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RESEARCH ARTICLE
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ABSTRACT

Pakistanis belong to the South Asian population which has the highest known rate of coronary artery disease.
Folic acid deficiency also appears to be highly prevalent in this population. Methylenetetrahydrofolate reduc-
tase (MTHFR) 677C>T polymorphism decreases the activity of this enzyme and can be associated with mild to
moderate hyperhomocysteinemia in homozygotes, particularly when there is folic acid deficiency, as well as
with coronary artery disease. To assess the value of genotyping the MTHFR 677C>T dimorphism, we carried
out a case-control study of dimorphism 677C>T for putative association with myocardial infarction (MI)
among Pakistani nationals. We investigated a sample population of 622 Pakistanis consisting of 225 controls
and 397 patients with clinical diagnosis of acute MI (AMI). MTHFR C677T alleles were determined by assays
based on polymerase chain reaction and restriction endonuclease analysis. Frequencies of C alleles were 0.87
among controls and 0.86 among AMI patients. The MTHFR 677C>T dimorphism showed no association with
MI (x* = 0.25, 1df, P=0.62), serum levels of folate and vitamin B12 and plasma level of vitamin B6. A signifi-
cant association, however, was found between homozygous 677T genotype and plasma levels of homocysteine.
Multivariate analysis of the data showed that in case of log homocysteine, age and MTHFR genotypes were
significantly different (P<0.001). In case of B12, smoking and age were found to be statistically significant
(P<0.001), while in case of serum folate only smoking was found to be significant (P<0.001). The results indi-
cate that MTHFR 677C>T polymorphism, though associated with homocysteine levels, confers no significant
risk of coronary artery disease in the Pakistani population investigated here. We suggest that the higher inci-
dence of AMI in South Asia occurs through mechanisms other than the MTHFR related pathways.

KEYWORDS: Coronary artery disease, folic acid, homocysteine, methylenetetrahydrofolate reductase,
mutation, myocardial infarction, Pakistani population

INTRODUCTION methyltetrahydrofolate, a carbon donor in the methylation
of homocysteine to methionine. A C677T mutation in the
MTHFR gene (MTHFR) converts an alanine residue to a
valine residue and functionally impairs the enzyme (Frosst
et al, 1995). The aberration leads to hyperhomocysteine-
mia, an independent risk factor for cardiovascular disease

(Aguilar et al, 2004).

Pakistani people belong to a population which has the
highest rate of coronary artery disease (CAD; Nishtar,
2002). Moreover, the relative risk of CAD in South Asian
men is highest at early ages (Balarajan, 1991; McKeigue,
1992) suggesting that both intrinsic and extrinsic factors
contribute to the development of CAD in this population.
Although numerous reports have brought somewhat con-

Methylenetetrahydrofolate reductase (MTHFR) catalyzes
the reduction of 5, 10-methylenetetrahydrofolate to 5-

flicting views about the involvement of MTHFR in CAD,
it is now commonly accepted that the MTHFR gene and its
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molecular variant 677C>T represent one of the best exam-
ples to date of genetic influences that constitute inherited
predispositions to CAD and allied clinical manifestations
in humans (Kluijtmans, 1996). Association (case-control)
studies are increasingly preferred as methods for under-
standing genetic influences of molecular variants (Lander,
1996; Risch and Merikangas, 1996). Data from genetically
isolated populations are important in the resolution of
problems related to the concept of linkage disequilibrium
(Schork, 1997).

Chambers et al (2000) pointed out that Indian Asians re-
siding in the United Kingdom have twice the rate of coro-
nary heart disease deaths compared to European Cauca-
sians, and hyperhomocysteinemia in this population could
be a contributing factor. However, MTHFR 677T muta-
tion was not found to be associated with hyperhomocys-
teinemia or increased CAD risk in Indian Asians compared
to Europeans (Chambers ef al., 2000). In a similar case-
control study on Indians by Mukharjee et al (2002) a low
prevalence of MTHFR 677T mutation was observed in
both normal healthy subjects and CAD patients, however,
an association of the mutant allele with CAD was found in
women.

