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Abstract: Background: Obstructive sleep apnea (OSA) is a chronic, progressive disease that can cause cardiovascular complications and atheroscle-
rosis. We evaluated the relationship between serum bilirubin levels and carotid intima-media thickness (cIMT), as a surrogate marker of subclinical
atherosclerosis, in patients with OSA. Methods: We enrolled 84 consecutive patients with OSA. The patients underwent ultrasonography,
polysomnography, and echocardiography. Blood samples were obtained from all of the subjects, which were used for biochemical comparisons.
The patients were divided into groups according to cIMT values (<0.9 vs. >0.9 mm). Results: The patient population consisted of 84 OSA patients
(mean age: 54.2+ 8.0 years, 62.9% male). The OSA patients with cIMT ≥0.9 had significantly elevated high-sensitive C-reactive protein (hsCRP),
Oxygen desaturation index, apnea–hypopnea index (AHI), and significantly lower total and indirect bilirubin levels. Multivariate regression analyses
revealed that total bilirubin, hsCRP, and AHI were the independent predictors of subclinical atherosclerosis. There was a negative correlation
between total bilirubin and cIMT. Conclusions: This study showed that high hsCRP and low serum total bilirubin levels could be paving the way for
the development of subclinical atherosclerosis. Simple measures such as total bilirubin may provide predictive information regarding the risk of
cardiovascular disease in patients with OSA.
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Introduction

The recondite effects of many products within the human
metabolism are being defined in this day and age. One of
the end products of heme metabolism, bilirubin has long
been recognized as a toxic waste with a toxic effect on the
nervous system. However, recent evidence shows that
bilirubin could have many benefits including antioxidant
and anti-inflammatory effects [1]. Similar to lipid and
lipoprotein, serum bilirubin levels were discovered to be
a risk factor predictive of coronary heart disease [2]. In the
Framingham offspring study, higher serum bilirubin con-
centrations in men were detected to have a relationship
with a lower risk of myocardial infarction, coronary death,
and any cardiovascular events; however, no clear pattern
was discovered in women [3]. The meta-analysis of 11

studies was an indication that there was an inverse rela-
tionship between increased bilirubin concentrations and
atherosclerosis severity in men. There was a 6.5% decrease
in cardiovascular events with every 1 mol/L increase in
bilirubin in this study [4]. Obstructive sleep apnea (OSA) is
a complex syndrome characterized by oxygen desaturation
and sleep disorder as well as upper airway obstruction
experienced recurrently during sleep. Apneic attacks relat-
ed to low oxygen desaturation, stimulations due to upper
airway collapse, and recurrent activation attacks of the
sympathetic nervous system could cause negative intratho-
racic pressure, abnormal, humoral, neural metabolic, and
cardiovascular responses as well as thrombotic and inflam-
matory responses that contribute to mortality [5]. Athero-
sclerosis is an inflammatory process that starts during
childhood and develops stages in all phases of life [6].
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cIMT is frequently used as a significant indicator in terms
of subclinical or early diagnosis of atherosclerosis in epi-
demiological and interventional studies. Several studies
regarding the association of cIMT with undesired cardio-
vascular events have evaluated the association of cIMT
with cardiovascular disease incidence, including both cor-
onary heart disease and stroke, to determine whether this
measurement can also predict future cardiovascular events
[7, 8]. Oxidative stress is a pivotal feature of the athero-
genesis. Furthermore, oxidative stress in OSA correlates
with surrogate markers of endothelial function, intima-
media thickness, and high blood pressure. Bilirubin is an
endogenous antioxidant in human vascular endothelial
cells. The aim of this study is to analyze the relationship
between the intima-media thickness in the carotid system
and the serum bilirubin levels in OSA patients.

Materials and Methods

Study population

Newly diagnosed as having polysomnography, 84 conse-
cutive patients were enrolled into the study. After the
exclusion based on the exclusion criteria, the patients were
categorized based on age and sex, and 84 people were
divided into two groups: <0.9 mm (n= 41); ≥0.9 mm
(n= 43) based on their carotid intima-media measure-
ments [9]. The exclusion criteria were chronic obstructive
pulmonary disease, secondary hypertension reasons, dia-
betes mellitus, congestive heart failure, a history of coro-
nary artery disease (CAD), cerebrovascular disease, carotid
artery stenosis greater than 50%, peripheral artery disease,
antidiabetic and lipid-lowering agents, for any reason of
renal or liver failure, thyroid disorders, malignancy, sys-
temic infections during the study or within 2 weeks before
the study, and chronic systemic inflammatory diseases. The
study protocol was approved by local ethics committee,
and all the patients provided written informed consent to
participate in the study. All patients underwent physical
examination and blood pressure measurement through
brachial artery with a sphygmomanometer after a 5-min
rest. Body mass index (BMI) was calculated by dividing the
body weight (kg) by the height (m) squared.

