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 Abstract
Introduction: The functional point mutation C677T in the methylenetetrahydrofolate reductase 

(MTHFR) gene, has been reported to contribute to hyperhomocysteinaemia which is a risk 
factor for atherothrombotic ischaemic strokes. This study evaluated the prevalence of the C677T 
polymorphism of the gene in Malaysian ischaemic stroke subjects of Malay, Chinese and Indian 
ethnicities, and its association with homocysteine levels (tHcy). Materials and Methods: A total of 
292 subjects were recruited, comprising 150 ischaemic stroke patients and 142 control subjects who 
were age and sex matched. Plasma homocysteine, serum folate and vitamin B12 were measured in 
all subjects. Genotyping was carried out using PCR-RFLP. Results: The homocysteine levels were 
signifi cantly higher (P = 0.001) in the stroke group (11.35 ± 2.75 μmol/L) compared to the control 
group (10.38 ± 2.79 μmol/L).  The MTHFR C677T genotype distribution for the stroke group was 
46%, 40% and 14%, respectively for CC, CT and TT genotypes and 59.9%, 33.8% and 6.3%, 
respectively for the control group. The genotype and allelic frequencies were signifi cantly different 
between the 2 groups, with P = 0.02 and P = 0.004 respectively. No signifi cant difference was seen 
in the genotype distribution inter-ethnically. An increasing tHcy was seen with every additional T 
allele, and the differences in the tHcy for the different genotypes were signifi cant in both the control 
(P <0.001) and stroke groups (P <0.001). Conclusion: This study shows that TT genotype of the 
methylenetetrahydrofolate reductase C677T polymorphic gene is an important determinant for 
homocysteine levels in Malaysian ischaemic stroke patients.
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Introduction
Stroke is the major cause of adult disability in developing 

countries.1 Traditional risk factors contribute up to 69% of the 
total risk of ischaemic stroke.2 There is a substantial body of 
knowledge to suggest that there are novel risk factors which 
may confer additional risks.3 Hyperhomocysteinaemia 
(hyperHcy) has been identifi ed as a potentially modifi able 
risk factor for stroke. Homocysteine (Hcy) has also been 
shown to be atherogenic and thrombogenic in experimental 
models.4-6 The 5,10-methelenetetrahydrofolate reductase 
(MTHFR) is an important enzyme which regulates plasma 
homocysteine levels. A C677T point mutation (p.A222V) 
has been linked to increased risk for ischaemic stroke in 
various population studies,7-9 but no systematic study has 

been done in the Malaysian population. The MTHFR 
gene is located at 1p36.3, consisting of 11 exons with the 
polymorphism occuring at exon 4.10 The aim of this study 
is to investigate if there is an association between Hcy 
and MTHFR C677T polymorphism in the multi-ethnic 
Malaysian ischaemic stroke patients. 

Materials and Methods
Study Design and Subjects

This was a case-control study. The study protocol was 
approved by the University of Malaya Medical Centre 
(UMMC) Ethics Committee. Written informed consents 
were obtained from all subjects prior to the study. A total 
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of 292 subjects were recruited, comprising 150 stroke 
patients from UMMC and 142 control subjects who were 
age and sex matched to the patients. Patients recruited 
were all at least 6 months post-stroke. The subjects were 
interviewed and only individuals with the same ethnicity 
for 3 generations were selected. 

The inclusion criteria for patients were those with a 
history of ischaemic stroke (single or recurrent) or those 
who presented with neurological defi cits and confi rmed 
by neuroimaging with computerised tomography (CT) or 
magnetic resonant imaging (MRI) scan. Echocardiography, 
vascular evaluation with transcranial Doppler ultrasound, 
CT angiography and MR angiography and other ancillary 
investigations were performed to evaluate stroke 
mechanisms. Patients were excluded if they have proven 
intra-cerebral bleed, cardioembolic stroke or other unusual 
aetiologies such as arterial dissection, Moyamoya disease 
or autoimmune diseases. Inclusion criteria for controls 
were those with no history of ischaemic stroke. Subjects 
were excluded if they were on medications or supplements 
which are known to interfere with homocysteine levels. 