While mild hyperhomocysteinemia has been reported to be
quite common among South Asians including the Paki-
stanis (Sastry et al, 2001; Aamir et al, 2004; Igbal et al,
2005), the role of MTHFR mutation in causing this hyper-
homocysteinemia is still unclear.

Since folate, vitamin B6 and vitamin B12 deficiencies are
very common in Pakistani patients with acute myocardial
infarction (AMI; Igbal et al, 2005), the role of MTHFR
mutations could be of more significance in causing hyper-
homocysteinemia, and thereby, increasing the risk for the
development of CAD.

The present study was undertaken to assess the usefulness
of MTHFR marker 677C>T in the Pakistani population as
an independent risk factor for CAD in Pakistanis. A case-
control study of dimorphism 677C>T was carried out for a
putative association with AMI (a presentation of CAD)
and with plasma or serum levels of homocysteine, folate,
vitamin B12 and vitamin B6 (pyridoxal phosphate, PLP)
amongst Pakistani nationals.

MATERIALS AND METHODS

Patients and methods

Three hundred and ninety seven consecutive Pakistani
patients with AMI (age range: 30-74 years) admitted to the
National Institute of Cardiovascular Diseases (NICVD),
Karachi from January 2001 to June 2001, and the Armed
Forces Institute of Cardiology, Rawalpindi from August
2003 to September 2003, were included in this study.
They were enrolled within the index admission after con-
firmation of AMI diagnosis based on WHO criteria of
clinical history suggestive of myocardial ischaemia, ECG
indications of myocardial damage, and elevation of bio-
chemical markers (creatine kinase and creatine kinase-
MB). All patients were assessed as having risk factors for
CAD, such as diabetes mellitus, hypertension, obesity,
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hypercholesterolemia and smoking. Criteria for diabetes
were set as an abnormal fasting blood glucose level > 125
mg/dl at admission, or having taken hypoglycemic agents.
All those with systolic blood pressure greater than 140
mmHg and/or diastolic blood pressure of 90 mmHg or
those on regular antihypertensive medications were classi-
fied as hypertensive. Those with serum cholesterol levels
greater than 200 mg/dl were considered to have hypercho-
lesterolemia. A body mass index (BMI) of greater than 30
was classified as obese. Subjects were considered smok-
ers if they had been smoking cigarettes regularly (one or
more per day). Individuals who were pregnant, using an-
tiepileptics, taking oral contraceptives, having malabsorp-
tion syndrome, suffering from tuberculosis, liver disease,
uremia, or cancer or using vitamin B-complex supple-
ments during the previous 6 months were excluded from
the study.

Similarly, 225 normal healthy subjects, who had been
matched for sex, BMI, and for age within 5 years and be-
longing to the same socio-economic class, were selected as
controls during the same period from the personnel of the
Aga Khan University and Civil Hospital, Karachi, and
Armed Forces Institute of Cardiology and Military Hospi-
tal, Rawalpindi. They were also assessed for the above
mentioned risk factors. However, more stringent criteria
were used for the selection of normal healthy control sub-
jects. In addition to being matched for BMI, sex, age and
socioeconomic background, they had no evidence of CAD
and hypertension on the basis of their clinical history and
physical examination. Informed consent was obtained
from the participants and the study was approved by the
Ethical Review Committee of the Aga Khan University.

DNA analysis

DNA was extracted from 5 ml blood samples according
to published methods (Sambrook et al, 1989). C677T of
the MTHFR gene was amplified by polymerase chain
reaction (PCR) according to protocol conditions and
primer sequences published previously (Frosst et al,
1995), except that PCR volumes were scaled down to 10
pl. A Perkin-Elmer Gene Amp PCR system 9700 was
utilized (Wellesley, MA, USA). C677T PCR products
were digested with Hinfl (New England Biolabs, Bev-
erly, MA) at 37°C for 3 hr, size-separated by gel electro-
phoresis using 2% (w/v) agarose at 150 volts for 1 hr,
and visualized under UV light after staining with
ethidium bromide. 677C alleles were identified as 198
base pairs (bp) fragments and 677T alleles as 175 and 23
bp fragments (Frosst et al, 1995).

