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Objectives: This study aims to assess subclinical atherosclerosis markers such as epicardial fat thickness, carotid intima media thickness (CIMT), and 
aortic stiffness index (ASI) in ankylosing spondylitis (AS) patients as well as to investigate the relationship between the subclinical atherosclerosis 
markers and disease activity/function/mobility indices.
Patients and methods: Twenty-six AS patients (22 males, 4 females; mean age 43 years) and 26 age- and sex-matched healthy controls (21 
males, 5 females; mean age 43 years) were included. Patients and controls with any reported cardiovascular disease or other comorbidities were 
excluded. Disease activity, functional capacity and spinal mobility were measured using the Bath Ankylosing Spondylitis Disease Activity Index, 
Bath Ankylosing Spondylitis Functional Index, and Bath Ankylosing Spondylitis Metrology Index, respectively. All patients underwent complete 
transthoracic echocardiographic examination including epicardial fat thickness and ASI, and sonographic examination including CIMT.
Results: There were no significant differences in demographical and cardiovascular characteristics between AS patients and healthy controls 
(p>0.05). Epicardial fat thickness (5.15±1.13 vs. 4.11±1.22; p=0.003), CIMT (0.70±0.16 vs. 0.60±0.10; p=0.012) and ASI (14.2±10.8 vs. 8.6±3.1; p=0.018) 
were significantly increased in patients with AS compared to the healthy controls. There was no significant correlation between the subclinical 
atherosclerosis markers and disease activity/function/mobility indices (p>0.05).
Conclusion: A significantly increased epicardial fat thickness, CIMT, and ASI were observed in AS patients compared with healthy controls.
Key words: Ankylosing spondylitis;  atherosclerosis; epicardial fat tissue.

Ankylosing spondylitis (AS) is a chronic 
inflammatory disease characterized by axial 
skeleton and extra-articular involvement.1 
Increased cardiovascular disease has been detected 
in AS patients compared to healthy controls.2

Atherosclerosis is one of the most important 
and common causes of mortality and morbidity 
throughout the world. It is also a well-known fact 
that atherosclerosis is a chronic, progressive and 
inflammatory disease with a long asymptomatic 
phase. Atherosclerosis has two phases: 
preclinical (subclinical) and clinical. Subclinical 
atherosclerosis refers to the early stage of the 
atherosclerotic disease which confers an increased 
risk of cardiovascular disease. This subclinical form 
may eventually lead to coronary artery disease, 

myocardial infarction, and sudden cardiac death. 
As early diagnosis is very important, a variety 
of imaging modalities including epicardial fat 
thickness, carotid intima media thickness (CIMT), 
and aortic stiffness index have been used to assess 
subclinical atherosclerosis.3,4

Epicardial fat tissue (EFT) is a component 
of visceral fat tissue located around the heart 
between myocardial and visceral epicardium. This 
metabolically active fat tissue releases various 
proinflammatory and proatherogenic cytokines.5 
Epicardial fat tissue is a stronger risk factor for 
coronary artery disease compared with fat tissues 
located in other parts of the body, and EFT may 
have an important role in the development of 
coronary artery disease.6,7 Carotid intima-media 
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thickness is an established risk marker of 
subclinical atherosclerosis in carotid arteries.8 
The CIMT is strongly correlated with the presence 
of coronary artery diseases.9,10 Arterial stiffness 
index (ASI) is a marker for vascular dysfunction 
and an independent risk factor for cardiovascular 
disease.11 Several studies showed that patients with 
AS exhibited greater CIMT.12-14 and ASI15-18 than 
healthy controls. However, no studies have been 
performed regarding the association between AS 
patients and EFT.

The aim of the present study was to assess 
subclinical atherosclerosis markers such as EFT, 
CIMT and ASI in the AS patients as well 
as to investigate the relationship between the 
subclinical atherosclerosis markers and disease 
activity/function/mobility indices.

