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Abstract
Background: Ischemic stroke is a frequent heterogeneous multifactorial disease. 
A number of genetic mutations and environmental factors have been implicated. 
A polymorphism in the gene for methylenetetrahydrofolate reductase (MTHFR) has 
been reported to be associated with hyperhomocysteinemia a risk for atherosclerotic 
vascular diseases. Aim: A cross-sectional study was performed to determine the 
relationship between the gene polymorphism for MTHFR and ischemic stroke in 
type 2 diabetes mellitus. Materials and Methods: Of the 215 unrelated patients 
with type 2 diabetes mellitus recruited, 119 patients had ischemic stroke, Control 
group included 142 healthy subjects. The genotype of the subjects for the C677T 
polymorphism of MTHFR was analyzed by using polymerase chain reaction—
restriction fragment length polymorphism (PCR-RFLP) followed by HinfI digestion. 
Plasma total homocysteine (Hcy) levels were measured using high-performance 
liquid chromatography (HPLC) with fluorescence detection. Results: The genotype 
distribution did not differ between the control subjects and type 2 diabetic patients 
(P . 0.05). Plasma homocysteine levels were markedly higher in diabetic patients 
with TT genotype than those with CC or CT genotype (P . 0.05). Ischemic stroke 
was more frequently observed in type 2 diabetic patients with the TT genotype than 
in those with the CT and CC genotype (odds ratio 5 4.04, 95% CI 5 1.95-8.34, 
P 5 0.0036). Logistic regression analysis revealed that the C677T mutation of 
MTHFR gene was independently associated with ischemic stroke in type 2 diabetes. 
Conclusion: MTHFR C677T gene polymorphism associated with a predisposition 
to hyperhomocysteinemia could constitute a useful predictive marker for ischemic 
stroke in type 2 diabetic Chinese patients.
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Introduction

Ischemic stroke in patients with type 2 diabetes 
mellitus is a major cause of morbidity and mortality. 
However, the mechanisms for the predisposition are 
still unclear. The high risk for ischemic stroke is partly 
explained by hyperglycemia, arterial hypertension, 

and dyslipidaemia. [1,2] All of these risk factors have 
strong genetic components,[3] which may contribute to 
macrovascular as well as microvascular complications in 
diabetes mellitus. Genetic determinants may accelerate 
diabetes-induced atherosclerosis. Identification and 
characterization of gene variants that play such a role may 
allow improved prognostication, therapy, and prevention.
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There is a large body of observational, biologically plausible 
evidence linking hyperhomocysteinemia in a dose-
dependent fashion to atherosclerotic vascular morbidity 
and mortality, including stroke.[3,4] Hyperhomocysteinemia 
appears to be a modifiable risk factor for ischemic stroke. 
Methylenetetrahydrofolate reductase (MTHFR) plays 
an important role in homocysteine (Hcy) metabolism. 
MTHFR provides the methyl group for methionine 
synthase, methylating homocysteine to methionine. 
Plasma levels of Hcy are governed by both genetic and 
nutritional factors such as vitamins B12, B6, and folic acid. 
A common missense mutation in the MTHFR gene, 
a C-to-T substitution at nucleotide 677, is responsible 
for reduced MTHFR activity and is associated with 
moderate increase in plasma Hcy concentrations. 
C677T homozygous genes have significantly elevated 
plasma Hcy levels.[4] It is known that the frequency of 
the homozygous mutant is different in different ethnic 
groups.[5] The purpose of our study was to investigate the 
distribution of C677T MTHFR in type 2 diabetic patients 
and the influence of mutant genotype on ischemic stroke.