Conventional risk factors were also assessed. The height 
and weight of all subjects were taken. Subsequently, Body 
Mass Index (BMI) was calculated using the formula weight 
(kilograms) / height2 (metres2). Diabetes mellitus (DM) 
was defi ned as being present when, (i) the subjects were 
previously diagnosed by a clinician or, (ii) on treatment 
with hypoglycaemic agent(s) or, (iii) as outlined by the 
National Institutes of Health (revised criteria, 1980).11 

Hypertension (HPT) was defi ned as being present when, 
(i) the subjects were previously diagnosed by a clinician 
or, (ii) on treatment with anti-hypertensive(s) drugs or, (iii) 
having systolic blood pressure ≥ 140 mmHg or diastolic 
blood pressure ≥ 90 mmHg on at least 2 different occasions.12 
Ischaemic heart disease (IHD) was defi ned as being present 
when the subjects were previously diagnosed by a clinician. 
Hypercholesterolaemia was defi ned as being present when, 
(i) having total cholesterol levels of >5.2 mmol/L13 or, (ii) use 
of cholesterol lowering treatment. Subjects were defi ned as 
consuming a signifi cant amount of alcohol if they consumed  
30 g per day of alcoholic beverage.14 Smoking status was 
defi ned as currently smoking ≥ 1 cigarette per day. Positive 
family history (FH) was defi ned as the occurrence of stroke, 
myocardial infarction in fi rst degree relatives. 

Biochemical Parameters  
The sample collection method for homocysteine 

(tHcy) assay was based on previously verifi ed methods.15 

Homocysteine assay was done using AxSYM Hcy assay 
kit by Abbott Laboratories on automated Abbott AxSYM 
Analyser. Serum vitamin B12 and folate analysis was 

carried out by the Clinical Diagnostic Laboratory (CDL), 
University Malaya Medical Centre. Serum creatinine was 
also measured in all subjects, as Hcy clearance is infl uenced 
by renal function. Hence, only subjects with serum creatinine 
levels less than 132 μmol/L were included in this study.

DNA Extraction and Genotyping
DNA was extracted from whole blood using PUREGENE 

DNA extraction kit by Gentra Systems according to 
manufacturer’s instructions. The MTHFR C677T 
genotyping was carried out using previously validated 
methods16 with some modifi cations in the cycling conditions 
as follows: Initial denaturation was carried out at 94°C for 
30 seconds. The samples were then amplifi ed for 39 cycles 
consisting of denaturation at 94°C for 15 seconds, annealing 
at 58°C for 45 seconds, extension at 72°C for 40 seconds, 
followed by a fi nal extension step at 72°C for 5 minutes. 
The amplicon size for the MTHFR C677T genotyping was 
246 bp. The PCR products (5 μL/1μg), was then digested 
with 2U of the restriction enzyme HinfI (NEB) for 2 
hours at 37°C. The products were then electrophoresed 
on a 9% PAGE and genotyping results were documented. 
The homozygous 677CC gave only 1 band of 246 bp, 
heterozygous 677CT gave 3 bands of 246 bp, 177 bp and 
69 bp; homozygous 677TT gave 2 bands of 177 bp and 69 
bp, as seen in Figure 1. 

Statistical Analysis
Non-parametric analyses were used for plasma Hcy, serum 

folate and vitamin B12 calculations, as the distributions 
were skewed. Conventional risk factors between groups 
were compared using Mann-Whitney U test for continuous 
variables and chi-square tests for discrete variables. 

Fig. 1. Silver-stained PAGE gel for MTHFR C677T genotyping. Lanes 1-5: 
PCR-RFLP pattern for representative patients’ samples with the corresponding 
genotypes indicated. Lane 6: negative PCR control. Lane 7: 100bp DNA ladder.
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Kruskal-Wallis test were applied for comparison between 
3 non-parametric variables, with post-hoc comparisons 
using Mann-Whitney U test for signifi cant fi ndings. 
Correlation studies were done using Spearman’s rho. All 
analyses were carried out using SPSS version 11.5. Allele 
and genotype frequencies among the patients and control 
subjects were also compared by the χ2 test with Hardy-
Weinberg predictions. 

