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Abstract
Introduction: Inflammatory bowel diseases (IBD) are chronic diseases that proceed with exacerbation and remission phases. 

Adhesion molecules play a significant role in inflammatory processes. The same adhesion molecules play an important role in 
atherogenesis.

Aim: To assess the risk of atherosclerosis in IBD in children.
Material and methods: The study included 40 patients with IBD (25 with Crohn’s disease – CD and 15 with ulcerative colitis 

– UC) aged 4–17 years. In the study group, concentrations of selected adhesion molecules (intracellular adhesion molecule – 
ICAM, vascular cell adhesion molecule – VCAM, E-selectin) and selected parameters of lipid metabolism in serum were assessed.

Results: No statistically significant differences between CD and UC patients and in the control group, in mean values of 
selected adhesins were obtained. Average variable VCAM was significantly lower in patients with CD than in patients with UC 
in the active stage of the diseases. Significantly higher average levels of triglycerides (TG) and high density lipoproteins (HDL) 
were found in the control group than in patients with CD. Significantly higher levels of total cholesterol (CHL) and HDL were 
noticed in the control group patients than in the patients with UC. The HDL/CHL was significantly higher in controls than in 
patients with UC.

Conclusions: No increased risk of developing atherosclerosis was found in children with IBD. Decreased risk in patients during 
exacerbation of inflammatory bowel disease was revealed, which may result from malnutrition typical for acute disease phase. 

Introduction
Inflammatory bowel diseases (IBD) are diseases 

characterised by a chronic inflammatory process, which 
runs with periods of exacerbation and remission. The 
inflammatory nature of Crohn’s disease (CD) and ulcer-
ative colitis (UC) justifies the analysis of the role of ad-
hesion molecules in the pathogenesis of these diseases 
as well as their potential consequences for the vascular 
lesions and the development of circulatory diseases. Ad-
hesion molecules (cell adhesion molecule – CAM) are 
glycoproteins involved in the embryogenesis, neoplastic, 
and inflammatory processes. They also participate in 
the attachment of leukocytes to endothelial cells, which 
facilitates their penetration to the inflammation area. 
The CAM may exist in two forms: as a transmembrane 

protein (mCAM) associated with the cell structures, and 
as a soluble protein (sCAM), which are devoid of the 
transmembrane and intracellular domains [1]. Currently 
over a hundred different adhesion molecules are known. 
On the basis of differences in molecular structure and 
their functions, we may distinguish major groups of 
them: selectins, integrins, cadherins, immunoglobu-
lin-like molecules, and cell differentiation antigens [2].

In IBD various stages of inflammation process and 
a role of adhesions cannot be ignored. The first step in 
the inflammatory process is called rolling of leukocytes. 
The intercellular adhesion molecule (ICAM) optimises 
this process. As a result of rolling, migrating leukocytes 
approach endothelial cells, where the selectin receptors 
are presented. Then it comes to bonding on the surface 
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of the endothelium. Selectins and vascular cell adhesion 
molecules (VCAM), which are responsible for the adhe-
sion of leukocytes to the endothelium, mediate in this 
mechanism. Endothelial selectin plays a major role in 
chemotaxis of leukocytes to the vascular wall and their 
adhesion to the endothelium. The next step is activa-
tion of white blood cells. In the place of inflammation 
proinflammatory cytokines are released, which acti-
vates the integrins and contributes to slowing the flow 
of cells. The third stage is adhesion. Activated adhesion 
molecules from the integrins group provide communica-
tion between the leukocytes and endothelial cells. The 
final step of the inflammatory process consists of dia-
pedesis and migration of leukocytes through the wall 
of blood vessels [3].

There are described attempts of assessment of dis-
ease activity degree by estimating the concentration of 
circulating forms of adhesion molecule and establishing 
correlations between these processes. In addition, it is 
well known that adhesion molecules play an important 
role in the pathogenesis of atherosclerosis.

The process of atherosclerosis begins in childhood. Its 
development depends on genetic and coexisting environ-
mental factors [4–7]. Many risk factors, like a hyperlipi-
daemia, obesity, low physical activity, high blood pressure, 
diabetes, smoking, and chronic stress impacts on develop-
ing the atherosclerosis. In the early stage of atherosclero-
sis vascular endothelial functions are impaired. There are 
reports that have revealed that in patients with diagnosed 
structural atherosclerotic lesions (increased thickness of 
the intima-media carotid artery) significantly elevated li-
pid profile was observed in childhood [8].

