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ABSTRACT:  
High blood pressure (BP) increases the risk of CVD for people worldwide, essential hypertension 
remains a major modifiable risk factor despite advances in understanding of its pathophysiology and 
the availability of effective treatment strategies. Endothelial dysfunction a hallmark of essential 
hypertension causes changes in blood vessels, fibromuscular hyperplasia, and accelerated 
arteriosclerosis leading to microvascular as well as macrovascular complications. Of recent, it has been 
found that remodeling of the vascular wall is highly influenced by various inflammatory factors of 
which (CAMs), are primarily involved  The primary aim was to assess the levels of the inflammatory 
molecules  (ICAM-1 and VCAM-1 in essential hypertensives without and with complications. 525  
individuals in the  age group of 20-55 years , from both sexes  attending the Hypertensive clinic in 
SRMC & RI were enrolled for the study .They were grouped as 3-group I  being controls , group II  
being hypertensives without any complications and group III  hypertensives with complications (175 
each). The serum levels ICAM-1 & VCAM-1 were determined by ELISA Method. The mean values of 
ICAM-1 VCAM-1 showed a statistically highly significant difference between the 3 groups (p<0.001To 
conclude elevated levels of CAMs in essential hypertension, reflect enhanced leukocyte chemotaxis and 
adhesion, thereby increasing   risk of atherosclerotic disease. In future asymptomatic individuals who are 
at increased risk for atherosclerosis can be identified with the help of these cell adhesion molecules 
serving as biochemical markers. 
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Introduction 
Recently studies have revealed the role of 
inflammatory factors in enhancing remodeling of 
the vascular wall. The damaged vascular wall as 
well as cells infiltrating this wall, release the 
inflammatory factors [1]. The adherences of 
CAMS play a vital role in maintaining the 

vascular wall integrity [2]. The cellular adhesion 
molecules are involved in the risk of 
atherosclerosis, by causing alterations on vascular 
endothelial wall.  
Homocysteine has an effect on multiple vascular 
responses. The production and bioactivity of 
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vasoregulatory mediators are greatly influenced 
by the levels of homocysteine [3, 4]. 

Subjects & Methods 
A total of 525 subjects between the age group of 
20-55 years of age, from both sexes who were 
attending the Hypertensive clinic and Master 
health check up programme in Sri Ramachandra 
Medical College were enrolled for the study 
.They were grouped as three-Group I being 
controls (n=175), group II hypertensives without 
complications (n=175) and group III 
hypertensives with end organ damage (n=175). 
The anthropometric measurements were recorded. 
Blood was collected after overnight fasting blood 
along with urine samples .The biochemical 
parameters were estimated by standard protocols.  
The plasma homocysteine was determined by 
ELISA method (Axis Shield, UK), cellular 
adhesion molecules (ICAM-1, VCAM-1 by 
ELISA method ( R & D Systems )  

 Exclusion criteria : Individuals and 
hypertensives with no other comorbidities , coffee 
consumption  (>9 cups/day ) smokers( > 20 
cigarettes / day ) ,chronic  alcoholics( >10 Years ) 
pregnant women , intake of oral contraceptive 
pills , fibric acid derivatives were excluded.  

Results: 
Comparing the mean values (Table 2.0) 
significant difference  ( p value <0.05 ) was 
observed in Waist/Hip ratio among the 3 groups 
while BMI SBP and DBP  showed a statistically 
high significant difference indicating that blood 
pressure raises as the disease progresses. 
A highly statistical difference was observed 
between the groups (Table 5.0) explicating the 
possible involvement of the above mentioned 
endothelial biomarkers in essential hypertension 
All the p values showed a highly statistical 
significance of <0.001(Table 6.0) 

Discussion: 
The demographic data and Dietary pattern of the 
3 study groups are represented in Table 1.0. 

The mean age was found to be 40 ± 10, 49 ± 8 
and 48 ± 7 in groups I, II and III respectively. 

