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Abstract 

Background: Matrix metalloproteinase 9 (MMP-9), also known as 92 kDa type IV collagenase, 92 kDa 

gelatinase or gelatinase B (GELB), is a matrix in, a class of enzymes that belong to the zinc 

metalloproteinases family involved in the degradation of the extracellular matrix. Gelatinase B or 92 

kDa type IV collagenase, also known as matrix metalloproteinase-9 (MMP- 9) plays an important role in 

the pathogenesis of hypertension. The present study was designed to evaluate whether fasting 

homocysteine is associated with essential hypertension by causing alterations in the endothelial 

biomarkers.  

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 in Sri Ramachandra Medical College were enrolled for the study. 

They were grouped as three-Group I being controls, Group II hypertensives without omorbities and 

Group III hypertensive with end organ damage. After overnight fasting, blood and spoturine samples 

were collected. All the biochemical parameters were estimated by standard methodologies. The 

plasmahomocysteine was determined by ELISA method (Axis Shield, UK), MMP-9 was determined by 

ELISA Method (R&D SYSTEMS, Minneapolis, USA) 

Results: The results are expressed as Mean±SD. 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. 

Conclusion: The activation of these MMPs may be generated by vascular cell adhesion protein (VCAM-

1) and intercellular adhesion molecule (ICAM-1) being up regulated in hyperhomocysteinemia leading 

to increased monocyte and leukocyte binding  
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Introduction 

Elevated homocysteine is known to increase 

oxidative stress that causes oxidative injury to the 

vascular endothelium, diminishes vasodilatation 

by nitric oxide, stimulates the proliferation of 

vascular smooth muscle cells, and alters the elastic 

properties of the vascular wall. All these are 

associated with the rise in hypertension. Thus, 

homocysteine may contribute to blood pressure 

elevation.  Proteins of the matrix 
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metalloproteinase (MMP) family are involved in 

the breakdown of extracellular matrix in normal 

physiological processes, such as embryonic 

development, reproduction, angiogenesis, bone 

development, wound healing, cell migration, 

learning and memory, as well as in pathological 

processes, such as arthritis, intracerebral 

hemorrhage,
[1]

 and metastasis
[2]

. Most MMPs are 

secreted as inactive pro proteins` which are 

activated when cleaved by extracellular 

proteinases. The enzyme encoded by this gene 

degrades type IV and V collagens and other 

extracellular matrix proteins
[3]

. 

Within the endothelial extracellular matrix two 

MMPs are of importance; these are MMP-2 and 

MMP-9. The reason that these two MMPs are of 

high importance is because they are the only ones 

capable of degrading collagen type IV and are 

classified as gelatanases. This interaction with 

collagen is especially important in capillaries and 

microvessels related to neuron microvascular 

health. In hyperhomocysteinemia these two 

MMPs have been shown to interact with 

endothelial tight junction proteins in capillary 

settings and increase permeability and leakage
[4]

. 

In events where these proteases are overly 

activated there is a marked decrease in vascular 

wall integrity
[5]

. 

 

Materials & Methods 

It was a hospital based case control study 

involving patients attending hypertension clinic of 

Sri Ramachandra Medical College & Research 

Institute. Both the sexes in the age group of 20-55 

years were included for the study. 

This study is of its first kind involving three 

groups - Group I being controls, Group II being 

hypertensives without end organ damage, Group 

III being hypertensives with clinical or laboratory 

evidence of end organ damage. Based on the 

ECG, ECHO changes, fundus examination 

microalbumin levels in the urine the hypertensives 

were categorized into Group II and III. 

530 samples were collected out of which those 

meeting our inclusion and exclusion criteria were 

included. The number was 175 in each of the three 

groups. The plasma homocysteine was determined 

by ELISA method (Axis Shield, UK), MMP-9 

was determined by ELISA Method (R&D 

SYSTEMS Minneapolis, USA) 

 

Results 

Table 1.0 Demographic data and Dietary Pattern of the 3 groups 

S.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 2.0 Clinical and Physical characteristics of the 3 groups 

S.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 

          *P value <0.05 is considered statistically significant. 

            **P value <0.001 is considered statistically highly significant 
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Table 3.0 Tukey –HSD Post-hoc test results of SBP, DBP, BMI and WHR 

S.No Parameters Group I & II 

(n= 175 , 175 ) 

P value 

Group II & III 

(n= 175 , 175 ) 

P value 

Group I & III 

(n= 175 ,1 75 ) 

P value 

1. SBP (mmHg) < 0.001 ** 0.035 * < 0.001 ** 

2. DBP (mmHg) < 0.001 ** 0.057 < 0.001 ** 

3. BMI (kg/m
2
) 0.307 0.482 0.022 * 

4. Waist / Hip ratio 0.039 0.846 0.008 * 

                          *P value <0.05 is considered statistically significant. 

