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Abstract The aim of this study was to evaluate the
association of prothrombotic gene polymorphisms
[factor V Leiden (FVL) 1691GA, factor VII (FVII) 10976GA,
FVII HVR4, platelet membrane glycoproteins GPIBA
1018CT, GP1BA VNTR, integrin ITGB3 1565TC, integrin
ITGA2 807CT and methylenetetrahydrofolate reductase
(MTHFR) 677C/T], plasma factors (fibrinogen and homo-
cysteine) and traditional risk factors with acute myocardial
infarction (AMI) in 184 patients <40 years of age and 350
controls (<40 years) from north India. Multiple logistic-
regression analysis showed that hypertension (OR 1.9,
95 % CI 1.1-3.8, p = 0.042), diabetes mellitus (OR 10.5,
95 % CI 2.0-56.7, p = 0.006), smoking (OR 7.1, 95 % CI
3.7-13.6, p < 0.001), low socio-economic status (OR 13.5,
95 % CI 2.3-78.4, p = 0.004), high waist-hip ratio (OR
35.6, 95 % CI 11.1-53.7, p < 0.001) and FVL 1691GA
(OR 6.0, 95 % CI 1.2-13.4, p = 0.03) were independent
risk predictors of AMI in young. Elevated plasma fibrino-
gen also showed association with increased AMI risk.
ITGA2 807C/T polymorphism showed protection against
AMI in univariate analysis only, while GP/BA VNTR-ac
(OR 0.4, 95 % CI 0.2-0.9, p = 0.033) showed significant
protection even after adjusting for age and sex. Multi-
nominal logistic-regression analysis showed gene—gene
(GPIBA 1018C/T with GPIBA VNTR and ITGA2 807C/T
with ITGB3 1565T/C polymorphisms) and gene-environ-
ment interactions (gene polymorphisms with smoking)
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operating in the occurrence of AMI in young. In conclu-
sion, the role of inherited predisposition to thrombosis in
complex, polygenic and multifactorial disease like AMI is
limited to certain genetic factors, in combination with
environmental factor like smoking.

Keywords Acute myocardial infarction - Fibrinogen -
Gene polymorphisms - Homocysteine - Smoking

Introduction

Coronary artery disease (CAD) resulting in acute myo-
cardial infarction (AMI) is a leading cause of death
worldwide. The incidence of CAD in the young has been
reported to be 12-16 % in Indians [1]. Reports on CAD in
Indians from different parts of the world have shown that
Asian Indians are at 3—4 times higher risk of CAD than
white Americans, six times higher than Chinese and 20
times higher than Japanese [2, 3]. This high burden of CAD
is of particular concern to India as it affects the productive
age group. Globalization has led to opportunities world-
wide and therefore many young Indians have ventured to
the West. Hence, uncontrolled CAD in young Indians may
cause increased burden on the health system of various
countries. Adequate knowledge of risk factors which
selectively operate in Indians can help to formulate the line
of investigations in patients and immediate family
members.

AMI is a complex, multifactorial and polygenic disease
that involves interaction between genetic predisposition
and environmental influences. Clinical and epidemiological
studies have documented several prothrombotic risk factors
which contribute significantly in the pathogenesis of AMI
in a number of ancesteral populations [4—14]. However,
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there is paucity of systematic data from India in this con-
text, including the role of factor VII (FVII) HVR4, integrin
ITGA2 807C/T, integrin ITGB3 1565T/C, platelet glyco-
protein GP/BA HPA-2 (1018C/T) and GPIBA VNTR
polymorphisms in the occurrence of AMI. This study was
undertaken to study the role of such genetic factors and
their interaction with traditional risk factors in our
population.

Materials and methods
Study design and data collection

This case—control study was undertaken in the Department
of Hematology, Postgraduate Institute of Medical Educa-
tion and Research (PGIMER), Chandigarh, India. The
sample size for the study was determined using EPI INFO
statistical package. A total of 184 patients (<40 years) with
definite AMI as per WHO criteria were recruited [15].
These were consecutive patients at the Department of
Cardiology, PGIMER, Chandigarh. Controls (rn = 350)
were random unrelated young (<40 years) healthy subjects
from north India, matched with patients in terms of geo-
graphic origin and ethnicity. All the controls were recruited
from normal controls that were required by the department
for coagulation tests. None of the individuals gave history
of any cardiac event or hospitalization. The patients and
controls were enrolled between July 2006 and December
2009. The Ethics Committee of the Institute approved the
study, and the subjects gave their informed written consent.

