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Abstract

Background: C-Reactive Protein is a good marker of systemic inflammation which can be measured easily.
Atherosclerosis lesions are intimal thickening of arteries. Inflammatory and immune cells constitute an important part of
atheroma. C-RP levels at the upper end of the normal range indicate that a low level of inflammatory response has been
initiated. Measurment of hs CRP provides a method to assess the risk of cardiovascular disease very early in life. Aim:
Estimation of High sensitivity C-Reactive Protein (HS-CRP) levels which is a marker of inflammation in serum of
normal people and patients with past history of myocardial infarction. Materials and Methods: Twenty six serum
samples from patients with coronary heart disease (who had previous history of Myocardial Infarction) and twenty-one
control samples and were included in the study. High sensitivity C-reactive protein and lipoprotein profile were estimated
in patients with coronary heart disease and in age matched controls. Statistical Analysis- All data were represented as
mean + SD. Experimental data were statistically analyzed by students t’-test. For all analysis statistical significance was
considered as p < 0.05. Results: Mean hs C-RP level is significantly elevated in patients who had myocardial infarction
when compared with age matched controls. Total cholesterol, LDL cholesterol also found to be increased in individuals
who had myocardial infarction. Conclusion: Inflammation plays an important role in myocardial infarction. Increased
risk of MI is seen in those individuals who have higher levels of hsC-RP. There is also increase in total cholesterol and
LDL cholesterol in subjects who had myocardial infarction when compared to controls. Coronary artery disease may be
prevented by reducing the inflammation in addition to reducing the LDL cholesterol.
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Introduction

Acute phase reactants are the proteins whose plasma
concentration increases when there is an inflammatory
state such as infection, surgery, trauma, Myocardial
Infarction, malignancy or in any condition associated
with tissue necrosis. Changes in plasma proteins are
referred as acute phase response. These acute phase
proteins are secreted in response to cytokines produced
by inflammatory cells. Cytokines interleukin-6 (IL-6)
and TNF -a induce synthesis of C reactive protein (C-
RP) C-RP is produced by the liver and smooth muscle
cells of coronary arteries in response to inflammatory

stimuli. hsCRP is the most extensively studied and
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validated marker of vascular inflammation[1]. The
lower levels of below 15mg/L can be estimated by
immunoturbidimetry.  Atherosclerosis lesions are
intimal thickening of arteries. Systemic inflammatory
processes are taking place in atherosclerosis because
there are increased concentrations of acute phase
proteins, cytokines and cell adhesion molecules [2]. The
lesions consist of cell, connective tissue elements and
tissue debris. Inflammatory and immune cells constitute
an important part of atheroma. T cell cytokines
stimulate the formation of number of molecules
downstream in the cytokine cascade. These include
interferon, interleukin-1, TNF-o and interleukin-6 [3].
Of these, interleukin-6 and C-RP are found to be
particularly elevated in patients with unstable angina
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and myocardial infarction, with high levels predicting
worst prognosis [4,5]. The elevated C-reactive protein
in myocardial infarction reflects the inflammation in the
coronary artery rather than ischemic myocardium. C
reactive protein is not elevated in patients with angina
due to vasospasm [6].

Inflammatory process plays an early as well as late role
in the development of atherosclerosis [7]. Elevated C-
RP indicates an inflammatory response. C-RP levels at
the upper end of the normal range indicate that a low
level of inflammatory response has been initiated.
These levels, when they are persistent in apparently
healthy individuals, indicate an increased risk of
cardiovascular disease and stroke. Measurment of hs C-
RP provides a method to assess the risk of
cardiovascular disease very early in life.

hsC-RP is considered to be an important predictive
marker in the clinical setting for several reasons. It can
be estimated by a non invasive, inexpensive,
standardized high sensitivity commercial assay. In
addition to lipid profile and Framingham
Cardiovascular Risk Score additional information is
obtained from levels of hs C-RP. [8,9,10]. Guidelines
proposed by the American Heart Association and the
Centers for Disease Control and Prevention on the use
of hsC-RP in the clinical setting suggest measuring
hsC-RPlevels in addition to lipid levels in those who
have intermediate risk for coronary heart disease[1].

hsC-RP has been used as a predictive marker for
atherosclerosis. The level of hsCRP is between 0 and
Img/L is low risk, the levels between 1 and 3mg/ L is
intermediate risk and the level between 3 and 10mg/L is
considered to be high risk for coronary disease. Recent
research has shown the clinical significance of C-RP
measurement within the normal range which is used for
risk assessment of cardiovascular disease, early
detection of renal allograft rejection and detection of
neonatal infection [11].

