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Metabolic syndrome, insulin resistance,
fibrinogen, homocysteine, leptin, and
C-reactive protein in obese patients
with obstructive sleep apnea syndrome

Ozen K. Basoglu, Fulden Sarac', Sefa Sarac?, Hatice Uluer?, Candeger Yilmaz*

Abstract

OBJECTIVE: The prevalence of obstructive sleep apnea syndrome (OSAS) and metabolic syndrome is increasing
worldwide, in part linked to epidemic of obesity. The purposes of this study were to establish the rate of metabolic
syndrome and to compare fibrinogen, homocysteine, high-sensitivity C-reactive protein (hsCRP), leptin levels,
and homeostasis model assessment insulin resistance (HOMA-IR) in the obese patients with and without OSAS.

METHODS: The study population included 36 consecutive obese patients with OSAS (23 males; mean age,
50.0 + 19.7 years), and 34 obese patients without OSAS (17 males; mean age, 49.7 + 11.1 years) were enrolled
as control group. Metabolic syndrome was investigated; fibrinogen, homocysteine, CRP, and leptin levels were
measured, and IR was assessed.

RESULTS: Metabolic syndrome was found in 17 (47.2%) obese OSAS patients, whereas only 29.4% of obese
subjects had metabolic syndrome (P > 0.05). Obese patients with OSAS had significantly higher mean levels
of triglyceride (P < 0.001), total-cholesterol (P = 0.003), low-density lipoprotein-cholesterol (P =0.001), fasting
glucose (P =0.01), HOMA-IR (P < 0.001), thyroid-stimulating hormone (P = 0.03), fibrinogen (P < 0.003), hsCRP
(P<0.001), and leptin (P =0.03) than control group. Besides, leptin level was positively correlated with waist
(r=0.512, P=0.03) and neck circumferences (r= 0.547, P=0.03), and fasting glucose (r=0.471, P=0.04) in
OSAS patients, but not in obese subjects.

CONCLUSION: This study demonstrated that obese OSAS patients may have an increased rate of metabolic
syndrome and higher levels of serum lipids, fasting glucose, IR, leptin, fibrinogen, and hsCRP than obese subjects
without sleep apnea. Thus, clinicians should be encouraged to systematically evaluate the presence of metabolic
abnormalities in OSAS and vice versa.
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bstructive sleep apnea syndrome (OSAS) is

a common disorder that has a major impact
on public health.'¥ Patients with obstructive
sleep apnea (OSA) have abnormalities in
each of the components of the metabolic
syndrome—high blood pressure, high fasting
glucose, increased waist circumference, low
high-density lipoprotein (HDL) cholesterol,
and high triglycerides—as well as in many of its
other features, including sympathetic activation,
endothelial dysfunction, systemic inflammation,
hypercoagulability, and insulin resistance
(IR)." In a previous study, Coughlin et al.®!
reported that OSA was independently associated
with an increase in the cardiovascular risk
factors that comprise the metabolic syndrome
and its overall prevalence. The underlying
pathophysiology linking these disorders with
OSAS has not been fully elucidated. Several
proposed mechanisms to explain these links
have been investigated, including metabolic
disturbances and inflammation.?*# Greenberg

