
ABSTRACT
Objectives: The aim of the study is to evaluate the role of
C-reactive protein (CRP), ESR, total WBC and fibrinogen
in acute myocardial infarction (AMI) and in unstable
angina (UA), the two very common manifestations of
acute coronary syndromes (ACS). 
Subjects and Methods: The present study included 100
ACS patients with age ranging from 42-60 years (mean
53 ± 6 years) , of which 35 were presented with UA a n d
65 with AMI. The study also included 25 normal
subjects, age and sex matched as contro l s .

R e s u l t s : C R P levels were elevated in both A M I
(40.8 ± 15.4mg/l) as well as in UA (32.9 ± 17.7mg/l)
patients when compared to that of the normal
c o n t rols (12.6 ± 2.8mg/l). But the value of
fibrinogen was found to be elevated significantly
only in AMI patients (381.9 ± 32.1mg%). Other
markers such as WBC and ESR were found to be
elevated in both AMI and UA p a t i e n t s .
Conclusion : Elevation of CRP levels can be used as
adjuncts in the diagnosis of ACS.
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INTRODUCTION
Acute coronary syndromes (ACS) are a

diagnostic and pathophysiologic continuum
ranging from unstable angina (UA) to Q wave
m y o c a rdial infarction (MI). The myocard i a l
ischemia of unstable angina and myocard i a l
i n f a rction results from excess demand or
inadequate supply of oxygen. The acute reduction
in coronary arterial perfusion resulting in ACS is
primarily due to an athero s c l e rotic plaque
disruption with superimposed thrombosis[1]. It has
been postulated that the propensity to develop an
ACS does not depend on the number, distribution
and severity of stenosis produced by the
a t h e romatous lesions [ 2 ]. A g rowing body of
evidence supports the concept that local and
systemic inflammatory response plays a role in the
initiation and progression of atherosclerosis and its
c o m p l i c a t i o n s[ 3 ]. C-reactive protein (CRP) is an
acute phase reactant marker for underlying
systemic inflammation. CRP has been reported to
be elevated in patients with acute ischemia and
MI[4]. Furthermore, elevated CRP along with other
acute phase reactants and cytokines with a focal
p redominance of inflammatory cells have been
found in patients with unstable coro n a r y
syndromes[4].

Fibrinogen, another acute phase protein and a
clotting factor appears to be an independent risk

factor for cardiovascular diseases [ 5 ]. As a key
determinant of plasma and red cell viscosity,
elevated levels of fibrinogen may decrease blood
f l o w, particularly through stenotic vessels [ 2 ].
Fibrinogen appears to directly enhance
atherogenesis by its conversion to fibrin, which
binds low density lipoprotein (LDL) and stimulates
proliferation of vascular smooth muscle cells[6]. A
high white blood cell count and a high erythrocyte
sedimentation rate have been thought to reflect the
body’s response to tissue injury in patients with
AMI, and total leukocyte count correlates with the
severity of coronary atherosclerosis[7]. The present
study was carried out to investigate the role of
inflammatory markers in the diagnosis of ACS such
as UA and AMI. 

MATERIALS AND METHODS      
Patient Selection

Patients were admitted to the intensive
c o ronary care unit (ICCU) of Amala Cancer
Hospital with AMI and UA p resenting within 24
hours of onset of chest pain were included in the
s t u d y. Hundred patients were included in the
p resent study (35 with UA and 65 with AMI).  The
age ranges from 42 to 60 years (mean age = 53 ±
six years), and the study included 95 males and
five females. Twenty-five age and sex matched
volunteers were also included in the study as
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c o n t rols. They had no past history or evidence of
c a rdiovascular disease, hypertension or diabetes
mellitus. None of the control subjects gave history
of neoplastic, hepatic, infectious or autoimmune
diseases or any surgical pro c e d u re in the
p receding six months. The study was appro v e d
by the institutional ethics committee.

Methods
10 ml of blood was withdrawn for laboratory

analysis. Cholesterol was estimated by CHOD-
PA P m e t h o d[ 8 ]. HDL-Cholesterol was estimated
f rom the supernatant after precipitation by
phosphotungstic acid and magnesium chloride
(1.4 mmol/l phosphotungstic acid and 8.6
mmol/l magnesium chloride) [ 9 ]. Tr i g l y c e r i d e s
w e re determined by GPO-PA P m e t h o d[ 1 0 ] a n d
L D L - c h o l e s t e rol was calculated using the
Friedewald's formula[ 11 ]. 