In this study we have made an estimation of hs C-RP in
normal individuals and in patients with past history of
myocardial infarction but are asymptomatic at present.
hsC-RP assay is used to estimate C-RP levels between
0.1-15mg/L. Normal range is 0.068-8.2mg/L[12]. A
strong relationship between CRP level and disability
associated with coronary disease has shown by many
large observational studies [9,13]. Statins decrease
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systemic inflammation by decreasing the levels of
atherogeneic lipoproteins and thereby reduce C-RP
levels. An alternative hypothesis proposes that statins
have direct anti inflammatory effects, independent of
their lipid lowering capabilities. In this model CRP
plays a more direct role in the pathogenesis of
atherosclerosis

Coronary Atherosclerosis- Epicardial coronary
arteries are the major site of atherosclerotic disease. The
major risk factors for atherosclerosis are high plasma
LDL, low plasma HDL, cigarette smoking,
hypertension, and diabetes mellitus. There are
interactions between platelets and monocytes and
inappropriate constriction and abnormal luminal clot
formation. In different segments of the epicardial
coronary tree subintimal collections of cells, fat and
debris occurs and this eventually lead to segmental
reductions in cross sectional areas (stenosis).

Atherosclerosis is the accumulation of lipoproteins in
the blood wvessels. Atherosclerotic lesions are
asymmetric focal thickenings of the innermost layer of
the artery, the intima. They consist of cells, connective
tissues elements, lipids and debris. Blood-borne
inflammatory and immune cells constitute an important
part of an atheroma, the remainder being vascular
endothelial and smooth muscle cells. A fatty streak
which is accumulation of lipid -laden cells beneath the
endothelium occurs before development of atheroma.
[14]. Fatty streak consists of macrophages and some T-
cells. Fatty streaks never cause symptoms, and may
progress to atheromata or eventually disappear.

In the centre of an atheroma, foam cells and extra
cellular lipid droplets form a core region, which is
surrounded by a cap of smooth- muscle cells and a
collagen- rich matrix. T-cells, macrophages, and mast
cells infiltrate the lesion and are particularly abundant
where the atheroma grows [11,15,16]. Many of the
immune cells exhibit signs of activation and produce
inflammatory cytokines [17].

Myocardial Infarction occurs when the atheromatous
process prevents the blood flow through the coronary
artery. Angiographic studies identified culprit lesions do
not cause marked stenosis [18] and it is now evident
that activation of plaque rather than stenosis precipitates
ischemia and infarction. Coronary spasm may be
involved in some extent, but most cases infarctions are
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due to the formation of an occluding thrombus on the
surface of the plaque [19].

A fatty streak represents the initial lesion of
atherosclerosis. The formation of these early lesions of
atherosclerosis most often seems to arise from focal
increases in the content of lipoprotein within regions of
the intima. Lipoproteins that accumulate in the extra
cellular space of the intima of arteries often associate
with proteoglycan molecules of the arterial extra
cellular matrix. Lipoproteins particles particularly those
bound to matrix macromolecules may undergo chemical
modifications. Modifications of lipoproteins occurs in
the atheroma which have a pathogenic role. Two types
of such alterations in lipoproteins bear particular
interest in the context of understanding how risk factors
actually promote atherogenesis, oxidation and Non-
enzymatic glycation [20].

The present study is aimed for the:

A) Estimation of High sensitivity C-Reactive Protein
(HS-CRP) levels in the serum sample of normal people
and in patients with past history of myocardial
infarction.

B) Estimation of other risk factors of atherosclerosis
lipoprotein profile in these serum samples.

Results

Research Article

Patient Selection- Serum samples were taken from
people with history of Myocardial Infarction but
without any recent symptoms or signs of any disease
including that of the heart disease. LDH is marker of
cytosol. When there is tissue injury the plasma
membrane is broken and cytosol leaks out of the cell.
This results in increase in the level of LDH. The serum
samples were selected only if LDH levels were in the
normal range. The age matched control samples were
selected from normal individuals who do not have any
non debilitating disease conditions which may influence
hsC-RP levels. Twenty-one control samples and twenty
six serum samples from patients who had a history of
Myocardial Infarction were included in the study.

Blood Collection- People with apparently no recent
history of any symptoms of disease were selected and
Sml of blood was collected by venous puncture taken in
a plain bottle without anticoagulants. The sample was
allowed to clot and serum was separated by
centrifugation at 3000 rpm for 5 minutes LDH levels
were estimated and the samples were discarded if the
LDH levels were above normal range.