Polysomnography

All patients were involved in an extensive sleep study in the
sleep laboratory of our hospital using a computer software
(Alice Sleepware, Philips Respironics, Murrysville, PA,
USA). Apnea was defined as a total cessation of airflow
for≥10 s. Hypopnea was defined as 30% ormore reduction
in the respiratory airflow lasting for >10 s accompanied by
a decrease of >4% in oxygen saturation. The average
number of apneas and hypopneas per hour of sleep was

calculated as the apnea–hypopnea index (AHI). Patients
who experienced AHI events ≥5 per hour were diagnosed
as having OSA. Oxygen desaturation index (ODI), cumu-
lative time percentage with SpO2 90%, lowest and average
SpO2 were extracted from the oximetry data.

Measurement of cIMT

The carotid artery imaging was performed in a warm,
silent, and dark room with the patient lain in asupine
position, angling their neck 20° ahead. The cIMT mea-
surements were recorded by an experienced cardiologist
who did not have previous knowledge of patients’
laboratory and clinical characteristics. Carotid duplex mea-
surements were completed with high-resolution ultraso-
nography GE Vivid 3 (GE Healthcare, Milwaukee, USA),
8 MHz linear array transducers device. The measurements
were taken from three points: right and left common
carotid arteries and bifurcation and internal carotid artery
for the first 2 cm, and the cIMT measurements were
completed evaluating only back (distant) wall. The cIMT
measurements were taken longitudinally in the B-mode
examination from the distance defined as between vessel
lumen echogenicity and media/adventitia echogenicity.
The mean cIMT was calculated based on the average of
three measurements from both carotid arteries.

Ehocardiography

The echocardiographic examination was performed with
subjects in the left lateral decubitus position using a com-
mercially available ultrasound system with a 2.5–3.5 MHz
transducer (ie33, Phillips Medical System, Bothell, WA,
USA). Left ventricular ejection fraction (LVEF) was esti-
mated using Simpson’s biplane method. The parameters
necessary for calculation of myocardial performance index
(MPI) were obtained by pulsed Doppler method in the
apical four-chamber view. Right ventricle MPI calculated
using (isovolumic contraction time+ isovolumic relaxation
time/right ventricular ejection time) formula. Tricuspid
annular plane systolic excursion represents the distance of
systolic excursion of the right ventricular annular plane
toward the apex and is measured as the maximum apical
excursion of the lateral tricuspid annular plane.

Laboratory analysis

The blood samples were collected from the patients’
antecubital veins after at least 8 h of fasting. Fasting
blood glucose, total and indirect bilirubin, creatinine,
total cholesterol, triglycerides, and high-density lipopro-
tein cholesterol concentrations were measured routinely
using an Abbott Diagnostics C8000i (Abbott, Germany)
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autoanalyzer in the biochemistry laboratory of our hos-
pital with commercial kits. The serum high-sensitive C-
reactive protein (hsCRP) levels were measured using the
nephalometric method in (UniCelDxC 800 System,
Beckman Coulter Inc., USA).

Statistical analysis

The findings were presented in mean± standard deviation
or in frequency and percentage. The Kolmogorov–Smirnov
test was used to verify the normality of the distribution of
the continuous variables. The clinical data between the two
groups were statistically analyzed with the unpaired t-test
for parametric and Mann–Whitney U test for the non-
parametric data. The statistical analysis was completed using
PASW 18 (SPSS/IBM, Chicago, IL, USA), and the

significant rate was considered 0.05 (two-way). In order
to determine the independent predictors of cIMT 0.9,
multivariate logistic regression analyses were performed
including parameters that were found to be significant
(p< 0.05) in the univariate analysis. Odds ratios (ORs) and
95% confidence interval (CI) were presented.

