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Abstract
Conventional risk factors such as age, smoking, hyperlipidemia and hypertension do not explain all the mortality and morbidity due to coronary artery disease. Novel factors like
plasma fibrinogen, homocysteine, C - reactive protein have been recently recognized as independent risk factors for coronary artery disease. The objective of the present study was to
examine the change in plasma fibrinogen, homocysteine along with lipid profile in the
pathogenesis of angiographically established coronary artery disease.
75 male patients in the age range of 30-60 years with angiographically established coronary
artery disease and equal number of age and sex matched normal healthy subjects were recruited in the present study. Coronary artery disease patients had significant high plasma
fibrinogen, homocysteine, total cholesterol, triglyceride and LDL-cholesterol levels whereas
the level of HDL-cholesterol significantly decreased in them as compared to normal healthy
subjects (control). Elevated levels of plasma fibrinogen, homocysteine contribute significantly to the risk of coronary artery disease and might be considered in screening program
to identify individuals at increased thrombotic risk.

Introduction
Coronary artery disease (CAD) represents one of the
major causes of death and morbidity in the World. Prevention of CAD can be approached in many ways including health promotion campaigns, specific protection
strategies, life style modification programs, early detection and control of risk factors and constant vigilance of
emerging risk factors [1]. The concept of cardiovascular
risk factors arose from the Framing Heart Study, a
landmark study in cardiovascular disease epidemiology.
Prospective cardiovascular Munster (PROCAM), simple
scoring scheme identified risk factors such as age, smoking, hypertension, hyperlipidemia, diabetes, obesity etc
[2,3].
Despite these classic risk factors, a continued focus on
newer factors is warranted as they may further improve
our ability to predict future risk and manage cardiovascular disease (CVD), when they are included along with
the classic risk factors. The study of these new risk factors is important since the ability to accurately predict

the CVD risk of specific individual based on his/her
conventional risk factor profile is limited [4]. These new
risk factors are called Novel risk factors, which includes
fibrinogen (primarily thrombosis marker), homocysteine
(primarily atherogenic marker) and C–reactive protein
[5,6].
Several studies [4,5,6] conducted in different parts of the
world on normal healthy subjects have reported that elevated levels of plasma fibrinogen and homocysteine are
associated with CAD as an independent of other risk
factors but studies reporting fibrinogen levels in coronary artery patients are limited. Moreover very few studies have been conducted in India to the best of our
knowledge and also the increasing prevalence of CAD
due to changing lifestyle, gave us an impetus to evaluate
the changes in plasma fibrinogen, homocysteine along
with lipid profile such as total cholesterol, triglyceride,
High density lipoproteins-cholesterol (HDL- cholesterol) and low density lipoproteins cholesterol (LDLcholesterol) in CAD patients of North India (Punjab)
population.
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Material and Methods
Subjects
The present study was conducted on 75 male patients in
the age range of 30 - 60 years with angiographically
established coronary artery disease (CAD) and equal
numbers of age, sex matched normal healthy controls
were the subjects of the present study. CAD patients
were taken from the Department of Cardiology, Guru
Nanak Dev Hospital attached to Govt. Medical College Amritsar. CAD-patients had not received any lipid lowering drugs before taking the blood samples. All subjects were vegetarian, non-smoker, non-diabetic and
non-alcoholic and there was no positive family history
of CAD in these subjects.
Blood Sampling
5ml of peripheral venous blood was collected by vein
puncture using a dry, disposable syringe between 8 AM9AM after an overnight fast. Blood was collected in
sterile tubes containing potassium oxalate as anticoagulant for plasma separation. For serum separation, blood
was collected without potassium oxalate. Plasma and
serum were separated by centrifugation at 3000 rpm for
15 mints and were stored at 4°C and used for various
biochemical assays.
Biochemical Assays
1. Plasma Fibrinogen: Fibrinogen content in plasma
was measured by tyrosine method as given in Varley et
al, 1980 [7]. The fibrin clot is formed in the diluted
plasma by the addition of calcium ions. The clot then
separated from the solution and washed free of other
proteins. The clot is dissolved in alkali and the protein is
determined with the Folin-Ciocalteu reagent. Blue color
developed was measured at 680nm. Results were expressed as mg/dl of fibrinogen.
2. Homocysteine: Homocysteine level in plasma was
estimated by using homocysteine microplate substrate
trapping enzymes assay (Diazyme laboratories). This
technology employs genetically engineered enzymes
that lack catalytic activity but specifically and tightly
trap their substrate or product molecules as the basis of
diagnostic test.
3. Total cholesterol: Serum total cholesterol level was
assayed by the method of Allain et al 1974 [8].
4. Triglyceride: Serum triglyceride level was estimated
by using the method of Mc Gowan et al, 1983 [9].
5. HDL-cholesterol: HDL- cholesterol was estimated
by the method of Grillo and Izzo, 1985 [10].

