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ABSTRACT

The relationship between the heart-type fatty acid binding protein levels, 
carotid intima media thickness and epicardial fat thickness in patients with 
obstructive sleep apnea syndrome

Introduction: In this study, we aimed to evaluate the relationship between caro-
tid artery intima-media thickness, epicardial fat thickness measurement and the 
levels of heart-type fatty acid binding protein (hFABP) in patients with obstructi-
ve sleep apnea syndrome (OSAS).

Materials and Methods: Ninety-nine newly diagnosed OSAS patients and fifty 
non-OSAS control subjects were enrolled in this study. In both groups, demog-
raphic data such as age, sex, body mass index (BMI) were recorded and 
carotid intima-media thickness (CMIT) and epicardial fat thickness (EFT) were 
measured. hFABP levels were determined using the enzyme-linked immuno-
sorbent assay (ELISA) method according to the manufacturer’s protocols. 

Results: Patients with OSAS 67% male, 33% female gender is determined. 
The mean age of control group was 43.28 ± 12.12 years and group of OSAS 
was 47.85 ± 11.55 years (p= 0.026). In OSAS group; 38 mild OSAS 
(38.38%), 23 moderate OSAS (23.23%) and 38 severe OSAS (38.38%) 
patients were identified. In OSAS patients, average of apnea hypopnea index 
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a clini-
cal condition characterized by breathing stop epi-
sodes, sleep fragmentation, oxygen desaturation and 
increased daytime sleepiness due to recurrent block-
ages in the upper airway during sleep. OSAS is a 
disease with a prevalence of 2.8-9% and a significant 
morbidity and mortality (1,2). The gold standard for 
diagnosis is polysomnography.

Systemic arterial hypertension, ischemic heart dis-
ease, heart failure, pulmonary hypertension, cardiac 
arrhythmias, sudden death can be seen with OSAS. It 
has been reported that carotid intima media thickness 
(CMIT) can be used for early detection of cardiovas-
cular risk in patients with OSAS (3). The resulting 
hypoxia and systemic inflammation increases athero-
sclerosis, thus constituting a risk for cerebrovascular 
diseases (4).

The heart-type fatty acid binding protein (hFABP), a 
cardiac marker, is a cytoplasmic protein with a 

weight of 15 kDa, mainly in the heart, circulating and 
non-cardiac tissues (5). In cell membrane damage, 
hFABP is released out of the cell and is easily circu-
lated as it is a small molecule (6). In a study investi-
gating whether nocturnal hypoxemia might cause 
myocardial injury in OSAS patients with no cardio-
vascular disease, mean hFABP levels were associated 
with a desaturation period in sleep (< 80%) (7).

Epicardial fat thickness (EFT) is a visceral fat deposi-
tion of the heart, reflecting visceral obesity better 
than general obesity (8). EFT is an independent factor 
for visceral adiposity and cardiometabolic risk and in 
a study investigating the relationship between EFT 
and OSAS weight, a significant correlation was found 
between EFT and OSAS disease severity (9). In Akilli’s 
study, the relationship between the effects of sex on 
leptin and epicardial fat thickness and the severity of 
OSAS was investigated and it was revealed that leptin 
and EFT levels in women present more meaningful 
data in evaluating the severity of OSAS (10).

(AHI) was 29.83/hours. A positive correlation was observed between BMI with EFT and CMIT (p< 0.05). hFABP levels in OSAS group 
average was 2.65 ± 2.1 ng/mL and in control group average was 1.62 ± 0.90 ng/mL and this was statistically significant (p= 0.002). 
EFT, in the control group average was 5.3 ± 2.04 mm, while the average was 4.3 ± 1.79 mm in the OSAS group (p= 0.019). The 
correlation was observed between the CMIT and EFT (p< 0.001). There was no significant difference in BMI and gender between 
OSAS and control groups. No accompanying cardiovascular disease was detected in patients with OSAS.

Conclusion: This study suggests EFT and hFABP can be used as a predictive value in determining cardiovascular risk in OSAS patients.