The lipoprotein profile were estimated by enzymatic
method in the fully automated Biochemistry
AnalyzerVitros 5,1 FS. High sensivity Creactive protein
was done by immunoturibidimetric method. [21]

The levels of CRP estimated from patients with history of myocardial infarction but who were otherwise apparently
normal and in the age matched controls is listed along with the other risk factors of atherosclerosis in (Tablel, Figurel).
The mean CRP level was 3.385 mg/L with a SD of 0.53. The mean was found to be significantly higher than the mean
value of 0.845 mg/L with a SD of 0.25seen in age matched controls.Total cholesterol and LDL cholesterol are

significantly increased in patients who had myocardial infarction (Tablel,Figure 2)

Table 1: Comparison of concentration of hs-CRP and other risk factors of atherosclerosis in patients who had

history of M.I. and in age matched controls.

Control mean Patient mean t-value P-value

+SD +SD
hsCRP 0.845+£0.25 3.385+0.53 3.12 P<0.01
TC 153.07 £35.12 204.93 £45.01 3.78 P<0.001
TG 98.88 +48.64 118.6 £25.21 0.6 P>0.05
HDL 26.76 + 8.82 45.13 £6.89 6.1 P<0.001
LDL 134.46+ 30.18 142.4 £30.39 3.86 P<0.001
VLDL 23.6 £4.67 19.76 £5.1 1.84 P<0.1
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Figur 1: Hs CRP levels in normal persons and those who had previous history of MI
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Figure-2: Lipoprotein values in normal persons and those who had previous history of MI

Discussion

Few studies have also done to investigating the role of
C-reactive protein and interleukin-6 soluble tumour
necrosis factor alpha (TNF-a) receptors type 1 & 2
(sTNF-RI and sTNF-R2) as predictors of cardiovascular
events. Inflammation plays an essential role in the
initiation and progression of atherosclerotic lesions and
plaque disruption [22]. Interleukin-6 and tumour
necrosis factor o (TNF- o) are inflammatory cytokines
which are the main inducers of the secretion of C-
reactive protein in the liver. C-RP has a role in the
progression of atherosclerosis. In their study the C-RP
was determined by means of a highly sensitive
immunoturbidimetric assay. They categorized the study
participants on the basis of recently proposed cut off
points for CRP, as having low levels less than 1.0mg/L
moderate levels 1.0 - 2.9mg/L and higher levels at least
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3.0 mg/L [23]. They found that high plasma levels of
CRP were associated with an increased risk of coronary
heart disease among women and men without previous
history of cardiovascular diseases. Their study indicated
that increased levels of hs C-RP are associated with an
increased risk of coronary heart disease. They also
concluded that the risk of coronary heart disease
depends on level of hS C —RP . In our study hs C-RP
level is significantly higher than those of control
sample. The total cholesterol, HDL cholesterol and
LDL cholesterol levels are also significantly elevated in
individuals who had previous history of myocardial
infarction. A previous meta analysis of studies
published before 2000 reports an odds ratio for
coronary heart disease of about 2.0. Their findings
suggest that recent recommendations regarding the use
of measurements of C-reactive protein in the prediction
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of coronary heart disease may need to be reviewed [24].
They opined that C reactive protein can moderately
predict coronary heart disease.

Earlier trials have also been demonstrated better
outcomes with intensive than with moderate statin
treatment. The intensive treatment produced greater
reductions in both low-density lipoprotein (LDL),
cholesterol and C-reactive protein (CRP), suggested a
relationship betweenthese two biomakers and disease
progression. The two recent trials demonstrated that
there is an intensive lipid-lowering therapy with statins
which improved the clinical outcomes and reduced the
progression of atherosclerosis [25]. As compared with
moderate statin therapy with intensive treatment there is
a great reductions in the levels of atherogenic
lipoproteins, particularly low-density lipoprotein (LDL)
cholesterol and proportionally decreased cardiovascular
risk. [30, 31] By large observational studies they
concluded that there is a strong relationship between
CRP levels and the morbidity associated with coronary
diseases [8,13].

Conclusion

Inflammation plays an important role in myocardial
infarction. Increased levels of hsC-RP are associated
with increased risk of MI even when the lipid levels are
normal. Coronary artery disease may be prevented by
reducing the inflammation in addition to reducing the
LDL cholesterol levels.
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