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Abstract

Introduction: High sensitive C-reactive protein (hsCRP) is a very sensitive marker of inflammation, which is
synthesized in the liver and has been a widely used biomarker for risk stratifying in Cardio vascular disease (CVD). It
is positively correlated with abdominal fat and closely correlated with increased risk of cardiovascular events and
obesity had the predominant association with cytokine levels. Obesity induces systemic oxidative stress and causes
dysregulation of adipo cytokines and development of metabolic syndrome. In our study, we investigated hsCRP
levels in non-obese hypertensive subjects on treatment and its relationship with oxidative stress and lipid profile.

Methods: Patients with secondary hypertension, past history of stroke, coronary artery disease, myocardial
infarction, and diabetes mellitus were excluded. Serum lipid profile and thiobarbituric acid reactive substances,
hsCRP were estimated in these patients by standard procedures and the values were compared with healthy
controls. Totally 160 subjects were included in the study.115 were considered as Hypertension with blood pressure
>140/90 mmHg and 45 as healthy controls after obtaining consent.

Results: There is significant difference in hsCRP levels between study groups, and hsCRP levels correlate with
blood pressure. The level of MDA and hsCRP levels were significantly increased in hypertensive subjects compared
to control group.

Conclusion: Our study shows that even in non-obese hypertensive subjects there was significant increase of
hsCRP, LDL Cholesterol. Hence elevated hsCRP levels in addition to lipid profile screening may be a valuable tool
for prediction of CVD risk in hypertensive subjects.

Keywords: Hypertension; Malondialdehyde (MDA); High sensitivity
C reactive protein (hsCRP); Cardio vascular disease (CVD)

Introduction
The leading cause of mortality and morbidity all over the world is

Cardiovascular diseases (CVDs), including India [1]. According to
World Health Organization (WHO) estimates, 17.3 million people
died from CVDs in 2008, represented 30% of all global deaths. Of these
deaths, an estimated 7.3 million were due to CHD and 6.2 million were
due to stroke [2]. In developing countries, rates are predicted to
increase by 120% in women and 137% in men from 1990 to 2020 [3].
In consideration of the important role that inflammatory processes
play in determining plaque stability, recent studies have focused on
whether biomarkers of inflammation may help to improve risk
stratification and identify patient groups who might get benefit from
particular treatment strategies. Among them, C-reactive protein
(CRP), a prototype marker of the inflammatory process, is the most
studied both as a causal factor and in the prediction of CHD [4].
Multiple prospective cohort studies have shown the association
between increased CRP levels and increased CVD event risk in
patients with established disease, and the incidence of first
cardiovascular events in individuals at risk for atherosclerosis [5].
hsCRP testing valuable in both, primary and secondary CVD

prophylaxis. And for those, who already suffer from CVD, this test is
useful in evaluation of disease severity, treatment efficacy and outcome
prognosis [6-8]. Lifestyle changes and medications can lower blood
pressure and decrease the risk of health complications [9]. Lifestyle
changes include weight loss, decreased salt intake, physical exercise,
and a healthy diet [10]. Elevated blood pressure in pre hypertensive
stage is considered as a risk factor for increasing cardiovascular
diseases [11]. Oxidative stress can occurs when there is an imbalance
between the generation of reactive oxygen species (ROS) and the
antioxidant defense systems and it may shows evidence that can induce
hypertension [12].

C-reactive protein (CRP)
CRP belongs to the pentraxin family of calcium dependent ligand-

binding plasma proteins. The protomers are non-covalently associated
in an annular configuration with cyclic pentameric symmetry (Figure
1) [13]. Early clues states that inflammatory biomarker might be linked
to atherothrombosis are evident in 2 case reports presented by Gunnar
Lofstrom from the State Bacteriologic Laboratory in Stockholm in
1943, in which increases in CRP following AMI was described [14]. In
human, the CRP gene is located on chromosome 1q23, in a conserved
genetic region, which codes for proteins important for immune system
as well as cell to cell communication [15]. The major part of the CRP
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present in the plasma comes from the liver, where the synthesis of CRP
is mainly regulated by interleukin-6 (IL-6), which in turn is up-
regulated by other inflammatorycytokines such as IL-1 and tumor
necrosis factor alpha (TNF-) [16].

Figure 1: Pentameric structure of CRP.