Key words: Obstructive sleep apnea syndrome; heart type fatty acid binding protein; intima-media thickness; epicardial fat thickness

ÖZ

Obstrüktif uyku apne sendromlu hastalarda kalp tipi yağ asidi bağlayıcı protein düzeyleri, karotis intima media kalınlığı ve  
epikardiyal yağ kalınlığı arasındaki ilişki

Giriş: Bu çalışmada obstrüktif uyku apne sendromu (OSAS) olan hastalarda karotid arterlerin intima media kalınlıkları ile epikardiyal 
yağ kalınlığı ölçümlerinin kalp tipi yağ asidi bağlayıcı protein (heart type fatty acid binding protein; hFABP) düzeyleri ile ilişkisini 
araştırmayı amaçladık.

Materyal ve Metod: Çalışmaya 99 OSAS ve 50 kontrol olgusu dahil edildi. Hasta ve kontrol grubunda serum hFABP düzeyleri ölçüldü. 
Olguların demografik verileri kaydedildi ve karotis arter intima media kalınlığı (CMIT) ve epikardiyal yağ kalınlıklarının (EFT) ölçümü 
yapıldı.

Bulgular: OSAS grubunun %67’si erkek, %33’ü kadın cinsiyet olarak saptanmıştır. Kontrol grubunun yaş ortalaması 43.28 ± 12.12 
yıl, OSAS grubunun 47.85 ± 11.55 yıl idi (p= 0.026). OSAS olan grupta 38 (%38.38) hastada hafif, 23 (%23.23) hastada orta, 38 
(%38.38) hastada ağır OSAS tespit edildi. OSAS grubunun AHİ ortalaması 29.83/sa idi. Beden kitle indeksi (BKİ) ile EFT ve CMIT 
arasında pozitif korelasyon izlendi (p< 0.05). hFABP düzeyi OSAS grubunda ortalama 2.65 ± 2.1 ng/mL iken kontrol grubunda orta-
lama 1.62 ± 0.90 ng/mL olarak tespit edildi (p= 0.002). CMIT OSAS grubunda ortalama 0.67 ± 23 mm iken kontrol grubunda orta-
lama 0.6 ± 0.21 mm idi (p> 0.05). EFT OSAS grubunda ortalama 5.3 ± 2.04 mm iken kontrol grubunda ortalama 4.3 ± 1.79 mm idi 
(p= 0.019). CMIT ve EFT arasında korelasyon izlendi (p< 0.001). OSAS’lı hastalar ile kontrol grubu arasında BKİ ve cinsiyet açısından 
anlamlı fark yoktu. OSAS’lı hastalarda eşlik eden kardiyovasküler hastalık saptanmadı. 

Sonuç: Bu çalışma OSAS tanısı konulan hastalarda kardiyovasküler riski belirlemede hFABP ve EFT değerlerinin prediktif olarak kul-
lanılabileceğini düşündürmektedir.

Anahtar kelimeler: Obstrüktif uyku apne sendromu; kalp tipi yağ asidi bağlayan protein; intima media kalınlığı; epikardiyal yağ kalın-
lığı
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In this study, we aimed to investigate whether CMIT, 
EFT and hFABP levels differed among control patients 
in OSAS patients and to investigate the correlation 
between these parameters.

MATERIALS and METHODS

Permission was obtained from Dicle University 
Faculty of Medicine Ethics Committee and informed 
consent was obtained from each participant. The 
study was planned prospectively and 149 patients 
who underwent polysomnography in the Dicle 
University Faculty of Medicine, Department of Chest 
Diseases Sleep Disorders Center between August 
2014 and April 2015 were included to study.

Patients with an apnea hypopnea index (AHI) < 5 
were accepted as control group and those with AHI 
> 5 were accepted in the OSAS group. Patients with 
OSAS were classified as mild with AHI ≥ 5-15, mod-
erate with AHI > 15-30 and severe with AHI > 30.

Serum heart-type fatty acid-binding protein levels 
were measured in the patient and control groups. 
Age, height, weight, body mass index, waist circum-
ference, neck circumference, smoking, polysomnog-
raphy data, periodic leg movements, oxygen desatu-
ration index (ODI), AHI, CMIT and EFT measure-
ments were performed. The PSG procedure was per-
formed with the devices where the sleep and respira-
tory parameters were recorded automatically in the 
sleep center.

