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Abstract

Purpose: Obesity is considered a growing cause of cardiovascular diseases. The cellular and vascular cell 
adhesion molecules have been identified as the new inflammatory indicators of forecasting and predicting 
cardiovascular diseases. The purpose of this study, therefore, was to investigate the effect of selected aerobic
activities and consumption of omega-3 supplementation on plasma concentrations of sICAM-1 and sVCAM-1
in elderly obese women. 

Material and Methods: In a double-blinded study, 40 obese women (BMI ≥ 30) 55 to 65 years old, were 
selected in a non-random and easily-accessible way and were randomly categorized into 4 groups of 10 
individuals: exercise-placebo, exercise-supplements, supplements, and placebo. Subjects in the supplement 
groups consumed 2080 mg of omega-3 supplement for 8 weeks and placebo groups used sunflower oil
produced in Zachariah Company, as placebo. Exercise program included aerobic exercise activities at 45 to 60 
percent of maximum heart rate for 8 weeks, three 60-minute sessions per week. After 12 h fasting in the pre-
test and 48 h fasting after the last training session, blood sampling was conducted. Data analysis included 
paired-t test and two-way ANOVA and was carried out using SPSS software (version 16).

Results: The obtained results showed that there was a significant interaction between exercise and
supplements in reducing serum sICAM-1 factor, suggesting that sICAM- 1 reduction was both influenced by 
the separate effects of supplements and exercise, and the combined intervention of both exercise and
supplements which had a synergistic effect on reducing the concentrations of this inflammatory factor. In 
addition, serum sVCAM-1 decreased significantly only in the exercise-supplement group (combined) (P < 
0.05).

Discussion and Conclusion: The results indicated that considering sensitivity and accuracy of new 
inflammatory indices, measuring these indicators could be useful in the diagnosis of inflammation and vascular 
disorders. Besides, regular aerobic exercise and omega-3 supplements are two effective and moderating
factors reducing the level of adhesion molecules (sICAM-1 and sVCAM-1) and inflammation.
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Introduction 

Approximately 12 million people annually lose
their lives due to cardiovascular diseases [1]. There 
are a variety of cardiovascular diseases one of the 
most important being atherosclerotic: a progressive 
disease that begins in childhood with its clinical
symptoms manifested mainly in adults and from the
middle age on. This disease is the most common
cardiovascular disease determined by the abnormal
accumulation of lipids and fatty substances in the
vessel walls causing obstruction, vascular stenosis and
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reduction of blood flow to myocardial muscle.
Atherosclerosis is the major cause of mortality in the 
present world [2]. Therefore, treatment and prevention 
of its progression is significantly important. Although
the known coronary heart disease increases the risk of 
sudden death to a great extent, it is not clinically 
recognized in more than half of the victims of sudden 
cardiac deaths before their death. [3]. Therefore,
diagnosis of a new indicator can help identifying
susceptible individuals. In this regard, researchers
have introduced the intra-cellular and vascular
adhesive molecules (sICAM-1 and sVCAM-1) as new
inflammatory markers in predicting and forecasting
cardiovascular problems [3, 4]. Connecting to the
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monocytes and their binding to the depth of 
endothelial, soluble Intercellular Adhesion Molecule-
1(sICAM-1) and soluble Vascular Adhesion
Molecule-1 (sVCAM-1) accelerate the formation of
foam-like cells [5]. In recent reviews, changes in the
levels of adhesion molecules caused by endurance 
exercises have been reported [6, 7]. For instance, 
Puglisi et al (2008) showed that 6 weeks of increasing
physical activity in 50 to 70-year old men and women
resulted in lipid profile improvements and reduction 
of serum levels of sICAM-1 [7]. Becky et al also 
(2010) conducted a study investigating the effects of a 
cardiac rehabilitation exercise program on 
inflammation and metabolic syndrome in 91 patients
(with the mean age of 61 years) with cardiovascular 
diseases and indicated that participating in a 12-week 
cardiac rehabilitation exercise program was associated 
with a significant decrease in the plasma serum level
of sICAM-1 [6].

The increase in the concentration of soluble 
adhesive molecules may impair immune system
responses. These molecules may also act as 
mediators in the inflammatory process of 
atherosclerosis. On the other hand, the increase of 
cell adhesive molecules in obese patients plays a 
significant role in the development of endothelial 
dysfunction or atherosclerosis [8]. Bosanska et al 
(2009), after investigating the effect of the obesity
and different fat reserves on the gene incidence of 
fat tissue (adipose) and protein levels of cell
adhesive molecules, showed that obesity increased 
levels of sVCAM-1 and sICAM-1. The increase in 
the level of adhesive molecules in visceral fat may 
establish a new directional relationship between
visceral fat and increased risk of cardiovascular
damages [9]. disruption in the regulatory 
performance of the adipose tissue (especially in the 
inner visceral chamber) and obesity are associated 
with low-grade chronic inflammation, with the 
former being involved in the development of 
secondary metabolic complications associated with 
obesity, including atherosclerosis [8]. Thus, studies
have shown that sICAM-1 and sVCAM-1 plasma
concentrations in obese and overweight people are
higher compared to those with a normal weight [9]. 
Among the ways to reduce inflammatory markers 
and prevent cardiovascular diseases, is using anti-
inflammatory supplements [10]. Studies show that
omega-3 fatty acids exert their anti-inflammatory 
effects through reducing the production of 
Eicosanoids-omega-6 and inflammatory cytokines