Results
A summary of the subjects’ demography for this study 

is as listed in Table 1. Overall, the tHcy mean & median 
for the control group was 10.39 μmol/L and (10.31 ± 0.23) 
μmol/L while for the stroke group, the mean and median 
was 11.35 μmol/L and (10.83 ± 0.22) μmol/L, respectively. 
Hyperhomocysteinaemia (hyperHcy) in this study was 
defi ned according to the highest quintile,17 or ≥ 11.89 
μmol/L. In the control group, 19.7% had hyperHcy, while 
in the ischaemic stroke group, 35.3% had hyperHcy. The 
difference between the highest quintile and lower 4 quintiles 
in the control and ischaemic stroke groups was signifi cant 
(χ2 = 7.88, P = 0.005). Odds ratio was also calculated 
between the top fi fth and lower fourth groups, and it was 
found that the hyperHcy was 2.23 (95% CI, 1.31-3.79) times 
more likely in the ischaemic stroke group compared to the 

Table 1. Demographic Data and Conventional Stroke Risk Factors

Control
(n = 142)

Stroke
(n = 150)

P value

Mean age, years 
(Mean ± SD)

(60.6 ± 7.1) (61.0 ± 10.1) 0.48

Gender (n,%) 0.052

Female 71 (50.0) 58 (38.7)

Male 71 (50.0) 92 (61.3)

Ethnic group (n,%):

Malay 32 (22.5) 32 (21.3) 0.75

Chinese 62 (43.7) 72 (48.0)

Indian 44 (31.0) 42 (28.0)

BMI (Mean ± SD) 25.4 ± 4.8 25.0 ± 2.6 1.00

HPT (n, %) 61 (43.0) 123 (82.0) <0.0001

IHD (n, %) 7 (4.9)  0.17

DM (n, %) 24 (16.9) 82 (54.7) 0.0001

Total cholesterol, mmol/L 
(Mean ± SD)

5.47 ± 0.91 5.22 ± 1.20 0.032

Hypercholesterolaemia (%) 28 (21.9) 100 (78.1) <0.0001

Alcohol consumption (%) 13 (9.2) 36 (24.0) 0.001

Smoking (%) 16 (11.3) 66 (44.0) <0.0001

Positive family history (%) 61 (43.0) 92 (61.3) 0.002

BMI: Body mass index; HPT: hypertension; IHD: ischaemic heart 
disease; DM: diabetes mellitus

Table 2. Overall MTHFR C677T Genotype and Allelic Frequencies, Mean tHcy, Vitamin B12 (Vit. B12) and Folate Levels and by Different Ethnicities 

Overall 
(n = 292)

Malay 
(n = 72)

Chinese  
(n = 134)

Indian
(n = 86)

Control Stroke Control Stroke Control Stroke Control Stroke

MHFR 
(genotype)

C677T

CC, n (%) 85 (59.9) 69 (46.0) 23 (63.9) 13 (36.1) 37 (59.7) 39 (54.2) 25 (56.8) 17 (40.5)

CT, n (%) 48 (33.8) 60 (40.0) 10 (27.8) 18 (50.0) 22 (35.5) 22 (30.6) 16 (36.4) 20 (47.6)

TT, n (%)  9 (6.3) 21 (14.0)  3 (8.3)  5 (13.9)  3 (4.8) 11 (15.3)  3 (6.8)  5 (11.9)

P value     0.02 0.06 0.14 0.3

MTHFR 
(allele) 

C677T

C, n (%) 218 (76.7) 198 (66.0) 56 (77.8) 44 (61.1) 96 (77.4) 100 (69.4) 66 (75.0) 54 (64.3)

T, n (%)  66 (23.2) 102 (34.0) 16 (22.2) 28 (38.9) 28 (22.6)  44 (30.6) 22 (25.0) 30 (35.7)

P value    0.004    0.03     0.14    0.14

tHcy 
(μmol/L ± SE )

10.38 ± 0.23 11.35 ± 0.22 10.27 ± 1.83 11.23 ± 1.60 10.45 ± 0.39 11.44 ± 0.37 10.40 ± 0.39 11.30 ± 0.36

P value   0.001   0.10   0.03   0.08

Folate 
(nmol/L ± SE)

28.09 ± 0.96 23.90 ± 0.74 24.76 ± 1.83 23.74 ± 1.60 30.27 ± 1.41 24.62 ± 1.12 27.73 ± 1.79 22.83 ± 1.20

P value   0.01   0.73   0.001   0.038

Vit. B12 
(pmol/L ± SE)

324.64 ± 
11.84

337.55 ± 
12.30

338.33 ± 
18.88

375.28 ± 
33.99

324.22 ± 
15.54

326.24 ± 
14.92

314.02 ± 27.50 324.60 ± 
20.41

P value   0.49   0.69   0.92   0.40
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pmol/L respectively for the CC, CT and TT genotype and 
the difference was also not signifi cant. Comparisons were 
also made between control and ischaemic stroke subjects of 
the same genotypes, but no signifi cant difference was found. 