et al.”reported that sustained hypoxia leads to
the activation of inflammatory response with
an increased production of proinflammatory
cytokines including tumor necrosis factor o
and interleukin 6. However, studies on the
association of IR, leptin, and high-sensitivity
C-reactive protein (hsCRP) with OSAS show
conflicting results. Some studies have reported
significant relationship,®*'? whereas others have
not.'*1 In one study, the very severe OSAS
group had significantly higher homeostasis
model assessment of IR (HOMA-IR) and HOMA
beta-cell function than other OSAS groups
and the control group.!® The relationship
of OSAS with IR may be the pathway that
leads to increased risk for the development
of cardiovascular disease in these patients.
The mechanisms involved in the association
between OSAS and cardiovascular diseases
are actually complex and very diverse. These
also include episodic hypoxia-reoxygenation,
tonic elevation of sympathetic neural activity,
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and endothelial dysfunction as well as hypercoagulability,
oxidative stress, and inflammation. Hypercoagulability
resulting from imbalance between coagulation and fibrinolysis
is associated with an increased risk for cardiovascular disease.
A variety of findings support the existence of a relation
between hypercoagulability, OSAS, and cardiovascular
disease. Patients with OSAS have elevated plasma fibrinogen
levels, exaggerated platelet activity, and reduced fibrinolytic
capacity. Although not consistently shown, severity of OSA
and plasma epinephrine were independent predictors of
platelet activity, and average minimal oxygen saturation
was an independent predictor of fibrinogen. These findings
suggest that severity of intermittent nocturnal hypoxemia
may contribute to procoagulant disturbances in OSA. In some
studies, treatment with continuous positive airway pressure
decreased platelet activity, plasma fibrinogen levels, and
activity of clotting factor VILI7I Conversely, Steiropoulos
et al."! failed to demonstrate a difference in fibrinogen levels
between obese individuals with or without OSAS, suggesting
that the presence of OSAS probably does not play an important
role in the upregulation of fibrinogen levels. Homocysteine
levels are also associated with an increased cardiovascular
risk and may be a predictor of long-term prognosis following
premature myocardial infarction. Homocysteine levels have
previously been reported to be raised in patients with OSA, but
only in patients with associated ischemic heart disease and/
or hypertension, and severe OSAS*? Besides, it has been
observed that OSAS patients have increased leptin and CRP
levels and IR, indicating a possible role in the pathogenesis of
cardiovascular morbidity. There were no much studies related
to the incidence of metabolic syndrome and levels of fibrinogen,
homocysteine, hsCRP, leptin, and IR in obese patients with
OSAS and obese patients without sleep-disordered breathing.
However, identifying possible risk factors involved in
cardiovascular morbidity is of great clinical importance in OSA.
The measurement of circulating cardiovascular risk factors
(including several new phenotypic markers of cardiovascular
disease) enables a more accurate prediction of cardiovascular
risk to be made, as there are clearly established relationships
between levels of various circulating haemostatic risk factors
and a subsequent cardiovascular event. Therefore, the purposes
of this study were to assess the rate of metabolic syndrome
and its related components, and to compare the fibrinogen,
homocysteine, hsCRP, and leptin levels and IR in obese patients
with and without OSAS.

Methods

The study population consisted of 36 consecutive obese patients
with OSAS (23 males; mean age, 50.0 + 19.7 years [45-70 years]).
Thirty-four obese patients without OSAS (17 males; mean age,
49.7 + 11.1 years [44-69 years]) were enrolled as a control group.
Body mass index (BMI) of the patients in the study and control
groups were similar (33.5 + 5.7 kg/m? and 34.5 + 2.9 kg/m?,
respectively, P = 0.30). The study and control groups were
matched for age, gender, and BMI. The subjects of the control
group were selected among patients who were admitted to
The Internal Medicine Outpatient Clinic for various reasons
and matched randomly to OSAS patients using a computed
technique. They were all questioned in details by the same
doctor who was experienced in sleep medicine (OKB), and none
of them had symptoms related to OSAS. Obese patients with
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any symptoms of OSAS were excluded from the control group
of the study. The local ethics committee approved the study
and all subjects gave informed consent. Metabolic syndrome
was defined as in ATP IILP2

Anthropometric measurements were evaluated in all
groups. Habitual alcohol consumption for each subject was
ascertained based on the following two questions: “Do you
drink alcohol at least once a month? Yes/No.” Smoking was
evaluated based on the following two questions. “Do you
smoke? Yes/No.” If Yes, smokers were classified as ex-smoker
and nonsmoker.*!

Spirometry (Sensor Medics 2400, USA) and arterial blood gas
sampling (Ciba Corning, 238 pH-Blood gas analyzer, UK)
were performed before nocturnal sleep study in the OSAS
patients. Subjective daytime sleepiness was assessed by using
the Turkish version of the Epworth Sleepiness Scale (ESS) and
=11 was considered as sleepiness.”! A two-point bioelectrical
impedance apparatus calibrated for adults (Tanita TBF 300,
TANITA Corp.) was used to measure the percentage body fat
and fat mass in all patients.