Adhesions take part in reparation processes by the 
influence on migration of leukocytes to the inflamma-
tion. On the other hand, marking them may constitute 
a serum marker of inflammation of the blood vessels. 
The process of vessels damage by the inflammatory 
molecules and leucocytes might be the trigger of the 
cascade process for atherosclerosis initiation. The main 
stage in arteriosclerosis is adhesion of leukocytes to the 
epithelial cells. It is mediated at first by selectins and 
next by ICAM and VCAM. The presence of soluble forms 
of the adhesion molecules in the blood is considered to 
be the earliest stage of the atherosclerotic process [9]. 
Detection of these substances can be a specific marker 
of endothelial cell activation and may provide the onset 
of the inflammatory process, which for the blood ves-
sels is the basis of the further development of athero-
sclerosis. Potentially higher levels of ICAM and VCAM in 
IBD patients may indicate activation or damage of the 
vascular endothelium, and enable migration of inflam-
matory cells. Stopping and mastering this process is one 
of the goals in modern IBD therapy. Increasing concen-

trations of these molecules in the serum can affect the 
inflammation and triggering of the early atherosclerotic 
process in patients with IBD. On the other hand, people 
with these diseases tend to have shorter or longer (of-
ten chronic) conditions of malnutrition, which contra-
dicts the etiopathogenesis of atherosclerosis. There are 
studies that indicate that patients with IBD have even 
lower risk of developing atherosclerosis [10].

Aim 
The aim of this study was to mark selected adhe-

sion molecules in the serum of children with IBD and to 
assess the risk of developing atherosclerosis, as well as 
to investigate the relationship between these processes.

Material and methods
To the study 40 patients with IBD, hospitalised in 

the Department of Gastroenterology, Allergology, and 
Paediatrics, Polish Mother’s Memorial Hospital Re-
search Institute in Lodz were enrolled. Among them  
25 were diagnosed with CD and 15 with UC. Patients were 
aged between 4 and 17 years. In the group of patients 
with CD, 16 were in a stage of exacerbation (8 female,  
8 male) and 9 in remission (4 female, 5 male). Where-
as in the group of patients with CU 10 were in a stage 
of exacerbation (4 female, 6 male) and 5 in remis-
sion (2 female, 3 male). The control group constituted  
21 patients (12 female, 9 male) without any symptoms 
of disease from the gastrointestinal tract. The average 
age of patients with CD was 14.1 years, median 15.0, 
while for patients with UC it was 13.3 years, median 
14.0, and the average age of control group was 10.9 
years, median 10.0.

In all patients levels of chosen adhesion molecules 
(ICAM, VCAM, E-selectin) in serum were measured by 
immunoenzymatic method. ELISA test kits from R&D 
Systems, Inc., USA were used in this study. In all pa-
tients selected lipid parameters (total cholesterol, TG, 
HDL, LDL, and HDL/cholesterol ratio) were marked by 
commercial assays.

The Bioethics Committee operating at the Institute 
of Polish Mother Health Centre in Lodz approved the 
study (Resolution No. 37/2012, 6 June 2012). Parents 
and children were informed about the character of the 
research. Parents expressed written consent to the 
study, while children express consent before testing.

Statistical analysis
Measures of descriptive statistics arithmetic mean 

and median were used. In the analysis of the studied 
adhesion molecules and selected lipids, arithmetic 
mean and standard deviation were used. Verification 
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of the distribution of variables was made by the Shap-
iro-Wilk test. Because most investigated values deviate 
significantly from the normal distribution a non-para-
metric test was used. The statistical analysis between 
the study group and control group and a comparison 
of subgroups was performed using the Mann-Whitney 
test. The confidence level of p < 0.05 was considered 
statistically significant.