Patients were admitted to the sleep center for OSAS 
because of at least one of the complaints of snoring, 
witnessed apnea or sleepiness during the day. Cases 
with at least 240 minutes of sleep time in the poly-
somnographic records were included in the study. 
Patients with central apnea, upper airway resistance, 
hematological disorders, neurological disorders, car-
diovascular disease, lung disease, diabetes, active 
infections, hepatitis, cancer, kidney failure and other 
metabolic diseases were excluded from the study. 
Patients using drugs such as dopaminergic drugs, 
opiates, benzodiazepines and tricyclic antidepres-
sants, etc. were also excluded.

A total of 149 patients who underwent polysomnog-
raphy and who did not meet the exclusion criteria 
were included in the study. According to the PSG 
results, 99 patients were accepted as OSAS and 50 as 
control patients. Demographic data such as age, gen-
der, body mass index (BMI) were recorded (11).

Polysomnographic Evaluation

Polysomnography recordings were performed in our 
Sleep Disorders Center with the Compumedics 
brand, 44-channel E-series polysomnography device 
(E-Series Compumedics™, Melbourne, Victoria, 
Australia). The patients were monitored for a mini-
mum of 4 hours of sleep. Electroencephalography 
(EEG) records show the location of the electrodes 
according to the international 10-20 system; two 
channels were made as C3/A2 and C4/A1, two elec-
trooculography (EOG), jaw and both tibialis anteroior 
muscle bipolar surface electromyogram and body 
position and motion sensors were used. Mouth and 
nose airflow (with oronasal cannula and thermistor) 
were measured to monitor respiratory events. 
Respiratory movements were recorded with the help 
of thoracic and abdominal bands. Snoring was eval-
uated with a microphone placed on the larynx to the 
anterior-upper part of the neck. Oxygen saturation 
was measured by pulse oximetry during sleep and an 
electrocardiogram was used. Oxygen desaturation 
index (ODI) was defined as the number of oxygen 
desaturation per hour during sleep. Nocturnal oxy-
gen desaturation (NOD) is defined as a decrease in 
SaO2 of less than 90% over 30% of the recording 
time. All night infrared video was synchronized with 
polysomnographic data and stored in digital format. 
PSG recordings were scored according to the stan-
dard criteria of Rechtschaffen and Kales in 30 sec 
epokes (12).

The sleep phase at the PSG was determined accord-
ing to the American Academy of Sleep Medicine 
(AASM) 2007 criteria. Apnea and hypopnea were 
defined according to AASM criteria. Data were 
expressed as apnea-hypopnea index (AHI) and 
apnea-hypopnea/hour numbers were calculated. AHI 
≥ 5 is the diagnosis of OSAS (13). Leg movements 
(LMS) were also scored according to AASM 2007 
criteria (13). A series of periodic leg movements is 
called as four or consecutive LMS between 5-90 sec 
during sleep (13). PLMS index (PLMSI) was defined 
by dividing total PLM events by total sleep time in 
PSG.

Echocardiographic Evaluation

Carotid artery doppler ultrasound was performed by 
Phillips 4000 HDI device and 7-12 MHz linear 
probe. In patients with thick and short neck, bilateral 
carotid artery Doppler US examination was per-
formed with 4-7 MHz linear probe. Patients were 
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placed in the supine position, 1 cm after the bifurca-
tion of both internal carotid arteries (ICA), where the 
hemodynamics were least affected, at the transverse 
plane and at the diastolic stage; The effects of ICA on 
intima-media thickness and epicardial fat thickness 
were investigated. In addition, factors that cause 
carotid artery CMIT have been analyzed in patients 
with OSAS. Measurements were made with B-mode 
US and colored doppler US was used to exclude only 
hypoechoic and calcific plaques. Patients with 
hypoechoic and calcific plaques were excluded from 
the study.

Laboratory Analysis

After PSG, minimal tourniquet was applied from 
each participant and 8 mL blood was taken from the 
antecubital vein. It was analyzed by ELIZA (enzyme-
linked immunosorbent assay) method in Dicle 
University Medical Faculty Biochemistry Laboratory. 
CRP levels were performed by nephelometric meth-
od. Cholesterol, fasting triglyceride, HDL-cholesterol 
and fasting blood sugar plasma concentrations were 
measured using Cobas 6000 (Roche Diagnostics 
GmbH, Mannheim, Germany). LDL cholesterol val-
ues were calculated according to the Friedewald 
formula.