Results

The patient population consisted of 84 OSA patients
(mean age: 54.2+ 8.0 years, 62.9% male). There was no
significant difference between the two groups in terms
of basic clinical and risk factors. Both groups had
similar BMI, glomerular filtration rate, lipid parameters,
blood pressure, aspartate transaminase, alanine amino-
transferase, and glucose levels (p> 0.05) (Table I).

Table I Baseline clinical and laboratory characteristics according to cIMT

Variables cIMT <0.9 mm (n= 41) cIMT ≥0.9 mm (n= 43) p

Age(years) 50± 8.2 49± 6.8 0.49

Hypertension [n (%)] 20 (48.8) 27 (62.8) 0.19

Sex [male, n (%)] 23 (56.1) 26 (60.5) 0.68

Smoking [n (%)] 7 (17.1) 10 (23.3) 0.48

Alcohol consumption [n (%)] 0 (0) 1 (97.7) 0.32

Dyslipidemia [n (%)] 14 (34.1) 17 (39.5) 0.60

BMI (kg/m2) 26.7± 3.9 27.4± 4.2 0.46

SBP (mmHg) 130.8± 15.7 130.7± 12.7 0.08

DBP (mmHg) 74.9± 12 76.1± 10.5 0.61

Hemoglobin (g/dl) 14 (11–16) 14 (12–17) 0.13

White blood cell count (×109/L) 8.11± 1.1 8.46± 1.79 0.28

hsCRP (mg/L) 0.9 (0.4–2.7) 1.4 (0.42–2.9) 0.02

GFR (ml/min/1.73 m2) 86.4± 11.8 82.5± 12.5 0.13

LDL cholesterol (mg/dl) 142± 26.7 140± 36.4 0.85

HDL cholesterol (g/dl) 34.2± 8.1 33.7± 8.2 0.80

Triglyceride (mg/dl) 146 (117–276) 143 (117–341) 0.43

AST (U/L) 25.4± 6 26± 6.7 0.64

ALT (U/L) 27.5± 3.6 28± 4.8 0.62

Glucose (mg/dl) 89 (70–118) 90 (75–120) 0.70

Total bilirubin (μmol/L)a 12.3± 4.1 8± 3.4 <0.01

Indirect bilirubin (μmol/L) 8.8± 3.5 5.3± 3.3 <0.001

Total bilirubin (mg/dl) 0.72± 0.24 0.47± 0.2 <0.01

Indirect bilirubin (mg/dl) 0.51± 0.2 0.31± 0.1 <0.001

AHI 20.8± 12.3 28.6± 15.2 0.01

ODI 23.2± 9.4 27.9± 11.4 0.04

BMI: body mass index; cIMT: carotid intima-media thickness; DBP: diastolic blood pressure; GFR: glomerular filtration rate; hsCRP: high-sensitive
C-reactive protein; HDL: high-density lipoprotein; LDL: low-density lipoprotein; SBP: systolic blood pressure; AST: aspartate aminotransferase;
ALT: alanine aminotransferase; ODI: oxygen desaturation index; AHI: apnea–hypopnea index; Desaturation (%): sleep time of SpO2 <90%.
aSI units (mmol/L) were obtained by multiplying traditional bilirubin concentrations (mg/dl) with conversion factor (17.1)
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The OSA patients with cIMT≥ 0.9 had significantly
higher hsCRP, ODI, AHI [0.9 (0.4–2.7) vs. 1.5
(0.42–2.9) mg/L, p< 0.001; 23.2± 9.4 vs. 27.9 ±
11.4, p= 0.04; 20.8± 12.3 vs. 30± 13.8, p= 0.002,
respectively] and significantly lower total and direct
bilirubin levels (12.3± 4.1 vs. 8± 3.4 μmol/L, p< 0.0;
8.8± 3.5 vs. 5.3± 3.3, p< 0.001, respectively). The
comparison with the cIMT ≤0.9 group demonstrates
the relationship between total bilirubin and cIMT
(Fig. 1).

There was a significant negative correlation found in
the correlation analysis between total bilirubin and cIMT
(r=−0.44, p< 0.01) (Fig. 2). Similarly, there was a
significant positive correlation found in the correlation
analysis between cIMT and hsCRP (r=−0.23, p= 0.03).