The collected data included age, sex, traditional and
lifestyle factors such as hypertension, diabetes mellitus,
family history of CAD, obesity, smoking, alcohol intake,
socio-economic status (SES, high/middle/low) and lifestyle
(rural/urban). Hypercholesterolemia was not included in
the study as the patients were already on statins which
lower the cholesterol levels. The participants were con-
sidered to have hypertension if elevated blood pressure
(>140/90 mmHg) was measured or if they were already
being treated with antihypertensive agents. They were
defined as having diabetes mellitus if they had a fasting
blood glucose level >140 mg/dl or were already being
treated for diabetes. A positive family history was defined
as the presence of at least one first or second degree relative
with a history of CAD. In terms of smoking and alcohol
consumption, the subjects were classified on the basis of
self-report. Body mass index (BMI) was categorized
according to WHO Expert Consultation 2004 as normal
weight (18.5-22.9 kg/m?), overweight (23-27.5 kg/m?),
obese (27.6-40 kg/mz) and morbidly obese (>40 kg/mz)
[16]. Normal Waist-Hip Ratio (WHR) for males and
females were <0.8 and <0.95, respectively.

Blood sampling was performed at least 4 weeks after the
onset of coronary event when the patient had been hemo-
dynamically stabilized. Aseptic venous blood samples were
obtained after overnight fasting and collected in EDTA for
DNA analysis and plasma homocysteine (Hcy) and in 3.2 %
tri-sodium citrate (9:1 v/v) for plasma fibrinogen estimation.

Estimation of biochemical parameters

STA-Fibrinogen kits intended for use with STA-analyzers
by clotting method of von Clauss [17] were used for plasma
fibrinogen estimation. A calibration curve was prepared
using clotting time of diluted plasma calibrators to calculate
the levels of plasma fibrinogen. Normal plasma fibrinogen
level in the adult population ranges from 2—4 g/I.

Total plasma Hcy levels were determined by using
BioRad Microplate Enzyme Immunoassy Homocysteine
kits (BioRad, Oslo, Norway) on Tecan Absorbance Reader
(Tecan Austria GmbH, Austria, Europe) using Magellan
CE software. Homocysteine control set was used as a
control for increasing accuracy of measurement of plasma
Hcy level. The limit of quantification for plasma Hecy was
1.0 umol/l and coefficient of variation was less than 20 %
as per the kit. Normal plasma Hcy level in the adult pop-
ulation ranges from 5-15 pmol/l.

Genetic analysis

Genomic DNA was extracted from peripheral blood leuco-
cytes using standard phenol—chloroform method and ethanol
precipitation [18]. Factor V Leiden (FVL) 1691G/A (rs6025)
[7], platelet glycoprotein Gpllla or CD61 or ITGB3 1565T/C
(rs5918) [8], Gplba or CD42-alpha or GPIBA HPA-2
(1018C/T) (rs6065) [9], FVII R353Q (10976G/A) (rs6046)
[10] and MTHFR 677C/T (rs1801133) [11] polymorphisms
were determined by polymerase chain reaction—restriction
fragment length polymorphism (PCR-RFLP) using site-
specific restriction enzymes. Gpla or CD49B or ITGA2
807C/T (rs1126643) [12] polymorphism was detected by
allele-specific PCR using internal controls. GP/BA VNTR
[9] and FVII HVR4 [10] polymorphism were determined by
PCR amplification and polyacrylamide gel electrophoresis.

Statistical methods

Descriptive data was expressed as mean & standard deviation
(SD) for continuous and proportions (%) for categorical
variables. A comparison among patients and controls was
performed by means of analysis of variance (ANOVA) with
Bonferroni correction for BMI and WHR. Mann—Whitney test
was used to compare plasma levels of fibrinogen and Hcy
among patients and controls. Comparison of traditional risk
factors, genotype frequencies, deviation of allele frequencies
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from Hardy—Weinberg equilibrium (HWE) was done using
Chi-square (j°) test. To adjust for the confounding effects of
traditional coronary risk factors, multiple logistic-regression
analysis was performed adjusted for age and sex. Risk factors
that appear to be potentially significant predictors in single-
variable analysis (p < 0.05) were included in the multiple
logistic-regression analysis. Mann—Whitney test and Kruskal—
Wallis test were used to investigate the correlation between
two or more variables respectively. Multinominal logistic-
regression analysis was used to study synergistic effects of any
two factors (gene—gene and gene-environment interactions) in
the occurrence of AMI. The strength of association of risk
factors with the occurrence of AMI was estimated by calcu-
lation of odds ratio (OR) and Cornfield method for calculation
of 95 % confidence intervals (CI). A p value of <0.05 was
considered statistically significant. All the computations were
carried out using Statistical Package for the Social Sciences
(SPSS), version 13.0, Chicago for windows.