Discussion
This study found that the tHcy was signifi cantly higher 

in the stroke group, which was consistent with previous 
studies from Malaysia and Singapore,18,19 and other 
epidemiological studies including meta-analyses.9,20,21 No 
signifi cant difference in tHcy levels were found between 
the Malay, Chinese and Indian ethnic groups, in tandem 
with fi ndings from previous studies.18,22-24 Evidence from 
experimental studies also suggest that hyperHcy contributed 
to ischaemic strokes by accelerating atherogenesis and 
thrombogenesis through direct endothelial injury, causing 
endothelial dysfunction.25 The underlying mechanism 
behind endothelial dysfunction includes induction of 
NADPH oxidase by Hcy and nitric oxide synthase activity, 
contributing to increased superoxide radicals production26 

and decreasing bioavailability of nitric oxide (NO). 
The increasing tHcy with T allele relationship seen in this 

study has been demonstrated in other studies,27-29 showing 
that the T allele is an important predictor for tHcy. The T 
allele, which causes an amino acid change from alanine 
to valine, is associated with 50% reduction of the activity 
of MTHFR,30 producing an increase of between 20% 
to 35% higher tHcy levels.29,31 When this occurs, Hcy 
will be diverted from the remethylation pathway to the 
transsulfuration pathway, which is unable to handle the 
increased Hcy burden, resulting in accumulation of Hcy 
intracellularly, and subsequently, hyperHcy.32 Our fi ndings 
support the fi ndings of many other studies which found a 
higher frequency of the T allele in ischaemic stroke patients 
and a positive correlation between the TT genotype with 
ischaemic stroke including a large Chinese,27 Singaporean19 
and an Indian study.28 However, the frequency of the TT 
genotype is variable across different populations, between 
7.7% to 27.7%.7,33-36 The TT genotype frequency in our 
ischaemic stroke population was 15%, higher than that found 

control group. There was no signifi cant ethnic difference in 
the tHcy levels between the Malay [control: (10.27 ± 2.55) 
μmol/L; stroke: 11.23 ± 2.40 μmol/L], Chinese [control: 
(10.45 ± 3.09) μmol/L; stroke: (11.44 ± 3.14) μmol/L] 
and Indian [control: (10.40 ± 2.60) μmol/L, stroke: (11.30 
± 2.35) μmol/L] ethnic groups in either the controls (P = 
0.864) or the stroke group (P = 0.936). 

The mean and median for serum folate levels in the control 
group was 28.09 nmol/L and (26.40 ± 0.96) nmol/L while 
for the stroke group, the mean and median was 23.91 nmol/L 
and (22.55 ± 0.74) nmol/L. All subjects had folate levels 
within normal range except for 2 subjects. In the control 
group, the Chinese had the highest folate levels while the 
Malays had the lowest, the stroke group, the Chinese still 
had the highest folate levels, the Indians had the lowest. 
A signifi cant difference between the 3 ethnicities was 
found only in the control group (P = 0.034), and post-hoc 
analysis showed signifi cant difference only in the folate 
levels between Malays and Chinese, with a mean difference 
of 5.51 nmol/L (P = 0.01). A weak negative correlation 
was found between tHcy levels with serum folate (ρ = 
–0.19, P = 0.001), between serum vitamin B12 levels and 
tHcy levels, a moderate negative correlation was seen (ρ 
= –0.43, P = 0.001).  

The genotype and allelic frequencies of the polymorphism 
studied are summarised in Table 2. The TT genotype was 
also compared against TC pooled with CC genotypes, as 
in the recessive model between control and ischaemic 
stroke group. On the whole, the TT genotype distribution 
was signifi cantly higher in the ischaemic stroke group (P 
= 0.03), with an OR of 2.41 (95% CI, 1.06-5.45). The TT 
genotype frequencies were not found to be signifi cantly 
different among the Malay and Indian ethnic groups, and 
of borderline signifi cance in the Chinese. All genotype 
frequencies were in Hardy-Weinberg equilibrium.

The data were also analysed to fi nd out if the genotypes 
were in any way associated with tHcy levels, as summarised 
in Table 3. The results showed increasing tHcy levels with 
addition of the T polymorphic allele and this was seen in 
both the control and stroke groups. Post-hoc analysis in the 
control group showed signifi cant difference between tHcy 
levels of CC and CT (P = 0.019), CT and TT (P <0.001), 
as well as CC and TT (P <0.001). In the ischaemic stroke 
group, there was a signifi cant difference in the tHcy levels 
among the CC and CT, CT and TT as well as CC and TT 
with all P values <0.001. 