The age did not show much difference between 
group II and III. Among the study population, 
females contributed a greater part when compared 
with the males. There is almost an equal 
distribution of males (n=89) and females (n=86) 
in group III.  

Regarding the dietary pattern, it was observed 
that in group I, 24 were vegetarians while the 
remaining 151 were non-vegetarians. In group II, 
38 were vegetarians and 137 were non 
vegetarians. In group III, 34 were vegetarians and 
141 were non vegetarians. Thus the ratio of 
vegetarian to non-vegetarian participants in the 
groups ranges from 1:3 to 1:6. 

Since coffee consumption is one of the 
secondary causes for hyperhomocysteinemia the 
questionnaires also include the coffee 
consumption status of the individuals included 
in this study. It was found that 139, 121 and 118 
individuals consumed coffee less than nine cups 
per day in the 3 groups. It was thus observed that 
almost 80% of the study population consumed 
coffee in all the three groups. Caffeine plays a 
role in homocysteine metabolism thus it has an 
effect on homocysteine levels in essential 
hypertensives. 

In group I, 14 were smokers, group II, 29 and in 
group III, 38 were smokers among the males. The 
ratio of smokers observed in the three groups was 
1:2 to 1:3, with almost 50% in group  III,  
indicating  that  smoking  also  contributes  to  
end  organ  damage  in  essential hypertensives. 
Smoking exacerbates the effects of homocysteine 
in that it also acts independently from other 
vascular risk factors. 
The clinical and physical characteristics are 
represented in Table 2.0. Data is expressed as 
mean ± SD. The mean values of Systolic blood 
pressure was found to be 114 ± 9,136 ± 15 and 
141 ± 16 in groups I, II and III respectively. The 
mean levels of diastolic blood pressure was 
observed as 77 ± 6, 88 ± 11 and 90 ± 9 in groups 
I, II and III respectively. The mean level of both 
systolic and diastolic blood pressure was found 
to be higher in hypertensives with end organ 
damage when compared with controls as well as 
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hypertensives without end organ damage. The 
mean BMI was found to be 23.6 ± 3.4, 24.1 ± 
3.38 and 25 ± 3.39 in groups I, II and III 
respectively. 

Comparing the mean values a statistically 
significant difference  ( p value <0.05 ) was 
observed in BMI and Waist/Hip ratio among 
the 3 groups while SBP and DBP    showed a 
statistically highly significant difference 
indicating that  blood pressure raises as the 
disease progresses. 
Since a statistical difference was observed further 
analysis was done   as shown in Table 3.0. 
Between the groups I & II a highly statistical 
difference was observed in SBP and DBP. 
Hypertension sets in even before the 
hypertensives go in for end organ damage as 
shown by the significant difference between 
groups I and II (P<0.0001) with minimal or no 
significant difference between groups II and III in 
the other parameters. 
When control group was compared with 
hypertensives with end organ damage an 
observed in BMI and WHR (p<0.05). A 
significant change occurs in BMI and WHR 
when hypertensives developed end organ damage 
as shown by the statistically significant difference 
between groups I and III (p =0.022) and 
(p=0.008) for WHR. . A highly statistically 
significant difference (p<0.001) was observed in 
SBP and DBP. 
SBP showed a statistically significant difference 
(p<0.05) when hypertensives without end organ 
damage were compared with hypertensives with 
end organ damage while the other parameters did 
not show any statistically significant difference 
between the two groups. 
In groups I, II and III among the males 11, 25 and 
30 individuals were alcoholics 1, 2 and 3 
respectively. The distribution of alcoholics as 
observed in the table ranges from 1:3 to 1:4. 
Comparing the mean values a statistically 
significant difference  ( p value <0.05 ) was 
observed in BMI and Waist/Hip ratio among 
the 3 groups while SBP and DBP    showed a 
statistically highly significant difference 

indicating that  blood pressure raises as the 
disease progresses. 