Multivariate logistic regression model was performed
with hsCRP, bilirubin, ODI, and AHI independent vari-
ables. Total bilirubin (OR: 0.72, 95% CI: 0.60–0.86,
p< 0.01), AHI (OR: 1.07, 95% CI: 1.01–1.13, p= 0.01),
and hsCRP (OR: 2.91, 95% CI: 1.09–7.70, p= 0.03)
were the independent cIMT predictors of subclinical
atherosclerosis (Table II).

LVEF values obtained using echocardiographic assess-
ment were not significantly different between the two
groups. Parameters related to right ventricular function
were not significantly different between the two groups
(Table III).

Discussion

We have showed a study a relationship between subclini-
cal atherosclerosis and total bilirubin levels in OSA
patients. This study revealed a negative correlation be-
tween total bilirubin and cIMT. Total bilirubin, AHI, and
hsCRP were found to be an independent risk factor for
subclinical atherosclerosis.

OSA is the most common of the respiratory disorders
during sleep characterized by repetitive obstruction epi-
sodes in the upper respiratory tract, and is usually associ-
ated with risk factors, such as obesity, hypertension,
cardiovascular, and CAD [10]. Oxidative stress, vascular

Fig. 1. Bilirubin values according to the carotid intima-media
thickness

Fig. 2. Correlation graph between total bilirubin and carotid
intima-media thickness

Table II Multivariate logistic regression analyses, independent pre-
dictors of carotid intima-media thickness

Variables Multivariate OR [95% CI] p

hsCRP 2.91 [1.09–7.70] 0.03

Total bilirubin 0.72 [0.60–0.86] 0.03

Indirect bilirubin 1.11 [0.73–1.69] 0.61

ODI 1.02 [0.95–1.09] 0.56

AHI 1.07 [1.01–1.13] 0.01

hsCRP: high-sensitive C-reactive protein; CI: confidence interval; OR:
odds ratio; ODI: oxygen desaturation index; AHI: apnea–hypopnea index

Table III Right ventricular echocardiographic parameters of the
groups

Parameters cMIT <0.9 cMIT >0.9 p value

LVEF (%) 62.5± 4.8 62.0± 5.2 0.18

RVEDD (mm) 38.1± 3.1 37.0± 4.1 0.41

RVESD (mm) 19.0± 3.5 18.1± 2.5 0.21

TAPSE (mm) 20.2± 3.5 19.6± 4.0 0.22

RV MPI 0.21± 0.02 0.20± 0.02 0.66

LVEF: left ventricular ejection fraction; RVEDD: right ventricle end
diastolic diameter; RVESD: right ventricle endsystolic diameter; RV
MPI: right ventricular myocardial performance index; TAPSE: tricuspid
annular plane systolic excursion
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endothelial dysfunction, and systemic inflammation
in OSA contribute to the development of endothelial
dysfunction and cardiovascular diseases [5]. Stiffening
in central arteries has a number of detrimental hemody-
namic consequences such as increased risk for coronary
heart disease, stroke, and composite cardiovascular events
[11]. Atherosclerosis is an inflammatory disease resulting
from increased plasma cholesterol levels with lipid accu-
mulation in the arterial wall in the center of lesion
formation. This process includes the phagocytosis of
low-density lipoprotein (LDL) cholesterol by macro-
phages, and is related to an increased oxidative stress,
inflammatory endothelial damage [12, 13]. Determining
the preventable risk factors that affect atherosclerosis
matters a great deal as this could weaken, perhaps only
by a small margin, the pathological process of atheroscle-
rosis. It has been reported that bilirubin is quite a strong
antioxidant against oxidant peroxides, one of the impor-
tant steps of plaque formation and atherosclerosis, and is
even 30 times as strong in preventing LDL oxidation
compared with a vitamin D analog [14]. Similarly, in vivo
studies showed that bilirubin decreased the excessive
expression of the adhesion molecules during the inflam-
matory process and the excessive expression of the adhe-
sion molecules in the endothelial cells, and inhibited
leukocyte endothelial adhesion molecules; all these data
from the theses collectively could contribute to explaining
bilirubin’s protective effect on the development of
atherosclerosis [15].

