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Summary 

Buckground: Elevated plasma homocysteine level is an in- 
dependent risk factor for cardiovascular disease. A common 
mutation (nucleotid 677C-T) in the gene coding for methyl- 
enetetrahydrofolate reductase (MTHFR) has been reported to 
reduce the enzymatic activity of MTHFR and is associated 
with elevated plasma levels of homocysteine, especially in 
subjects with low folate intake. 

Hypothesis: Methylenetetrah ydrofolate reductase T/T geno- 
type may be a risk factor for premature MI in Turkish popula- 
tion who are known to have low folate levels. 

Methodc?: The study group was comprised of 96 men (aged 
<45 years) with premature myocardial infarction (MI) and 
100 age- and gender-matched controls who had no history or 
clinical evidence of coronary artery disease (CAD) and/or MI. 
DNA was extracted from peripheral blood and genotypes 
were determined by polymerase chain reaction, restriction 
mapping with Hinfl, and gel electrophoresis. Conventional 
risk factors for CAD were prospectively documented. 

Results: Allele and genotype frequencies among cases and 
control subjects were compatible with Hardy-Weinberg equi- 
librium. The frequencies of T/T, C/T, and C/C genotypes 
among patients with MI and control subjects were 15.6,40.6, 
and 43.8% and 5 ,  35, and 60%, respectively. Multivariate 
analyses identified smoking, MTHFR C/T polymorphism, 
diabetes mellitus, family history of CAD, and hypertension as 
the independent predictors of premature MI. Defining pa- 
tients with non-T/T genotype (C/C and C/T combined) as ref- 
erence, the relative risk of MI for subjects with T/T genotype 
was 5.94 (95% confidence interval: 1.96-18.02, p =0.0016). 
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Conclusions: Our findings suggest that C677T transition in 
the MTHFR gene may be a risk factor for premature MI in 
Turkish men. 
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Introduction 

There is firm evidence that an elevated total plasma homo- 
cysteine level is an independent risk factor for vascular disease 
including coronary artery disease (CAD) and myocardial in- 
fraction (MI).',* A number of genetic or nutritional deficien- 
cies can elevate the plasma levels of homocysteine.' The 5- 10 
metylenetetrahydrofolate reductase (MTHFR) is a recently 
described enzyme that catalyzes the reduction of 5,lO MTHF 
to 5 MTHF,". which is a cosubstrate in the remethylation of 
homocysteine to methionine. A functionally important and 
common mutation (nucleotide 677 C-T) in the gene coding for 
MTHFR has now been described.6 This mutation has been re- 
ported to reduce the enzymatic activity of MTHFR and was 
associated with an elevated plasma level of homocysteine? es- 
pecially in subjects with low plasma folate levels8 It has been 
previously reported that in the Turkish population there is a 
high prevalence of CAD despite their having low cholesterol 
levels? The Turkish population is also known to have low fo- 
late levels.1° Taken together, the C677T polymorphism in the 
MTHFR gene may be a genetic risk factor for premature car- 
diovascular disease in the Turkish population. To test this hy- 
pothesis, we studied the prevalence of the C677T mutation in 
Turkish men with premature MI. 

Methods 

Study Population 

The study group was comprised of 96 consecutive men 
(aged < 45 years) with premature MI and I 0 0  age- and gen- 
der-matched healthy controls from the same geographic area. 
Myocardial infarction was diagnosed by the presence of two 
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of three criteria for typical chest pain > 30 min, a rise in crea- 
tine kinase (CK)-MB, and ST elevation of at least 2 mm in 
two contiguous leads. None of the control subjects had a prior 
history of angina or MI. Each had a normal physical exam- 
ination and normal electrocardiogram. Moreover, negative 
exercise testing was considered mandatory for control sub- 
jects. Conventional risk factors for CAD such as hypertension 
(blood pressure > 140/90 mmHg or prior therapy), diabetes 
mellitus (fasting blood glucose of > 140 mg/dl or prior thera- 
py), hypercholesterolemia (total cholesterol > 220 mg/dl, or 
on cholesterol-lowering agents), family history of CAD, and 
smoking (current smokers) were prospectively documented. 
Informed consent was obtained from all subjects. 

Methylenetetrahydrofolate Genotype Analysis 

Genomic DNA was extracted from peripheral blood lym- 
phocytes by standard procedure, and mutation analysis was 
performed essentially as described by Frosst et aL6 Electro- 
phoresis in a 4% agarose gel followed by ethidium bromide 
staining and ultraviolet illumination allowed detection of mu- 
tated alleles. 

