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Summary. The aim of this study was to detect early atherosclerosis in patients with inflammatory bowel dis-
ease (IBD) that were strictly selected according to traditional cardiovascular risk factors, and to demonstrate 
whether evaluating epicardial adipose tissue can serve as an imaging modality through which to detect early 
atherosclerosis. Forty-three patients with IBD and 29 controls were enrolled in the study. Participants with 
well-known cardiovascular risk factors were excluded. Carotid intima media thickness (CIMT) and epicardial 
adipose tissue (EAT) were evaluated by the same physician blinded to the study groups. CIMT and EAT 
values were significantly higher in the IBD group when compared to the control group (p<0.01 and p<0.001, 
respectively). EAT was correlated with CIMT in the IBD group (r=0.574, p=0.001). CIMT and EAT are 
functional imaging methods that are used to detect early atherosclerosis in IBD patients without classic 
cardiovascular risk factors. EAT may be used as an additional diagnostic tool through which to detect early 
atherosclerosis in clinical practice in IBD patients.
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O r i g i n a l  a r t i c l e s

Introduction

Inflammatory bowel disease (IBD) is character-
ized by chronic inflammation and a relapsing clinical 
course. In addition, it is also associated with increas-
ing cardiovascular risk. Although the exact mechanism 
underlying this relationship is not clearly understood, 
substantial studies on chronic inflammatory disorders 
(including rheumatoid arthritis and systemic lupus 
erythematosus) have suggested that chronic inflam-
mation plays a crucial role in the development of car-
diovascular disease induced by atherosclerosis (1,2). 

Therefore, non-invasive imaging methods such as 
carotid intima media thickness (CIMT), flow-medi-

ated dilatation, and carotid femoral pulse wave veloc-
ity have been utilized to assess the subclinical athero-
sclerosis in IBD patients (3-6). In addition, epicardial 
adipose tissue (EAT), which is correlated with athero-
sclerotic coronary artery disease (CAD), can be easily 
evaluated by a basic imaging method called transtho-
racic echocardiography (7). On the other hand, the 
lack of a strict similarity between patients and controls 
according to their cardiovascular disease risk factors 
revealed conflicting results in patients with IBD when 
compared with healthy controls who were evaluated by 
CIMT (5,8-10).

The aim of this study was to evaluate CIMT and 
EAT in highly selected group of patients with IBD 
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and healthy controls with respect to cardiovascular risk 
factors, and also to assess whether measuring EAT 
can be used as a diagnostic tool through which to gain 
knowledge of early atherosclerosis in IBD patients.

Material and Methods

Forty-three patients with IBD (10 with Crohn’s 
disease [CD] and 33 with ulcerative colitis [UC]) and 
29 healthy age- and gender-matched volunteers were 
enrolled in the study; the patients’ ages ranged from 
18–50 years old. Diagnosis was established according 
to clinical, endoscopic, and histopathological criteria. 
Disease activity was assessed according to the Crohn’s 
Disease Activity Index (CDAI) for CD and the Dis-
ease Activity Index (DAI) for UC (11,12). All patients 
were under treatment for their respective conditions. 
The exclusion criteria for both groups included a his-
tory of coronary, peripheral artery, or cerebrovascu-
lar diseases; inflammatory disorders other than IBD; 
chronic renal failure; total colectomy for IBD; and 
cardiovascular risk factors including diabetes melli-
tus, hypertension, hyperlipidemia, and smoking. Par-
ticipants using anti-hypertensive drugs and vitamin 
supplements (including B12 and folic acid) were also 
excluded. The study was conducted in accordance with 
the tenets of the Declaration of Helsinki. In addition, 
the study protocol was also approved by the local eth-
ics committee. Written informed consent was obtained 
from all participants. 

On the day of the assessment, the patients’ de-
tailed medical histories were obtained, and physical 
examinations were performed. In addition, current 
medications, disease duration, involvement of disease, 
history of surgical intervention, and smoking status 
were also evaluated. Body weight (kg) and height (m) 
were measured, and body mass index (BMI) was cal-
culated according to the formula (kg/m2) for all par-
ticipants. In addition, blood samples for laboratory 
evaluation were also obtained after a 12-hour fasting 
period. Hemoglobin, hematocrit, platelet, white blood 
cell, and glucose levels, as well as lipid parameters, 
electrolytes, liver, and renal functions were determined 
using autoanalyzers. C-reactive protein (CRP) was 
measured using the nephelometric method.