(TNF, IL-6, IL-1 β) [11]. Omega-3 unsaturated 
fatty acids include essential linolenic fatty acids. 
Linolenic acid is metabolized in body and is 
converted into eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA).  The obese and
diabetic patients have lower ability in converting
linolenic acid to EPA and DHA. Complications of
atherosclerosis, including coronary artery diseases, 
in these individuals are more common compared to 
healthy individuals [12]. The body eventually 
converts EPA and DHA to prostacyclin, which 
prevents formation of blood clot in vessels and 
causes vessel expansion.

The fatty acids also inhibit production of 
thromboxane A2 which acts as a vasoconstrictor
and platelet collector [13]. In this regard, Hjerkinn 
et al (2005) in a study on hyperlipdemic individuals 
showed that daily consumption of 2/4 grams of
EPA and DHA fatty acids for three years 
significantly decreased sICAM-1 concentration in 
the experimental group compared to the control 
group while no significant change was observed in
serum levels of sVCAM-1 and sE-selectin [14].

Accordingly, and based on previous studies, this 
study was undertaken to investigate the effects of 
aerobic exercise and omega-3 supplementation on
adhesive molecules in obese patients in order to
help preventing cardiovascular diseases and 
promote public health.

Material and Methods

Statistical population and sample
The present study was of pre-test post-test, semi-

experimental research with a control group. The 
participants included 40 non-active women, from a 
nursing home, aged between 55-65 years, with no
previous history of regular physical activity in the 
past two years. These people were selected in a 
non-random way and from the easily-accessible 
samples. In a meeting with the participants, the 
manager, physicians, and nurses of the nursing
centers,  research objectives and methods were 
described, and a letter of invitation explaining the 
purpose and manner of conducting the research,
along with consent forms of voluntary participation, 
and health and disease risk questionnaires were
given to all the subjects. None of participants had a 
history or clinical signs of cardiovascular diseases,
diabetes, and hypertension. They also did not take 
any specific medicine, dietary and pharmaceutical
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supplements. Anthropometric data of subjects are presented in Table 1.
Table 1: Pre- & post-test values of the anthropometric data of the study groups

GroupsVariable

Age(years)

Height(Cm)

Weight(Kg)

Body Fat 
percentage

BMI(Kg/m2)

VO2max(Ml/
Kg/min)

placebosupplementExercise-placeboExercise-supplement

5.33±60.38  4.39±59.66  4.81±60.71  7.42*±65.61    

6.46±159.664.99±158.954.26±159.257.44±162.25  

4.13±88.42
5.41±89.48

pre
post

5.12±85.36  
4.13±84.62

pre
post

6.22±84.94
#4.41±82.39

pre
post

87.78±5.41
84.22±5.21#

pre
post

2.96±31.03
4.35±32.16

pre
post  

4.07±30.62
5.12±29.24  

pre
post  

3.59±32.68
#4.22±30.12

pre
post  

3.60±33.78
#5.04±29.21

pre
post  

2.74±33.84
2.12±32.44

pre
post  

3.67±32.24  
2.13±30.08

pre
post  

2.10±33.81  
#1.20±30.11  

pre
post  

2.37±32.56
#2.21±29.24  

pre
post  

4.8±23.58
2.37±23.12  

pre
post  

3.48±23.65  
2.37±23.01  

pre
post  

4.26±24.65
2.37±24.02  

pre
post  

5.18±25.12  
4.19±24.74

pre
post  

*Data are expressed as Mean ± SD, # Significant compared to the pre-test values in each group (P < 0.05).

Nutritional status 
The necessary nutritional data were collected using

a 24-h dietary intake questionnaire (two working days
and one day off in a week, to determine the average
nutrient intake)in which all the participants were 
asked to write down everything they ate and drank  in 
the past 24 h [15]. To help participants remember the 
exact amount of food eaten, household containers and 
modules were used. The questionnaire was completed 
for each participant in 12 non-consecutive days (3 
times a week for 8 weeks). The food values were 
converted to grams using household scales’ guide 
[16]. Each food was then coded according to the food-
processor software program and was analyzed by a 
nutrition expert to evaluate the energy content and 
nutrients  [15].