Statistical Analysis 

Statistical analyses were performed using SPSS (Statistical 
Package for Social Sciences) software package, version 8.0 
for Windows (SPSS Inc., Chicago, Ill., USA). Data are ex- 
pressed as numbers and percentages for discrete variables and 
as mean f standard deviation (SD) for continuous variables. 
Alleles and genotype frequencies between cases and control 
subjects were counted and compared by chi-square test with 
Hardy-Weinberg predictions. Age, hypercholesterolemia, 
smoking, hypertension, family history of CAD, diabetes mel- 
litus, and MTHFR genotypes were selected as potential risk 
factors for MI. Independent predictors of MI were deter- 
mined by using multiple stepwise regression analyses. Odds 
ratios (OR) with two-tailed p values and 95% confidence in- 
tervals (CIS) were calculated as a measure of the association 
of the MTHFR C/T genotype with MI, assuming a recessive 
model of inheritance (T/T vs. C/T and C/C combined). All 
probability values are two-tailed and a value of p ~0.05 was 
considered statistically significant. 

ReSUltS 

Baseline characteristics of patients with MI and controls are 
summarized in Table I. All conventional risk factors for CAD 
were significantly more prevalent among patients with MI. 
Table I1 indicates the MTHFR genotype frequencies of pa- 
tients and controls. Genotype frequencies of patients and con- 
trols were compatible with Hardy-Weinberg equilibrium. The 
T/T genotype was more frequently observed among patients 
withMIthanamongcontrols(15.6vs.5%,p=O.O16).Theas- 
sociation between conventional risk factors for CAD and 
MTHFR genotypes is indicated in Table III. Family history of 

TABLE I 
controls 

Characteristics of patients with myocardial infaction and 

Age, years 
Diabetes mellitus, n (%) 
Hypertension, n (%) 
Family history of 
CAD, n (%) 

Smoking, n (%) 
Hypercholesterolemia, n (%) 

MI 
(n=96) 

38+7 
17(17.8) 
29 (30.2) 

33 (34.4) 
60(62.5) 
28 (29.2) 

Controls 
(n = 100) 

37*5 
5 ( 5 )  

13(13) 

19(19) 
35 (35) 
16(16) 

p Value 

NS 
0.005 
0.003 

0.0 I5 
<O.oOl 

0.027 

Abbreviurions: MI = myocardial infarction, CAD =coronary artery 
disease, n = number of patients. 

CAD was significantly more prevalent among patients with 
T/T genotype than among those with non-T/T genotype (40 
vs. 25%, p = 0.017). Multiple stepwise logistic regression 
analysis identified smoking, MTHFR C/T polymorphism, di- 
abetes mellitus, family history of CAD, and hypertension as 
the independent predictors of MI (Table IV). Defining patients 
with non-T/T genotype (C/T and C/C combined) as reference, 
the relative risk of MI for patients with T/T genotype was 5.94 
(95% CI: 1.9618.02,p=0.0016. 

Discussion 

In this population of Turkish men with premature MI, we 
observed a significantly higher prevalence of T/T genotype 
than in the age- and gender-matched controls. This might be 
attributed to the relatively lower prevalence of T/T genotype in 

TABLE I1 Genotype frequencies of patients with myocardial infac- 
tion (MI) and normal controls 

Genotypes T/T C/T CIC 

MI (n= 96) (%) 15(15.6) 39(40.6) 42(43.8) 
Controls (n= 100) (%) 5 (5 )  35 (35) 60 (60) 

TABLE 111 The association between conventional risk factors for 
CAD and MTHFR genotypes 

T/T Cm C/C 
Genotype ( n =  15) (n=39) (n=42) pValue 

Diabetes mellitus, n 1 7 9 NS 
Hypertension, n 1 12 16 NS 
Family history of CAD, n 6 19 8 0.017 
Smoking, n 7 27 26 NS 
Hypercholesterolemia, n 3 8 17 NS 

Abbreviutiorts: MTHFR = methylenetetrahydrofolate reductase, 
CAD = coronary artery disease, n =number of patients. 
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TABLE IV Independent predictors of myocardial infarction for the 
study population 

OR (95% CI) p Value 

Diahetes mellitus 3.52 ( I. 19-10.42) 0.0226 

Family history ofCAD 2.27 ( I  .w4.71) 0.0266 

MTHFR TITgenotype 5.94 ( 1.96-18.02) 0.00 16 ' I  

Smoking I .54 ( I  .54-5.53) 0.0010 

Hypertension 2.88 (1.30-6.34) 0.0085 

('TIT vs. non T/T (CIT+C/C) 
AhhrPviarions: OR = odds ratio, CI = confidence interval. Other 
abbreviations as in Table 111. 