Statistical Analysis 

SPSS 15.0 for windows statistical package program 
was used for statistical evaluation of our data. 
Measured variables were presented with mean ± 
standard deviation and categorical variables with 
number and percentage (%). The data were com-
pared with the normal distribution of Kolmogorov-
Smirnov Test. Student’s t-test was used for compari-
son of normal-distributed study and control group 
parameters while Mann-Whitney U test was used for 
parameters not showing normal distribution. Chi-
square test was used to compare qualitative data. 
Pearson correlation test was used for the parameters 

which were normally distributed, and 
Spearmanesindes rho correlation test was used for 
the parameters that did not show normal distribution. 
The results were evaluated with a confidence interval 
of 95% and a significance level of p< 0.05.

RESULTS 

Of the 149 patients with complaints of daytime 
sleepiness and snoring, 99 of them had AHI ≥ 5 
OSAS in their PSG. We found AHI < 5 in 50 of the 
PSG. 99 patients with AHI ≥ 5 were enrolled as a 
study group. The control group consisted of 50 
patients with AHI < 5. OSAS patient group; 38% 
were mild OSAS, 23% were middle OSAS and 38% 
were severe OSAS.

The demographic characteristics of the patients were 
female 32 (32.3%) and male 67 (67.7%) in the OSAS 
group. The number of women in the control group 
was 21 (42%), male 29 (58%). There was no signifi-
cant difference in gender distribution between the 
control and OSAS patient groups (p= 0.244). There 
was no significant difference in terms of gender in 
OSAS subgroups (p= 0.691) (Table 1).

When the patients were evaluated in terms of age; the 
mean age of the OSAS group was 47.85 ± 11.55 years 
and the mean age of the control group was 43.28 ± 
12.12 years. The mean age of patients in the mild 
OSAS group was 46.55 ± 12.48 years, the mean age 
was 49.39 ± 10.21 years in the middle OSAS group 
and the mean age in the severe OSAS group was 
48.23 ± 11.51 years. The mean age of the control 
group was significantly lower than the OSAS group 
(p= 0.026). There was no significant difference in 
mean age between OSAS groups (p= 0.530) (Table 1).

Of the 149 cases, 1 was normal weight (BMI ≥ 18-27) 
(0.7%), 30 cases were underweight (BMI < 18) 
(20.1%), 67 cases were obese (BMI > 27-35) (45%). 
51 patients were morbid obesity (BMI > 35) (34.2%) 

Table 1. Demographic distribution of the patients and BMI, ODI values

OSAS group Control group p 

Female 32 (32.3%) 21 (42%) 0.244

Male 67 (67.7%) 29 (58%)

Age 47.85 ± 11.55 43.28 ± 12.12 0.026

BMI 33.59 ± 5.6 32.08 ± 4.1 < 0.25

ODI 35.2 ± 27.7 9 ± 11.89 < 0.05

BMI: Body mass index, ODI: Oxygen desaturation index.
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(Table 2). The mean BMI of the control group was not 
significantly different from the OSAS patient group 
(p< 0.25). There was a positive correlation between 
BMI and EFT and CMIT (p< 0.05, r= 0.394, r= 0.297).

In our study, there were no patients with normal 
weight in the OSAS patient group. 15.2% of the 
patients with OSAS were overweight, 46.5% were 
obese and 38.4% were morbid obese. There was no 
difference in the frequency of BMI subgroups between 
the OSAS group and the control group (p= 0.064).

When we classified the groups according to AHI, the 
mean AHI was 29.83 units / hours in the OSAS group 
and 2.2 units/hours in the control group (p< 0.001). 
Apnea index was found to be elevated as the disease 
severity increased in the OSAS subgroups (p< 0.001).

Oxygen Desaturation Index (ODI) was 35.2 ± 27.7 in 
the OSAS group and 9 ± 11.89 in the control group 
(p< 0.05). As the severity of the disease increased in 
the OSAS subgroups, ODI was significantly increased 
(p< 0.05) (Table 1). There was a positive correlation 
between ODI, %NOD values and CMIT, EFT values, 
these were significant (p< 0.05). However, no signif-
icant correlation was found between ODI, %NOD 
and hFABP (p= 0.78, p= 0.103). There is a statistical-
ly significant negative correlation between minSpO2 

and CMIT, EFT (p< 0.05), there is no correlation with 
hFABP (p= 0.72). 