Research protocol
This investigation was a semi-experimental, 

double-blind study. The subjects were randomly 
categorized into 4 groups of 10 individuals: exercise-
placebo, exercise - supplements, supplements, and
placebo. Individuals in the omega-3 supplement 
groups consumed 2080 mg of omega-3 supplement in 
form of two Maxepa Forte capsules (DHA 210 & 
EPA 310 produced by the British company Seven 
Seas), for 8 weeks. The placebo group used 2100 mg 
of sunflower oil (produced by Zacharia Company) 
which contained12 % saturated fatty acids, 16 % 
unsaturated fatty acids with a double bond, and 71 % 
unsaturated fatty acids. The aerobic exercise program
lasted for 8 weeks, and was conducted three sessions a 
week, with 45 to 60 percent of the subjects’ maximum 
heart rate. The participants exercised with 0.45% of 

their maximum heart rate in the first three weeks. The 
intensity then increased to 0.55% in the fourth and 
fifth and ultimately reached 0.60% in the sixth to 
eighth week. It should be mentioned that these 
intensities were maintained during the original
exercises and heart rate values during the warm up
and cool down were lower than these intensities. Each
training session included 5-min stretching, 10 to 15-
min dynamic warm up, 20 to 30-min core exercises
(e.g. brisk walking, soft and light running, motion and
movement,  and endurance training )  and, a 10-min 
cool down and recovery. Maximum heart rate for each
subject was calculated using the following formula:

MHR= 220 – age (years)
Each participant’s heart rate was monitored 

during the training sessions using the Polar watch 
(model Pox 1000 made in Japan).

Laboratory methods
10 cc of venous blood was taken from subjects’ left

arm after 12 h of fasting at the pre- (beforethe study 
began) and post-test (48 h after the last training 
session) stages, in vitro, after 5 min of full rest, using
sterile Venojek syringes containing the anticoagulant
EDTA (Ethylene Diamine Tetra Acetic Acid). After 
collection, the samples were immediately placed on
ice and were centrifuged at 1500 g for 15 minutes to 
obtain the plasma. Plasma was stored at -70 ° C for
later analysis. sVCAM-1 and sICAM-1 were 
measured applying an enzymatic Immunosorbent 
method by Elisa Stat Fax 2100, using the ELISA kits 
(manufactured by BMS232TEN and BMS232
company ,Netherlands).
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Statistical analysis
After conducting the appropriate tests to confirm

the normality of the variables’ distribution and the 
equality of variances, two-way ANOVA in a public 
linear model was done to determine the effects of
exercise and supplement on the research variables. 
In case of any significant  results  post hoc Tukey
test was used to determine the differences between 
the groups. To determine the difference between 
pre- and post-test values, paired t-test was 
conducted for each group. Statistical significance 
was set at P < 0.05.

Results
Anthropometric data
The results from statistical tests indicated that the 
post-test mean values of weight, body fat
percentage, and body mass index (BMI)
significantly decreased in the exercise- supplement 
and exercise-placebo groups after 8 weeks of
intervention (p < 0.05 ) (Table 1).

sICAM-1
results from paired t-test showed significant 

changes in post-test sICAM-1 plasma levels in the 
exercise-supplement (P=0.004), exercise-placebo
(P=0.012), and supplement (P=0.042) groups 
compared to the baseline values. However no 
significant difference in the sICAM-1 plasma levels
was observed in the control group  (p=0.367) (Table 
2). On the other hand, the ANOVA results showed a
significant interaction  between exercise and
supplement in reducing serum concentrations of
sICAM-1 in obese elderly women (p <0.05). Thus,
changes in sICAM-1 serum were affected not only by
the separate effects of exercise and supplements, but
also by the combined intervention of both exercise
and supplements and this reduction was greatest in 
exercise - supplement (combined) group.(Table 3). 

Moreover, results from the Tukey test (tukey post 
hoc)also showed significant differences in the mean 
changes of this factor between exercise- supplement
and supplement group (p =0.037), exercise -
supplement and placebo (P =0.000), exercise and 
placebo (p=0.25) and supplement and placebo (p 
=0.05) groups. Maximum reduction and range of
variation of this index also corresponded to the 
exercise-supplement group.

sVCAM-1
The results of paired t-test showed that, at the 

post-test stage, significant differences in the 
sVCAM-1 plasma levels were only observed in the
exercise-supplement group (P=0.037). However, in 
the placebo group, post-test values of this 
inflammatory factor showed a mild increase within
the natural range for this index, but this change was 
not significant (p=0.174) (Table 2). On the other 
hand, The ANOVA results showed that, the effect of 
supplement alone (regardless of the effect of 
exercise), and the effect of exercise alone (regardless 
of the effect of supplement) in reducing sVCAM-1
serum concentrations was not significant (p>0.05). 
while the interaction between supplement and
exercise in lowering sVCAM-1 serum
concentrations was significant (p<0.05). Thus,
although changes in sVCAM-1 serum concentrations
were affected by the separate effects of exercise and 
supplement, the combined intervention of 
supplement and exercise, had a synergistic effect on 
the significant reduction of sVCAM-1 serum levels
in elderly obese women (Table 3). Moreover, results 
from the Tukey test (tukey post hoc) showed that 
differences in the mean changes of serum sVCAM-1
levels were significant comparing . exercise-
supplement and placebo (p=0.001), and exercise and 
placebo (p=0.031) groups (p<0.05).