Results

Demographic characteristics and traditional coronary
risk factors

The present study was carried out on 350 controls (mean
age 31.1 & 6.0 years, 75.7 % males) and 184 cases of
AMI < 40 years (mean age 36.4 *+ 4.5 years, 96.2 %

males). Comparison of traditional risk factors among cases
and controls is shown in Table 1. Cases showed significant
association with hypertension, diabetes mellitus, smoking,
family history of CAD, alcohol intake, rural lifestyle, low
SES, high BMI and high WHR in univariate analysis.

Plasma fibrinogen

Mean plasma fibrinogen was significantly higher in cases
(3.8 £ 1.0 g/1) than controls (3.0 & 0.6 g/I), showing
association (p < 0.001) with risk of AMI in young.

Plasma homocysteine

Mean plasma Hcy was high in controls (27.2 £ 25.2 um/l)
as well as cases (24 £ 23.9 um/l). The prevalence of
hyperhomocysteinemia was lower in cases than controls
(54.9 vs. 68.6 %, OR 0.6, 95 % CI 0.4-0.8, p = 0.02).

Genetic risk factors

All alleles were present in HWE in the study population.
Comparison of genetic risk factors among cases and con-
trols is shown in Table 2. FV 1691GA genotype had
fourfold increased risk of AMI. The prevalence of ITGA2
807CT and GPIBA VNTR-ac genotype was significantly
lower in cases than controls, showing protective effect
against AMI. GPIBA 1018CT, ITGB3 1565TC, FVII

Table 1 Traditional risk factors among patients with acute myocardial infarction <40 years and controls

Characteristics Controls Cases OR (95 % CI) p value
n = 350 (%) n = 184 (%)

Mean age (years) 31.1 £6.0 364 £ 4.5 - <0.001*
Males 265 (75.7 %) 177 (96.2 %) - <0.001*
Hypertension 39 (11.1 %) 73 (39.7 %) 5.2 (3.4-8.2) <0.001*
Diabetes mellitus 2 (0.6 %) 26 (14.1 %) 28.6 (6.7-122.1) <0.001?
Smoking 73 (20.9 %) 113 (61.4 %) 6.0 (4.1-8.9) <0.001?
Family history of CAD 49 (14.0 %) 43 (23.4 %) 1.9 (1.2-3.0) 0.009*
Alcohol intake 92 (26.3 %) 79 (42.9 %) 2.1 (1.4-3.1) <0.001?
Rural lifestyle 116 (33.1 %) 80 (43.5 %) 1.6 (1.1-2.2) 0.019*
Low SES 86 (24.6 %) 71 (38.6 %) 1.9 (1.3-2.8) <0.001*
BMI (kg/m?)

Mean + SD 233 +28 248 £5.3 - <0.001?
BMI > 23 180 (51.4 %) 127 (69 %) 2.1 (1.4-3.1) <0.001?
WHR

Mean + SD 0.88 £ 0.05 0.95 £+ 0.04 - <0.001*
WHR > 0.95, M 6/265 (2.3 %) 79/177 (44.6 %) 34.8 (14.7-82.4) <0.001*
WHR > 0.8, F 58/85 (68.2 %) 7/7 (100 %) - <0.001*

Data are expressed as mean = SD or n (%)

BMI body mass index, CAD coronary artery disease, CI confidence interval, F females, M males, OR odds ratio, SD standard deviation, SES

socioeconomic status, WHR waist hip ratio
* p < 0.05, significant
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10976GA, FVII HVR4 and MTHFR 677CT gene poly-
morphisms were not associated (p > 0.05) with cases.

Multiple logistic regression analyses
Hypertension, diabetes mellitus, smoking, low SES, high

WHR and FVL 1691GA were independent risk predictors
of AMI in cases (Table 3). GPIBA VNTR-ac genotypes

showed significant protection against AMI in cases. ITGA2
807CT genotype lost significance after adjusting for age
and sex.