                                **P value <0.001 is considered statistically highly significant 

 

Data are expressed as mean ± SD. 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 high significant 

difference indicating that blood pressure raises as 

the disease progresses. 

 

Table 4.0 Levels of endothelial biomarkers in the three groups 

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

1. Homocysteine(µmol/L) 20.2  ± 13 28.2  ± 13 43.7  ± 14 < 0.0001** 

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

      *P value <0.05 is considered statistically significant. 

        **P value <0.0001 is considered statistically highly significant  

 

Table 5.0 Association of endothelial biomarkers with end organ damage in essential hypertensives 

S.No Risk factor Odds Ratio 95 %CI P value 

1. eNOS (pg/mL) 9.8 1.5-209 0.0247 

3.. ICAM-1(pg/mL) 6.4 3.1-31.7 < 0.0001** 

4.. VCAM-1(pg/mL) 2.64 1.53-4.62 < 0.0001** 

5.. MMP-9(pg/mL) 46 24.2-88.6 < 0.0001** 

                                         **P value <0.0001 is considered statistically highly significant 

 

Discussion 

Essential hypertension remains a major modifiable 

risk factor for cardiovascular disease (CVD) 

despite important advances in our understanding 

of its pathophysiology and the availability of 

effective treatment strategies. High blood pressure 

(BP) increases the risk of CVD for millions of 

people worldwide, and there is evidence that the 

problem is only getting worse. In the past decade, 

age-adjusted rates of stroke incidence have risen, 

and the slope of the age-adjusted rate of decline in 

coronary disease has leveled off. The incidence of 

end-stage renal disease and the prevalence of heart 

failure have also increased. A major contributor to 

these trends is inadequate control of BP in the 

hypertensive population. 

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. The 

number of males was 49, 71 in group II and III 

respectively. The number of females was 126, 104 

in group II & III respectively. In groups I and II 

there is a female preponderance. 

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. 
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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 in group I (n=139), 

group II (n=121) group III (n=118) consumed 

coffee less than nine cups per day. 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. 

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. 

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 

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 Tukey 

post-hoc Bonferrni test was done to identify the 

difference between the three groups 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 a 

statistically significant difference was 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. It is 

obvious that BMI and WHR play a significant role 

in development of end organ damage in essential 

hypertensives. 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. 

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. Table 4.0 

Derosa et al.
[6] 

measured MMP-2, MMP-9 and 

TIMP -1 enzyme levels in plasma samples of 

patients with hypertension.   They reported that 

MMP-2 and MP-9 enzyme levels were determined 

high in hypertensive patients. They reported that 

these parameters may be a clinical marker. 

Yasmin et al.
[7]

 have reported that patients with 

systolic hypertension and aortic stiffnees have 

increased MMP-2 and MMP-9 enzyme activity. 
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Some researchers reported that MMP-9 levels are 

higher in hypertensive patients than in 

normotensive controls
[7,8]

. Supporting the above 

studies the mean levels of MMP-9 was (100 ± 

22,155 ± 29, 219 ± 27) in the 3 groups. 

Odds ratios (ORs) and 95% confidence intervals 

(CIs) were calculated to evaluate the strength of 

the associations of endothelial biomarkers in 

assessing end organ damage Table 5.0. The odds 

ratio was found to be maximum for MMP-9 

(OR=46)  

Hypertensive patients express higher levels of 

MMP-9 in serum, which positively correlate with 

aortic stiffness, contributing to collagen 

breakdown and arterial dispensability. An increase 

in fibrillar collagen in the compensated stage of 

hypertension is associated with increased MMP-9 

activity
[9]

. MMP-9 activity is increased in arteries 

with high pressure compared with vessels under 

normal pressure
[10]

. Compensatory cardiac 

hypertrophy that develops in response to an 

increased pressure overload in hypertension is an 

established risk factor for atrial fibrillation, 

diastolic and systolic heart failure (HF), and 

sudden death
[11]

. 

Compensatory hypertrophy of the heart is 

associated with increased MMP-9 activity. Li et 

al. showed increased MMP-9 activity during 

compensatory hypertrophy in spontaneously 

hypertensive rats
[12]

. ECM degradation increases 

during the transition stage from compensation to 

clinically apparent HF and associates with 

increased MMP-9 activity
[13]

. 

 

Conclusion 

There is some evidence supporting a hypothesis of 

MMP activation besides just saying, “reactive 

oxidative species activate MMPs,” which is a 

common phrase in oxidative studies of 

hyperhomocysteinemia. The activation of these 

MMPs may be generated by vascular cell 

adhesion protein (VCAM-1) and intercellular 

adhesion molecule (ICAM-1) being upregulated in 

hyperhomocysteinemia leading to increased 

monocyte and leukocyte binding
[14,15]
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