Table 2: A comparison of plasma sICAM-1 and sVCAM-1, before and after the implementation of exercises in 
different study groups

p  Training stagesgroupParameter **
Post-testPre-test  Variable

*0.00432.213±212.400  53.701±285.602  Exercise-supplement  
sICAM-1
(ng/ml)

*0.012  38.032±238.30042.044±280.206  Exercise-placebo
*0.042  31.811±234.409  47.791±282.703  supplement  

0.367  48.070±289.40139.783±281.502placebo
*0.037  44.674±689.80050.622±722.302  Exercise-supplement  

sVCAM-1
(ng/ml)

0.087  44.393±706.700  58.101±717.700  Exercise-placebo  
0.102  19.328±719.803  33.811±737.111  supplement  
0.174  46.274±733.20848.036±725.704placebo  

** paired-t test
* Significant at 5% alpha error level (p < 0.05).
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Table 3: Results of ANOVA test, serum sICAM-1 and sVCAM-1 levels in different study groups

PFMean Squares  dfSum of SquaresSource  Parameter **  
Variable 

0.047*4.2734906.225149006.225effect of supplement
sICAM-1
(ng/ml)

0.033*3.2993787.892311363.675effect of exercise

0.003*5.5556378.492319135.475intervention of exercise and supplement
 -   -  1148.3253236746.400Error

0.2951.1341123.600111233.600effect of supplement
sVCAM-1
(ng/ml)

0.048*2.2832261.267367483.800effect of exercise
0.039*3.1413111.267393333.800intervention of exercise and supplement

 -   -  9900.65032317000.800Error

** two-way ANOVA test
*Significant at 5% alpha error level (p < 0.05).

Anthropometric data and adhesion molecules 
The results of statistical tests indicated that there 

was a poor correlation between the baseline values 
of weight, BMI and body fat percentage, with 
resting levels of adhesive molecules. However, 
further relationships were observed between

changes in the body composition indices and 
adhesive molecules’ levels. Finally, a significant 
relationship was observed between sICAM-
1changes and body fat percentage (P=0.02, 
R =0.58) and BMI (P=0.04, R= 0.73) changes 
(Table 4).

Table 4: Pearson correlation coefficient between initial levels and changes in serum sICAM-1 and sVCAM-1 levels, 
and body compositions

Changes in 
sVCAM-1

baseline level  
of sVCAM-1

Changes 
insICAM-1

baseline level
of sICAM-1

Variable

Body wight

Changes in Body wight 
BMI

Changes in BMI 

body fat percentage

Changes in body fat 

-  0.13  -  0.21  

0.26  -  0.42  -  

-  0.28  -  0.09  

0.42  -  *0.58-  

-  0.36  -  0.12  

0.39  -  *0.73  -  

* Significant compared to the pre-test values at 5% alpha error level (p < 0.05).

Discussion
Our present study showed that after 8 weeks of 

doing aerobic exercise, inflammatory indices 
significantly decreased in elderly women. nutrient 
analysis also revealed that this decrease was not 
related to the participants’ diet. According to the 
food processor software there was no significant 
difference in energy balance and sub-nutrient intake 
in the subjects during the 8 weeks of research time 
(table 5). It is well documented that cellular and
vascular cell adhesive molecules play an important 
role in the evolution of atherosclerosis. Blood cell 
adhesion to the surface of arteries is one of the
earliest events in the diagnosis of atherosclerosis
disease process. In this regard, the level of adhesive 
molecules to blood fat level is considered a strong 

predictor of cardiovascular problems [17, 18]. The 
results of the present study also showed that the
relationship between initial level of adhesive
molecules and the participants’ weight, fat 
percentage and BMI  was not significant (p<0.05).
But there was a significant relationship between
changes in body fat percentage and BMI, and 
changes in sICAM-1. In one study, a relationship 
between obesity and sVCAM-1 in pre-pubertal 
period was reported, and some reasons explaining 
the inability of most studies in showing the initial 
relationship between the physical variables and
adhesive molecules were expressed. Among the
most important mentioned reasons was the 
relationship between serum level of adhesive 
molecules and those attached to the membrane. The
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relationship was not strong enough to pronounce the
initial correlation between the variables. Decrease in 
the body fat percentage is one of the major factors 
leading to loss of adhesive molecules. It is specified 
that inflammatory factors release in adipose tissue is
inhibited in response to decreased body fat 
percentage and increased anti-inflammatory
cytokines [19]. Therefore, decrease in the body fat 

percentage as a result of physical activity and the 
probable exercises-induced decrease in inflammatory
cytokines may be among the factors decreasing
plasma adhesive molecules. Other factors such as
decreased blood viscosity and consequently loss of 
shear stress, and decreased effects of IL-β and TNF-
α Paracrine may also be considered responsible for 
changes in adhesive molecule levels [20].

Table 5: The comparison of mean energy and nutrient intakes in the study groups during the 8-week aerobic activity. 

