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ABSTRACT

Background: Hypertension is most commonly documented modifiable risk factor for cardiovascular diseases. A
growing body of data proposes an appreciated pathogenic role of an elevated serum uric acid in atherosclerosis and
cardiovascular disease (CVD). Increased oxidative stress could be involved in the pathogenesis of hypertension.
Oxidative stress marker, serum uric acid (SUA) and serum malondialdyhyde level (S. MDA) are affected by both
genetic and environmental factors and related to biological factors as gender, age and body mass. So, the aim of the
study is to access the association of body mass index (BMI) with oxidative stress parameters in essential hypertension
(EHT).

Methods: For the said purpose, this case control study was carried out on a total of 200, age and sex matched 75
hypertensives, 75 prehypertensive and 50 healthy subjects. After diagnosis of cases, SUA was estimated by standard
kit method and S. MDA was estimated manually by Buege and Aust method.

Results: This study represents that systolic and diastolic blood pressure were increased with increased BMI in all
groups. Oxidative stress marker, SUA and S. MDA level increased significantly with increasing BMI in all groups
and were positively correlated.

Conclusions: Our study indicates that monitoring of the blood pressure, SUA and S. MDA at regular interval and
maintaining of the oxidative balance would be helpful in preventing the development of hypertension and associated
cardio-vascular morbidities.
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INTRODUCTION

Hypertension is one of the leading causes of the global
burden of disease. Rising prevalence of hypertension is a
registered public health problem in India as it leads to
cardiovascular diseases.! The most considerable risk
factors for the advancement of hypertension are increased
salt intake, obesity, cigarette smoking, lack of physical
exercise, genetic factors, stress and strain.? Moreover,
obesity has various health consequences; it is a major risk
factor for the global burden of non-communicable

diseases including diabetes, heart diseases, hypertension,
stroke and some cancers.® Overweight and obesity in
children, looks to be a foremost contributor to essential
hypertension prevalence in children and adolescents.*®
BMI measures the weight in relation to the height and
gives a figure of total body fat. Normal body mass index
is 20-25kg/m2. A BMI within 25 and 29.9 is regarded as
overweight. A BMI of 30 or more is appreciated as
obese.® A BMI of less than 25 is the goal for controlling
blood pressure. Body mass index is positively and
independently linked with morbidity and mortality from
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hypertension, cardiovascular disease, type Il diabetes
mellitus and other chronic diseases.” A similar positive
relationship between BMI and blood pressure (BP) has
also been accounted among Asian populations.®®

A growing body of data proposes an appreciated
pathogenic role of an elevated serum uric acid in
atherosclerosis and cardiovascular disease, particularly in
patients with diabetes mellitus, heart failure and
hypertension.® Hyperuricaemia is typically specified as
increased levels of serum uric acid (>7mg/dl in males and
>6mg/dl in females).!?

In search for a causative factor for essential hypertension,
the life style changes and obesity could contribute the
increase of oxidative stress markers such as uric acid and
lipid peroxidation. A reduction in antioxidant enzymes
and increase in oxidants in the hypertensive state have
been accounted to raise the production of reactive oxygen
species (ROS). ROS can attack polyunsaturated fatty
acids in cell membrane phospholipids, resulting in the
development of lipid hydroperoxides, a destructive
process known as lipid peroxidation which can then break
up to many small compounds such as malondialdehyde
(MDA). In the present study MDA, was used as a
biochemical marker for the assessment of lipid
peroxidation.

METHODS

The hospital based case control study was carried out on
a total of 200 sex matched subjects of 20-50 years old, in
department of Physiology. All subjects were broadly
divided in to three groups according to JNC7 criteria.*?