Measurement of Carotid Intima Media Thickness
Carotid artery intima-media thickness (IMT) 

measurements were ascertained with a high-frequency 
(3.0–12.0 MHz) ultrasound scanning probe (Philips 
L12-3 broadband linear array, Best, Netherlands) 
while the patients were in the supine position, with 
their necks extended and chins turned away from the 
side being examined. The right and left common ca-
rotid arteries were imaged proximal to the bulb in mul-
tiple longitudinal planes for the clearest resolution of 
the IMT of the far wall. The mean IMT was obtained 
by manually tracing the intima-media in the far wall 
of the artery. Measurements were performed on three 
end diastolic images and they were subsequently aver-
aged.

Evaluation of Epicardial Adipose Tissue
The EAT of the participants was evaluated by 

two-dimensional transthoracic echocardiography with 
a 4 MHz, sector-type transducer probe (Philips HD11 
XE Ultrasound System, Best, Netherlands). Images 
were digitally stored with standard parasternal long- 
and short-axis views, and they were reviewed by one 
echocardiologist. The maximum EAT was measured at 
a point on the free wall of the right ventricle at end-
systole, perpendicular to the aortic annulus for the par-
asternal long-axis view, and perpendicular to both the 
interventricular septum at the mid-chordal view and 
the tip of the papillary muscle level for the paraster-
nal short-axis view. Epicardial fat was defined as the 
relatively echo-free space between the outer wall of the 
myocardium and the visceral layer of the pericardium. 
EAT was defined as the average of three cardiac cycles 
from each echocardiographic view. CIMT and EAT 
were evaluated by the same physician, who was blinded 
to the study groups. 

Statistical Analysis
Data were evaluated by IBM SPSS version 21 

(SPSS inc., Chicago, IL, USA). The normal distribu-
tion of the variables was evaluated with the Kolmogo-
rov–Smirnov test, and logarithmic transformations were 
performed to normalize data with skewed distributions. 
Student’s t-test and the χ2 test were performed for con-
tinuous variables and categorical variables, respectively. 
The Mann–Whitney U test was also performed for 
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non-parametric data. Pearson’s correlation analysis of 
the variables was performed. Categorical variables are 
expressed as numbers and percentages. All continuous 
variables are expressed as the mean ± standard deviation. 
Finally, p<0.05 was considered significant.

Results 

Baseline Features of the Study Population 
Among the patients in the IBD group, 33 with 

UC and 10 with CD participated in the study. In ad-
dition, the control group included 29 participants. 
The patients’ mean age was 31.3±7.3 years in the IBD 
group, while it was 31.3±6.9 years in the control group. 
There were 26 (60.5%) men and 17 (39.5%) women in 
the IBD group, and 12 (41.4%) men and 17 (58.6%) 
women in the control group. The mean BMI of the 
study groups (IBD versus control) was 23.7±3.9 kg/
m2 and 24.3±3.3 kg/m2, respectively. Furthermore, the 
patients in the IBD and control groups did not exhibit 
signs of cardiovascular diseases, including hyperlipi-
demia, hypertension, diabetes mellitus, smoking, or a 
family history of cardiovascular disease, according to 
the exclusion criteria. No significant differences were 
observed between the IBD group and the control 
group with respect to age, gender, and BMI (Table 1). 

Clinical Characteristics and Biochemical Evaluation of 
IBD Patients

The clinical characteristics of the IBD patients 
are shown in Table 2. In the IBD patients, the dis-
ease duration was 16.8±9.7 months. Among patients 
with UC, 7 had proctitis, 21 had left-sided colitis, 
and 5 had extensive colitis, whereas among patients 
with CD, 8 cases had ileocolonic involvement and 2 
cases had colonic involvement. The inflammatory type 
was predominant in CD patients (8 of 10, 80%), and 
a previous enterocutanous fistula was determined in 
one patient with CD. The CD patients’ mean CDAI 
score and the mean DAI score among UC patients 
was 90±51 and 3.9±2.2, respectively. The erythrocyte 
sedimentation rate (ESR) and CRP values were sig-
nificantly higher in IBD patients than in the control 
group (Table 1). At the time of the study, there were 
18 (41.9%) patients in remission and no patients with 

Table 1. Characteristics and Values of CIMT and EAT of 
Study Population
Parameters IBD (n=43) Control (n=29) p-value

Age (year) 31.4±7.4 31.3±6.9 NS

Gender (M:F) 26:17 12:17 NS

BMI (kg/m2) 23.7±3.9 24.3±3.3 NS

EAT (cm) 0.448±0.208 0.238±0.119 <0.001

CIMT (mm) 0.541±0.150 0.413±0.182 <0.01

ESR (mm/h) 22.7±21.3 6.8±5.9 <0.001

CRP (mg/dl) 23.9±45.9 4.6±2.8 <0.001

IBD: Inflammatory bowel disease, BMI: Body mass index, 
EAT: Epicardial adipose tissue, CIMT: Carotid intima media 
thickness, ESR: Erythrocyte sedimentation rate, CRP:C-
reactive protein, M: Male, F: Female.

