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Introduction

Obstructive sleep apnea syndrome (OSAS) is
frequently associated with some
atherosclerotic risk factors, such as hypertension,

abnormal glucose metabolism, and obesity, and with
increased cardiovascular morbidity and mortality (1–4).
These risk factors are components of the metabolic
syndrome, which has also been shown to be associated with
an increased risk of atherosclerotic cardiovascular
morbidity and mortality (5–7).

With respect to previous studies  the metabolic
syndrome frequently occurs in association with OSAS (8,
9) . On the other hand Inflammation  plays a key role in
the progression of atherosclerosis (10), and the plasma level
of C-reactive protein (CRP) has also been noted as a marker
of atherosclerotic cardiovascular events (11, 12). While this
marker  have been shown to be elevated in both subjects
with  OSAS (13) and those with the metabolic syndrome
(14), a few studies have been conducted to determine
whether the concurrent presence of metabolic syndrome
and OSAS is associated with any other  additive elevation
cardiovascular risk markers (15). Therefore, the present
cross-sectional study was conducted in subjects attending
a sleep clinic in which the subjects were  examined to
determine whether the plasma levels of CRP were elevated
in the presence of  OSAS with or without metabolic
syndrome, and also to determine if the concurrent presence
of the metabolic syndrome was associated with exacerbation
of the increase in plasma levels of CRP in subjects with
OSAS.

Methods

Subjects

Fifty consecutive subjects (33 male and 17 female; age,
54.2±14.9 years old), who had obstructive sleep apnea which
was diagnosed in the Bamdad Respiratory Research center,
between September 2006 and March 2007 were enrolled
in this study. All of the participants were admitted to sleep
clinic for sleep diagnostic assessments, blood examinations
under fasting conditions. Informed consent was obtained
from all participants, the protocol was approved by the
Isfahan University of Medical Sciences  ethics committee.
None of the patients were diagnosed as having central apnea.

Definitions

We used the modified National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III; ATP III) criteria (16) for detection of
the metabolic syndrome: high-density lipoprotein cholesterol
<40mg/dl (male) and <50 mg/dl (female); triglycerides ≥150
mg/dl; blood pressure 

≥

130/85 mmHg or current use of
antihypertensive drugs; fasting glucose 

≥

110mg/dl; and
waist circumference was>102centimeter)

Nocturnal Sleep Studies

All the subjects underwent polysomnography (Embella; Res
Med, Netherland) in a Bamdad  sleep laboratory.

Electroencephalography, electro-oculography,
electromyography, and electrocardiography were performed
simultaneously and visually scored according to standard
criteria (17). Ventilatory flow at the nose and mouth was
measured with thermistors. The arterial oxygen saturation
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was  measured transcutaneously at the fingertip by pulse
oximetry .Apnea was defined as a continuous cessation of
airflow for more than 10 s, and hypopnea was defined as a
50% reduction  in airflow for more than 10 s with an oxygen
desaturation of 

≥

4% and a reduction in chest wall
movement (18). The apnea hypopnea index (AHI) was
calculated as the total number of episodes of apnea and
hypopnea per hour of sleep. An AHI 

≥

5 was considered
diagnostic for OSAS.

Blood pressure wasmeasured using a  using an Omron
automatic oscillometric digital blood pressure monitor
(HEM-705CP, Omron Corporation, Tokyo, Japan).

Circulating parameters assay

All subjects had fasting blood samples taken between 07:00
AM and 08:00 AM. Blood samples were immediately sent
to the hospital laboratory for estimation of lipid levels.
Cholesterol and triglyceride concentrations in serum and
lipoprotein fractions were determined enzymatically using
standard laboratory procedures. Serum levels of CRP were
measured with a latex particle-enhanced
immunoturbidimetric assay. The normal range for CRP
levels was considered to be 0 to 5 mg/L.

Statistical Analysis

The mean and standard error of the mean (SEM) values
were determined for continuous variables and percentage
for categorical variables. The significance of differences
within groups was analyzed using the Student t test.
Correlations were analyzed with the Pearson correlation
coefficient. To assess the relative strength of the association
of OSAS as well as possible confounding factors with CRP,
we employed multiple regression analysis for the patients
with OSAS as a single group. In this analysis, serum levels of
CRP were used as a dependent variable and the order of
inclusion in the model of the following independent
variables was evaluated: AHI, BMI, triglyceride, HDL,
fasting blood sugar, waist circumference, systolic blood
pressure and diastolic blood pressure.

All statistical analyses were carried out using statistical
software (SPSS, version 13.0 for Windows; SPSS Inc;
Chicago, IL). Differences were considered significant at P
< 0.05.