Estimation of vitamin B12, folate, B6 and homocysteine
in serum/plasma

Fasting venous blood was obtained from cases as well as
controls. Serum samples were analyzed for folate and vi-
tamin B12 using radioassays (Chanarin, 1989; Quadros,
2000). Plasma samples from both cases and controls were
screened for pyridoxal phosphate (PLP; coenzymic form
of vitamin B6) and homocysteine. PLP in plasma was
determined using a method described previously (Igbal, et
al, 2003). Determination of plasma homocysteine was car-
ried out using a kit based on fluorescence polarization
immunoassay (Abbott Laboratories, Ltd., Pakistan).
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Data analysis

Statistical analyses were done with the help of an SPSS®
(Statistical Package for Social Sciences) software version
13.0 for Windows® Apache Software Foundation, USA).
Distribution differences of MTHFR genotypes in AMI
patients as compared to controls, as well as Hardy-
Weinberg proportions of allele distribution, were assessed
using chi-square test. Homocysteine values were con-
verted to logs, as the data were not normally distributed.
Means were compared using one way analysis of variance
(ANOVA). Significant differences were identified using a
Post-Hoc test (Dunnett T3) for MTHFR genotypes, when
homogeneity of variance was found to be significant.

Multivariate analysis was performed using values for log
homocysteine, vitamin B12, vitamin B6 and folate as out-
come variables, whereas cases and controls, MTHFR
genotypes, age and smoking status were independent vari-
ables. A p-value less than 0.05 was considered significant.

RESULTS

Table 1 shows the demographic and clinical characteristics
of patients and normal healthy control subjects. Patient
and control groups had female to male ratios of about 1:3.
The mean age was slightly higher for patients. Mean BMI
values for the two groups were similar.

Table 2 shows the distributions of 677C and 677T alleles,
as well as those of genotypes of MTHFR 677C>T dimor-
phism in AMI patients and controls. Frequencies of the
677T alleles were 0.13 in controls and 0.14 in cases.
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MTHFR genotypes were found to occur in Hardy-
Weinberg proportions in the normal as well as the patient
groups (P=0.53 and P=0.45 with 2 df, respectively).

We also explored association of MTHFR genotypes with
several phenotypic variables, including plasma homocys-
teine, serum folate, serum B12 and plasma PLP (Table
3). While studying the association between MTHFR
genotypes and homocysteine, log transformation of ho-
mocysteine revealed that homocysteine value in the TT
group was significantly different from that of both CC
(P<0.03) and CT groups (P<0.004) for both patients and
controls. However, between cases and controls, differ-
ences were not found to be statistically significant. In
multivariate analysis, log homocysteine, B12 and folate
were found to be significant. With regard to log homo-
cysteine, age and MTHFR genotypes were found to be
significantly different (P<0.001). With B12, smoking
and age were found to be statistically significant
(P<0.001), whereas for serum folate, only smoking was
found to be significant (P<0.001).

DISCUSSION

Normal healthy subjects included in this study constituted
a “comparison” group, rather than a true control group.
Since they had no evidence of CAD on the basis of their
clinical history and were matched for sex, age and BMI,
they represented a valid comparison group. However, it is
likely that some of them will develop CAD in future, and
some might even have heart disease at a subclinical, i.e.
undetectable level.

Table 1. Demographic and clinical characteristics of Pakistani subjects

Controls AMI Patients
(n=225) (n=397)
Mean * SD (Range) Frequency (%) Mean # SD (Range) Frequency (%)
Age (Years) 49 £ 8.8 53.5+10.1
(30-75) (30-74)
Gender
(Male) 173 (76.9) 309 (77.8)
(Female) 52 (23.1) 88 (22.2)
Body mass index* 23.86+53 25.1+39
(kg/m?) (13.48-45.28) (10.77-43.75)
>30 (obese) 19 (8.4) 43 (10.8)
Smoking status*
(smokers) 38(17.2) 109 (28.6)
(non-smokers) 183 (82.8) 272 (71.4)
Hypertension*
(Yes) 0 175 (44.9)
(No) 225 (100) 215 (55.1)
Diabetes*
(Yes) 6(2.6) 122 31.4)
(No) 219 (97.4) 267 (68.6)
Glucose (mg/dl) 96 + 27 137+ 76 ’
(51-230) (51-578)
Hypercholesterolemia*
(Yes) 13 (5.8) 70 (17.6)
Total-cholesterol (mg/dl) 166 + 35 179 + 49
(61-230) (68-457)