Table 2. Clinical Features of IBD Patients

IBD (n=43) UC (n=33) CD (n=10)
Disease duration 
(months)

16.8±9.7 16.2±8.6 18.8±13.2

Disease Activity n (%)

Remission 18 10 8

Mild 21 19 2

Moderate 4 4 -

Severe - - -

Extent of UC

Proctitis 7 -

Left sided colitis 21 -

Extensive colitis 5 -

DAI 3.9±2.2

Extent of CD

Đleal -

Đleocolonic 8

Colonic 2

Behavior of CD
Non-stricture non-
penetrating

8

Stricture 1

Penetrating 1

CDAI 90±51

Current Treatment

5-ASA 43 33 10

Steroid 3 2 1

Azathiopurine 7 3 4

Anti-TNFα 4 3 1
IBD: Inflammatory bowel disease, UC: Ulcerative colitis, CD: 
Crohn disease
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IBD had previous surgery. IBD patients were taking 
5-ASA (100%), steroids (7%), azathioprine (16.3%), 
and anti-tumor necrosis factor (TNF)-α (9.4%).

Imaging Methods: CIMT and EAT
CIMT and EAT were significantly higher in 

the IBD group when compared to the control group 
(p<0.01 and p<0.001, respectively; Table 1, Figure 1). 
EAT was correlated with CIMT in the IBD group 
(r=0.574, p<0.001, Figure 2). On the other hand, there 
were no significant correlations between imaging mo-
dalities and disease duration, involvement, and activity. 
In addition, when we organized the IBD group ac-
cording to remission type, we did not reveal any signif-
icant differences with respect to the CIMT and EAT 
values (CIMT [active versus remission]: 0.544±0.153 
mm versus 0.537±0.151 mm; and EAT [active versus 
remission]: 0.460±0.222 cm versus 0.430±0.191 cm). 
When we stratified the different groups of patients 
with IBD, we did not observe any significant differ-
ence between UC and CD in terms of CIMT and 
EAT (p>0.05, for both). However, CIMT and EAT 
were significantly higher in patients with UC and CD 
when compared to controls (Figure 1). In addition, we 
allocated participants according to their BMI (≥25 kg/
m2). In all, 23 of 43 cases in the IBD group and 11 
of 29 cases in the control group had a BMI ≥25 kg/
m2. We did not find a significant difference in the dis-
tribution of obese participants in the study groups. In 
addition, we did not observe a significant difference 
between a BMI ≥25 kg/m2 and a BMI <25 kg/m2 in 
terms of the CIMT and EAT values in IBD patients.

Discussion

In this study, we demonstrated that IBD patients 
without well-known cardiovascular risk factors had 
significantly higher CIMT and EAT values when 
compared to the control group. Furthermore, EAT was 
positively correlated with CIMT in the IBD group. 
To the best of our knowledge, this study is the first to 
suggest that the EAT measurement could be used to 
evaluate early atherosclerosis in IBD.

Growing evidence has indicated that several 
chronic inflammatory and immunological disorders 

are associated with increased cardiovascular morbid-
ity and mortality due to atherosclerosis (13). Further-
more, substantial increasing consequences suggested 
that chronic inflammatory disorders such as rheuma-
toid arthritis, Hashimoto’s thyroiditis, psoriasis, and 
systemic vasculitis have some capacity to cause future 

Figure 2. Correlation between carotid intima media thickness 
and epicardial adipose tissue thickness in IBD patients (n=43), 
CIMT: Carotid Intima Media Thickness, EAT: Epicardial 
Adipose Tissue 220x166mm (300 x 300 DPI)

Figure 1. Carotid Intima Media Thickness (CIMT) and Epi-
cardial Adipose Tissue (EAT) values of Study Groups; IBD vs 
Control (CIMT and EAT p<0.01, p<0.001 respectively), UC 
vs Control (CIMT and EAT p<0.01, p<0.001 respectively), 
CD vs Control (CIMT and EAT p<0.05, p<0.05 respectively), 
IBD: Inflammatory bowel disease, UC: Ulcerative colitis, CD: 
Crohn disease 220x185mm (300 x 300 DPI)
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cardiovascular events in an independent manner, even 
without the presence of traditional cardiovascular 
risk factors (14-17). Nevertheless, the clinical course 
of IBD is also based upon chronic and relapsing in-
flammation. Bernstein et al reported that the risk of 
ischemic heart diseases increased in all IBD patients, 
regardless of diagnosis and the sex of the patients (18). 
However, studies that investigate the relationship be-
tween IBD and cardiovascular disease present conflict-
ing results due to the undetermined and strict cardio-
vascular risk factors observed between the IBD and 
control groups (8-10). Therefore, the IBD and control 
groups in our study were selected to compose strictly 
stated groups without cardiovascular risk factors. Con-
versely, even though the study groups did not exhibit 
cardiovascular risk factors, the levels of inflammatory 
markers (including ESR and CRP) in our IBD pa-
tients were significantly higher when compared with 
the control group. This finding pointed to the idea that 
chronic inflammation alone may cause inflammatory 
disorders in our study groups, despite the use of anti-
inflammatory medications.