Nutrient Intake
P

Placebo supplement Exercise-placebo Exercise-supplement
Energy (K/day) 2125.14±412.13* 2214.63±81.1 2119.87±451.39 2193.39±617.72 0.27
Protein (g/day) 51.12±23.54 50.86±23.48 49.67±25.37 50.44±26.59 0.43
Carbohydrate (g/day) 231.16±87.81 233.12±87.51 231.86±87.55 239.23±119.67 0.13
Fiber (g/day) 17.08±10.43 17.21±08.77 16.78±15.06 18.40±10.35 0.12
Fat (g/day) 45.77±25.05 43.81±25.73 43.09±25.35 42.72±25.82 0.17
Cholesterol (mg/day) 97.49±154.02 98.89±152.12 96.65±146.26 99.29±143.09 0.184
Calcium (mg/day) 345.25±268.15 342.28±271.13 344.18±270.09 346.21±263.41 0.78
Vitamin C (mg/day) 70.93±26.72 69.40±25.12 71.69±28.31 68.58±28.12 0.11
Vitamin E (mg/day) 5.58±1.89 6.56±2.15 5.78±2.45 7.58±3.23 0.62
Selenium (μg/day) 59.3±25.5 61.4±26.6 60.6±25.7 58.1±23.09 0.14

Processing by the Food-processor software (FP2) and SPSS; *Data are expressed as Mean ± SD. 

adhesive molecules in the adipose tissue may
help serving and activating macrophages in case of
obesity and the meaningful relationship between
the number of adhesive molecules of visceral fat
and BMI and CD68 may explain the relationship 
between internal visceral obesity and penetration of 
macrophages in visceral adipose tissue, and 
endothelial dysfunction. The macrophages transfer 
into  is a factor responsible for the occurrence of 
chronic inflammation in visceral fat and insulin 
resistance [21]. Bosanska et al (2008) investigated 
the contribution of different fat storages in the
production of adhesive molecules in obese 
individuals. 12 women with obesity class 1 (BMI= 
30-40Kg/m2), 13 women with obesity class 3 
(BMI>40 Kg/m2) and 14 slim women participated 
in this study. The results showed a significant 
increase in the observed BMI and CRP levels of
blood glucose and insulin in the two obese groups. 
Total cholesterol levels in the two obese groups
significantly decreased compared to the control
group. (BMI > 40 Kg/m2) There was not any 
significant difference between sVCAM-1 and
sICAM-1 protein levels in subcutaneous fat. 
SVCAM-1 and sICAM-1 protein levels
significantly increased in visceral fat of both obese 
groups compared to the control group and showed a

positive relationship with BMI. SVCAM-1
concentrations were positively correlated with HDL 
cholesterol levels. SICAM-1 protein levels in
visceral fat had a significant positive correlation
with triglyceride (TG) and glucose levels.
sVCAM-1 and sICAM-1 levels in visceral fat were 
significantly higher in obese women , however such 
a difference was not observed in subcutaneous fat. 
In general it was observed that both visceral and 
subcutaneous adipose tissue help produce adhesive
molecules, and this production may be greater in 
obese patients compared to their lean counterparts.
Adhesive molecules increase in the visceral fat may 
provide a new directional relationship between
visceral obesity and increased risk of
cardiovascular damages [22]. The findings of the 
present research were consistent with those of 
Bosanska et al in terms of a positive and significant
relationship between BMI and sICAM-1 serum.

Another important finding of the present study
was the significant interaction between exercise and
supplement in reducing serum concentrations of
sICAM-1 index in elderly obese women. Thus,
changes in serum sICAM-1 levels were influenced 
by the separate effects of exercise and supplements,
and the combined intervention of the two which
had a synergistic effect on reducing the 
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concentrations of this inflammatory factor (p<0.05). 
The response of inflammatory indices to exercise
activities depends on factors such as intensity, 
duration and the type of exercise. For example,
resistance training often does not exert significant 
effects on immune function. Petrido et al (2007) 
examined the effects of resistance training on serum
concentrations of five cell adhesive molecules in 14 
healthy young men (8 lean and 6 obese). The 
subjects exercised 3 sessions a weak, 10 repetitions, 
with an intensity of 70 to 75% of one maximum
repetition. The results did not show any significant 
changes in the subjects’ serum concentrations of P-
selectin, E-selectin, sVCAM-1, sICAM-1, L-
selectin, and selectin [10]. Many studies have 
shown that appropriate training programs in the
long term have more beneficial effects on health 
compared to diets [23]. American College of
Sports Medicine and the Center for Disease Control 
and Prevention, in a similar report has 
recommended at least 30 minutes of physical 
activity with a moderate intensity, preferably all
days of the week for good health [24]. Meanwhile, 
the role of diets and nutritional supplements in
enhancing public health and reducing the risk of
diseases could not be ignored. Another way to 
reduce inflammation and prevent cardiovascular 
diseases is nutrition. Some nutrition experts believe 
that omega-3 fatty acid may relieve inflammation
symptoms .