Control group: 50 subjects with normal blood pressure
(SBP= 90-119 mmHg, DBP= 60-79mmHg) PreHT
group: 75 cases of prehypertension (SBP= 120-
139mmHg, DBP= 80-89mmHg) HT group: 75 cases of
newly diagnosed cases of essential hypertension (SBP=
140-159mmHg, DBP= 90-99mmHg). The subjects with
gout, diabetes mellitus, gestational hypertension and/or
secondary hypertension, smokers, alcohol consumers and
patient using medication for hypertension were excluded
from the study. After obtaining a written voluntary
informed consent from all the subjects, data were
collected in the detailed proforma along with requisite
physical examination. After diagnosis, blood sample
(5ml) was drawn after an overnight fast (12hrs) by
venous puncture and serum was used for biochemical
analysis. S. Uric acid (SUA) level, Serum
Malondialdehyde (MDA) was estimated by using
commercially available reagents or kits.134

The data was analyzed by using statistical package of
social science (SPSS) version 16. Significance testing of
difference for mean+SD of three groups was done by
analysis of variance test (ANOVA). BMI wise
comparisons of various parameters were assessed by
student t-test. The correlations of BMI with SUA and
MDA were assessed by Pearson coefficient of
correlation. A p-value of <0.05 was used to establish
statistical significance.

RESULTS
Body mass index, SBP and DBP were significantly high

(p<0.0001) in hypertensive group as compared to pre-
hypertensive and control group (Table 1).

Table 1: Characteristics of study population among different groups (MeanSD).

Variables ~ Control ~Pre HT Group ~HT Group - ANOVA P Value
Age (Yrs.) 37.468.09 35.8446.5 40.25+7.71 <0.001

BMI (Kg/m?) 21.89+1.47 24.27+2.6 27.34+2.77 <0.0001

SBP (mmHg) 114.06+16.77 134.0045.1 160.04+11.49 <0.0001

DBP (mmHg) 74.66£6.23 86.45+2.93 92.00+£10.15 <0.0001

Table 2: BMI wise variations of SBP among different groups (Mean+SD).

Control Pre HT group

BMI group  prypem sSD N Mean sSD N Mean SD N
<25 113.63+6.30 40 135.23+4.49 26 173.3345.77 3

>25 115.80+4.47 10 138.35+5.33 49 179.49+11.36 72
T value 1.25 2.68 1.72

P value NS* <0.01 NS

group with BMI >25, while this association was not

In prehypertensive group, systolic blood pressure was
significant in hypertensive group (Table 2).

significantly increased (p<0.01) in overweight and obese
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Mean+SD value of DBP was increased with increased
BMI level. This difference was statistically significant in

but it was insignificant in hypertensive group (p>0.05)
(Table 3).

prehypertensive (p<0.0001) and control group (p<0.01)

Table 3: BMI wise variations of DBP among different groups (Mean=SD).

BMI group Control _ _ Pre HT group _ HT Group _
Mean SD N Mean SD N Mean SD N

<25 73.83+6.53 40 85.77+3.46 26 93.33+5.77 3

>25 78.00+3.27 10 88.82+2.58 49 91.94+10.72 72

T value 2.85 3.95 0.39

P value <0.01 <0.0001 NS

Table 4: BMI wise variations of S. uric acid level among different groups (Mean£SD).

BMI group Control Pre HT group HT Group

Mean SD N Mean SD N Mean SD N
<25 4.84+0.88 40 5.56+0.97 26 5.43+0.21 3
>25 5.20+0.82 10 6.06+0.89 49 6.57+0.63 72
T value 1.22 2.19 3.10
P value NS <0.05 <0.005

BMI group

Control

Pre HT group

Table 5: BMI wise variations of S. MDA level among different groups (Mean+SD).

Mean Mean

<25 1.30+0.20 40 1.39+0.16 26 1.60+0.14 3

>25 1.29+0.23 10 1.75+0.24 49 2.16x0.41 72

T value 0.13 7.75 5.95

P value NS <0.0001 <0.0001
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Serum uric acid was observed to be statistically 05 15 25 35
significant in individual with high BMI in both
prehypertensive (p<0.05) and hypertensive group Mean S. MDA level (nmol/ml))

(<0.005) (Table 4).

Significant difference of S.MDA level was observed in
overweight and obese individual among prehypertensive
and hypertensive group (p<0.0001) (Table 5).