Polysomnography

Polysomnographic evaluation was performed solely on
the OSAS group, since none of the control subjects had
OSAS symptoms. All the patients in the study population
underwent full overnight in-laboratory polysomnography
with a 44-channel recording system (Compumedics E series,
Melbourne, Australia). Electroencephalography electrodes
were positioned according to the international 10-20 system.
Polysomnographic monitoring consisted of monitoring
of sleep by electroencephalography, electrooculography,
electromyography, airflow, and respiratory muscle effort,
and included measures of electrocardiographic rhythm and
blood oxygen saturation. Thoracoabdominal plethysmograph,
oronasal temperature thermistor and nasal-cannula-pressure
transducer system were used to identify apneas and
hypopneas. Transcutaneous finger pulse oximeter was used
to measure oxygen saturation. Sleep was recorded and scored
according to the standard method.”! An apnea was defined as
a total cessation of airflow for =10 seconds. Hypopnea was
defined as a reduction in airflow with a 50% from baseline
for at least 10 seconds, a 3% drop in oxygen saturation from
the preceding stable saturation, and/or arousal. Apnea-
hypopnea index (AHI) was the sum of the number of apneas
and hypopneas per hour of sleep. OSAS was defined as an
AHI of 5 events/h and the presence of clinical symptoms,
e.g., excessive daytime sleepiness, loud snoring, witnessed
apneas, and nocturnal choking or AHI of 15 events /h without
any OSAS symptoms.®! Besides, an AHI of <5 events/h
considered within normal limits, and numbers of 5-15,
15-30, and >30 representing mild, moderate, and severe OSAS,
respectively.

Biochemical analysis

Serum concentrations of glucose, triglyceride, total and
HDL-cholesterol were determined by enzymatic procedures.
Serum insulin was measured by chemiluminescence, hsCRP
by immunoturbidimetric assay, and fibrinogen by coagulation
method. Serum leptin level was measured by enzyme-linked
immunosorbent assays (BIOSOURCE, Leptin EASIA). The
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mean intra and inter-assay coefficients of variation were
3.6 to 5.2%. Liver and thyroid function tests were measured
by spectrophotometric method and chemiluminescence
(IMMULITE 2000, Diagnostic Products Corporation, Los
Angeles, CA, USA). Homocysteine level was evaluated
with immunoassay (Immulate 2000 (reference range, 5.0-
12 pmol/1).

IR was estimated using the homeostasis model assessment
(HOMA) from fasting glucose and insulin concentrations using
the following formula:*

(fusting plasma insulin [sz/ml]X)
(fasting plasma glucose[mmol /1] )
22.5

HOMA_IR=

Statistical analysis

Statistical analysis was performed with SPSS for Windows (13.0)
packaged software. Numerical variables were summarized
with mean + STD deviation. Baseline data were compared
using one-way analysis of variance (ANOVA). Variables with
skewed distribution were transformed into logarithms before
all analyses. Pearson correlation coefficients were calculated
to identify associations of clinical variables. The correlations
among the groups were examined using the stepwise regression
analysis. A value of P < 0.05 was considered significant for all
statistical analysis.

Results

The characteristics and clinical findings of the study and control
groups are shown in Table 1. Obese patients with OSAS had
higher mean systolic and diastolic blood pressure, and neck
circumference compared with obese without OSAS (P < 0.001,
P =0.001, P = 0.03, respectively).

Among OSAS patients, 36.1% were smokers and 88.9%
informed alcohol consumption, whereas 25.0% of obese
patients without OSAS were smokers and only 15.6% of them
consumed alcohol (P = 0.04, P = 0.001). Of 36 OSAS patients,
5(13.9%) had a history of cardiovascular disease, 18 (50.0%) had
dyslipidemia, 2 (5.5%) had stroke, 14 (38.9%) had hypertension,
and 7 (19.4%) had diabetes mellitus. In control group, 3 (8.8%)
had family history of cardiovascular disease, 7 (20.6%) had
dyslipidemia, 9 (26.5%) had hypertension, and 3 (8.8%) had
glucose metabolism disorders.

Pulmonary function tests, arterial blood gas analysis, and
polysomnography were evaluated in OSAS patients and are
shown in Table 2. The mean ESS was significantly higher in OSAS
patients than the control group (11.9 + 6.6 vs 4.0 = 0.9, P = 0.01).