Materials and Methods

Subjects
After the approval of the ethics committee and informed 
consent, 215 unrelated, Chinese, type 2 diabetic patients 
were recruited from Wuhan University Hospital, Wuhan, 
China. Diabetes mellitus was diagnosed and classified 
according to the criteria of the World Health Organization. 
Of the 215 diabetic patients, 119 patients had ischemic 
stroke. The diagnosis of ischemic stroke was considered 
when neurological deficits were accompanied by the 
corresponding abnormalities on computed tomography 
(CT) of the brain. Neurological and CT findings were 
interpreted by at least two independent experienced 
neurologists. Patients with cerebral hemorrhage and atrial 
fibrillation were excluded. Similarly subjects with overt 
nephropathy with serum creatinine above 178 mmol/L, 
were also excluded. Classification of stroke was based on the 
criteria proposed by the National Institute of Neurological 
Disorders and Stroke Ad Hoc Committee.[6] The remaining 
96 subjects without stroke were grouped under diabetes 
without ischemic stroke. Control group (n 5 142, mean 
age: 52.3 6 6.1, sex ratio M/F 5 82/60) included healthy 
non-diabetic subjects and were recruited from the industry 
health clinics in Wuhan. The controls were unrelated to 
diabetic patients and had normal resting electrocardiogram 
and no symptoms suggestive of coronary artery disease. 
Normoglycemia was defined as having a fasting glucose 
level less than 6.1 mmol/L on two consecutive occasions.

Clinical analysis
The duration of diabetes mellitus was determined 
by reviewing the clinical history and the medical 
records. Arterial blood pressure was measured from 

the right arm in the supine position after 10 minutes 
of rest in lying position. Hypertension was defined 
as a systolic blood pressure $ 140 mmHg, a diastolic 
blood pressure $ 90 mmHg, or the prescription of 
antihypertensive medication. The subjects were divided 
into smoking and non-smoking groups according to their 
current smoking status. Body mass index (BMI) was 
calculated by dividing the subject’s weight in kilograms 
by the square of their height in meters.

Biochemical analysis
Venous blood was collected into EDTA-tubes after 
an overnight fast, using standardized protocol and 
equipment. Plasma was immediately prepared at 
4°C and snap frozen and kept at -30°C. Total plasma 
homocysteine levels was measured by high performance 
liquid chromatography (HP1100 type) coupled with 
fluorescence detection (HP1046 A type). Analytical 
column is ODS C185 mm reversal-phase analytical 
column. The excitation and emission wave length is 
set at 385 nm and 515 nm, respectively. We used a 
0.1 mmol/L potassium dihydrogenphosphate buffer 
(pH 2.1, adjusted with ortophosphoric acid) containing 
10% acetonitrile as mobile phase with a flow-rate of 
0.2 mol/ min. The intrassay and interassay coefficients 
of variation for total Hcy were 3.52% and 3.63% (Sigma 
company Hcy standard samples as control), respectively.

Serum creatinine, cholesterol, triglycerides, high 
density lipoprotein-cholesterol, as well as other basic 
biochemical blood tests, were measured by standard 
chemical and enzymatic commercial methods in the 
hospital laboratory. Glycated hemoglobin (HbA1c) was 
measured by HP1100 type. Urinary albumin excretion 
(UAE) levels were obtained on a single sample obtained 
in the morning and were measured by nephelometry.

Genetic analysis
Genomic DNA was extracted from peripheral blood 
leukocytes by the phenol-chloroform method. Polymerase 
chain reaction (PCR) was performed on the genomic 
DNA samples with a Gene Amp PCR kit (Promega) and 
primers as previously reported.[4] The forward primers 
were 5’-TGAAGGAGAAGGTGTCTGCGGGA-3’ and the 
reverse primer was 5’-AGGACGGTGCGGTGAGAGTG-3’. 
35 cycles (94°C for 45 seconds, 60°C for 45 seconds, 
and 72°C for 50 seconds) were used to amplify 198-bp 
products.