Figure 2: Correlation between S. MDA levels and
BMI.
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DISCUSSION

The knowledge of the effect of obesity on hypertension is
crucial as it is a modifiable risk factor. Overweight and
obesity in children, looks to be a foremost contributor to
essential hypertension prevalence in children and
adolescents.*®> Our study showed that, systolic blood
pressure was obtained to be increased with increased
BMI in hypertensive, prehypertensive and control group
but the difference was not statistically significant
(p>0.05) except in prehypertensive group (p<0.01) (Table
2). We also ascertained corresponding results in case of
diastolic blood pressure but the difference was
statistically significant (p<0.01) except in hypertensive
group (p>0.05) (Table 3). Similarly, Mungreiphy NK et
al, studied the association between BMI, blood pressure,
age and found that mean value of both the systolic and
diastolic blood pressure were increased from underweight
to normal and then to overweight and obese category.'®
Similar findings have been described in other studies.®®
Overweight or obese subjects were probably to have
significantly higher blood pressure than those with
normal BMI in all stages, prehypertension, stage |
hypertension, and stage 11 hypertension.

This link between hypertension and increased body
weight can be interpreted by the fact that the blood
volume increases with excessive body fat and the heart
works more laborious to pump the blood through a longer
and constricted network of blood vessels.” Various
mechanisms are tangled in the characteristic
haemodynamic model of volume expansion, increased
cardiac output and systemic vascular resistance seen in
obesity allied hypertension. Sympathetic overactivity
selective leptin release, adipokines including leptin, free
fatty acids and angiotensin Il, RAAS overactivity,
reactive oxygen species and NO deficiency, T cell
activation and the over activation of endocannabinoid
pathway are some of the mechanisms associated with
obesity linked hypertension.*8-?* Furthermore, the reduced
insulin sensitivity often seen in obesity is directly
associated with elevated BP and hypertension.?*

This study represent that serum uric acid level increases
significantly with increasing BMI in hypertensive,
prehypertensive and control group (Table 4). Similarly,
Jawed S et al, found highly significant difference in
serum uric acid level of obese patients as equated to
nonobese essential hypertensive patients.?> In overweight
and obese subjects, hyperinsulinemia secondary to insulin
resistance may enhance the reabsorption of uric acid and
thus leads to the association of hyperuricaemia with
hypertension.?® Uric acid generally has an antioxidant
effect; however, uric acid turns in to a strong oxidant in
the ambiance of obesity.?” Experimental studies have
accounted that hyperuricaemia accelerates systemic
hypertension via stimulation of the renin angiotensin
system, and direct access of uric acid into both
endothelial and vascular smooth muscle cells, resulting in
local suppression of endothelial nitric oxide levels,

stimulation of vascular smooth muscle cell proliferation,
and activation of vasoactive and inflammatory
mediators.?82° This finding indicates that the affinity of
SUA to blood pressure may at least in part be interrelated
by the strong relationship of BMI to both SUA and BP.

Results of our study demonstrated that serum MDA level
was significantly increased with increasing BMI level
among hypertensive and prehypertensive  group
(p<0.0001) (Table 5). These results were in accordance
with Saxena T et al, who noted that MDA level was
significantly (p<0.001) increased in prehypertensive
obese than nonobese as compared with control group.*
Laboratory tests of overweight subjects (BMI>25)
indicate a higher oxidative stress than in subjects with
BMI<25.3! In the present study S. uric acid and S. MDA
were significantly and positively correlated with BMI
(Figure 1, Figure 2), SBP, total cholesterol (TC) and
triglycerides (p <0.001). Additionally, the lipid profile is
bound to be altered in essential hypertension along with
increased oxidative stress.

Obesity drives an oxidative stress by increasing
endogenous lipid peroxides products.® Inflammation and
oxidative stress hastened by obesity may predispose
individuals to a higher risk for hypertension. Significant
reduction in oxidative stress after dietary confinement
and weight loss has been accounted.®

CONCLUSION

Obesity is a positive risk factor in the evolution of
hypertension, dyslipidemia and insulin resistance.
Numerous studies have evidenced the association of over
nutrition with hypertension. Obesity can be considered as
an autonomous and modifiable risk factor because of its
action on blood pressure and cardio-vascular mortality.
Serum uric acid and serum malondealdehyde level can be
used as oxidative stress marker which helps to detect the
risk for development of essential hypertension and its
further progression to cardio-vascular diseases. Govern of
obesity in the elderly helps in diminution of blood
pressure, so emphasis on active lifestyle and a healthy
diet are cost efficient measures in enriching the quality of
life.
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