Metabolic syndrome was found in 17 (47.2%) obese patients with
OSAS, whereas only 10 (29.4%) obese subjects had metabolic
syndrome. However, the difference between groups was not
statistically significant. The biochemical analyses of two groups
were compared with each other. Obese patients with OSAS had
significantly higher mean levels of triglyceride (P < 0.001), total-
cholesterol (P = 0.003), low-density lipoprotein (LDL)-cholesterol
(P =0.001), fasting glucose (P =0.01), HOMA-IR (P < 0.001),
thyroid-stimulating hormone (TSH) (P = 0.03), fibrinogen

122

(P <0.003), hsCRP (P < 0.001), and leptin (P = 0.03) than obese
subjects without OSAS [Table 3]. Besides, hypertensive patients
with OSAS had significantly higher insulin (12.8 £ 2.9vs8.1 + 1.9
U/ml, P=0.02) and HOMA-IR (3.0 £ 1.1 vs 2.1 + 0.8, P = 0.02)
values than normotensive OSAS patients. In multivariate
regression analysis, it was observed that leptin levels were not
higher in OSAS patients than control group but the levels were
affected from fasting glucose (r = 0.436, P < 0.0001) and alkaline
phosphatase levels (r = -0.488, P < 0.0001).

In obese patients with OSAS, waist circumference was
positively correlated with mean levels of HOMA (r = 0.873,
P =0.01), and neck circumference was negatively correlated
with HDL-cholesterol (r = —0.349, P = 0.02). Besides, mean
level of leptin was positively correlated with waist (r = 0.512,
P =0.03) and neck circumferences (r = 0.547, P = 0.03) and
fasting glucose (r = 0.471, P = 0.04), and leptin level was
negatively correlated with triglyceride (r = -0.336, P = 0.04)

Table 1: Characteristics and clinical findings of obese
patients with and without OSAS

Parameters* Obese patients Obese patients P
with OSAS without OSAS
(n=36) (n=34)
Age (years) 50.0 +19.7 49.7 + 111 0.80
Smokers (%) 36.1 25.0 0.04
Alcohol consumption (%) 88.9 15.6 0.001
Body weight (kg) 93.6 + 28.1 95.6 +45.1 0.10
Body mass index (kg/m?) 335+57 345+29 0.30
Waist circumference 111.5+9.9 110.9 £ 4.39 0.95
(cm)
Hip circumference (cm) 118.3+7.9 121.7+12.2 0.45
Waist/hip ratio 0.95 +0.05 0.91 £ 0.01 0.05
Neck circumference 41.8+7.9 35.3+4.9 0.03
(cm)
Fat mass (kg) 41.8+7.9 443 +5.1 0.09
% Fat 42.0+6.8 454 + 3.7 0.85
Systolic blood pressure 121.6+8.4 110.9+16.4 <0.001
(mmHg)
Diastolic blood 68.3+12.0 59.4 +13.3 0.001

pressure (mmHg)

*Data are expressed as mean + SD, unless otherwise stated;
OSAS = Obstructive sleep apnea syndrome

Table 2: Spirometry, blood gas analysis, and
polysomnography results of OSAS patients

Parameters* Obese patients with OSAS
(n=36)
FVC (%) 93.9+18.3
FEV, (%) 91.4+£19.7
FEV /FVC (%) 80.7 £6.2
pH 7.47 £0.03
PaO, (mmHg) 83.3+10.0
PaCO, (mmHg) 36.3+4.9
HCO, (mEg/l) 26.9+34
O, saturation (%) 96.8+1.3
Apnea-hypopnea index (/h) 27.7+19.6

*Data are expressed as mean + SD; OSAS = Obstructive sleep apnea
syndrome; FVC = Forced vital capacity; FEV, = Forced expiratory volume in
one second
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in OSAS patients. There was a negative correlation between
leptin and LDL-cholesterol levels (r = —0.876, P = 0.01) in the
obese without OSAS.

Discussion

The present study has demonstrated an increased rate of
metabolic syndrome in obese OSAS patients. Metabolic
syndrome was observed in 47.2% obese patients with OSAS,
whereas only 29.4% obese subjects had metabolic syndrome.
Obese patients with OSAS had significantly higher levels of
triglyceride, total-cholesterol, LDL-cholesterol, fasting glucose,
IR, TSH, fibrinogen, hsCRP, and leptin than obese subjects
without OSAS. Besides, mean level of leptin was positively
correlated with fasting glucose, waist and neck circumferences
in OSAS patients.