The mean serum folate levels (± SE) for the control 
subjects in the CC, CT and TT genotype was (27.6 ± 1.26) 
pmol/L, (29.54 ± 1.65) pmol/L and (24.84 ± 3.20) pmol/L, 
respectively and the difference was not signifi cant (P = 
0.46). In the ischaemic stroke group, the means were (25.32 
± 1.25) pmol/L, (22.72 ± 1.06) pmol/L and (25.32 ± 1.25) 

Table 3. Overall tHcy Levels with Different MTHFR C677T Genotypes

tHcy levels with different 
MTHFR C677T genotypes 
(μmol/L ± SE )

Control
(n = 142)

Stroke
(n = 150)

CC 9.72 ± 0.24 10.19 ± 0.24

CT 10.58 ± 0.32 11.31 ± 0.27

TT 15.66 ± 1.52 15.28 ± 0.64

P value <0.001 <0.001

  TT Genotype, Homocysteine and Stroke—Elsa Haniffah Mejia Mohamed et al



190

Annals Academy of Medicine

 

in the Singaporean population from 2 previous studies of 
9.2% and 8.4%.19,29

B vitamins supplementation has been shown to decrease 
tHcy levels between 2.0 and 3.8 μmol/L in major clinical 
studies, but failed to show any benefi t of tHcy reduction 
to prevent vascular events.37-40 These findings have 
contributed to the argument that tHcy is an epiphenomenon 
in the pathogenesis of atherosclerosis.31 A substudy of the 
VITATOPS trial done in Singaporeans29 showed an increase 
in magnitude of tHcy reduction in the TT genotype (–4.7 
μmol/L) compared to the CC (–3.2 μmol/L) and CT (–2.7 
μmol/L) genotypes of the MTHFR C677T polymorphism 
subjects treated with B vitamins, although the difference was 
not signifi cant. However, the sample size for the subjects 
with the TT genotype was relatively small (n = 23), apart 
from the fact that the TT genotype frequency seen in the 
Singaporeans was lower. A greater reduction in tHcy levels, 
by further risk stratifying ischaemic stroke patients by the 
TT genotype, may yield signifi cant clinical benefi ts from 
the B vitamin and folate therapy. 

We did not fi nd any signifi cant difference in folate levels 
between the different ethnic groups from the stroke patients. 
This was not consistent with the data from a Singaporean 
study24 which had the same ethnic composition, but were 
predominantly Chinese. This study showed that the Malays 
had signifi cantly lower folic acid levels compared to the 
other ethnic groups. Interestingly, the Chinese and Indians 
in our study showed a signifi cant difference in the folate 
levels between the control and stroke group. This probably 
indicates that these ethnic groups would further benefi t more 
from folate supplementation to decrease the tHcy levels.41 

Our study fi ndings are limited due to the fact that dietary 
history estimating folate intake was not done. In humans, 
folate is solely obtained from dietary sources, as they are 
not able to synthesise it in vivo.42

To our knowledge, this is the fi rst study to examine the 
association between MTHFR genotype with tHcy and 
ischaemic stroke in Malaysians. However, further studies 
looking at different populations from different parts of the 
country, taking into account dietary status, as well as looking 
at specifi c stroke subtypes would add value to the available 
data. In this present study, a possibility that asymptomatic 
strokes can be missed out using recall method exists, and 
this would hypothetically contribute to a higher tHcy levels 
in the control group. Despite this, we still found a signifi cant 
difference in the tHcy levels between the group of controls 
and ischaemic stroke patients.

Conclusion
The fi ndings from this study indicate that there is 

a significant association between MTHFR C677T 

polymorphism with ischaemic stroke. This was demonstrated 
in the signifi cant difference in the genotype as well as allelic 
frequencies between the control and the ischaemic stroke 
groups. The TT genotype was found to be signifi cantly higher 
in the stroke group. The tHcy levels were signifi cantly higher 
in the ischaemic stroke group when compared to the control 
group, and increasing levels of tHcy were also seen with 
each addition of the T allele in this study. This demonstrated 
that the TT genotype is an important determinant of tHcy 
levels. Further studies focusing on the selection of ischaemic 
stroke patients with the TT genotype for B vitamin and 
folate supplementation may achieve greater levels of tHcy 
reduction and produce signifi cant clinical benefi ts.
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