Geroulakos et al suggested that CIMT is a non-
invasive marker that reflects early vascular structural 
changes due to atherosclerosis, and it also predicts the 
presence of CAD with a specificity of 77%, a sensitivity 
of 43%, and a positive predictive value of 83% (19,20). 
Furthermore, the current epidemiological data con-
cluded that the normal range of CIMT could change 
in accordance with age. When analyzing age, the nor-
mal CIMT ranges for those <30 years, 31–40 years, 
and 41–50 years are 0.44–0.57 mm, 0.42–0.50 mm, 
and 0.44–0.57 mm, respectively. However, a CIMT ≥1 
mm at any age is related to significant cardiovascular 
risk (21,22). The mean age of our study groups, in-
cluding the IBD patients and controls, was 31.3±7.4 
years and 31.3±6.9 years, respectively. Our patients 
had higher CIMT values according to their age range. 
In addition, the CIMT value in our IBD patients was 
significantly elevated when compared to that of the 
control group (IBD versus control: 0.541±0.150 versus 
0.413±0.182 mm, respectively). 

EAT is associated with conventional cardiovascu-
lar risk factors and cardiovascular events due to sub-
clinical atherosclerosis. Ahn et al reported that EAT is 
higher in patients with CAD, as compared to patients 

without CAD. In addition, EAT ≥0.3 cm was an inde-
pendent factor for CAD on multiple logistic analysis 
(odds ratio=3.357; 95% CI: 2.177–5.175; p<0.001) (7). 
On the other hand, EAT may exert detrimental effects 
by releasing inflammatory mediators (23). Overall, it 
is suggested that EAT has an effect on coronary vas-
cular abnormalities via atherosclerosis (24-27). There-
fore, we thought that EAT could be used as a non-
invasive marker to detect early atherosclerosis in IBD 
patients. Interestingly, we observed that EAT in the 
IBD group had significantly higher values than in the 
control group (IBD versus control: 0.448±0.208 versus 
0.238±0.119 cm, respectively; p<0.001). Furthermore, 
EAT was also significantly correlated with CIMT. In 
fact, Ahn et al also pointed out that EAT was not only 
thicker in patients with metabolic syndrome, but it 
also increased linearly with respect to metabolic syn-
drome components (7). Despite the fact that we did 
not evaluate insulin resistance, our study groups had 
homogenous features irrespective of the presence of 
metabolic syndrome components, including hyper-
tension, hypertriglyceridemia, and diabetes mellitus. 
On the other hand, we had participants with a BMI 
≥25 kg/m2. Therefore, we evaluated BMI to determine 
whether a BMI ≥25 kg/m2 had an effect on CIMT and 
EAT values; we found out that a BMI ≥25 kg/m2 had 
no effect on CIMT or EAT.

We did not observe any relationships between 
the imaging modalities and disease-related factors 
including disease duration, activity, and involvement. 
However, these findings could be a consequence of our 
highly selected IBD patients, who did not have well-
known cardiovascular risk factors. In addition, the 
presence of inflammatory burden in IBD patients was 
the most powerful factor observed across a number of 
imaging modalities, despite the absence of cardiovas-
cular risk factors, as was mentioned previously. Fur-
thermore, CRP – which is a predictor of cardiovascular 
events (28) – was significantly higher in IBD patients 
than in the control group. Therefore, CRP may also 
actively play a crucial role in the development of ath-
erosclerotic cardiovascular diseases via inflammation. 
Overall, long-term patient follow-up to illuminate the 
relationship between the aforementioned IBD-related 
factors, as well as imaging methods to detect early ath-
erosclerosis, might constitute a prudential approach.
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In conclusion, this study suggests that patients 
with IBD without well-known cardiovascular risk fac-
tors exhibit an increased risk of early atherosclerosis. 
In addition, both CIMT and EAT serve as functional 
imaging methods that can detect atherosclerosis in pa-
tients with IBD. EAT may be used as an additional 
diagnostic tool through which to extrapolate early ath-
erosclerosis in clinical practice.
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