PATIENTS AND METHODS

We studied 26 consecutive patients with AS 
(22 males, 4 females; mean age 43 years) who 
were referred from our Physical Medicine and 
Rehabilitation Clinic of Mustafa Kemal University 
Hospital between 2012 and 2013, and 26 healthy 
controls who were matched for age, sex and 
body mass index. All patients met the modified 
New York diagnostic criteria.19 Patients and 
controls with any reported cardiovascular disease 
(coronary artery disease, heart failure, myocardial 
infarction, stroke, transient ischemic attack, 
and peripheral artery disease) were excluded. 
The patients with other comorbidities (diabetes 
mellitus, hypertension, hyperlipidemia, chronic 
kidney disease, and chronic hepatic disease) were 
also excluded. The study was approved by the 
local Ethics Committee of the University Hospital, 
and all subjects gave written informed consent.

Disease activity was measured using the 
Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI) (0= no activity and 10= highest 
activity).20 The BASDAI includes six patient-
reported items of back pain, fatigue, peripheral 
joint pain and swelling, localized tenderness, and 
the duration and severity of morning stiffness. 
Functional capacity was measured using the Bath 
Ankylosing Spondylitis Functional Index (BASFI) 
(0= lowest function and 10= highest function).21 
The BASFI contains 10 questions concerning 
activities of daily living. Spinal mobility was 

evaluated by the Bath Ankylosing Spondylitis 
Metrology Index (BASMI) (0= lowest limitation 
and 10= highest limitation).22 The BASMI is a 
composite score based on five direct measurements 
of spinal mobility: lateral lumbar flexion, tragus-
to-wall distance, lumbar flexion, intermalleolar 
distance, and cervical rotation angle.22

All patients underwent complete transthoracic 
echocardiographic examination including EFT 
and ASI using GE Vivid 7 system with a 3.5 MHz 
transducer (GE Vingmed Ultrasound AS, Horten, 
Norway), and sonographic examination including 
CIMT using high-resolution B-mode ultrasound 
with an electric linear transducer (mid-frequency 
7.5 MHz) (Sonos 5500; Hewlett-Packard, Soma 
Technology Inc., CT, USA). To avoid interobserver 
variability, all echocardiographic measurements 
were performed by a cardiologist who had 
substantial specialty in echocardiography, and 
was unaware of the clinical characteristics of the 
subjects. All sonographic measurements were 
performed by an experienced radiologist, who 
was unaware of the clinical characteristics of the 
subjects.

Epicardial fat thickness was measured on 
the free wall of the right ventricle from the 
parasternal long-axis view. Epicardial fat thickness 
was described as an echo-free space in the 
pericardial layers, and its thickness was measured 
perpendicularly on the free wall of the right 
ventricle at end-systole for 3 to 10 cardiac cycles. 
To increase the confidence in the results, EFT 
measurement was performed at two different 
moments, and the percentage of RR interval 
(R wave to R wave interval) with the least amount 
of motion was used.

Carotid intima media thickness was measured 
in the left and right common carotid arteries. 
During examination, the subject lay supine with the 
neck extended and the chin turned contralateral 
to the side. On a longitudinal, the anterior (near) 
and posterior (far) walls of the carotid artery are 
displayed as two bright white lines separated by a 
hypoechogenic space. The distance between the 
leading edge of the first bright line (the lumen-
intima interface) of the far wall and the leading 
edge of the second bright line (collagen-containing 
upper layer of tunica adventitia) indicates the 
IMT.23 Intima media thickness was measured 
at three points on the far walls of both the left 
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and the right common carotid artery. The three 
locations were then averaged to produce the 
mean IMT for each side.