Gene—gene and gene-environment interactions

Multinominal logistic-regression analysis showed protec-
tive effect against AMI in cases with combined genotypes

Table 2 Genetic risk factors among patients with acute myocardial infarction <40 years and controls

Genotypes Controls Cases OR (95 % CI) p value
n = 350 (%) n = 184 (%)

FVL 1691GA

GG 343 (98 %) 171 (92.9 %)

GA 72 %) 13 (7.1 %) 3.7 (1.5-9.5) 0.003*
ITGA2 807CT

cC 112 (32 %) 77 (41.8 %)

CT 217 (62 %) 94 (51.1 %) 0.6 (0.4-0.9) 0.050"

TT 21 (6 %) 13 (7.1 %)
ITGB3 1565TC (HPA-1)

TT 300 (85.7 %) 155 (84.2 %)

TC 48 (13.7 %) 27 (14.7 %)

cC 2 (0.6 %) 2 (1.1 %) 1.9 (0.3-13.7) 0.764
GP1BA 1018CT (HPA-2)

CC 316 (90.3 %) 173 (94 %)

CT 34 (9.7 %) 11 (6 %) 0.6 (0.3-1.2) 0.14
GPIBA VNTR

Aa 203 (58 %) 114 (62 %)

Ad 74 (21.1 %) 57 (31 %)

Ac 73 (20.9 %) 13 (7.1 %) 0.3 (0.2-0.5) <0.001*
FVII 10976GA (R353Q)

GG 182 (52 %) 93 (50.5 %)

GA 146 (41.7 %) 69 (37.5 %)

AA 22 (6.3 %) 22 (12 %) 1.9 (1.0-3.8) 0.071
FVII HVR4

H6H6 93 (26.6 %) 55 (29.9 %)

H6H7 175 (50 %) 85 (46.2 %)

H7H7 77 (22 %) 38 (20.7 %) 0.9 (0.6-1.4) 0.613

H6H8 2 (0.6 %) 2 (1.1 %)

H7H8 1 (0.3 %) 2 (1.1 %)

H7H9 0 (0 %) 1 (0.5 %)

H5H6 1 (0.3 %) 1 (0.5 %)

H6H9 1 (0.3 %) 00 %)
MTHFR 671CT

cC 250 (71.4 %) 120 (65.2 %)

CT 91 (26 %) 55 (29.9 %)

TT 9 (2.6 %) 9 4.9 %) 1.9 (0.8-5.0) 0.195

Data are expressed as n (%)

CI confidence interval, FVL factor V Leiden, FVII factor VII, GP platelet membrane glycoproteins, /TG integrin, OR odds ratio, MTHFR

methylenetetrahydrofolate reductase
* p < 0.05, significant
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Table 3 Risk factors for acute myocardial infarction following
adjustment for age and sex in patients <40 years and controls

Risk Factors OR (95 % CI) p value
Hypertension 1.9 (1.1-3.8) 0.042*
Diabetes mellitus 10.5 (2.0-56.7) 0.006*
Smoking 7.1 (3.7-13.6) <0.001*
Family history of CAD 1.7 (0.9-3.6) 0.126
Alcohol intake 0.6 (0.3-1.1) 0.113

Rural lifestyle 0.5 (0.3-1.1) 0.062
Low SES 13.5 (2.3-78.4) 0.004*
High BMI 1.4 (0.8-2.5) 0.231

High WHR 35.6 (11.1-53.7) <0.001?
FVL 1691GA 6.0 (1.2-13.4) 0.03*

ITGA2 807CT genotype 0.8 (0.5-1.4) 0.496
GPI1BA VNTR-ac genotype 0.4 (0.2-0.9) 0.033*

BMI body mass index, CAD coronary artery disease, CI confidence
interval, FVL factor V Leiden, GP platelet membrane glycoproteins,
ITG integrin, OR odds ratio, SES socioeconomic status, WHR waist
hip ratio

4 p < 0.05, statistically significant

of GPI1BA 1018CC and GP/BA VNTR-ac (OR 0.3, 95 %
CI10.2-0.6, p < 0.001) as well as ITGA2 807CT + TT and
ITGB3 1565CC (OR 0.6, 95 % CI 0.4-0.8, p = 0.004).
Multinominal logistic-regression analysis also showed
synergistic effect of smoking and certain gene polymor-
phisms in the occurrence of AMI in cases. In comparison
with non-smokers non-carriers, smoker cases carrying
ITGB3 1565TC + CC genotype (OR 9.8, 95 % CI
3.9-24.3, p < 0.001), GP1BA VNTR-aa genotype (OR 9.6,
95 % CI 5.6-16.3, p <0.001), GPIBA 1018CT + TT
genotype (OR 9.6, 95 % CI 2.5-37.3, p = 0.001), ITGA2
807CC genotype (OR 6.5, 95 % CI 3.4-12.2, p < 0.001),
FVII 353RQ + QQ genotype (OR 6.3, 95 % CI 3.6-11.0,
p < 0.001), FVII H6H7 genotype (OR 6.4, 95 % CI
3.3-12.3, p < 0.001) and MTHFR 677CT + TT genotype
(OR 8.8, 95 % CI 4.7-16.5, p < 0.001) had increased risk
of AMI in young.