Omega-3 is an essential unsaturated fatty acid. 
As it is not produced by the body it must be 
received through nutrition. The exact role of
omega-3 fatty acids in human health is still unclear. 
evidence shows that omega-3 plays an important 
role in brain development and function, and reduces
inflammation and risk of acute illnesses. 
Researchers believe that omega-3 fatty acid
supplements may reduce serum levels of
inflammatory cytokines and improve exercise 
tolerance [25]. So far, no research has been done on 
the role of these two factors (exercise and of 
omega-3 supplementation) on adhesive molecules
(such as sICAM-1 and sVCAM-1) in healthy
elderly people. In this regrds, only a limited number
of intervention-based studies were carried out with 
different participants and diets. For instance, 
Thompson, et al. (2012) showed that 20 weeks of 
exercise alongwith a diet high in protein and
calories significantly decreased  sICAM-1 and
sVCAM-1 concentrations in obese women. They 

also reported that sICAM-1 reduction was further 
associated with body weight loss, while sVCAM-1 
reduction was due to body weight loss and a 
decrease in testosterone [26]. Shorgern  et al (2010) 
conducted a study on systemic and cellular 
inflammatory indices of 157 healthy middle-aged 
men. The participants were categorized into four
groups including diet (N=40), exercise (N=39),
combined diet and exercise (N=39) and control
(N=39). Results showed that sICAM-1
concentrations significantly decreased in the
exercise and the diet + exercise groups after 6 
months of intervention, while sVCAM-1
concentration did not change significantly in any of 
the groups [27]. Significant reduction in adhesive
molecules in these studies (which are consistant 
with results of the present study) represents the
combined effects of exercise and appropriate diets
on reducing the cardiovascular risk factor indices. 
Regular aerobic exercise reduces the level 
ofadhesive molecules  and thus the risk of 
cardiovascular diseases, by reducing harmful LDL-
C, TC, and TG fats and increasing HDL-C [28].

Studies have shown that muscle micro-injuries
occurs less frequently in athletes as compared to 
non-athletes.Considering the role of cellular micro-
injuries in the production of adhesive cells, sICAM-
1 reduction following 24 training sessions was
probably due to more consistency and fewer muscle 
micro-injuries in the participants. Another possible 
mechanism could be that regular exercise inhibits 
the release of inflammatory mediators TNF-α and
IL-6 from adipose tissue by reducing sympathetic 
stimulation and increasing anti-inflammatory 
cytokines, which in turnreduces the concentration 
of cell adhesive molecules [10,29]. Thus in the
present study, endurance exercise is likely to be 
associated with lipolisis increase and fat mass
decrease, which could be a mechanism explainig
the reduction of inflammatory mediators and
cellular adhesive molecules [30]. However some 
research findings are not in line with the results of 
the present study. For example, in a study by 
Aizawa K et al (2009) it was shown that a 24-week 
program of behavioral adjustment and correction, 
exercise, diet and modification of life style in 89
diabetic patients, unlike changes in waist 
circumference, blood pressure and fasting glucose
level, plasma sICAM-1 and sVCAM-1 levels 
remained unchanged [31]. Although the duration
and type of training program in the present research
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was different from Aizawa K et al, it seems that
regular and constant monitoring of the exercise 
intensity could have possibly led to changes in 
serum sICAM-1 concentration.

Yang et al (2012), in a review study also showed 
that omega-3 supplement significantly reduced
serum sICAM-1 concentrations This effect was
recognized in both healthy subjects and patients,
and confirmed the hypothesis that omega-3
supplement may be effective in prevention and
improvement of atherosclerotic [32]. In another
similar study by Kooshki et al (2011) on 
hemodialysis patients, it was indicated that taking
2080 mg of omega-3 supplement for 10 weeks
significantly reduced the concentration of sICAM-1
at the end of the tenth week, compared to the
baseline values. While at the end of tenth week
serum concentrations of sVCAM-1  showed a 
considerable decrease compared to its baseline
level, this reduction was not statistically significant
[33]. According to the related litreture and the 
findings of the present study it seems that the 
higher the initial concentration of the inflammatory 
markers is , the more likely it is to decrease due to 
the consumption of omega-3 fatty acids.

There is another possible mechanism explaining
the effect of omega-3 fatty acids on reducing serum
concentrations of sICAM-1. Here when 
inflammatory cytokines, especially TNF-α, connect 
to the receptors on the membrane of vascular
endothelial cells, nuclear factor inhibitor kB (I-kB) 
is phosphorylated and consequently causes the
separation of NF-kB from an effective factor in 
different gene transcriptions known as nuclear
factor kB (NF-kB) in cytoplasm. Then nuclear factor 
NF-kB moves from the cytoplasm to the core and
through binding to different genes including
sICAM-1 and sVCAM-1 gene, leads to the 
expression of these genes which in turn increases
sICAM-1 and sVCAM-1 synthesis. Preventing 
phosphorylation of I-kBs , omega-3 fatty acid
inhibits kB-NF separation and consequently reduces
gene expression of sICAM-1 and sVCAM-1 in
endothelial cells [35]. This reduction in turn
decreases the number of I-kBs in endothelial cells’
membranes and thus reduces their concentration in
blood.  The findings of this study could be justified
with the mechanism mentioned above,  since in this
study omega-3 fatty acid suplement led to a  
significant decrease in the serum sICAM-
1concentration.

Conclusion
In summary, the results of the present study 

indicated that 8 weeks of aerobic exercise along 
with omega-3 fatty acids consumption  reduced the 
amount of body fat and inhibited the upstream
processes of the production of new cardiovascular 
risk factors, which consequently reduced serum 
concentrations of these factors, minimizd the 
negative effects of inflammation in elderly obese
women. Accordingly, determining the amount of
adhesive molecules (sICAM-1 and sVCAM-1)
could be an effective tool in detecting different 
environmental factors involving in cardiovascular
disorders such as atherosclerosis, their prevention
andcontrol.