The mean period of leg movements in sleep was 6.4 
± 1.24 units/hours in the OSAS group and 9 ± 2.39 
units/hours in the control group, and the difference 
was not significant (p= 0.408).

The mean waist circumference was 111.8 ± 7.1 cm 
in the OSAS group and 106.4 ± 5.8 cm in the control 
group (p< 0.05). As the severity of OSAS increased, 
there was a significant increase in waist circumfer-
ence (p< 0.003). The mean circumference of the neck 
was 41.01 ± 2.9 cm in the OSAS group and 39.9 ± 
1.63 cm in the control group (p= 0.088). There was 
no significant difference in OSAS subgroups. There 
was a positive correlation between waist circumfer-
ence and EFT and CMIT values (p< 0.05, r= 0.381, r= 
0.320). There was a positive correlation between 
neck circumference and EFT and CMIT (p< 0.05, r= 
0.366, r= 0.269) (Table 3).

Carotid intima-media thickness and epicardial fat 
thickness; the mean CMIT was 0.67 ± 23 mm in the 
OSAS group and the mean CMIT in the control group 
was 0.6 ± 0.21 mm (p= 0.409). There was no statisti-
cally significant difference in CMIT between the 
OSAS patient subgroups. The mean EFT in the OSAS 

Table 2. Distribution of BMI and AHI values in OSAS patients

OSAS patients (n= 99) AHI= 5-15 AHI= 16-30 AHI > 30 n= 99

BMI groups BMI < 18 (underweight) 10 2 3 15

BMI ≥ 18-27 (normal) - - - -

BMI > 27 (obese) 18 14 14 46

BMI > 35 (morbid obese) 10 7 21 38

n (%) 38 (38.4%) 23 (23.2%) 38 (38.4%) 99 (100%)

BMI: Body mass index, AHI: Apnea hypopnea index.

Table 3.  Clinical tests and examinations results of the patients

OSAS group Control group p 

Periodic leg movement (n/h) 6.4 ± 1.24 9 ± 2.39 0.408

Mean waist circumference (cm) 111.8 ± 7.1 106.4 ± 5.8 < 0.05

Mean neck circumference (cm) 41.01 ± 2.9 39.9 ± 1.63 0.088

CMIT (mm) 0.67 ± 0.23 0.6 ± 0.21 0.409

EFT (mm) 5.3 ± 2.04 4.3 ± 1.79 0.019

hFABP (ng/mL) 2.65 ± 2.1 1.62 ± 0.90 0.002

C-reactive protein (mg/dL) 0.93 ± 0.65 0.93 ± 0.93 0.383

CMIT: Carotid intima-media thickness, EFT: Epicardial fat thickness, hFABP: The heart-type fatty acid binding protein.
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group was 5.3 ± 2.04 mm and the mean EFT in the 
control group was 4.3 ± 1.79 mm (p= 0.019). There 
was no statistically significant difference between the 
OSAS patient subgroups in terms of EFT (p= 0.019). 
There was a correlation between CMIT and EFT val-
ues (p< 0.001, r= 0.468) (Table 2).

The mean of hFABP in the OSAS group was 2.65 ± 2.1 
ng/mL and the mean of hFABP was 1.62 ± 0.90 ng/mL 
in the control group (p= 0.002). There was no statisti-
cally significant difference in hFABP levels between 
the OSAS patient subgroups and there was no correla-
tion between hFABP level and CMIT and EFT values 
(Table 3). Therefore, the risk of cardiovascular disease 
was similar between the OSAS patient groups.

C-reactive protein (CRP) was accepted as a marker 
because patients suspected of infection have exclud-
ed from the study. CRP level was found to be 0.93 ± 
0.95 mg/dL in the control group (n= 19) and 0.93 ± 
0.93 mg/dL in the OSAS group (n= 32). CRP levels 
were not statistically significant in the control and 
patient groups (p= 0.383) (Table 2). The rate of smok-
ers was 45% in the OSAS group and 52% in the 
control group. There was no significant difference 
between OSAS and control groups in terms of total 
cholesterol, triglyceride, HDL and LDL levels in 
terms of lipid profile (p= 0.7909). However, LDL and 
total cholesterol levels were found to be significantly 
increased as the severity of the disease increased 
among the OSAS patient subgroups (p< 0.05).