Mann—Whitney test showed that there was no significant
difference in mean fibrinogen in controls (p = 0.732) and
young patients (p = 0.157) with/without smoking status.
Mean Hcy in controls (p = 0.834) and young patients
(p = 0.179) showed no significant difference with/without
MTHFR 677CT polymorphism using Kruskal-Wallis test.

Discussion
This is the first study to investigate the association of
prothrombotic gene polymorphisms and plasma factors

with AMI in young survivors of Northern Indian ancestry.
We demonstrated that FVL 169/GA genotype was an
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independent risk factor for AMI whereas the GPIBA
VNTR-ac genotype was protective, independent of tradi-
tional CAD risk factors. Additionally, we found a number
of novel gene—gene and gene-environment interactions.

Except for FVL 1691GA, none other gene polymor-
phisms were independently associated with the risk of AMI
in cases. Although majority of the studies have shown that
there is an association of ITGB3 PIA1/A2 (1565 T/C),
GPIBA HPA-2 (1018 C/T), FVII 10976 G/A (R353Q),
FVII HVR4 and MTHFR 677 C/T polymorphism with risk
for AMI, there are reports to the contrary [6, 8—11]. These
gene polymorphisms are unique to particular ethnic groups.

Our study is similar to studies from India and abroad.
Khare et al. [13] showed that the prevalence of FVL
1691GA was higher in AMI cases as compared to controls
(p = 0.038). This study was consistent with previous study
which showed that FVL 1691GA was associated with risk
of AMI [19]. Ranjith et al. [20] found very low frequency
of FVL 1691GA in South African Indian population
(<1 %) and failed to find its increased prevalence in their
patients. Carriership of FVL 1691GA was associated with
increased risk of AMI in a meta-analysis of 66,155 cases
and 91,307 controls [21].

GPIBA VNTR-ac genotype had significant protective
effect against AMI in young. In a case—control study of 101
Caucasian patients by Gonzalez-Conejero et al. [9],
GPIBA VNTR-cb genotype was associated with increased
risk of MI. Mikkelsson et al. [22] found that the haplotype
defined by carriership of GP/BA HPA-2 Met and VNTR-b
allele was associated with AMI in 80 Caucasian Finnish
men. Our study is similar to the ARIC study by Afshar-
Kharghan et al. [23] which showed protective effect of
GPIBA VNTR-cc genotype. The addition of repeats to
macroglycopeptide region of Gplba protein, determined by
VNTR polymorphism, increases the distance between
ligand-binding domains of Gplba and platelet plasma
membrane. Higher or lower number of repeats, thus results
in greater or smaller overall length of the macroglyco-
peptide region of Gplba, would have a prothrombotic or
antihemostatic effect, respectively. VNTR-c allele, asso-
ciated with lower number of repeats has lesser prothrom-
botic effect, and showed greater protection. No studies
from India are there to compare our results.

ITGA2 807CT genotype showed protective effect
against AMI in young in univariate analysis but lost sig-
nificance after adjustment for age and sex. Benze et al. [24]
found that frequency of ITGA2 807T allele carriers was
similar among 287 male AMI patients and 138 healthy
controls from Germany [54.6 vs. 62.3 %; 0.73
(0.47-1.12)]. In a large case—control study by Zotz et al.
[25], prevalence of ITGA2 807CT genotypes did not differ
significantly between patient groups with CAD or MI and
controls or blood donors. There is no study from India
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evaluating the importance of ITGA2 807C/T polymorphism
in the occurrence of AMI to compare our results.