Table 4 .0 represents the mean levels of the 
various endothelial, inflammatory and oxidative 
stress biomarkers. The mean level of 
homocysteine was found to be 20.2 ± 13, 

28.2 ± 13 and 43.7 ± 14 ( in µ mol/L) in groups 
I,II and III respectively . It is observed that the 
mean value of homocysteine was    higher than 
the cut off value in our study population. 

Previous studies reveal that hypertensives had 
significantly increasing values  sICAM-1 (232.4 
± 16.5 v 189.8 ± 11.1 ng/mL) and sVCAM-1 
(737.3 ± 65.6 v 565.7 6 46.8 ng/mL) compared  
to  their  normotensive counterparts [ 5] .  
Similar findings were    observed in our study 
among 3 groups ICAM-1 (175 ± 129, 351 ± 89, 
490 ± 139) respectively. 

The matrix metalloproteinases play an important 
role in altering the collagen/elastin ratio. The 
MMP-9 mean levels were found to be 100 ± 
99, 155 ± 29 and 219 ±   27 (in pg/mL) in 
groups I, II and III respectively. 
Since various risk factors overlap for 
hypertension and other cardiovascular diseases it 
is thus a problem to deduce when one is a risk 
factor for the other. Yet the results of the in vitro 
studies reveal the roles of homocysteine in 
alterations of the vascular endothelium are 
consistent with known mechanisms for 
hypertension [6]. Hyperhomocysteinemia 
serves as an independent risk factor for primary 
hypertension [6, 7]. 
Homocysteine level were found to be elevated in 
hypertensives when compared with the controls 
[8]. 

A highly statistically significant difference (p 
<0.001) was observed in all the parameters also 
showing the same in post hoc test Table 5.0. 
The cellular adhesion molecules are up regulated 
and probably influence the blood pressure 
hypertension as mentioned earlier. In our study 
the mean levels of ICAM-1 was observed as 175 
± 129, 351 ± 89 and 490 ± 139 (in pg/mL) 
respectively. Similarly the VCAM-1 the mean 
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values observed was 191 ± 80, 447 ± 97 and 660 
± 230 (in pg/mL) respectively. Leukocyte rolling 
across the sub endothelial space causes 
endothelial dysfunction which is mediated by the 
cellular adhesion molecules.  
Various studies have reported that the levels of 
MMP-9 in hypertensives when compared with 
their normal counterparts are higher [ 9 , 1 0 ] . 
Supporting the above studies the mean levels 
of MMP-9 was (100 ± 22,155 ± 29, 219 ± 27) in 
the 3 groups. 
The assessment of the relative risk for developing 
end organ damage in essential  hypertension  was 
analyzed statistically by  stepwise  logistic  
regression  analysis   with  each  of  the  newer  
and traditional risk factors in the hypertensive 
group.  
The logistic regression analyses Table 6.0.showed 
that the risk odds ratio of each of the risk factors 
was significantly raised. Patients with high levels 
of homocysteine had almost six times increased 
risk of developing end organ damage. The high 
risk odds ratio (unadjusted OR= 14.7) associated 
with homocysteine could be due to exceptionally 
high levels of homocysteine were observed in the 
patient group with complications, which were 
almost twice that of the control group. Yet the 
increased risk leading to mortality has to be 
elucidated. T he  other conventional risk factors 
were independently associated with increased 
risk, coffee consumption, and obesity 1.4 times 
WHR 2.5 times. The low grade inflammatory 
marker hsCRP showed higher odds ratio of 18.1 
Homocysteine showed an odds ratio of 5.9 when 
adjusted for other traditional risk factors while 
the unadjusted odds ratio was found to be 14.76 
for the development of end organ damage. This 
confirms the role of homocysteine in the onset of 
end organ damage in essential hypertensives. 
The cascade of events that occur initially in 
atherosclerosis is triggered by the attachment of 
circulating leukocytes followed by 
transendothelial migration into the intima is 
important [11,12,13]. 