*As defined in the Patients and Methods section.
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Table 2. Distribution of MTHFR 677C>T genotypes and allele frequencies (Means= standard errors) in normal healthy subjects and

AMI patients
Normal healthy subjects AMI patients Odds Ratio (OR)
Genotype* (n=225) (n=397) (95% C.1)
n(%) n(%)

CcC 161(71.6) 279(70.2) 0.7
(0.2-1.8)

CT 57(25.3) 110(27.7) 0.6
(0.2-1.7)

TT 7(3.1) 8(2.0) 1

p(C allele)** 0.87 £0.02 0.86 £ 0.02

q(T allele)** 0.13 £ 0.02 0.14 £0.02

*1?=1.029; 2 df; P=0.598
#¥y2=(25; 1 df; P=0.62

Table 3. MTHFR genotypes, age and concentrations of plasma/serum homocysteine, folate, vitamin B12 and PLP in normal healthy

subjects (controls) and AMI patients

. MTHEFR Genotype
Subjects cC CT T

Controls

Age (years) 49.7+ 8.7 48 £8.7 409 +£8.0

Fasting homocysteine. (umol/l) 279+033 2.86+0.36 3214065

[Log transformed]

Serum folate (ng/ml) 4.62+293 5.01£2.71 2.89+4.1

Serum B12 (pg/ml) 547 +314 517 +£260 384 + 177

Plasma PLP (nmol/l) 21.3+15.7 22.1+122 34+30.6
AMI Patients

Age (years) 54+10.2 527+£9.7 47.4+10.6

Fasting homocysteine (umol/l) 2.83 +0.38 2.83+0.44 3.56+0.42

[Log transformed]

Serum folate (ng/ml) 39+3.1 3.8+£2.7 23+£2.7

Serum B12 (pg/ml) 250+ 171 276 + 199 226 + 121

Plasma PLP (nmol/l) 223+2438 223£19.9 16+11.8

Pakistan is facing a huge challenge in combating CAD
(Ahmad, 2002; Bhopal, 2002). According to the most
careful estimates, nearly 100,000 individuals in a total
population of about 150 million suffered AMI in Pakistan
in the calendar year 2002 (Samad, 2003). This rate is
alarmingly high. High prevalence of folate, B12 and B6
deficiencies along with mild hyperhomocysteinemia
could be contributing to this high CAD rate (Igbal et al,
2005). These observations pointed towards the possible
role of MTHFR gene in the development of CAD in this
population.

Several studies have suggested that MTHFR 677C>T mu-
tation confers increased risk for CAD (Kluijtmans et al,

© Igbal et al | Journal of Molecular and Genetic Medicine | August 2005

1997). At the same time, quite a few reports show no as-
sociation between this mutation and the risk of CAD, es-
pecially among Asians (Chambers et al, 2000, Wang et al,
2001, Kim et al, 2001, Mukherjee et al, 2002). In the pre-
sent study, we report that the allele frequencies of the
MTHFR 677C>T polymorphism in the Pakistani normal
subjects are 0.87 £ 0.02 and 0.13 £ 0.02 for the 677C and
677T alleles, respectively, while in AMI patients, these are
0.86 = 0.02 and 0.14 £ 0.02, respectively. This low preva-
lence of mutant allele (T allele) among cases and controls
in our study compares well with “T” allelic frequencies of
0.18 and 0.19 in normal healthy subjects and CAD pa-
tients, respectively, in a population of Asian Indians
(Mukerjee et al, 2002). Similarly, the overall homozygous
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MTHFR TT variant frequency of 0.024 in this study com-
pares well with an observed frequency of 0.02 among
South Asians living in England (Cappuccio et al, 2002).
Analysis of our data revealed that C677T genotype distri-
butions were in Hardy-Weinberg proportions, both in the
control group and AMI patient group.