In the present study, cases with GP/BA 1018CC and
VNTR-ac combined genotype had protection against AMI.
However, in a study by Gonzalez-Conejero et al. [9], c/b
genotype of VNTR and 1018TT genotypes of GPIBA were
associated with increased risk of CHD. Protection against
AMI in young was observed with combined genotypes of
ITGA2 807CT + TT and ITGB3 1565CC, which is in con-
tradiction to previous studies [24, 25]. Synergistic effect of
smoking and genotypes (ITGB3 1565TC 4 CC, GP1BA
VNTR-aa, GPIBA 1018CT + TT, ITGA2 807CC, FVII
353RQ + QQ, FVII H6H7 and MTHFR 677CT + TT) in
the occurrence of AMI was observed in our study. Ardissino
et al. found a 14-fold increase in the occurrence of AMI in
smoker carriers with ITGB3 1565C allele [26]. Smoking had
no effect on fibrinogen in our study, which is in contradiction
previous studies [27]. There was no interaction of Hcy with
MTHFR 677CT polymorphism, which is in agreement with
several studies [28].

Elevated plasma fibrinogen was associated with risk of
AMI in cases in our study which is in concordance to
studies from West India [13, 14], prospective studies
[29-31] and meta-analysis [32]. We found high mean plasma
Hcy in both cases and controls. This may be due to inap-
propriate dietary habits leading to deficiencies of Vitamin
Bg, B> and folic acid. It is possible that the general north
Indian population is prone to high incidence of CAD. With
this background level of hyperhomocysteinemia in con-
trols, additional risk in patients may not be demonstrated
and interaction with other confounding risk factors could
be possible [33]. Our patients were recruited at least
1 month after the occurrence of an acute event and during
this period patients may have adopted healthy dietary
pattern along with the intake of nutrient supplements. This
may have lowered the levels of plasma Hcy in the patients
as compared to the controls. The increased risk due to
hyperhomocysteinemia appears to be different in Indians as
compared to Europeans. Population studies have shown
that plasma Hcy levels are higher in immigrant ethnic
Indians compared to North Americans and European
Whites [34, 35]. A study from Singapore showed no
increase in plasma Hcy in Indians as compared to the
Malays and Chinese [36]. Our study is similar to the
findings from several studies that plasma Hcy is not a
major risk factor for AMI in Indians [14, 33, 37-39]. A
study by Kumar et al. [39] on 50 young AMI patients
(<40 years) and 27 controls showed hyperhomocystein-
emia to be highly prevalent in patients as well as controls
from North India and levels of Hcy decreased in 83.5 % of
patients after three months of vitamin supplementation.
Ghosh et al. [40] found hyperhomocysteinemia to be
common amongst young AMI patients from western India,

the major cause of which was folic acid deficiency.
Hypertension, diabetes mellitus, smoking, low SES and
high WHR were associated with increased risk of AMI in
young.

Conclusions and implications

Since FVL 1691GA is independently associated with
increased risk of AMI in young, it should be tested for in
Indians. If found positive, a close monitoring of the patient
for recurrence of AMI or venous thromboembolism is
indicated. ITGA2 807C/T polymorphism was protective
against AMI in univariate analysis, while GP/BA VNTR
showed significant protection even after adjusting for age
and sex. This analysis reiterates the association of tradi-
tional risk factors and AMI in young. Therefore, lifestyle
management and control of diseases like hypertension and
diabetes mellitus should be advised. More studies from
India with long term follow up are indicated.

Acknowledgments This work was supported by grants from the
Council of Scientific and Industrial Research, New Delhi, India [grant
number 09/141(0164)/2006] and the Department of Science and
Technology, New Delhi, India [grant number SR/SO/HS-72/2005].

Conflict of Interest None declared.

References

1. Mammi MV, Pavithran K, Rahiman PA, Pisharody R, Sugathan
K (1991) Acute MI in North Kerala: a 20-year hospital based
study. Indian Heart J 43:93-96

2. Enas EA, Garg A, Davidson MA, Nair VM, Huet BA, Yusuf S
(1996) Coronary heart disease and its risk factors in the first
generation immigrant Asian Indians to the United States of
America. Indian Heart J 48:343-354

3. Ghaffar A, Reddy KS, Singhi M (2004) Burden of non-commu-
nicable diseases in South Asia. BMJ 328:807-810

4. Wattanakit K, Folsom AR, Chambless LE, Nieto FJ (2005) Risk
factors for cardiovascular event recurrence in the Atherosclerosis
Risk in Communities (ARIC) study. Am Heart J 149:606-612

5. Ranjith N, Verho NK, Verho M, Winkelmann BR (2002) Acute
myocardial infarction in a young South African Indian-based
population: patient characteristics on admission and gender-spe-
cific risk factor prevalence. Curr Med Res Opin 18:242-248