The 198-bp PCR product (10 ul) was digested with the 
restriction enzyme HinfI at 37°C for 3-4 hours in the 
buffer recommended by the manufacturer. HinfI can 
recognize the C-to-T substitution in the fragments. This 
one nucleotide substitute corresponds to a conversion 
of Ala-to-Val residue in the MTHFR encoding region. 
The two different alleles were designated T (Val) and 
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C (Ala), The 198-bp fragment derived from the C allele 
is not digested by HinfI, whereas the fragments of the 
same length from the T allele is digested by HinfI into 
175 and 23-bp fragments. Subjects homozygous for the 
mutation showed two DNA fragments of 175-bp and 
23-bp, whereas homozygous subjects without it showed 
a DNA fragment of 198-bp. Heterozygous subjects 
showed three DNA fragments of 198-bp, 175-bp and 
23-bp. The HinfI-treated PCR fragments were analyzed 
by 8% polyacrylamide gel electrophoresis at 85 w for 
6-8 hours and visualized with silver nitrate.

Statistical analysis
All statistical analyses were done using the SPSS 
statistical package, version 10.0. Distributions of 
continuous variables in groups were expressed as 
mean 6 SD and compared by Student’s t tests or one-way 
analysis of variance (ANOVA). The Hardy-Weinberg 
equilibrium or odds ratio (OR) and 95% confidence 
interval (CI) for the presence of ischemic stroke within 
the MTHFR genotypes were analyzed by using the 
x2 test. Logistic regression analysis was performed to 
adjust the contribution of each risk factor for ischemic 
stroke. Results were considered significant or non-
significant when P . or , 0.05, respectively.

Results

In the screening of 142 healthy Chinese people, the allele 
frequency of the T mutation was 32.0%, The distribution 
of the three genotypes was: CC genotype, 54.9%; CT 
genotype, 26.8%; and TT genotype, 18.3%. This genotype 
distribution was similar (x2 5 3.12, P . 0.05) to the 
distribution in type 2 diabetic patients; CC genotype 
43.7%, CT genotype 34.0%, and TT genotype 22.3% 
[Table 1]. 

When the diabetic patients were classified according 
to their MTHFR genotype, no statistically significant 
differences in clinical or metabolic variables were found 
among the C677T genotypes [Table 2]. The groups 
were also similar with regard to known risk factors 
for atherosclerosis, such as smoking, hypertension, 
hyperlipidemia, the prevalence of diabetic retinopathy, 
levels of urinary albumin excretion (UAE), and 
prevalence of overt proteinuria were similar in all 
groups.

The plasma Hcy levels were higher in patients with 
ischemic stroke when compared with patients without 
ischemic stroke (22.66 6 3.12 vs.13.21 6 3.07 mmol/L, 
P , 0.001). There was a positive relationship between 
plasma Hcy level and ischemic stroke.

As showed in the Figure 1, the T allele was significantly 

Table 1: Distribution of methylenetetrahydrofolate reductase 
genotypes in healthy people and patients with type 2 DM

MTHFR 
genotype

Normal subjects 
(n 5 142) N (%)

Diabetic patients 
(n 5 215) N (%) 

CC 78 (54.9) 94 (43.7)
CT 38 (26.8) 73 (34.0)
TT 26 (18.3) 48 (22.3)
C/T 0.68/0.32 0.61/0.37

C/T indicates allele frequencies

Table 2: Clinical and metabolic characteristics of diabetic 
patients according to methylenetetrahydrofolate reductase 
C677T genotype. Data shown are the mean 6 SD

Characteristics CC 
(n 5 94)

CT 
(n 5 73)

TT 
(n 5 48) 