Aortic stiffness index was calculated from 
aortic diameters measured by echocardiography 
and blood pressures simultaneously measured by 
sphygmomanometry. Ascending aorta diameters 
were measured in the two dimensional (2D) 
parasternal long axis view at 3 cm above the 
aortic valve. The systolic diameter was measured 
at the maximal anterior motion of the aorta, 
whereas the diastolic diameter was measured 
at the peak of the QRS complex shown in 
the simultaneously recorded electrocardiogram. 
The formulas used in the calculation of 
aortic elasticity parameters were as follows: 
aortic strain (%)= (aortic systolic diameter-
aortic diastolic diameter) x 100/aortic diastolic 
diameter. ASI= (systolic blood pressure/diastolic 
blood pressure)/aortic strain.

Statistical analysis

Statistical analyses were performed using 
SPSS for Windows version 13.0 software 
program (SPSS Inc., Chicago, IL, USA). After 
certification of normal distribution, data were 
expressed in mean ± standard deviation (SD); 
categorical variables were defined as percentage. 
Independent samples t-test or Mann-Whitney U 
test was used to compare the study variables 
between patients and healthy controls. For 
categorical variables, Chi-square test was used. 
Correlations between variables were tested by 
Pearson or Spearman correlation tests where 
appropriate. A p value of <0.05 was considered 
statistically significant.

RESULTS

The demographic and cardiovascular 
characteristics of the 26 AS patients and 26 
healthy controls are shown in Table 1. Mean 
disease duration was 11.83±10.98 years. Mean 
BASDAI, BASFI and BASMI scores were 4.1±2 
(normal range 0-10), 4.2±2.1 (normal range 0-10), 
and 2.07±2.26 (normal range 0-10), respectively. 
Four patients (15%) were on tumor necrosis factor 
alpha antagonist, 22 patients (75%) on disease 
modifying anti-rheumatic drug.

The characteristics of markers of subclinical 
atherosclerosis of the 26 AS patients and 
26 healthy controls are also shown in Table 1. 
Epicardial fat thickness, CIMT and ASI were 
significantly higher in AS patients than in healthy 
controls (p<0.05). There were no significant 
correlations between the EFT and CIMT 
(r=0.162, p=0.429), and EFT and ASI (r=0.308, 
p=0.125). However, there was significant positive 
correlation between the CIMT and ASI (r=0.547, 
p=0.004).

There were no significant correlations between 
the subclinical atherosclerosis markers with 
disease duration and disease activity/function/
mobility indices (p>0.05; Table 2).

DISCUSSION

In this study, a significantly increased EFT, CIMT 
and ASI, markers of subclinical atherosclerosis, 
were observed in AS patients compared with 
healthy controls. To the best of our knowledge, 

Table 1. Demographic and cardiovascular characteristics of patients and healthy controls

Age (years)   42.5±9.5   43.7±11.8 0.691
Male 21 80.8  22 84.6  0.717
Body mass index (kg/m2)   25.8±3.7   28.1±5.3 0.107
Smokers 7 26.9  8 30.8  0.762
Systolic blood pressure (mmHg)   116.0±9.9   113.0±9.8 0.244
Diastolic blood pressure (mmHg)   74.0±6.0   70.0±6.6 0.076
Heart rate   72.4±7.7   73.1±13.1 0.818
Epicardial fat tissue (mm)   4.1±1.2   5.1±1.1 0.003
Carotid intima-media thickness (mm)   0.6±0.1   0.7±0.1 0.012
Aortic stiffness index   8.6±3.1   14.2±10.8 0.018

Bold p values indicate significance.

 Controls (n=26) Patients (n=26)

 n % Mean±SD n % Mean±SD p
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this study is the first study investigating the EFT 
in the AS patients. In addition, we found no 
correlation between the subclinical atherosclerosis 
markers with disease duration and disease 
activity/function/mobility indices.

Adipose tissue has been acknowledged as an 
active endocrine organ having important effects 
on the vascular system.24 Visceral adipose tissue, 
a metabolically active endocrine and paracrine 
organ, secretes many proinflammatory and 
proatherogenic cytokines.25 Epicardial fat tissue, 
localized beneath the visceral pericardium, is more 
closely related to visceral fat rather than total body 
fat.25 Epicardial fat tissue is now recognized as a 
source of variable bioactive molecules5,25 which 
might affect the coronary artery.26,27 Our study 
results revealed that AS patients had increased 
EFT when compared to the healthy controls.