6. Voetsch B, Loscalzo J (2004) Genetic determinants of arterial
thrombosis. Arterioscler Thromb Vasc Biol 24:216-229

7. Bertina RM, Koelman BP, Koster T, Rosendaal ER, Dirven RJ,
de Ronde H, van der Velden PA, Reitsma PH (1994) Mutation in
blood coagulation factor V associated with resistance to activated
protein C. Nature 369:64-67

8. Weiss EJ, Bray PF, Tayback M, Schulman SP, Kickler TS,
Becker LC, Weiss JL, Gerstenblith G, Goldschmidt-Clermont PJ
(1996) A polymorphism of a platelet glycoprotein receptor as an
inherited risk factor for coronary thrombosis. N Engl J Med
334:1090-1094

@ Springer



282

R. K. Dogra et al.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Gonzalez-Conejero R, Lozano ML, Rivera J, Corral J, Iniesta JA,
Moraleda JM, Vicente V (1998) Polymorphisms of platelet
membrane glycoprotein Ib associated with arterial thrombotic
disease. Blood 92:2771-2776

Feng YJ, Draghi A, Linfert DR, Wu AHB, Tsongalis GJ (1999)
Polymorphisms in the genes for coagulation factors II, V, and VII
in patients with ischaemic heart disease. Arch Pathol Lab Med
123:1230-1235

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews
RG, Boers GJH, den Heijer H, Kluijtmans LAJ, van den Heuvel
LP, Rozen R (1995) A candidate genetic risk factor for vascular
disease: a common mutation in methylenetetrahydrofolate
reductase. Nat Genet 10:111-113

Santoso S, Kunicki TJ, Kroll H, Haberbosch W, Gardemann A
(1999) Association of the platelet glycoprotein Ia C807T gene
polymorphism with nonfatal myocardial infarction in younger
patients. Blood 93:2449-2453

Khare A, Ghosh K, Shetty S, Kulkarni B, Mohanty D (2004)
Combination of thrombophilia markers in acute myocardial
infarction of the young. Indian J Med Sci 58:381-388

Gheye S, Lakshmi AV, Krishna TP, Krishnaswamy K (1999)
Fibrinogen and homocysteine levels in coronary artery disease.
Indian Heart J 51:499-502

World Health Organization (1971) Ischemic heart disease regis-
ters: report of the Fifth Work Group, including a second revision
of the operating protocol, Copenhagen, Denmark, April 26-29,
1971. WHO Regional Office for Europe, Copenhagen

WHO Expert Consultation (2004) Appropriate body-mass index
for Asian populations and its implications for policy and inter-
vention strategies. Lancet 363:157-163

von Clauss A (1957) Gerinnungphysiologische Schnellmethode
zur bestimmung des fibrinogen. Acta Haematol 17:237-246
Maniatis FT, Sambrook EFJ (2001) Molecular cloning: a labo-
ratory manual, 3rd edn. Cold Spring Harbour, New York
Mohanty D, Shetty S, Anil CR, Pathare A, Ghosh K, Yeolekar
ME (1998) Factor V Leiden gene mutation in young Indian
patients with myocardial infarction. Curr Sci 74:1078-1080
Ranjith N, Pegoraro RJ, Rom L (2003) Haemostatic gene poly-
morphisms in young Indian Asian subjects with acute myocardial
infarction. Med Sci Monit 9:CR417-CR421

Ye Z, Liu EH, Higgins JP, Keavney BD, Lowe GD, Collins R,
Danesh J (2006) Seven haemostatic gene polymorphisms in
coronary disease: meta-analysis of 66,155 cases and 91,307
controls. Lancet 367:651-658

Mikkelsson J, Perola M, Penttild A, Karhunen PJ (2001) Platelet
glycoprotein Iboo HPA-2 Met/VNTR b haplotype as a genetic
predictor of myocardial infarction and sudden cardiac death.
Circulation 104:876-880

Afshar-Kharghan V, Matijevic-Aleksic N, Ahn C, Boerwinkle E,
Wu KK, Lo'pez JA (2004) The variable number of tandem repeat
polymorphism of platelet glycoprotein Iba and risk of coronary
heart disease. Blood 103:963-965

Benze G, Heinrich J, Schulte H (2002) Association of the Gpla
C807T and Gpllla PIA1/A2 polymorphisms with premature
myocardial infarction in men. Eur Heart J 23:325-330

Zotz RB, Winkelmann BR, Muller C, Boechm BO, Marz W,
Scharf RE (2005) Association of polymorphisms of platelet
membrane integrins olIbf3 (HPA-1b/P1A2) and o251 (22807TT)
with premature myocardial infarction. J Thromb Haemost
3:1522-1529