Inflammation and CRP
The pro-atherogenic effects of CRP extend beyond the endothelium

to the vascular smooth muscle. CRP plays a pivotal role in many
aspects of atherogenesis as described briefly below (Figure 2): CRP
increases LDL uptake into macrophages and enhances the ability of
macrophages to form foam cells. It also binds the phosphocholine of
oxidized LDL. CRP inhibits endothelial NO synthase expression in
ECs. NO has important anti-atherogenic effects, including decreased
platelet aggregation, vasoconstriction, and smooth muscle cell
proliferation. CRP upregulates the expression of adhesion molecules in
ECs that can attract monocytes to the site of injury [17].

Figure 2 Representation of CRP-mediated effects on atherosclerosis
and CHD.

In case of chronic low-intensity inflammation CRP damages the
glycocalyx of vascular endothelium, causing its Dysfunction and
making it more susceptible to proatherogenic factors [18].

Methods and Materials
This prospective study was carried out in the Department of

Biochemistry, Rajah Muthiah Medical College and Hospital,
Annamalai University. A volume of 5 ml of fasting venous blood
sample was collected in Clot activator tube with aseptic precautions
and serum were separated, aliquoted and kept at -20°C for testing. 115
subjects of both male and female age group between 35-55 years were
included in the study as a test group with Essential Hypertension of
blood pressure 140/90 mmHg and 45 subjects were considered as
healthy subjects with normal blood pressure 120/80 mmHg. Patients
with secondary hypertension, past history of stroke, coronary artery
disease (CAD), myocardial infarction, and peripheral vascular disease
and diabetes mellitus were excluded. Serum lipid profile, plasma total
antioxidant status (TAS) and serum thiobarbituric acid reactive
substances (STBARS) hsCRP were estimated in these patients by
standard procedures and the values were compared with healthy
control subjects. Separated serum was used to analyze lipid profile, uric
acid, Malondialdehyde (MDA), hsCRP were estimated in these patients
by standard procedures and the values were compared with healthy
control subjects. Total cholesterol, high density lipoprotein cholesterol
(HDL-C), Triglyceride (TG), was estimated using Erba assay kits. Low
density lipoprotein cholesterol (LDL-C) was calculated by Freidewalds
formula. Very low density lipoprotein cholesterol (VLDL-C) was
calculated by formula TG/5. MDA was measured using thio-barbituric
acid (TBA). The mixture was heated at 100°C for 15 min, allowed to
cool and centrifuged at 5000 rpm. Total anti-oxidant status was
assayed by measuring FRAP (ferric reducing activity of plasma).

Variables Test group Control group P value

Age in years 49.33 ± 10.01 50.71 ± 10.06 0.499

FBS (mg/dl) 91.30 ± 9.22 86.66 ± 5.83 0.002

SBP (mmHg) 158.15 ± 10.46 121.39 ± 8.03 0.001

DBP (mmHg) 102.15 ± 6.16 81.08 ± 4.70 0.001

Triglycerides (mg/dl) 126.97 ± 29.29 111.78 ± 23.91 0.002

Total cholesterol (mg/dl) 189.71 ± 25.99 175.95 ± 23.42 0.002

HDL (mg/dl) 43.73 ± 2.79 54.34 ± 4.72 0.004

LDL (mg/dl) 89.28 ± 19.90 81.83 ± 13.51 0.022

MDA (mM/L) 13.36 ± 1.77 14.06 ± 1.82 0.026

hsCRP 3.86 ± 1.04 3.42 ± 0.63 0.008

Table 1: Comparison of study variables in test and control groups.

Variables r value P value

CHO 0.31 0.002

TG 0.1 0.002

HDL 0.22 0.004

LDL 0.35 0.022

Table 2: correlation of hsCRP with serum lipid profile.
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At lower pH, reduction of a ferric tripyridyltriazine complex to a
ferrous form produces an intense blue color, which is measured at 593
nm. Statistical software: Fischer exact test with Yates correction has
been used to find out the significance (p=0.05) for small number of
samples for various parameters among cases and controls (Tables 1 and
2).