WBC was counted using an automated
hematology analyzer [ 1 2 ]. ESR was determined by
We s t e rg ren's method [ 1 2 ]. Fibrinogen was
determined by the rapid precipitation method
using sulphosalicylic acid [ 1 3 ] and  C-re a c t i v e
p rotein was determined by using
Tu r b o x / Turbox Plus analyser, based on
i m m u n o p recipitation assay, with nephelometric
end-point detection[ 1 4 ]. 

Statistical analysis was carried out using the
Student's t test.  Values were expressed as mean ±
SD. Values having P < 0.001 on comparison were
considered as significant. 

RESULTS
Lipid parameters

The results of the present study showed
elevated levels of total cholesterol in patients
with AMI and with UA ( Table 1) and the values
w e re found to be statistically significant (p <
0.001),  but the values of  triglycerides, HDL a n d
LDL, were not altered much when compared to
that of the normal controls. Even though the LDL
value was increased, it was not statistically
s i g n i f i c a n t .

Inflammatory markers
Table 2 represents the values of inflammatory

markers in ACS. The WBC values in both AMI and
UA patients were increased. The ESR was also
found to be increased in both groups of patients
when compared to that of the normal controls. The
value of fibrinogen was found to be elevated in
patients with AMI (p < 0.001), but the increase was
not significant in UA patients when compared to
controls. C-reactive protein, the principle marker of
inflammation was found to be significantly
elevated in both AMI and UA patients (p < 0.001)
when compared to normal controls.

DISCUSSION         
R u p t u re of plaques with superimposed

thrombosis is now considered to be the main cause
of acute coronary syndromes that ranges fro m
unstable angina to acute myocardial infarction. The
main pathophysiological mechanism is plaque
rupture or erosion that are followed by exposure of
thrombogenic contents, such as collagen, to the
circulation[15].

Multiple lines of investigation have converged
to suggest a prominent role of inflammation in
a t h e ro s c l e rosis. Histologically athero m a t o u s
plaques obtained at autopsy have demonstrated the
presence of inflammatory mononuclear cells with
foci of monocytes, macrophages and T-
lymphocytes in the arterial wall[16]. Anatomically,
the most common site of plaque rupture in acute
c o ronary syndromes appears to occur in the
shoulder region, where inflammatory cells are most
prominent. As part of this inflammatory response,
stimulation of the hepatic production of acute
phase reactants has been shown to occur. These
acute phase reactants have been proposed as
potential indicator of underlying atherosclerotic
disease and unstable atheromatous lesions[4].

C-reactive protein is an acute phase reactant
marker for underlying systemic inflammation. In
our study we found an increased value of CRPin all

Table 1
Serum lipid profiles in control and  study groups with ACS

Groups Total Cholesterol Triglycerides HDL LDL
(mg/dl) (mg/dl) (mg/dl) (mg/dl)

Control 168.75 ± 14.64 88.17 ± 24.05 43.89 ± 11.55107.25 ± 26.20 
Patients 199.76 ± 18.82* 125.95 ± 66.3637.53 ± 10.54137.03 ± 37.26
with AMI
Patients 208.70 ± 22.04* 211.02 ± 17.63 40.30 ± 12.76 130.70 ± 16.45
with  UA

Values are expressed as mean ± SD
*p<0.001

Table 2
Inflammatory markers in control and study groups with
A C S

Groups WBC ESR Fibrinogen CRP
(Count/mm3) (mmHg/hr) (mg%) (mg/l)

Control 8949 ± 1853 25 ± 10 315.2 ± 27.7 12.6 ± 2.8
Patients with
AMI 11480 ± 4345* 55 ± 28* 381.9 ± 32.1* 40.8 ± 15.4*
Patients with 
UA 10359 ± 3212* 56 ± 16* 325.7 ± 29.4 32.9 ± 17.7*

Values are mean ± SD
*p<0.001
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ACS patients. This finding confirms the already
published data of increased levels of CRP seen in
acute coronary syndro m e[ 4 ]. All our patients
recovered except one with very high levels of CRP.
From the clinicians point of view it will be useful to
know whether CRP values predict a worse
prognosis in acute coronary syndrome. However
this will require a further study involving a large
number of patients.