Results
There was no statistically significant difference be-

tween patients with CD and UC (p > 0.05) in terms of 
the average values of concentration of sICAM, sVCAM, 
and sE-selectin. Also, no statistically significant results 
were obtained in comparison to the control group. The 
average concentrations of selected adhesion molecules 
in various phases of disease were additionally com-
pared. A statistically significant difference was found 
in the remission between the average values obtained 
for VCAM concentrations in CD and UC (p < 0.05). In 
this phase the average variable VCAM was significantly 
lower in CD than in UC patients: 762.9 ±189.9 ng/ml 
vs 942.5 ±225.1 ng/ml. Furthermore, selected param-
eters of lipid metabolism were analysed. Significantly 
higher average levels of TG in controls than in patients 
with CD (p < 0.01) were noticed (99.2 ±25.4 mg/dl vs. 
67.3 ±14.7 mg/dl). Moreover, comparison of patients 

with CD, in the phase of exacerbation, with the control 
group revealed significantly higher levels of HDL cho-
lesterol in the control group (60.0 ±22.0 mg/dl vs. 41.6 
±16.5 mg/dl). Significantly higher concentrations of HDL 
in the control group than in UC patients in exacerba-
tion, were observed (60.0 ±22.0 mg/dl vs. 34.6 ±13.0 
mg/dl) p < 0.01. The HDL/CHL ratio was significantly 
higher in the control group than in patients with UC 
in exacerbation phase: 0.351 ±0.061 vs. 0.294 ±0.050,  
p < 0.05 (Tables I and II).

Discussion
Recent years have brought increased interest in ad-

hesion molecules, which has greatly contributed to the 
explanation of inflammatory processes in the mucosa 
of the gastrointestinal tract. It appears that higher se-
rum concentrations of ICAM, sVCAM, and sE-selectin in 
patients with IBD may indicate activation or damage of 
the vascular endothelial and possible migration process 
of inflammatory cells [11–16]. Our study showed no sig-
nificantly higher values of marked adhesion molecules 
in patients with UC and CD in comparison to the control 
group. A statistically significant difference was found 
between VCAM average values in CD and UC patients 
in remission. We noticed that in this phase the standard 
variable VCAM was significantly lower in patients with 
CD than in patients with UC.

Table I. Summary of average values of the studied adhesion molecules in the studied groups of patients with IBD

Adhesion 
molecules  
[ng/ml]

CD (n = 25) UC (n = 15) Control
(n = 11)

P-value

Exacerbation
(n = 16)

Remission
(n = 9)

Exacerbation
(n = 10)

Remission
(n = 5)

x SD x SD x SD x SD x SD

ICAM 239.6 90.7 222.3 70.7 244.6 51.7 256.5 53.6 248.4 46.3

VCAM 889.5 273.4 762.9 189.9 825.1 168.5 942.5 225 880.8 175 < 0.05

E-selectin 35.9 13.9 33.0 16.8 41.4 22.8 40.5 7.69 33.4 12.2

Table II. Summary of average values of lipid parameters in the group of patients with IBD

Parameter  
[mg/dl]

CD (n = 25) UC (n = 15) Control
(n = 11)

P-value

Exacerbation
(n = 16)

Remission
(n = 9)

Exacerbation  
(n = 10)

Remission
(n = 5)