References
1- Geffken D, Cushman M, Burke G, Polak J, Sakkinen 

P, Tracy R (2001). Association between physical 
activity and markers of inflammation in a healthy 
elderly population. Am J Epidemiology 153(3):240-
250.

2- Robertos CK, Chen AK, Barnard RJ (2007). Effect 
of a short–term diet and exercise intervention in 
youth on atherosclerotic risk factors. Atherosclerosis 
191(1):98-106.

3- Rankovic G, Milicic B, Savic T, Dindi B, Mancev Z, 
Pesic G (2009). Effects of physical exercise on 
inflammatory parameters and risk for repeated acute 
coronary syndrome in patients with ischemic heart 
disease. Vojnosanitetski Pregled 66(1):44-48. 

4- Ridker PM, Buring JE, Rifai N (2002). Comparison 
of C - reactive protein and Low-Density Lipoprotein 
Cholesterol Levels in the Prediction of First 
Cardiovascular Events. N Engl J Medicine 
347(14):1557-1565.

5- Hwang SJ, Ballantyne CM, Sharrett A, Smith L, 
Davis C, Gotto A, Boerwinkle E (1997). Circulating 
adhesion molecules VCAM-1, ICAM-1, and E-
selectin in carotid atherosclerosis and incident 
coronary heart disease cases. Atherosclerosis Risk In 
Communities (ARIC) 16(96):4219-4225.

6- Beckie TM, Beckstea JW, Groer M.W (2010). The 
influence of cardiac rehabilitation on inflammation 
and metabolic syndrome in women with coronary 
heart disease. J Cardiovascular Nursing 25(1):52-60.

7- Puglisi J, Ushma V, Sudeep S, Moises T, Richard W, 
Jeff S (2008). Raisins and additional walking have 
distinct effects on plasma lipids and inflammatory 
cytokines. Lipids Health Disease 7(14):1-9. 

8- Pontiroli AE, Pizzocri P, Koprivec D, Vendani P, 
Marchi M, Arcelloni C (2004). Body weight and 
glucose metabolism have a different on circulating 
levels of ICAM-1, E-Selectin, and endothelin-1 in 
humans”. Europ J of Endocrinology 150(2):195-200.

9- Bosanska L, Michalsky D, Lacinoval Z, Dostaloval I, 
Bartloval M, Haluzikoval D (2009). The influence of 



Iranian Journal of Health and Physical Activity 65

obesity and different fat depots on adipose tissue 
gene expression and protein levels of cell adhesion 
molecules. Epub Physiological 59(1):79-88.

10-Petridou A, Chatzinikolaou A, fatouros I, 
Mastorakes G (2007). Resistance exercise does not 
affect the serum concentrations of cell adhesion 
molecules. Br J Sport Medicine 41(2):76-79. 

11-Annabella K, Renevanden H, Sandra L, Howard W, 
Hulan J, Juergen Z (2007). Effects of feeding 
sunflower oil or seal blubber oil to horses with 
recurrent airway obstruction. The Canadian Jornal of 
Vetrinary research 71(1):59-65. 

12-Odd WH, deKlerk NH, Kendall GE, Mihrshahi SP, 
Peat jK (2004). Ratio of omega-6 to omega-3 fatty 
acids and childhood asthma. J Asthma 41(3):319-
326. 

13-Streppel MT, Ocke MC, Boshuizen HC, Kok FJ, 
Kromhout D (2008). Long-term fish consumption 
and n-3 fatty acid intake in relation to (sudden) 
coronary heart disease death: the Zutphen study. 
European Heart Journal 29(16):20–30.

14-Hjerkinn EM, Seljeflot I, Ellingsen I, Berstad P, 
Hjermann I, Sandvik L (2005). Influence of long 
term intervention with dietary counseling, long-chian 
n-3 fatty acid supplements or both on circulating 
markers of endothelial activation in men with long-
standing hyperlipidemia. Am J Clinical Nutrition 
81(3):583-589.

15-Shirinzadeh M, Shaker-Hoseini R, Houshyare-Rad A 
(2009). Nutritional values and dietary intake 
sufficiently in Diabetic type 2 patients. Iranian J 
Endocrine & Metabolism 11(1):25-32.  

16-Ghafarpour M, Houshyare-Rad A (2000). Household
scales guide, conversion factors, and percentage food
and dietary.  Publishers: agriculture sciences 
(Tehran), pp: 1-54.

17-Zoppini G, Targher G, Zamboni C, Venturi C, 
Cacciatori V, Moghetti P, Muggeo M (2006). Effects 
of moderate-intensity exercise training on plasma 
biomarders of inflammation and endothelial 
dysfunction in order patients with type 2 diabetes. 
Nutrition, Metabolism & Cardiovascular Disease 
16(8):543-549.  

18-Gross MD, Bielinski ST, Suarez-Lopez JR, Reiner
AP, Bailey K, Thyagarajan B, Carr JJ et al (2012).
Circulating soluble intercellular adhesion molecule-1 
and subclinical atherosclerosis: the Coronary Artery 
Risk Development in Young Adults Study. Clinical 
chemistry 58(2):411-420. 