High concentrations of lipid parameters are the
principle risk factors for athero s c l e rosis. The
present study showed that there was no marked
i n c reased value of lipid parameters except
c h o l e s t e rol in patients with acute coro n a r y
syndromes. This finding cannot be considered as
conclusive and may require a larger study for
confirmation.

There is an increased total WBC count and
e r y t h rocyte sedimentation rate in patients with
acute coronary syndromes compared with normal
controls. The value of fibrinogen, which is also a
risk factor for ACS, is found to be elevated only in
AMI patients. It is slightly increased in UA patients
but the value is not statistically significant.
Fibrinogen has been extensively investigated in
epidemiologic studies, and some pharmacological
a p p roaches, including aspirin, bezafibrate,
pentoxyfiline and ticlopidine administration, have
been suggested to counteract some of the
pathologic effects of elevated fibrinogen, including
increased viscosity, platelet aggregation and red
blood cell rigidity[17].  These observations suggest
that CRP levels can be used as a complementary
test in the diagnosis of ACS. 

CONCLUSION
This study indicates that elevation of CRP, an

inflammatory marker is elevated in both UA and
AMI patients. 

ACKNOWLEDGEMENT
The authors acknowledge the financial support

f rom Science Technology and Enviro n m e n t
Department (STED) Government of Kerala for
supporting the study.

REFERENCES

1. Ross R. Atherosclerosis - an inflammatory disease. N Eng J
Med 1999; 340:115-126. 

2. Ma J, Hennekens CH, Ridker PM, Stampfer MJ. A
prospective study of  fibrinogen and risk of myocardial
i n f a rction in the physician’s health Study. JACC 1999;
33:1347-1352.

3. Fuster V. Mechanisms leading to myocardial infarction:
insights from studies of vascular biology. Circulation 1994;
90:2126-2146.

4. Ridker PM. Evaluating novel cardiovascular risk factors:
can we better predict heart attacks? Ann Intern Med 1999;
130:933-937.    

5. Ernst E. The role of fibrinogen as a cardiovascular risk
factor. Atherosclerosis.1993; 100:1-12.

6. Eber B, Schumacher M. Fibrinogen: its role in the
hemostatic regulation in atherosclerosis. Semin Thromb
Hemost 1993; 17:104-107.

7. Kostis JB, Turkevich D, Sharp J. Association between
leukocyte count and the presence and extent of coronary
atherosclerosis as determined by coronary angiography.
Am J Cardiol  1984; 53:997-999.

8. Duncan IW, Mather A, Cooper GR. The procedure for the
proposed cholesterol reference method. Atlanta, Centers for
Disease Control 1982:1-75.

9. Harris N, Galpchian V, Rifai N. Three routine methods for
measuring high-density lipoprotein cholesterol compared
with the reference method. Clin Chem 1996; 42:738-743. 

10. National Cholesterol Education Program: Recommendation
on Lipoprotein measurement. NIH/NHLBI NIH.
Publication No.95-3044. Bethesda, MD. National Institute of
Health 1995.

11. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clin
Chem 1972; 18:499-502.

12. Sreekanth KS, Geevar Z, Annamalai PT. Hematological
parameters in acute myocardial infarction – A preliminary
study. Amala Research Bulletin 2000; 20:28-31.

13. Robert H Carman. Hand book of Medical Laboratory
technology. India, 2nd ed 1993: p. 308-310.

14. Peltola H, Holmberg C. Rapidity of C-reactive protein
(CRP) in detecting potential septicemia. Pediatr Infect Dis
1983; 2:374-376.

15. Ross R. Cell biology of atherosclerosis. Annu Rev Physiol
1995; 57:791-804.

16. Ross R. Atherosclerosis - an inflammatory disease. N Eng J
Med. 1999; 340:115-126.  

17. Tohgi H, Takahashi H, Kashiwaya M, Watanabe K. Effect of
plasma fibrinogen concentration on the inhibition of
platelet aggregation after ticlopidine compared with
aspirin. Stroke 1994; 25:2017-2021.