An increased CIMT reflects the atherosclerotic 
burden and predicts the development 
of cardiovascular disease in the general 
population.28,29 In the present study, a higher 
CIMT was found in AS patients compared 
to healthy controls. This result is consistent 
with the data presented by several authors12-14 
who demonstrated that AS patients, without 
risk factors for cardiovascular disease, had 
an increased CIMT compared to the healthy 
controls.

Differences in aortic elasticity have been 
reported to be independent predictors of worse 
outcome in cardiovascular diseases.30 The 
replacement of aortic elastic tissue by fibrosis 
constitutes the principal pathology in the 
deformation of aortic elasticity. In the present 
study, patients with AS had an increased ASI 
compared to the healthy controls. Several studies 
have demonstrated that patients with AS, without 
risk factors for cardiovascular disease, have 
increased aortic stiffness.15-18

In recent years, many efforts have been made to 
determine the causes of increased cardiovascular 
disease; traditional atherosclerotic risk factors, 
indeed, play a crucial role in the development, 
but do not fully explain the substantial burden of 
cardiovascular disease in AS.31 This suggests an 
unfavorable risk profile associated with AS related 
to systemic inflammation, which may predispose 
to cardiovascular disease.12 The present study 
included the AS patients -without clinically 
overt cardiovascular disease or comorbidities- 
and healthy controls. There were no significant 
differences in demographic or cardiovascular 
characteristics between AS patients and healthy 
controls. The potential association between AS 
with increased EFT, CIMT and EFT may be 
related to persistent inflammation.32

Bülbül Sen et al.33 found that EFT significantly 
correlated with CIMT in the patients with 
psoriasis. In the present study, there was no 
significant correlation between EFT with CIMT 
and ASI. But there was significant positive 
correlation between the CIMT and ASI.

In the present study, there were no significant 
correlations between subclinical atherosclerosis 
markers and disease activity/function/mobility 
indices. This could be explained by use of drugs 
to control AS activity. Perrotta et al.14 also 
demonstrated no statistically significant correlation 
between CIMT and disease activity/function/
mobility indices in the patients with AS. Peters 
et al.18 also detected that CIMT did not show any 
association with BASDAI in AS patients. Angel 
et al.16 demonstrated that impairment in aortic 
elasticity occurs independently of disease activity 
in subjects with AS.

One of the major limitations of the present 
study was small sample size. The second limitation 
was the cross-sectional design of the study: the 
study groups were not under clinical follow-up. 

Table 2. Correlations of subclinical atherosclerosis markers with disease duration and clinical activity/function/mobility 
indices (r/p)

Epicardial fat thickness  -0.083/0.688 -0.024/0.906 0.010/0.998 0.233/0.253

Carotid intima-media thickness  0.075/0.715 0.140/0.495 0.193/0.346 -0.024/0.906

Aortic stiffness index -0.210/0.302 0.019/0.925 0.017/0.933 0.098/0.633

BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrology Index.

 Disease duration BASDAI BASFI BASMI
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The lack of magnetic resonance imaging (the gold 
standard method for epicardial fat assessment) was 
the third limitation of our study. While magnetic 
resonance imaging and computed tomography 
readily evaluate EFT, these methods are not 
always easily accessible and applicable. Epicardial 
fat tissue measurement by echocardiography is 
an objective, noninvasive and readily available 
method, however, it has an inherent error when 
compared to computed tomography and magnetic 
resonance imaging.

In conclusion, this cross-sectional study has 
shown that a significantly increased EFT, CIMT 
and ASI, markers of subclinical atherosclerosis, 
may be observed in AS patients compared with 
healthy controls. In addition, we detected no 
associations between subclinical atherosclerosis 
markers and disease activity/functional/mobility 
indices.
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