Previous studies reported the bilirubin’s antioxidant
effects and preventive side in the development of
atherosclerosis [16–18]. While the mechanics of this
antiatherogenic effect cannot be completely explained,
it is considered that bilirubin has an antioxidant effect and
it could be efficient due to this effect. Studies performed
on individuals demonstrated that bilirubin has an anti-
oxidative effect against atheromatous lesions [19, 20].
Schwertner et al. [21] reported that the decrease in the
serum bilirubin levels brought along an increase in smok-
ing and systolic blood pressure as well as in CAD. It was
also reported high serum total bilirubin levels could
diminish the development of early familial CAD and high
levels of bilirubin could act as a protective factor [22, 23].
Another recent, retrospective, cross-sectional study by
Akboğa et al. [24] found in their analysis that serum
total bilirubin levels had a relationship with the severity of
coronary atherosclerosis in patients with stable coronary
atherosclerosis. Furthermore, Huang et al. [25] sug-
gested the total serum bilirubin levels could be an inde-
pendent predictor of long-term mortality in stable CAD
(HR: 0.34, 95% CI: 0.16–0.70). On the contrary, there
are studies that found no significant relationship between
serum bilirubin levels and atherosclerotic lesions or stud-
ies that found a U-shaped association between serum
bilirubin and CAD [26, 27]. However, there can be
various factors that affect atherosclerosis. Therefore, it is

important to determine how each factor creates a risk
independently. Our findings are seemingly in concordant
with those from most of the previous studies. The rela-
tionship between the inflammatory markers of subclinical
atherosclerosis in patients with OSA and cIMT was
discovered in previous studies, [27] whereas this study
found a statistically significant effect of serum total bili-
rubin levels in patients with OSA on cIMT, a potential
start of the atherosclerosis process. OSA may be associat-
ed with chronic liver dysfunction due to right ventricular
dysfunction. This can increase serum bilirubinin. In this
study, right ventricular functions were assessed using
specific echo parameters and no evidence of right ven-
tricular dysfunction was detected. This may be due to the
study being performed in newly diagnosed OSA patients.
Low oxygen saturation along with apnea causes numer-
ous inflammatory markers to increase in patients with
OSA and characterized systemic inflammatory response.
The ongoing inflammatory response plays a role in ather-
osclerosisis [28]. Based on such data, there was a signifi-
cant difference between the ODI and apnea–hypopnea
index in the OSA patients who did and did not have
carotid intima-media hyperplasia in this study. Demİrel
et al. [29] put forth in their study that low serum total
bilirubin level along with hypertension and hypercholes-
terolemia is a risk factor for intimal-medial hyperplasia
after multiple logistic regression analyses (OR: 1.57, 95%
CI: 1.16–1.93). This study supported the results from the
previous studies and total bilirubin levels in patients with
OSA were found to be an independent risk factor for
carotis intima-media hyperplasia in the multivariate logis-
tic regression analysis. In addition, AHI that shows the
severity of OSA was found to be an independent risk
factor for carotid intima-media hyperplasia. Thus,
OSA-related hypoxia may be indirectly contributed to
atherosclerosis progression. Preventing atherosclerosis
development is a significant issue. It helps take early
protective precautions for diseases that could develop in
relation to atherosclerosis. Measuring serum bilirubin
levels is a simple procedure. Just as we have done in this
study, clarifying the relationship between bilirubin and
atherosclerosis in further studies could be improved as it
could help determine a preventable risk factor in the
development of atherosclerosis. However, more detailed
and extensive research is required in order to reveal
bilirubin as an independent risk factor for atherosclerosis
in a clear manner.

Conclusions

This study showed low serum total bilirubin levels could be
paving the way for the development of subclinical athero-
sclerosis. This study could hold importance in the sense
that it brings people’s attention to such an important that is
the effect of bilirubin on atherosclerosis. These findings
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have led to the idea that the antioxidant mechanism of
bilirubin may play an important role as a protective factor
in prone to atherosclerotic conditions such as OSA. Future
experiments will help ensure that high levels of bilirubin
indicate that the worsening of cIMT in such patients is the
“protective guardian” of bilirubin.

Study Limitation

The limitations of this study could be that this study was
cross-sectional and was conducted with a small number of
patients; we were not able to investigate the effects of
continuous positive airway pressure therapy, which could
be a further evidence for the relationship between inflam-
mation and atherosclerosis; markers such as IL-1, IL-6,
and TNF-α were not evaluated; atherosclerosis in the
patients were examined through non-invasive methods;
and coronary angiography was not performed.
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