Ardissino D, Mannucci PM, Merlini PA, Duca F, Fetiveau R,
Tagliabue L, Tubaro M, Galvani M, Ottani F, Ferrario M, Corral

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

J, Margaglione M (1999) Prothrombotic genetic risk factors in
young survivors of myocardial infarction. Blood 94:46-51
Krobot K, Hense HW, Cremer P, Eberle E, Keil U (1992)
Determinants of plasma fibrinogen: relation to body weight,
waist-to-hip ratio, smoking, alcohol, age, and sex: results from
the Second MONICA Augsburg Survey, 1989-1990. Arterioscler
Thromb 12:780-788

Angeline T, Jeyaraj N, Tsongalis GJ (2007) MTHFR gene
polymorphisms, B-vitamins and hyperhomocysteinemia in young
and middle-aged acute myocardial infarction patients. Exp Mol
Path 82:227-233

Scarabin PY, Arveiler D, Amouyel P, Santos CD, Evansn A, Luc
G, Ferrieres J, Juhan-Vague 1 (2003) Plasma fibrinogen explains
much of the difference in risk of coronary heart disease between
France and Northern Ireland. The PRIME study. Atherosclerosis
166:103-109

Meade TW, Mellows S, Brozovic M, Miller GJ, Chakrabarti RR,
North WR, Haines AP, Stirling Y, Imeson JD, Thompson SG
(1986) Haemostatic function and ischaemic heart disease: prin-
cipal results of the Northwick Park Heart Study. Lancet
2:533-537

Wattanakit K, Folsom AR, Chambless LE, Nieto FJ (2005) Risk
factors for cardiovascular event recurrence in the Atherosclerosis
Risk in Communities (ARIC) study. Am Heart J 149:606-612
Danesh J, Lewingtin S, Thompson SG, Lowe GD, Collins R,
Kostis JB; on behalf of the Fibrinogen Studies Collaboration
(2005) Plasma fibrinogen level and the risk of major cardiovas-
cular diseases and nonvascular mortality: an individual partici-
pant meta-analysis. JAMA 294:1799-1809

Sastry BKS, Indira N, Anand B, Kedarnath, Prabha BS, Raju BS
(2001) A case-control study of plasma homocysteine levels in
south Indians with and without coronary artery disease. Indian
Heart J 53:749-753

Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK, Montague
PA, Kelemen L, Yi C, Lonn E, Gerstein H, Hegele RA, McQueen
M (2000) Difference in risk factors, atherosclerosis and cardio-
vascular disease between ethnic groups in Canada; the Study of
Health Assessment and Risk in Ethnic groups (SHARE). Lancet
356:279-284

Chambers JC, Obeid OA, Refsum H, Ueland P, Hackett D,
Hooper J, Turner RM, Thomson SG, Kooner JS (2000) Plasma
homocysteine concentrations and risk of coronary heart disease in
UK Indian Asian and European men. Lancet 355:523-527
Hughes K, Ong CN (2000) Homocysteine, folate, Vitamin B,
and cardiovascular risk in Indians, Malays and Chinese in Sin-
gapore. J Epidemiol Community Health 54:31-34

Deepa R, Velmurugan K, Saravanan G, Karkuzhali K, Dwarak-
anath V, Mohan V (2001) Absence of association between serum
homocysteine levels and coronary artery disease in south Indian
males. Indian Heart J 53:44-47

Chacko KA (1998) Plasma homocysteine levels in patients with
coronary heart disease. Indian Heart J 50:295-299

Kumar Y, Das R, Garewal G, Bali HK (2009) High prevalence of
hyperhomocysteinemia in young population of north India—a
potential risk factor for coronary artery disease? Thromb Res
23:800-802

Ghosh K, Khare A, Shetty S (2007) Fasting plasma homocysteine
levels are increased in young patients with acute myocardial
infarction from Western India. Indian Heart J 59:242-245



	Prothrombotic gene polymorphisms and plasma factors in young north Indian survivors of acute myocardial infarction
	Abstract
	Introduction
	Materials and methods
	Study design and data collection
	Estimation of biochemical parameters
	Genetic analysis
	Statistical methods

	Results
	Demographic characteristics and traditional coronary risk factors
	Plasma fibrinogen
	Plasma homocysteine
	Genetic risk factors
	Multiple logistic regression analyses
	Gene--gene and gene-environment interactions

	Discussion
	Conclusions and implications
	Acknowledgments
	References