Sex (female/male) 38/69 28/52 17/32 
Age (years) 60.2 6 7.3 58.7 6 8.4 59.8 6 9.2 
BMI (kg/m2) 22.8 6 3.6 24.3 6 4.1 23.57 6 3.8
HbA1c (%) 8.4 6 3.1 8.9 6 3.8 8.1 6 2.7 
Duration of diabetes (years) 9.5 6 7.4 10.2 6 8.2 8.9 6 8.7 
Family history of CAD (%) 14.6 13.8 14.1 
Current smoke ((%) 32.8 31.2 29.6 
Hypertension (%) 51.3 54.7 52.5 
Total cholesterol (mmol/l) 5.48 6 0.94 5.24 6 0.87 5.32 6 0.97 
HDL-cholesterol (mmol/l) 1.45 6 0.62 1. 41 6 0.44 1.37 6 0.53 
LDL-cholesterol (mmol/l) 3.14 6 0.92 3.07 6 0.83 3.20 6 0.90 
Triglycerides (mmol/l) 2.36 6 1.08 2.49 6 0.96 2.55 6 1.14
Serum creatinine (mg/dl) 0.9 6 0.3 0.9 6 0.5 0.9 6 0.7 
Overt proteinuria (%) 16.4 18.7 17.5 
Diabetic retinopathy (%) 23.7 22.6 24.8 

BMI- Body mass index; HDL- High-density lipoprotein;LDL- Low-density 
lipoprotein; CAD - coronary artery disease 

Figure 1: Serum Hcy levels according to methylenetetrahydrofolate 
reductase C677T genotype in diabetic patients. #P 0.01 vs. TT genotype

Table 3: Association between methylenetetrahydrofolate 
reductase genotype and ischemic stroke in type 2 DM

Ischemic stroke Genotype

CC CT TT Total 

Positive 45 (47.9) 36 (49.3) 38 (79.2) 119 
Negative 49 (52.1) 37 (50.7) 10 (20.8) 96 
Total 94 73 48 215
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associated with a higher plasma Hcy levels in the diabetic 
patients. The difference in plasma Hcy levels between 
TT and CC, CT was statistically significant (P , 0.01), 
and there seemed to be a gradual change in serum Hcy 
levels according to the genotype.

Table 3 shows that the prevalence of ischemic stroke 
(79.2%) were significantly higher in the diabetic patients 
with the TT genotype than those with the CT (49.3%) or 
CC genotype (47.9%). When we pooled the data for the 
CT and CC genotypes, the prevalence of ischemic stroke 
in the TT genotype was also significantly higher than in 
the CC 1 CT genotype (OR 5 4.04, 95% CI 5 1.95-8.34, 
P 5 0.0036).

Logistic regression analysis
Multiple linear regression analysis was used to examine 
the determinants of ischemic stroke. The TT genotype was 
significantly associated with the prevalence of ischemic 
stroke (OR 5 2.84, P 5 0.002). The duration of diabetes 
mellitus, hypertension, smoking and hyperlipidemia 
were also found to be independent factors significantly 
associated with ischemic stroke [Table 4].

Discussion

The main finding in the present study was the evidence 
that both high plasma levels of Hcy and MTHFR C677T 
gene polymorphism are strongly associated with 
ischemic stroke in Chinese type 2 diabetic patients. 
In contrast, there were no significant difference in the 
frequency of the thermolabile form of MTHFR between 
diabetic patients and control subjects.

We observed a different genotype frequency in this 
study than the one reported in the previous studies.[7] 
The population frequency of the C677T allele showed 
regional and ethnic variations. For example, In Europe, 
the mutant T allele frequency ranged from 24.5% in 
Germany to 43.8% in Italy. The prevalence of the mutant 
T allele is the lowest in Africa and the Middle East.[5] In 
our study, the mutant T allele frequency was 32.0%, and 
comparable to that in a Hong Kong (Chinese) population 
reported by Schneider et al.[7] These data suggest that this 
mutation has a relatively high frequency throughout the 
world and is highly prevalent in diverse ethnic groups and 
can be regarded as a balanced polymorphism that escaped 
natural selection. Such a polymorphism does not usually 
imply a serious lethal disorder. However, it can contribute 
to the pathogenesis of multifactorial diseases, such as 
diabetic angiopathy, in association with other factors.