6. LDL-cholesterol: serum LDL-cholesterol was estimated from the primary measurements by using the empirical equation of Friedewald et al 1972 [11].
Serum LDL cholesterol = Total cholesterol – (HDL cholesterol - Triglyceride/5).
Statistical Analysis: Numerical data were performed as
mean values ± S.D. The statistical significance was
evaluated by students “t” test and the difference between
CAD –patients and normal health subjects (control) was
considered significant at p<0.05.
Results and Discussion
A significant increase was observed in the serum total
cholesterol, LDL-cholesterol and triglyceride level from
192.02 mg/dl ± 10.11 to 276.29 mg/dl ± 12.32 (by
43.88% with respect to control subjects), 115.26 mg/dl ±
9.19 to 206.20 mg/dl ± 10.12 (by 78.89% with respect to
control subjects) and 123.14 mg/dl ± 10.05 to 229.88
mg/dl ± 13.89 (by 86.68% with respect to control subjects) respectively in CAD patients (Table-1), whereas
the level of serum HDL-cholesterol was significantly
decreased from 52.17 mg/dl ± 5.96 to 24.10 mg/dl ±
3.71 in CAD patients (Table- 1). The existence of a
causal relationship between altered levels of lipids &
lipoproteins and CAD is well-established fact [12,13].
The United States Lipid Research Clinical trial has
shown that cholesterol makes most significant individual
contribution to risk of CAD [14,15]. Our findings of
alteration in serum total cholesterol, LDL-cholesterol,
triglyceride and HDL-cholesterol levels in the CAD patients are in agreement with the repots [16,17,18] that
hyperlipidemia is one the risk factor for the onset of
CAD.
In CAD patients, we found a significant increase
(p<0.001) in fibrinogen level by 57.37% with respect to
control subjects that is from 306.12 ± 12.21 mg/dl to
481.75 ± 15.15 mg/dl (Table-2). Fibrinogen is a circulating glycoprotein that acts at final step in the coagulation
response to vascular and tissue injury. There are several
mechanisms by which fibrinogen may increase cardiovascular risk. First, it binds specifically to activated
platelets via glycoprotein IIb/IIIa, contributing to plate
aggregation. Second, increased fibrinogen levels promote fibrin formation. Third, it is a major contributor to
plasma viscosity. Finally, fibrinogen is an acute phase
reactant that is increased in inflammatory states [19,20].
A significant increase of fibrinogen level in the present
study suggesting that fibrinogen is directly associated
with CAD and also indicates that fibrinogen may play
an important role in plaque rupture & thrombosis in response to inflammation.
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Table 1: Changes in total cholesterol, triglyceride, LDL-cholesterol and HDL-cholesterol
levels in normal healthy control and coronary artery disease patients.
Biochemical Assays

Control
(n=75)

CAD-Patients
(n=75)

Total –cholesterol (mg/dl)

192.02 ± 10.11a

276.29 ±12.32***
(+43.88)b

Triglyceride (mg /dl)

123.14 ± 10.05

229.88 ± 13.89***
(+86.68)

LDL-Cholesterol (mg /dl)

115.26 ± 9.19

206.20 ±10.12***
(+78.89)

HDL-Cholesterol (mg /dl)

52.17 ± 5.96

24.10 ± 3.71***
(-53.80)

a : Mean values ± S.D. of 75 observations.
b: Values in parentheses represent percentage change w.r.t. group-I.
***p<0.01
also impair the oxidative phosphoryation and enhancement of the proliferation and fibrosis of smooth muscle
Table 2: Changes in plasma fibrinogen and homocysteine level in normal healthy control and coronary arcells [23]. Homocysteine may also induce atherosclerotery disease patients.
sis by affecting endothelial- derived relaxing factor that
is nitric oxide. Nitric oxide combined with homocysBiochemical
Control
CAD-Patients
teine in the presence of oxygen to form s-nitroso homo(n=75)
(n=75)
Assays
cysteine, which inhibits sulfhydryl dependent generation
of hydrogen peroxide. The bioavailability of NO. is deFibrinogen
481.75 ±
306.12 ± 12.21a
creased due to endothelial cell injury. This dysfunctional
(mg /dl)
15.15***
endothelial may be due to generation of oxygen radicals
(+57.37 )c
produced by homocysteine. Homocysteine may also
Homocysteine
12.48 ± 1.23
18.92 ± 2.11***
reduce the antioxidant status, which could injure endo(mM/dl)
(+51.60)
thelial cells [24]. Therefore, a significant increase of
homocysteine level in the present work could be respona : Mean values ± S.D. of 75 observations.
sible for the pathogenesis of CAD.
b: Values in parentheses represent percentage change
w.r.t. group-I.
***p<0.001
Homocysteine, a nonessential, sulphur containing amino
acid and an intermediate from the metabolic demethylation of dietary methionin found to be significantly increased (p<0.001) from 12.48 ± 1.23 to 18.92 ± 2.11
mM/dl by 51.62% with respect to normal healthy subjects (Table-2). The increase of homocysteine level
might induce atherothrombosis via the formation of homocysteine thiolactate, a byproduct of oxidation of homocysteine. Homocysteine thiolactate combines with
LDL to form foam cells [21,22].. The LDL rich foam
cells embed themselves in the vascular endothelium and
become fatty streak, which is the beginning of an
atherosclerotic plaque. Homocysteine thiolactate could

In conclusion, the aforementioned observations suggested that elevated levels of fibrinogen and homocysteine could be responsible for the pathogenesis of CAD
and thereby the estimation of fibrinogen and homocysteine might be considered for screening programs, aimed
for identifying individuals at high risk for cardiovascular
disease in Indian population.
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