Results

After subjects underwent PSG, 50 were considered to have
OSAS, including 31 patients with metabolic syndrome  and
19 patients without metabolic syndrome. The demographic
and clinical data of the two groups are presented in the
Table. The serum CRP levels were significantly elevated in
the OSAS + metabolic syndrome  group compared to the
other group (P < 0.05) (Table).

Evaluation of the association between the serum CRP
level and severity of OSAS revealed that CRP levels were
not correlated with AHI in OSAS

Evaluation of the relative strength of association using
multiple regression analysis between CRP and OSAS severity
(AHI) as well as the other possible confounding variables
(FBS, HDL, fasting glucose, waist circumference, blood
pressure, triglycerides) showed that CRP levels were not
associated with AHI in both the OSAS + metabolic
syndrome  and OSAS without metabolic syndrome.

Discussion

This cross-sectional study demonstrated that OSAS  with
metabolic syndrome was associated with elevation in the
plasma levels of CRP, and that the concurrent presence of
the metabolic syndrome in subjects with OSAS was associated
with the elevations of the plasma levels of CRP.

In patients with the metabolic syndrome, in addition to
the cardiovascular risk factors that comprise the metabolic
syndrome (obesity, insulin resistance, dyslipidemia, and the

SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL,
high-density lipoprotein; TG, triglycerides; FBS, fasting blood
sugar;
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Table 1 : Demographic and Clinical Data of the Three
Study Groups
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elevation of blood pressure), inflammation, oxidative stress,
sympathetic activation, and hemostatic and fibrinolytic
abnormalities are thought to act as atherogenic factors (19).
Inflammation is thought to play a major role in most of these
effects, which are frequently encountered in subjects with
OSAS (8). In the present study, the plasma levels of CRP
were higher in subjects with OSAS and the concurrent
presence of the metabolic syndrome. CRP is thought to be
a marker of systemic inflammation related to atherosclerosis
(20). Furthermore, recent studies have demonstrated that
CRP acts as a direct atherogenic factor (21). Thus, our results
suggest that the concurrent presence of metabolic syndrome
in subjects with OSAS also exacerbates the cardiovascular
risk as reflected by the plasma CRP levels. The
atherosclerotic risk factors comprising the metabolic
syndrome are frequently encountered in subjects with
OSAS. Recently, Coughlin et al. demonstrated that OSAS
was independently associated with an increase in
cardiovascular risk factors that comprise the metabolic
syndrome (9).

However, whether the elevated cardiovascular risk in
subjects with OSAS is due to the coexistence of components
of the metabolic syndrome, or represents effects specific to
OSAS remains to be evaluated. In subjects with the
metabolic syndrome, elevated plasma  levels of CRP have
been reported to provide additional prognostic  information
for cardiovascular events (22); thus, plasma CRP is thought
to be an additive risk in global cardiovascular  risk prediction
in subjects with the metabolic syndrome.

 These results raise an important issue, namely, whether
the concurrent presence of OSAS in subjects with the
metabolic syndrome may also contribute to the prognosis
in subjects with the metabolic syndrome— that is, whether
OSAS is also an additive cardiovascular risk factor in subjects
with the metabolic syndrome. However, the subjects of this
study comprised a specific group  consisting of subjects
visiting a sleep clinic, and thus further studies will be needed
to clarify this issue in a general cohort that also includes
subjects with the metabolic syndrome. The present study
had some limitations. This was a cross-sectional study and
only demonstrated the worsening of surrogate markers of
the prognosis in subjects with OSAS who also satisfied the
criteria of metabolic syndrome.

Some studies  have de monstrated that central obesity,
rather than body mass index, may be more closely related to
arterial stiffness and the plasma levels of CRP (24). Therefore,
the significance of central obesity as a determinant of plasma
level of CRP should be evaluated in future studies.

The present study did not deal with the precise
mechanisms underlying the exacerbation of elevated plasma
levels of CRP in the concurrent presence of the metabolic
syndrome in subjects with OSAS.

In conclusion, the present study demonstrated plasma
levels of CRP in subjects with OSAS and, furthermore, that
the concurrent presence of the metabolic syndrome in
subjects augmented this elevation of plasma levels of CRP
in subjects with OSAS. The concurrent presence of the
metabolic syndrome in subjects with OSAS may exacerbate
the cardiovascular risk reflected by increased arterial stiffness,
and increased body mass index, which is a component of
the metabolic syndrome, may exacerbate the cardiovascular
risk related to an increased plasma level of  CRP. Therefore,
the concurrent presence of the metabolic syndrome may
constitute an additive cardiovascular risk factor in subjects
with OSAS. Thus, examination to detect the concurrent
presence of the metabolic syndrome is warranted  in the
management of patients with OSAS.
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