In this study, the diabetic patients with TT genotype had 
higher plasma Hcy compared to those with the CC or CT 
genotype. This result is consistent with previous reports[8,9] 
and showed the effect of the MTHFR gene C677T mutation 
on Hcy levels. Thus, the higher prevalence of ischemic 

stroke in the TT genotype can be attributed to the effect 
of MTHFR C677T genotype on Hcy levels. The results 
of logistic regression analysis in this study showed that 
the TT genotype was a significant risk factor for ischemic 
stroke in Chinese type 2 diabetes mellitus. The difference 
in Hcy levels among the MTHFR genotype seemed to 
imply that the Hcy levels account for the genotypic effect 
on ischemic stroke in the patients with diabetes mellitus.

The association of the homozygous C677T MTHFR 
genotype with atherosclerosis and thrombotic diseases 
has been the subject of many recent studies. A large 
body of data has showed that the genetic variant (C677T) 
in the MTHFR gene is associated with peripheral, 
cerebral and coronary arteries.[10-12] However, not all 
researchers have found this association.[13-15] Investigators 
have also failed to find any association between the 
genotype and obstructive coronary artery disease,[16] 
atherosclerotic peripheral vascular disease,[17] and 
ischemic atherosclerotic vascular disease.[18]

The different findings and conclusions obtained in the 
above studies may be partially explained by differences 
in study size and design. The other possible explanation 
is the methodological limitation of the current study. 
In addition, because these studies were conducted in 
different populations, there may be ethnic or environmental 
differences in terms of this relationship. However, if the 
risk conferred by the genotype is largely dependent on 
an additional factor such as serum folate, vitamins B6 
and B12 level, which may vary between populations, then 
the impact of the homozygous C677T MTHFR genotype 
might differ widely. Indeed, homocysteine levels are 
known to vary significantly between populations,[19] and 
it is yet to be determined what proportion of this variation 
is attributable to diet and/or to genetic factors, including 
the C677T MTHFR genotype.

Epidemiological studies have demonstrated that 
hyperhomocysteinemia is an independent risk factor 
for stroke[20,21] atherosclerosis in general,[22] and carotid 
atherosclerosis in particular.[23] The molecular mechanism 
by which Hcy promotes atherothrombosis is unknown. 
However, the underlying mechanism of how Hcy 

Table 4: Logistic regression analysis on multiple risk variables 
for ischemic stroke in type 2 DM

OR P-value 

Male sex 0.89 0.652 
Age(years) 1.02 0.141 
BMI (kg/m2) 1.10 0.01 
Smoking 2.23 0.004 
Hypertension 1.42 0.005 
Hyperlipidemia 1.23 0.03 
Duration of 
diabetes mellitus

1.12 0.005 

MTHFR TT genotype 2.84 0.001 

BMI- body mass index
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affects atherogenesis is unclear. The importance 
of hyperhomocysteinemia in predicting vascular 
complications in different locations has been highlighted 
by several studies.[4,24] Experimental evidence suggests that 
Hcy may contribute to both atherosclerotic and thrombotic 
processes by modulating vascular cell proliferation 
and promoting prothrombotic activity in the vascular 
wall. [25,26] These effects of homocysteine may explain the 
close correlation between the C677T mutation of MTHFR 
which results in hyperhomocysteinemia and the presence 
of atherosclerotic disease in diabetes mellitus.

In conclusion, our present observations allow us to 
suggest that the C677T mutation of the MTHFR gene, 
which is known to cause mild hyperhomocysteinemia, 
is one of the genetic factors predisposing to development 
of ischemic stroke in type 2 diabetic patients. However, 
in order to create a system of preventive measures for 
vascular complications of type 2 diabetes mellitus, it is 
necessary to replicate the data in other ethnic populations. 
It will also be important to study prospectively that 
whether folate supplementation reduces the incidence of 
ischemic stroke in type 2 diabetes mellitus in individuals 
who carry the C677T allele.
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