OSAS is associated with increased cardiovascular morbidity.
It is also known that many subjects with OSAS have features
of the metabolic syndrome, which is most widely accepted as
being comprised of hypertension, central obesity, dyslipidemia,
hyperinsulinemia, and glucose intolerance.®™ The mechanisms
which contribute to the development of cardiovascular
disease in the metabolic syndrome and OSAS are similar.
The pathogenesis of cardiovascular disease in OSAS is not
completely understood but likely to be multifactorial, involving
a diverse range of mechanisms including sympathetic nervous
system overactivity, oxidative stress, selective activation of
inflammatory molecular pathways, endothelial dysfunction,
abnormal coagulation, and metabolic dysregulation, the latter
particularly involving IR and disordered lipid metabolism.
The factors that may contribute to metabolic dysregulation in

Table 3: Blood profiles of obese patients with and
without OSAS

Parameters* Obese patients Obese patients P
with OSAS without OSAS
(n=236) (n=34)

Triglyceride (mg/dl) 177.0+39.0 133.1£19.5 <0.001
Total-cholesterol (mg/dl) 182.2 +45.6 167.5+31.1  0.003
LDL-cholesterol (mg/dl) 136.5+19.2 121.5+£14.2 0.001
HDL-cholesterol (mg/dl) 47.7£8.7 49.3 £26.5 0.24
Fasting glucose (mg/dl) 92.0+12.6 85.7+19.0 0.01
Fasting insulin (uU/ml) 9.1+27 7.1+38 0.90
2" hour glucose (mg/dl) 120.3 + 30.1 1155+174  0.97
HOMA-IR 29x05 20+0.7 <0.001
SGOT (U/) 20.1+5.3 19.4+4.9 0.34
SGPT (U/l) 26.7 + 141 232+10.8 0.08
ALP (U/l) 149.2 + 40.1 173.3+45.8 0.90
TSH (plu/ml) 1.7+1.1 21+0.9 0.03
FT3 (pg/ml) 3.1+1.0 3.4+07 0.09
FT4 (ng/dl) 1.7+0.3 1.1+0.1 0.34
Fibrinogen (mg/dl) 375.4 +49.6 304.0+67.5 <0.001
hsCRP (mg/dl) 0.4+0.2 0.3+0.1 <0.001
Homocysteine (umol/l) 18127 17.9+45 0.80
Leptin (ng/ml) 13.1+1.7 9.01+£1.9 0.03

*Data are expressed as mean + SD; OSAS = Obstructive sleep apnea
syndrome; HOMA-IR = Homeostasis model assessment-insulin resistance;
SGOT = Serum glutamic oxaloacetic transaminase; SGPT = Serum glutamic
pyruvate transaminase; LDL = Low-density lipoprotein; HDL = High-density
lipoprotein; TSH = Thyroid-stimulating hormone; FT,= Free T;FT,= Free T,;
hsCRP = High-sensitivity C-reactive protein; ALP = Alkaline phosphatase

Annals of Thoracic Medicine - Vol 6, Issue 3, July-September 2011

OSAS also include sleep fragmentation, increased sympathetic
activity, and intermittent hypoxia.®"' In addition, dyslipidemia
and adipose tissue dysfunction caused by IR and obesity
also contribute to the development of vascular risk factors
and cardiovascular disease in metabolic syndrome.®? The
patients with OSAS appear to suffer from the disorders
which characterize the metabolic syndrome, and have
hypertension, high fasting blood glucose levels, increased
waist circumference, low HDL-cholesterol, high triglyceride
levels, and many systemic inflammations. It was found that
the prevalence of the metabolic syndrome according to the
ATP-III criteria is almost 40% greater in patients with OSA P!
Likewise, it has been suggested that OSA, an increasingly
prevalent condition, may contribute to the development of
metabolic syndrome and diabetes.®! In the present study, we
observed metabolic syndrome in 47.2% of obese patients with
OSAS, whereas it was found in 29.4% of obese subjects without
OSAS. However, the difference was not statistically significant,
maybe because of our sample size.

Obesity is strongly associated with OSAS, IR, leptin and
CRP levels.? It has been observed that OSAS patients have
increased leptin and CRP levels. In the present study, as both
groups were obese and BMI-matched, the affect of obesity
on leptin and CRP and HOMA levels were similar. Davies
et al.® found no difference in fasting blood insulin levels when
OSAS patients were compared with carefully selected controls
matched for age, gender, and BMI. Otherwise, Stoohs et al.l%!
reported that in healthy subjects, the relationship of hypoxic
respiratory events with IR was entirely dependent on body
mass. Ip et al.*Ishowed that in subjects with OSAS, obesity
was the primary determinant of IR and noted that sleep apnea
had an independent but smaller effect. Zhang ef al.®! found
that after adjustment for age, BMI, and waist-to-hip ratio,
OSAS group was more insulin resistant, as indicated by the
higher levels of AHI and HOMA-IR. In our study, mean level
of HOMA-IR in obese OSAS patients was higher than obese
subjects without sleep apnea, but AHI was not associated with
HOMA. Also, in patients with OSAS, waist circumference was
positively correlated with mean levels of HOMA.