Our data did not show any significant association be-
tween 677C>T polymorphism and AMI (a presentation
of CAD) in the Pakistani population sampled. Since the
overall effect of MTHFR mutation 677C>T on CAD has
been postulated to occur through hyperhomocysteine-
mia, we searched for any association between plasma
levels of homocysteine and MTHFR 677C>T polymor-
phism. Many reports based on data from various popu-
lations show association of homozygous MTHFR 677T
genotypes with raised plasma homocysteine concentra-
tions (Frosst et al, 1995; Ma et al, 1996; Kluijtmans et
al, 1996; Kluijtmans et al, 1997; Verhoef et al, 1997,
Brattstrom et al, 1998; Nair et al, 2002; Yilmaz et al,
2005), especially in the presence of low folate (Jasques
et al, 1996; Ma et al, 1996; Christensen et al, 1997,
Schwatz et al, 1997; Gemmati et al, 1999). Our results
are quite consistent with these observations; in both
AMI patients and controls (with serum folate levels
quite low compared to most Western populations), ho-
mozygous MTHFR 677T genotype was found to be as-
sociated with elevated concentrations of plasma homo-
cysteine (P<0.001).

Since total serum levels of homocysteine have been
shown to depend on both genetic and environmental
factors, the role of folate status cannot be overlooked.
Although differences in serum folate in the present
study are not statistically significant between geno-
types, homozygous mutant individuals (TT genotype)
do have lower serum folate in both controls and AMI
patients (Table 3). It is possible that the mutation itself
may affect serum folate levels because 5-
methyltetrahydrofolate is the primary circulating form
of folate and in severe MTHFR deficiency, the propor-
tion of intracellular folate (5-methyltetrahydrofolate)
has been shown to be reduced (Rosenblatt, 1995).

Matsushita et al (1997) reported that frequencies of ho-
mozygous MTHFR genotypes 677T decrease with age in
the normal population, and that younger people (< 55
years) have higher frequency of homozygous MTHFR
mutation than older ones (> 55 years). Chamber et al
(2000) also reported a higher frequency of homozygosity
for MTHFR 677T in cases with onset of coronary heart
disease before the age of 50 years. In the present study, a
similar nonsignificant (P=0.25) trend was observed as
homozygous MTHFR mutation (TT genotype) occurred
in 1.5% of subjects over 50 compared to 3.5% in those
below the age of 50. Further studies involving a larger
sample size would be required to ascertain whether
younger subjects have significantly high prevalence of
TT genotype as it might account for the high risk of CAD
in our younger population (Virk et al, 1995).

Frequencies of MTHFR 677T homozygotes in both
cases and controls in our population were 2% and 3.1%,
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respectively (Table 2). These values are quite compa-
rable with those reported by Chambers et al (2000) who
have found these frequencies to be 1% (in coronary
heart disease patients) and 3% (in normal controls)
among Indian Asians residing in the United Kingdom.
Mukherjee et al. (2002) found these values to be 2% in
normal control subjects, and zero in CAD patients
among Asian Indians. In contrast, the frequencies of
homozygous mutant gene in controls and cases in three
US populations were in the range 10% - 13.1% (Ma et
al, 1996, Schwartz et al, 1997; Anderson et al, 1997),
10.5% - 10.6% in Western Australians (Van Bockx-
meer et al, 1997), 10% - 14% in Canadians (Christensen
et al, 1997), 9% - 11% in Poles (Goracy et al, 1999),
12.3% - 12.8% in Chinese (Zheng et al, 2000), 5.8%
and 12.1% in Slovakians (Raslova et al, 2001) and 10%
- 14% in European Caucasians (Chambers et al, 2000),
respectively.