x SD x SD x SD x SD x SD

CHL 128.1 19.6 128.5 18.5 110.4 20.7 116.4 19.6 147.8 30.6 < 0.05

LDL 74.3 12.16 63.0 13.9 62.2 19.2 49.6 19.6 70.8 17.6

HDL 41.6 16.46 51.0 18.9 34.6 13.0 46.4 24.3 60.0 22.0 < 0.01

HDL/CHL 0.318 0.100 0.395 0.144 0.294 0.05 0.338 0.097 0.351 0.061 < 0.05

TG 79.7 21.0 67.3 14.7 95.7 59.3 100.0 39.1 99.2 25.4 < 0.01
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A similar study, but in a group of adult patients, was 
performed by Nielsen in 1994. He revealed increasing 
concentration of soluble form of ICAM-1 in correlation 
with activity of the inflammation process in the gastro-
intestinal tract [11]. Similar results were published a year 
later by Jones et al. They confirmed an increase of the 
concentrations of both ICAM and VCAM in active form 
of IBD in adults [12]. In contrast, Goke et al. did not con-
firm a correlation between higher than normal values 
of ICAM and VCAM and activity of inflammation [13]. In 
turn, Jones et al. examined the concentration of selected 
adhesion molecules. They showed higher VCAM levels in 
patients with UC in active phase than in patients in re-
mission. However, they showed no such correlation in pa-
tients with CD and for ICAM in both groups [17]. Lazaris 
et al. demonstrated increased ICAM expression in vascu-
lar endothelium in areas of inflammation in patients with 
UC and CD [14]. Vainer et al. found higher expression of 
ICAM in the inflamed fragment of the colonic mucosa 
(UC), but this relationship was not confirmed in patients 
with CD [18]. Adamska et al. assessed concentrations of 
ICAM and VCAM in children with CD and UC. Patients 
were divided into two groups, depending on the activity 
of the disease. The first group consisted of patients in 
remission, and the other group comprised patients with 
mild to moderate form of inflammatory bowel disease. 
Researchers showed higher levels of ICAM and lower 
VCAM in CD patients than in controls, but they did not 
show statistically significant values. What they revealed 
was significantly higher levels of ICAM in comparison to 
the comparative group of patients with UC. However, 
higher concentrations of VCAM in this group in com-
parison to the values set in the control group were not 
statistically significant. They also did not obtain statis-
tically significant results of marked adhesion molecules 
depending on the stage of disease in patients with UC 
and from CD. Collected values of the analysed parame-
ters in each group were similar [19].

Selectins contributes to recruitment of leukocytes 
to the place of inflammation. They take part in the in-
itial phases of rolling of leukocytes to the blood ves-
sel epithelium. In normal intestinal mucosa there is no 
expression of E-selectin; however, its concentration in-
creases in a process of inflammation in intestines and 
correlates with the activity of inflammatory processes 
[20]. The influence of inflammatory mediators causes 
dislocation of selectins from the cytoplasm to the cell 
surface [21]. This process marks the beginning of rolling 
of leukocytes along the endothelial surface. Selectins on 
the surface of moving leukocytes bind to ligands pre-
sented on the surface of endothelial cells. That course 
contributes to the activation of leukocytes and leads to 
a change of conformation of the integrin receptors in 

the cell membrane of white blood cells. This is followed 
by squeezing of leukocytes between endothelial cells 
and their migration across basement membrane of cap-
illary to the environment [2]. The consequences of this 
process have been confirmed by many clinical studies, 
inter alia by Lazaris et al. They demonstrated that in-
creased expression of E-selectin on vascular endothe-
lial cells of the colon is characteristic for active form of 
IBD [14]. Cellier et al. assessed both the expression of  
E-selectin in biopsies from the colonic mucosa and the 
concentration of the soluble sE-selectin in serum in 
adult patients with IBD. They showed a positive corre-
lation between the expression of E-selectin in intestinal 
biopsies and the degree of activity of clinical, endoscop-
ic, and histological IBD [16].

Based on our own results – no significantly higher 
values of marked adhesion molecules in patients with 
UC and CD compared to the control group were shown. 
Thus, it has not been found that the inflammatory pro-
cess, in which adhesion molecules take part, contrib-
utes to an increased risk of developing atherosclerosis 
in these patients. Also, there were no increased values 
of examined lipid parameters, so there was no in-
creased risk of developing atherosclerosis. On the con-
trary, it can be assumed that patients with IBD, in the 
phase of exacerbation, have lower risk of atheroscle-
rosis as compared to the control group. This phenom-
enon may be a result of malnutrition, which occurs in 
periods of exacerbation. Despite the enormous progress 
made in medicine in recent years, impaired nutritional 
status is a very serious problem in patients with IBD. 
Nutrient deficiency, which is observed in patients with 
IBD, produces a range of metabolic disorders and re-
lated complications, including anaemia or osteoporosis. 
To prevent these effects, therapeutic nutrition therapy 
should be included. The use of appropriate nutritional 
therapy, in addition to the pharmaceutical treatment, 
is very important in this group of patients. Appropriate 
nutritional therapy is included in the latest European 
Crohn’s and Colitis Organisation (ECCO) guidelines as 
a therapeutic in CD and a supportive therapy of IBD. 
In children, in order to achieve remission, nutritional 
therapy is considered to be better tolerated and less 
aggravating than steroid therapy [22].

Conclusions
Although chronic inflammation includes both en-

dothelial gastrointestinal and vascular endothelium, 
in children with IBD no risk factors of atherosclerosis 
were detected. Reduction of this risk was shown in pa-
tients in a stage of exacerbation of IBD, which might 
be a result of malnutrition typical for those diseases in 
children, especially in acute disease stage.
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