DISCUSSION

Obesity plays an important role in the pathophysiol-
ogy of OSAS. In studies, weight gain was shown to 
cause a large increase in snoring and daytime sleep-
iness (14,15). OSAS was reported in 50-81% of obese 
patients (15,16). In the series of Garg et al., 81 
(44.4%) were non-obese and 45 (55.6%) were obese 
(16). In our study, the ratio of obese patients was 45% 
and morbidly obese patients was 34% in the OSAS 
group. In addition, there was a positive correlation 
between BMI and EFT and CMIT values (p< 0.05).

Similar to the literature, we found high body mass 
index in the OSAS patient group. Neck circumfer-
ence and BMI are largely related. The relationship 
between the severity of respiratory distress and waist 
circumference in adults is stronger than that of the 
neck circumference (17).

It is evaluated with AHI, which determines the clini-
cal severity of OSAS. Şahbaz et al. classified 80 

patients with OSAS according to AHI, and found 26 
(32%) as mild, 15 (19%) as moderate and 39 (49%) 
as severe OSAS (18). In our study, we found mild 
(38.38%) in 38 patients, moderate (23.23%) in 23 
patients, and severe OSAS in 38 patients (38.38%) in 
the OSAS group.

When OSAS patients were compared with the control 
group, it was found that the minimum and average 
oxygen saturation in sleep were low and desaturation 
indices were higher (19). In our study, ODI was found 
to be 9 ± 11.89 in the control group and 35.2 ± 27.7 
in the OSAS group. The mean ODI in the control 
group was significantly lower than the OSAS patient 
group (p< 0.05). OSAS severity was significantly high-
er in patients with OSAS patients (p< 0.05).

Periodic leg movements in sleep (PLMS) are charac-
terized by periodic, stereotypic extension movements 
in the legs, often in the ankle. It is accepted as patho-
logical if the number of movements per hour in 
adults is over 15 (20). In one study, PLMS was found 
to be higher in OSAS patients (21). In our study, no 
difference was found between the OSAS group and 
the control group in terms of PLMS.

There are serious data about the hypoxia occurring in 
OSAS leading to endothelial dysfunction due to oxi-
dative stress (22,23). Köktürk et al. and Lavie et al. in 
two different studies, there was no statistically signif-
icant difference between the groups in terms of total 
cholesterol, triglyceride, HDL and LDL levels like 
results of our study (24,25).

There are different opinions about whether nocturnal 
hypoxemia may cause myocardial injury in OSAS 
patients with no cardiovascular disease (26). In a 
review study, mean hFABP levels were reported to be 
related to sleep desaturation period (27). High levels 
of hFABP have been associated with OSAS and met-
abolic syndrome (28). 

CMIT increase in OSAS patients is an indicator of 
atherosclerosis and is an independent risk factor for 
cerebrovascular diseases (29). Lubrano et al. the rela-
tionship between body fat distribution and disease 
was investigated in patients with OSAS, and the 
results were related to both cardiac adipocyte and 
abnormal body fat distribution in obese patients (30). 
Significant increases in left ventricular mass and 
CMIT were detected in these patients (30).

Epicardial fat is the visceral fat deposition of the heart 
and reflects visceral obesity better than general obe-
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sity (31). In our study, there was a correlation 
between CMIT and EFT (p< 0.001, r= 0.468).

CONCLUSION

Inflammatory cytokines and neurohormones play a 
role in various mechanisms in cardiovascular patho-
physiology; It is associated with the severity of the 
disease and adversely affects the prognosis. Chronic 
recurrent hypoxemia and ischemia have an important 
role in inflammation. Prevention of future cardiovas-
cular complications in patients with sleep apnea, 
after a good history and a complete physical exam-
ination; analysis of cardiovascular markers such as 
hFABP, CMIT and EFT, if necessary; It will be possible 
to prevent, reduce or control the global risks that 
cause cardiovascular disease such as hypertension, 
obesity, diabetes or metabolic syndrome, dyslipid-
emia and smoking.
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