Leptin is a multiple-function adipocyte-derived cytokine
involved in the pathogenesis of obesity and increased
cardiovascular risk. Previously, leptin levels in OSAS were
investigated in many studies.'*?*?! It was shown that leptin
was significantly higher in OSAS patients compared with
those in non-OSAS control subjects with similar BMI, age, and
gender. Serum leptin levels were positively correlated with
BM]I, skinfold thickness, AHI, and percentage of sleep time with
Sa02 < 90%.5¥ Ursavas et al.*! also found a positive correlation
between serum leptin levels and BMI in OSAS patients. In the
present study, leptin levels were significantly higher in OSAS
patients than obese subjects. Besides, leptin was positively
correlated with fasting glucose, waist and neck circumferences
in OSAS patients, but not in the control group.

Although the exact cause that links OSA with cardiovascular
disease is unknown, there is evidence that OSA is associated
with a group of proinflammatory and prothrombotic factors
that have been identified as important in the development of
atherosclerosis. Presence of high CRP and fibrinogen levels
were associated with increased risk of cardiovascular and
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cerebrovascular mortality in OSAS patients. CRP is a sensitive
marker for systemic inflammation. An elevated plasma level
of this acute-phase reactant indicates heightened activity of
inflammation in human beings. Also, it is a surrogate marker
of low-grade inflammation linked to obesity. In many studies,
obesity is correlated with elevated serum CRP.H**! Yokoe
et al. ¥ found that CRP was significantly higher in 30 patients
with newly diagnosed OSA than 14 obese subjects and there
was a relationship between OSAS severity and CRP levels.
Similarly, Shamsuzzaman et al.*I showed that CRP levels were
higher in 22 OSAS patients when compared with 20 control
subjects. The groups were matched for age, and importantly,
BMI. Similarly, in our study, mean levels of hsCRP were
significantly higher in OSAS patients than the control group.
Besides, we found a significant increase in terms of mean levels
of fibrinogen in sleep apnea patients, which was compatible
with the literature.84°!

The role of plasma homocysteine levels in OSAS is unclear,
with some studies reporting higher levels only in OSASpatients
suffering from pre-existing cardiac disease and other reports
identifying homocysteine levels to be independently associated
with OSAS.H8] Yavuz et al.?? suggested that homocysteine
might be an important factor for the development of
cardiovascular disease in patients with OSAS. However, we did
not find any difference related to homocysteine levels between
obese patients with and without OSAS.

Our study had limitations which warrant discussion. First,
the numbers of subjects in the study and control groups were
somehow small. Metabolic syndrome was higher in OSAS
patients, but the difference was not significant probably because
of sample size. Second, obese patients without OSAS did not
undergo polysomnography as the waiting list of our sleep
laboratory was quite long and it was very difficult to perform
polysomnography even to the patients with obvious OSAS
symptoms. However, they were all questioned in details and
none of them had symptoms related to OSAS and no excessive
daytime sleepiness measured by ESS. Finally, it would be better
to include obese patients without any comorbidity in the study
in order not to confound the effects of these diseases. However,
it should be noted that it is really very difficult to find obese
subjects without any diseases.

In conclusion, the present study demonstrated an increased
rate of metabolic syndrome in obese OSAS patients when
compared with obese subjects without OSAS. It was also
shown that patients with OSAS had higher levels of serum
lipids, fasting glucose, IR, leptin, fibrinogen, and hsCRP than
obese without sleep apnea. The prevalence of both OSAS
and metabolic syndrome is increasing worldwide, in part
linked to the epidemic of obesity. Beyond their epidemiologic
relationship, growing evidence suggests that OSAS may
be causally related to metabolic syndrome. Thus, clinicians
should be encouraged to systematically evaluate the presence
of metabolic abnormalities in OSAS and vice versa.
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