While homozygosity for MTHFR 677T is associated
with hyperhomocysteinemia in the Pakistani population,
it appears not to be an important determinant of in-
creased CAD mortality in this population. Mild hyper-
homocysteinemia, perhaps through an interplay with
other cardiovascular risk factors, such as smoking,
dyslipidemia (especially low HDL cholesterol), nutri-
tional deficiencies (folate, B12 and selenium), and
raised fasting glucose could be enhancing the risk of
CAD in Pakistan.

CONCLUSIONS

e MTHFR mutation (677 C>T) is relatively rare among
Pakistanis and the MTHFR TT genotype does not appear
to be a risk factor for AMI in the population investigated.

e We hypothesize that the higher AMI incidence in South
Asia (especially in Pakistan) occurs through mechanisms
other than the MTHFR related pathways.

e Bearing in mind the complex nature of genetic suscepti-
bility for chronic degenerative diseases, further studies
need to be conducted in individual ethnic groups (involv-
ing younger subjects) taking into account their nutritional
status in terms of vitamins B6, B12 and folic acid to ver-
ify the disease relevance of this polymorphism.
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LIST OF ABBREVIATIONS

MI: Myocardial infarction

AMI: Acute myocardial infarction
CAD: Coronary artery disease
BMI: Body mass index

REFERENCES

Aamir M, Sattar A, Dawood MM, Dilawar M, [jaz A and
Anwar M. 2004. Hyperhomocysteinemia as a risk factor for
ischemic heart disease. JCPSP, 14, 515-517.

Aguilar B, Rojas JC and Collados MT. 2004. Metabolism of
homocysteine and its relationship with cardiovascular dis-
ease. J Thromb Thrombolysis, 18, 75-87.

Ahmad K. 2002. Facing up to Pakistan’s cardiovascular chal-
lenge. Lancet, 359, 859.

Anderson JL, King GJ, Thomson MJ et al. 1997. A mutation
in the methylenetetrahydrofolate reductase gene is not as-
sociated with increased risk for coronary artery disease or
myocardial infarction. J Am Coll Cardiol, 30, 1206-1211.

Balarajan R. 1991. Ethnic differences in mortality from is-
chaemic heart disease and cerebrovascular disease in Eng-
land and Wales. Br Med J, 302, 560-564.

Bhopal R. 2002. Epidemic of cardiovascular disease in South
Asians. Br Med J, 324, 625-626.

Brattstrom L, Wilcken DE, Ohrvik J and Brudin L. 1998.
Common methylenetetrahydrofolate reductase gene muta-
tion leads to hyperhomocysteinemia but not to vascular dis-
ease: the result of a meta-analysis. Circulation, 98, 2520-
2526.

Cappuccio FP, Bell R, Perry 1J et al. 2002. Homocysteine
levels in men and women of different ethnic and cultural
background living in England. Atherosclerosis, 164, 95-
102.

Chamber JC, Ireland H, Thompson E et al. 2000. Methylene-
tetrahydrofolate reductase 677 C—T mutation and coronary
heart disease risk in UK Indian Asians. Arterioscler
Thromb Vasc Biol, 20, 2448-2452.

Chanarin 1. 1989. Laboratory Haematology. Churchill Liv-
ingstone, New York, USA, First Edition, pp 131-137.

Christensen B, Frosst P, Lussier-Cacan S et al. 1997. Corre-
lation of a common mutation in the methylenetetrahydro-
folate reductase gene with plasma homocysteine in patients
with premature coronary artery disease.  Arterioscler
Thromb Vasc Biol, 17, 569-573.

Frosst P, Blom HJ, Milos R et al. 1995. A candidate genetic
risk factor for vascular disease: a common mutation in me-
thylenetetrahydrofolate reductase. Nat Genet, 10, 111-113.

Gemmati D, Previati M, Serino ML, et al. 1999. Low folate
levels and thermolabile methylenetetrahydrofolate reduc-
tase as primary determinant of mild hyperhomocysteinemia
in a normal and thromboembolic subjects. Arterioscler
Thromb Vasc Biol, 19, 1761-1767.