The ability of their expression is usually very low 
exceptionally found to be higher in inflammatory 

conditions, when the endothelium is activated 
[14] and expression is triggered or  is markedly 
increased [14,15,16]  
Expression of cell surface adhesion molecules is 
well controlled [17,18,19] But when the 
endothelium is activated these levels are at a rise 
[17,20] 
The imbalance in the ratio of vasodilators and 
constrictors leads to alterations in the 
endothelium wall leading to endothelial 
dysfunction in hypertensive individuals.  
The glycoprotein adhesion molecules viz  
immunoglobulin group adhesion molecule-1 
(ICAM-1) and vascular cell adhesion group are 
associated with enhancement of endothelial 
dysfunction mediated by their increased 
expression [21]. The mechanism involves 
adherence of leukocytes to endothelial surface 
and subsequent migration into the vessel wall. 
The migrated sources of inflammation 
enhance the initial process of atherosclerosis 
[22] human atherosclerotic plaques demonstrated 
over expression of adhesion molecules [23, 24] 
In normal individuals the site of endothelial 
damage is quickly relieved and suppressed to 
prevent vascular issues from arising. One step in 
this process is to help reduce the chance of 
infection by increasing the injured area’s affinity 
for monocytes. As previously mentioned, the 
blood is always circulating with each heartbeat 
and the injured site needs some way to stop these 
monocytes from simply rolling away- the 
answer is up regulation of the VCAM and 
ICAM receptors [25,26].  

In hyperhomocysteinemia, the vessels are 
stressed from increased pressure, reactive 
oxidative species, and reduction of bioavailable 
NO, and increased cytokine concentrations 
which can mimic an inflamed injurious 
environment [26,27,28].  Due to this increased 
stress several studies have reported a drastic up-
regulation in VCAM and ICAM and 
subsequently an increased binding of monocytes 
[27,29,30]. 

Upon binding to the up-regulated VCAM and 
ICAM receptors, the monocyte undergoes 
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diapedesis (intake during inflammation) into the 
sub-endothelial space where they convert into 
macrophages. During this process there is 
evidence that the binding of monocytes to VCAM 
and ICAM stimulates their NAPDH oxidases to 
undergo a “respiratory burst” which is intended 
to destroy any pathogens around [26, 27] 
Normally this “burst” of reactive peroxidases and 
superoxides are kept in check by powerful 
antioxidants, but in a non-injured vessel who’s 
antioxidant systems are already compromised by 
the unavailability of NO (nitrous oxide) and 
possibly GSH (gluthionine), along with the 
increased affinity and occurrence of monocyte 
adhesion could lead to a situation where reactive 
oxidative species are increasingly prevalent. Also 
the activation of these cells leads to a release 
cytokines, chemokines, and growth factors which 
give rise to an inflammatory environment [28]. 
This increase of reactive species would cause the 
activation of MMP-9 and MMP-2 to begin 
remodeling the endothelial extracellular matrix, 
basal membranes, and tight junction proteins 
which can cause increased permeability of LDL 

cholesterol to enter the sub- endothelial level 
forming a “bubble” in the intima. 

In a culture of endothelial cells, the soluble 
ICAM-1 released into the circulation was found 
to be associated with their surface expression 
[31]. Up regulation of adhesion molecule genes 
plays a major role. It therefore implies that they 
may be expressed in vivo and serve as an early 
detector of vascular complications [32,33]. 
Intercellular adhesion molecule-1 member of 
the immunoglobulin (Ig) family   functions 
vitally in adherence and transmigration of 
leukocytes. The endothelial expression of ICAM-1 
is higher in atherosclerotic and transplant-
associated atherosclerotic tissue.  .  
MMPs a group of endopeptidases [33,34,35] take 
part in hypertensive vasculature[36] by 
degrading ECM, enhancing vascular  smooth 
muscle  cells  migration  and  proliferation, and  
monocyte penetration [37]. 