our control subjects (5%) than that found in other westem pop- 
ulations. However, our results are in line with a recent study of 
the Turkish population in which T/T genotype frequency in 
control subjects was 5.2%.In Although an increased preva- 
lence of thermolabile MTHFR has been previously reported 
among patients with CAD,' this has not been confirmed in 
several others.I4, Is Unlike in our study, these studies mostly 
consisted of patients who had CAD, but not necessarily MI. 
Although there is, of course, a relationship between angio- 
graphic CAD and MI, the two are not synonymous and each 
has distinct determinants. This is likely to extend to genetic 
causes. Indeed, analysis of different phenotypes may explain 
at leayt some of the discrepancies that have been reported in re- 
lation to the thermolabile MTHR mutation. However, studies 
that also investigated the asociation between MI and MTHFR 
C677T polymorphism obtained different results. Kluijtmans 
etrzl. I h  found a three-fold increased risk of premature cardio- 
vascular disease among men with T/T genotype in 60 patients 
(32 with cerebrovascular disease, 18 with peripheral arterial 
disease, and 10 with MI). Similarly Morita et aLI7 reported 
that T/T genotype of MTHFR was significantly associated 
with Occurrence of MI. In contrast, Maet a/.'* failed to find an 
association between MTHFR polymorphism and risk of MI in 
US. physicians. However, subgroup analysis showed a trend 
toward an increase in MI risk among younger men with T/T 
genotype who had low folate levels. Anderson et ul. l9 also not- 
ed a nonsignificant trend toward the T/T genotype with MI 
risk in younger patients, especially in those with relative folate 
deficiency. Authors suggested that individuals with homozy- 
gous mutation in the MTHFR gene may be able to compensate 
for the genetic disturbance in tHcy metabolism through in- 
creasing folate intake. Accordingly, they stressed the impor- 
tance of determining the impact of this polymorphism in a 
general population sample with lower intake of folate and 
among young individuals. In the current study, we did not 
study the folate levels; however, previous studies demonstrat- 
ed that the folate level in the Turkish population is lower than 
that of well-nourished populations. In Furthermore, prevalence 
of congenital neural tube defects, due to folate deficiency, is 
known to be significantly higher in Turkey than in other coun- 
cries.'". Therefore, our study provides the opportunity for de- 
termining the role of MTHFR mutation as a risk factor for MI 

in young individuals from a community with low folate intake. 
Considering the ethnic differences between populations, the 
higher prevalence of homozygous MTHFR gene in our popu- 
lation with MI is not necessarily in conflict with other studies 
suggesting that MTHFR gene polymorphism is not associated 
with risk of MI. 

There have been many studies, including one from Turkey, 
declaring that individuals homozygous for the C677T muta- 
tion of the MTHFR gene have mild to moderate hyperhomo- 
cysteinemia due to reduced MTHFR enzyme a~tivity.~, 22 

Moreover, it has been shown that among individuals homozy- 
gous for the C677T mutation, the plasma homocysteine level 
was 24% greater than in those who had plasma folate concen- 
tration of c 15.4 mmoM compared with those who had plasma 
folate concentration > 15.4 mmoM.* As we did not measure 
the plasma homocysteine level, our study does not provide the 
opportunity to determine the relationship between the C677T 
mutation and homocysteine concentrations. However, on the 
basis of previous data, it would be logical to speculate that the 
increased risk of premature MI in our subjects with TT geno- 
type is at least partly due to hyperhomocysteinemia, which is 
known to have atherothrombotic effects.23 In addition, lower 
folate concentrations of the population might be considered to 
be an environmental factor that potentates the effect of this 
common mutation on homocysteine concentrations.R 

Conclusion 

We have demonstrated that MTHFX C677T mutation is 
significantly associated with risk of premature MI in Turkish 
men. Relatively lower folate concentrations of this population 
support the hypothesis that, in individuals with insufficient fo- 
late intake, this mutation may heighten cardiovascular risk, 
whereas in well-nourished populations it might be tolerated 
without consequences on clinical phenotype. Accordingly, 
folic acid supplementation, especially in communities with 
lower dietary folate intake and higher prevalence of TT geno- 
type, may helpful in reducing the cardiovascular risk by over- 
coming the enzyme defect:. 24 However, there are still insuf- 
ficient data to justify such recommendations fully. 
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