Goracy I, Goracy J, Suliga M and Ciechanowicz A. 1999.
C677T gene polymorphism of methylenetetrahydrofolate
reductase (MTHFR) in patients with myocardial infarction.
Pol Arch Med Wewn, 102, 849-854.

Igbal MP, Ishaq M, Kazmi KA, et al. 2005. Role of vitamins
B6, B12 and folic acid on hyperhomocysteinemia in a Paki-
stani population of patients with acute myocardial infarca-
tion. Nutr Metab Cardiovasc Dis, 15, 100-108.

Igbal MP, Khan AH and Yousuf FA. 2003. A simple and
sensitive radioenzymatic assay for pyridoxal-5’-phosphate
in human plasma. Pakistan J Zool, 35, 231-235.

Jacques PF, Bostom AG, Williams RR et al. 1996. Relation
between folate status, a common mutation in methylenetet-
rahydrofolate reductase and plasma homocysteine concen-
trations. Circulation, 93, 7-9.

© Igbal et al | Journal of Molecular and Genetic Medicine | August 2005

31

Kang SS, Wong PWK, Susmanbo A, Sora J, Norusis M and
Ruggie N. 1991. Thermolabile methylenetetrahydrofolate
reductase: an inherited risk factor for coronary artery dis-
ease. Am J Hum Genet, 48, 536-545.

Kim CH, Hwang KY, Choi TM, Shin WY and Hong SY.
2001. The methylenetetrahydrofolate reductase gene poly-
morphism in Koreans with coronary artery disease. Int J
Cardiol, 78, 13-17.

Kluijtamans LAJ, van den Heuvel LP, Boers GHJ et al. 1996.
Molecular genetic analysis in mild hyperhomocysteinemia:
a common mutation in the methylenetetrahydrofolate re-
ductase gene is a genetic risk factor for cardiovascular dis-
ease. Am J Hum Genet, 58, 35-41.

Kluijtmans LAJ, Kastelein JP, Lindemans J et al. 1997.
Thermolabile methylenetetrahydrofolate reductase in coro-
nary artery disease. Circulation, 96, 2573-2577.

Lander ES. 1996. The new genomics: global views of biol-
ogy. Science, 274, 536-539.

Ma J, Stampfer MJ, Hennekens CH et al. 1996. Methylene-
tetrahydrofolate reductase polymorphism, plasma folate,
homocysteine, and risk of myocardial infarction in US phy-
sicians. Circulation, 94, 2410-16.

Matsushita S, Muramatsu T, Arai H, Matsui T and Highuchi
S. 1997. The frequency of the methylenetetrahydrofolate
reductase gene mutation varies with age in the normal
population. Am J Hum Genet, 61, 1459-60.

McKeigue PM. 1992. Coronary heart disease in Indians,
Pakistanis and Bangladeshis: Etiology and possibilities of
prevention. Br Heart J, 67, 341-342.

Mukherjee M, Joshi S, Bagadi S, Dalvi M, Rao A and Shetty,
KR. 2002. A low prevalence of the C677T mutation in the
methylenetetrahydrofolate reductase gene in Asian Indians.
Clin Genet, 61, 155-59.

Nair KG, Nair SR, Ashavaid TF, Dalal JJ and Eghlim FF.
2002. Methylenetetrahydrofolate reductase gene mutation
and hyperhomocysteinemia as a risk factor for coronary
heart disease in the Indian population. J Assoc Physicians
India, 50 Suppl., 9-15.

Nishtar S. 2002. Prevention of coronary heart disease in
South Asia. Lancet, 360, 1015-18.

Quadros EV. 2000. Vitamin B12. In: Song WO, Beecher
GR and Eitenmiller RR (Eds) Modern Analytical Method-
ologies in Fat and Water-Soluble Vitamins. Chemical
Analysis Series, John Wiley & Sons Inc, New York, USA,
vol 154, pp 311-326.