Results
This prospective study was carried out in the Department of

Biochemistry, Rajah Muthiah Medical College and Hospital,
Annamalai University. A volume of 5 ml of fasting venous blood
sample was collected in Clot activator tube with aseptic precautions
and serum were separated, aliquot and kept at-20°C for testing. 120
subjects of both male and female age group between 35-55 years were
included in the study as a test group with Essential Hypertension of
blood pressure 140/90 mmHg and 45 subjects were considered as
healthy subjects with normal blood pressure 120/80 mmHg. Patients
with obesity, secondary cause of hypertension, past history of stroke,
coronary artery disease (CAD), myocardial infarction, and peripheral
vascular disease and diabetes mellitus were excluded. Serum lipid
profile, plasma total antioxidant status (TAS) and serum thiobarbituric
acid reactive substances (STBARS)hsCRP were estimated in these
patients by standard procedures and the values were compared with
healthy control subjects. Separated serum was used to analyze lipid
profile, Malondialdehyde (MDA), Total antioxidant status (TAS) and
serum thiobarbituric acid reactive substances (STBARS) hsCRP were
estimated in these patients by standard procedures and the values were
compared with healthy control subjects. Total cholesterol, high density
lipoprotein cholesterol (HDL-C), Triglyceride (TG), was estimated
using Erba assay kits. Low density lipoprotein cholesterol (LDL-C) was
calculated by Freide walds formula. Very low density lipoprotein
cholesterol (VLDL-C) was calculated by formula TG/5. MDA was
measured using thiobarbituric acid (TBA). The mixture was heated at
100 C for 15 min, allowed to cool and centrifuged at 5000 rpm. Total
anti-oxidant status was assayed by measuring FRAP (ferric reducing
activity of plasma). At lower pH, reduction of a ferric tripyridyltriazine
complex to a ferrous form produces an intense blue color, which is
measured at 593 nm.

Statistical software
Fischer exact test with Yates correction has been used to find out the

significance (p=0.05) for small number of samples for various
parameters among cases and controls.

Discussion
Our data clearly show that significant increase in Total Cholesterol,

Triglyceride, LDL-C, MDA, CRP, whereas HDL-C, antioxidants, were
decreased among hypertensive compared to controls, marking ongoing
oxidative stress in hypertensive patients. An association between
sustained high values of CRP following AMI and adverse outcomes
was first reported in 1982 [18]. The higher the maximum CRP
recorded, the more severe the infarction suffered, the greater the
likelihood of ventricular remodeling, the lower the ejection fraction,
and the greater the risk of heart failure, heart rupture, and death [19].
Currently, anti-inflammatory drugs (methotrexate and IL-1b inhibitor-
canakinumab), which do not affect CRP or LDL cholesterol
concentration, are being investigated. And if they proved to be
effective, it would support the theory that atherosclerosis has an

inflammatory Origin [20]. Thus a practical definition ohypertension is
‘the level of BP at which the benefits of treatment towards the
significance of the costs anhazards’ [21] Oxidative stress because of
excessive production of ROS outstripping antioxidant defense
mechanism has been implicated in many pathophysiological
conditions that affect the cardiovascular system, such as
hypercholesterolemia, diabetes, and hypertension [22,23]. Some of
studies refers that high sensitive C-reactive protein (HsCPR) has a role
in development of hypertension [24]. CRP is an acute phase protein
which is increased in plasma during inflammation. Many cross-
sectional studies show increased CRP level in hypertensive people
[25-27]. Many studies show the difference in the elevation levels of hs-
CRP was also found to be duration dependent Patients with shorter
duration of hypertensive history were found to have significantly
elevated levels of hs-CRP compared to those with longer duration of
hypertensive history [28,29]. Obesity is closely associated with
metabolic syndrome including hyperglycemia, dyslipidemia and
hypertension. Obesity induces systemic oxidative stress and that
increased oxidative stress in accumulated fat is, the underlying cause of
dysregulations of adipocytokines and development of metabolic
syndrome [30,31]. In our study there is a difference significant between
the study group with non-obese subjects.

Conclusion
Our study shows that significant increase in LDL Cholesterol and

high sensitive C-reactive protein may lead to cause risk of Cardio
Vascular Disease and atherosclerosis etc., Elevated hsCRP levels in
addition to lipid profile screening may be a valuable tool to predict
future CVD risk. So estimation of serum hsCRP can be a good marker
in diagnosing hypertensive and prevent the occurrence of hypertension
and cardio vascular disorders in future. Non-obesity is not closely
associated with hypertension there will be mild association, specific
reason and more study is need to identify.
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