36] studied obese mice, and they delin-
eated that leptin-deficient obese mice exposed to intermit-
tent hypoxia for 12 weeks developed to an increase in
fasting insulin concentration, impairing glucose tolerance
and deterioration of insulin resistance. Another investiga-
tion found that after exposing lean mice to intermittent
hypoxia, the whole-body insulin sensitivity decreased
independent of autonomic nervous system [18]. The
potential additive and interactive effects of intermittent
hypoxia and sleep fragmentation on glucose metabolism
still remain to be fully elucidated. Further well-designed
longitudinal and interventional studies are clearly needed to
clarify the direction of causal relationship between OSA
and insulin resistance.

Fig 3 Correlation between log AHI and Log HOMA-IR (r=0.378, p=
0.000). We entered gender, age, current smoking, alcohol consumption,
antidiabetic agents, BMI, log AHI, log ODI, log TST, log LaSO2, SBP,
DBP, total cholesterol, log triglycerides, HDL-C, and LDL-C as
independent variables. Stepwise linear regression showed that log AHI
and gender were included in the final model. Log AHI was
independently associated with log HOMA-IR (β=0.317, adjusted r2=
0.130, p=0.000). HOMA-IR Homeostasis model assessment-insulin
resistance, AHI apnea–hypopnea index, BMI body mass index, ODI
oxygen desaturation index, TST the percentage of total sleep time spent
with SaO2 <90%, LaSO2 lowest O2 saturation, SBP systolic blood
pressure, DBP diastolic blood pressure, HDL-C high density lipopro-
tein-cholesterol, LDL-C low density lipoprotein-cholesterol
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There were several limitations in the present study. First,
since our study was a cross-sectional study, the causal
relationship could not be drawn directly between OSA and
parameters of metabolic abnormality. Second, our strict
selection criteria allowed us to recruit only a small number
of patients, and could not separately analyze by sex since
female subjects were few in two groups (7 vs. 22).

In conclusion, our study demonstrated that the preva-
lence of hypertension, dyslipidemia, and insulin resistance,
as components of MS, were higher among nonobese adults
with OSA. OSA is an independent risk factor to predispose
some components of metabolic syndrome independently of
obesity. Prompt recognition and effective treatment of MS
in patient with OSA may reduce latent cardiovascular
morbidity and mortality.
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