Raslova K, Smolkova B, Vohnout B, Gasparovic J and Froh-
lich JJ. 2001. Risk factors for atherosclerosis in survivors
of myocardial infarction and their spouses: comparison to
controls without personal and family history of atheroscle-
rosis. Metabolism, 5, 24-29.

Risch N and Merikangas K. 1996. The future of genetic stud-
ies of complex human diseases. Science, 273, 1516-1517.
Rosenblatt DS. 1995. Inherited disorders of folate transport
and metabolism. In: Scriver CR, Beaudet AL, Sly WS,
Valle D (Eds) The Metabolic and Molecular Bases of Inher-
ited Diseases, McGraw-Hill, New York, USA, 7 Edition,

pp 3111-3128.

Samad A. Coronary artery disease in Pakistan; preventive
aspects. 2003. Pakistan J Cardiol, 14, 59-60.

Sambrook J, Fritsch EF and Maniatis T. 1989. Molecular
Cloning, a Laboratory Manual, Cold Spring Harbour Labo-
ratory Press, Cold Spring, NY, USA, 2™ Edition.

Sastry BK, Indira N, Anand B, Kedarnath, Prabha BS and
Raju BS. 2001. A case-control study of plasma homocys-
teine levels in South Indians with and without coronary ar-
tery disease. Indian Heart J, 53, 749-753.

Schork N. 1997. Genetically complex cardiovascular traits: origins,
problems, and potential solutions. Hypertension, 29, 145-149.
Schwartz SM, Siscovick DS, Malinow MR et al. 1997. Myo-
cardial infarction in young women in relation to plasma to-

| Vol 1,No 1 | 26-32 | OPEN ACCESS



tal homocysteine, folate, and a common variant in the me-
thylenetetrahydrofolate reductase gene. Circulation, 96,
412-417.

van Bockxmeer F, Mamotte CD, Vasikaran SD and Taylor
RR. 1997. Methylenetetrahydrofolate reductase gene and
coronary artery disease. Circulation, 95, 21-23.

Verhoef P, Kok FJ, Kluijtmans LA et al. 1997. The 677C—T
mutation in the methylenetetrahydrofolate reductase gene:
associations with plasma total homocysteine levels and risk
of coronary atherosclerotic disease. Atherosclerosis, 132,
105-113.

Virk ZU, Khan AA and Bukhari MA. 1995. Ischemic heart
disease in young population (35 years): a clinical profile.
Pakistan J Cardiol, 6, 64-66.

Wang X, Gu D, Sun F et al. 2001. Study on relationship be-
tween methylenetetrahydrofolate reductase gene C677T
mutation and coronary heart disease. Zhonghua Yi Xue Yi
Chuan Xue Za Zhi, 18, 206-8.

Yilmaz H, Isbir S, Agachan B, Ergen A, Farsak B and Isbir
T. 2005. C677T mutation of methylenetetrahydrofolate
reductase gene and serum homocysteine levels in Turkish
patients with coronary artery disease. Cell Biochem Funct,
in press.

Zheng YZ, Tong J, Do XP, Pu XQ and Zhou BT. 2000.
Prevalence of methylenetetrahydrofolate reductase C677T
and its association with arterial and venous thrombosis in
the Chinese population. Br J Haematol, 109, 870-874.

SHORT COPYRIGHT STATEMENT

This is an open access article, published under the terms of the
Licence for Users available at http://www.libpubmedia.co.uk/
MedJ/LicenceForUsers.pdf. ~ This  licence  permits non-
commercial use, distribution and reproduction of the article, pro-
vided the original work is appropriately acknowledged with cor-
rect citation details.

© Igbal et al | Journal of Molecular and Genetic Medicine | August 2005 | Vol 1,No 1 | 26-32 | OPEN ACCESS

32



	eCommons@AKU
	July 2005

	Lack of association of methylenetetrahydrofolate reductase 677C>T mutation with coronary artery disease in a Pakistani population
	M Perwaiz Iqbal
	Tasneem Fatima
	Siddiqa Parveen
	Farzana A. Yousuf
	Majid Shafiq
	See next page for additional authors
	Recommended Citation
	Authors


	Lack of association of...