19-Weyer CY, Yudkin JS, Stehouwer CD, Schalkwijk 
CG, Pratley RE, Tataranni PA (2002). Humoral 
markers of inflammation and endothelial dysfunction 
in relation to adiposity and in vivo insulin action in 
pima Indians. Atherosclerosis 161(1):233-242.  

20-Morisaki N, Saito I, Tamura K, Tashiro J, Masuda 
M, Kanzaki E, Watanabe S, Masuda and Y, Saito Y 
(1997). New indices of ischemic heart disease and 
aging: studies on the serum levels of soluble 
intercellular adhesion molecule-1(ICAM-1) and 
soluble vascular cell adhesion molecule-1 (VCAM-
1) in patients with hypercholesterolemia and 
ischemic heart disease. Atherosclerosis 131(1):43-

48.
21-Pang C, Gao Z, Yin J (2008). Macrophage infiltration 

into adipose tissue may promote angiogenesis for 
adipose tissue remodeling in obesity. Am J Physiol 
Endocrinol Metab 295(2):313-322.

22-Bosanska L, Lacinova Z, Roubicek T, Marz M 
(2008). The influence of very-low-calorie diet on 
soluble adhesion molecules and their gene 
expression in adipose tissue of obese women. 
Casopís lékar ̆ů c ̆eský ch 147(1):32-37.  

23-Raitakari M, llvonen T, Ahotupa M (2004). Weight 
reduction with very-low-caloric diet and endothelial 
function in overweight adults. Role of plasma 
glucose. Arterioscler Thromb Vase Biol 24(1):124-
128.  

24-Pate RR, Pratt M, Blair SN, Haskell WL, Maceram CA, 
Bouchard C, Buchnner D, Ttinger W (1995). Physical 
activity and public health; A recommendation from the 
centers for disease control and prevention and the 
American college of sports medicine. J Ame Medical 
Association 273(5):402-407. 

25-Calder P (2006). N-3 polyunsaturated fatty acids, 
inflammation, and inflammatory disease. Am J 
Clinical Nutrition 83(6):1505-1519. 

26-Thomson R, Brinkworth G, Noakes M, Clifton P, 
Norman R, Buckley J (2012). The effect of diet and 
exercise on markers of endothelial function in 
overweight and obese women with polycystic ovary 
syndrome. Human Reproduction 27(7):2169-2176. 

27-Sjö gren P, Cederholm T, Heimbürger M, Stenvinkel
P, Vedin I, Palmblad J, Hellenius M (2010). Simple 
advice on lifestyle habits and long-term changes in 
biomarkers of inflammation and vascular adhesion in 
healthy middle-aged men. Eur j Clinical Nutrition 
64(12):1450-1456.  

28-Khan BV, Parthasarathy SS, Alexander RW, 
Medford RM (1995). Modified low density 
lipoprotein and its constituents augment cytokine-
activated vascular cell adhesion molecule-1 gene 
expression in human vascular endothelial cells. J 
Clinical Investigation 95(3):1262-1270.  

29-Monchanin G, Serpero LD, Connes P, Tripette J, 
Woassi D, Bezin L (2007). Effects of progressive 
and maximal exercise on plasma levels of adhesion 
molecules in athletes with sickle cell trait with or 
without alpha-thalassemia. J Appl Physio 
102(1):169-173.  

30-Hatunic M, Finucane F, Burns N, Gasparro D, Nolan 
JJ (2007). Vascular inflammatory markers inearly–
onset obese and type 2 diabetes subject before and 
after three months aerobic exercise training in 
diabetes. Diab Vasc Dis Res 4(3):231-234.  

31-Aizawa K, Shoemaker JK, Overend JK, Petrella TJ 
(2009). Metabolic syndrome, endothelial function 
and lifestyle modification. Diab Vasc Dis Res 
6(3):181-189.  

32-Yang Y, Lu N, Chen D, Meng L, Zheng Y, Hui R 
(2012). Effects of n-3 PUFA supplementation on 
plasma soluble adhesion molecules: a meta-analysis 
of randomized controlled trials. Am J Clinical 
Nutriation 95(4):972-980.

33-Kooshki A, Taleban FA, Tabibi H, Hedayati M 



66 Aerobic Activity ,Omega3,ICAM,VCAM

(2011). Effects of marine omega-3 fatty acids on 
serum systemic and vascular inflammation markers 
and oxidative stress in hemodialysis patients. Ann 
Nutriation Metabolism 58(3):197-202.  

34-Moreira AC, Gaspar A, Serra MA, Simõ es J, Lopes 
D, Cruz J (2007). Effect of a sardine supplement on 
C- reactive protein in patients receiving 

hemodialysis. J Renal Nutrition 17(3):205-213.  
35-Chen W, Esselman WJ, Jump DB, Busik JV (2005). 

Anti-inflammatory effect of docosahexaenoic acid 
on cytokine-induced adhesion molecule expression 
in human retinal vascular endothelial cells. Invest 
Ophthalmol Vis Sci 46(11):4342-4347.