Derosa et al. [38] measured MMP-9 levels in 
hypertensives and were found to be high. Similar 
results have also been reported [39]   

Table 1: Demographic data and Dietary Pattern of the 3 groups 
 
 

Sr. No. Parameters Group-I (n=175) Group-II (n=175) Group-III (n=175) 

1. Age 40±10 49±8 48±7 
2. Sex   male / Female 49/126 71 / 104 89 / 86 
3. Veg / Nonveg 24 /151 38/137 34/ 141 
4. Smoking 14 /49 23/71 38/89 
5. Alcohol 11/49 25/71 30/89 
6. Coffee consumption 139 121 118 

 

Table 2: Clinical and Physical characteristics of the 3 groups 
 

 
Sr. No. Parameters Group-I (n=175) Group-II (n=175) Group-III(n=175) P value 

1. SBP(mm Hg) 114  ± 9 136  ± 15 141  ± 16 < 0.0001 

2. DBP(mm Hg) 77    ±  6 88  ±  11 90 ± 9 < 0.0001 

3. BMI 23.6  ±  3.4 24.1 ± 3.38 25 ± 3.39 < 0.0001 

4. Waist / Hip 
Ratio 

0.87 ± 0.08 0.89 ± 0.08 0.90 ± 0.05 0.001 
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Table 3: Tukey –HSD Post-hoc test results of SBP, DBP, BMI and WHR 
 
 

Sr. No. Parameters Group I & II  
(n= 175 , 175 )  
P value 

Group II & III  
(n= 175 , 175 )  

P value 

Group I & III  
(n= 175 ,175 )  

P value 
1. SBP (mmHg) < 0.001 0.035 < 0.001 

2. DBP (mmHg) < 0.001 0.057 < 0.001 

3. BMI 0.307 0.482 0.022 

4. Waist / Hip ratio 0.039 0.846 0.008 

 
Table 4: Levels of endothelial biomarkers 

 
Sr. No. Parameters Group-I 

(n=175) 
Group-II 
(n=175) 

Group-III 
(n=175) 

P value 

1. Homocysteine(µ mol/L) 20 ± 13 28 ± 13 44 ± 14 < 0.0001 

2. ICAM-1 (pg/mL) 175 ± 129 351 ± 89 490 ± 139 < 0.0001 

3. VCAM-1 (pg/ mL) 191 ±80 447 ± 97 660 ± 230 < 0.0001 

4. MMP-9 (pg/mL) 100 ± 22 155 ± 29 219 ± 27 < 0.0001 

 
Table 5: Tukey –HSD Post-hoc tests of endothelial biomarkers 

 
Sr. No. Parameters Group I & II 

(n= 175 , 175 ) 
P value 

Group II & III 
(n= 175 , 175 ) P 

value 

Group I & III 
(n= 175 , 175 ) 

P value 
1. Homocysteine (µ mol/L) 0.001 0.001 0.001 
4. ICAM-1(pg/mL) 0.001 0.001 0.001 
5. VCAM-1 (pg/mL) 0.001 0.001 0.001 
6. MMP-9 (pg/mL) 0.001 0.001 0.001 

 
Table 6: Results of logistic regression analysis to assess end organ damage in essential hypertension 
 

Sr. No. Associated risk factors of end organ damage Odds Ratio 95% CI 
1. Homocysteine (µ mol/L) 5.9 1.12-31.7 
2. WHR 2.53 0.6-10.7 
3. BMI (kg/m2) 1.44 0.82-2.5 
4. Coffee consumption 1.40 0.75-2.6 
5. Age 0.991 0.95-1.02 
6. Sex 1.05 0.56-1.95 
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Conclusion 
The findings show that elevated levels of CAMs 
in essential hypertension, reflects the increased 
leukocyte chemotaxis and adhesion. 
The CAMs may indicate subclinical 
atherogenesis and used clinically to identify end 
organ damage in essential hypertension since it is 
asymptomatic in nature. 
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