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A possible synergistic effect of MTHFR C677T
polymorphism on homocysteine level variations
increased risk for ischemic stroke
Aifan Li, PhDa, Yunshu Shi, MDb, Liyan Xu, MSc, Yuchao Zhang, MSd, Huiling Zhao, MSc, Qiangmin Li, PhDa,
Xingjuan Zhao, PhDe, Xinhui Cao, PhDa, Hong Zheng, PhDc,∗, Ying He, PhDc,∗

Abstract
Background: Homocysteine (Hcy) plays an important role in vascular function and Hcy level contributes to pathogenesis of
ischemic stroke (IS). MTHFR gene polymorphism may have effects on IS risks by influencing the Hcy metabolic pathway. In the
present study, a case–control study was designed to evaluate the relationship among MTHFR C677Tpolymorphism, plasma Hcy
level, and susceptibility of IS in Chinese population.

Methods: A total of 300 patients with IS and 261 matched control subjects were recruited. Plasma Hcy concentration was
determined using enzymatic cycling assay. MTHFR C677T polymorphisms were genotyped by PCR-RFLP.

Results: Compared with controls, the plasma Hcy level was significantly higher in the IS patients (P< .05). After adjusting for
conventional risk factors, the T allele frequency of MTHFR C677T in IS group (54%) was significantly higher than that in the controls
(38.3%) (P< .05;OR=1.890, 95%CI: 1.489–2.399). Additionally, the plasma Hcy level of the TT genotype is significantly higher than
that of the CC and CT genotypes (P< .05).

Conclusion:Our study provided evidence that hyperhomocysteinemia (HHcy) andMTHFRC677T polymorphismwere associated
with IS. More importantly, suggesting that a possible synergistic effect of MTHFR C677T polymorphism on Hcy level variations
increased risk for IS in Chinese population.

Abbreviations: Hcy = homocysteine, HHcy = hyperhomocysteinemia, IS = ischemic stroke, MTHFR = 5,10-
methylenetetrahydrofolate reductase.

Keywords: homocysteine level, ischemic stroke, MTHFR C677T polymorphism
Editor: Elena Cecilia Rosca.

AL and YS contributed equally.

Authorship: YCZ and XJZ performed experiments. HLZ made the statistical
analysis. QML and XHC was involved in local study implementation and
participator recruitment. AFL, YSS, and LYX wrote the manuscript. HZ and YH
conceived of the study and participated in its design and coordination. All
authors read and approved the final manuscript.

Funding/support: This study was supported by the National Natural Science
Foundation of China (No. 81671163), the grant from the Zhengzhou City general
Science and Technology Research Projects (project number 20150001), and the
grant from the Key projects of Henan Provincial Education Department (project
number 16A310016).

The authors have no conflicts of interest to disclose.
a Department of Neurology, The First People’s Hospital of Zhengzhou,
b Department of Oncology, the First Affiliated Hospital, c Department of Medical
Genetics and Cell Biology, School of Basic Medical Sciences, Zhengzhou
University, d Department of Eugenic Genetics, The First People’s Hospital of
Zhengzhou, e Department of Neurology, the First Affiliated Hospital, Zhengzhou
University, Zhengzhou, Henan, China.
∗
Correspondence: Ying He and Hong Zheng, Department of Medical Genetics

and Cell Biology, School of Basic Medical Sciences, Zhengzhou University,
Zhengzhou University, Zhengzhou, 450001 Henan, China
(e-mails: heying39@163.com [YH] and hzheng@zzu.edu.cn [HZ]).

Copyright © 2017 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2017) 96:51(e9300)

Received: 7 October 2017 / Received in final form: 24 November 2017 /
Accepted: 27 November 2017

http://dx.doi.org/10.1097/MD.0000000000009300

1

1. Introduction

Stroke is a leading cause of death or disability in the world and is
an emergent public health problem.[1,2] Ischemic stroke (IS)
accounts for 87% of all strokes.[3] Several risk factors, such as
hypertension, diabetes, hyperlipidemia, and smoke, have been
well studied, but explain only a small part of IS risk.[4]

Homocysteine (Hcy) plays an important role in vascular function
and there are growing evidences that Hcy contributes to
pathogenesis of IS. Hcy leads to atherogenesis and thrombo-
genesis via endothelial damage, vascular smooth muscle
proliferation, and coagulation abnormalities. Hcy levels are
determined by the interaction of genetic and environmental
factors. Mutations in the genes which are involved in the Hcy
metabolic pathway are related to elevate plasma of the Hcy levels
and may confer an increased risk for IS.
5,10-Methylenetetrahydrofolate reductase (MTHFR), encoded

by theMTHFR gene in humans, is a key controlling enzyme related
to Hcy metabolism.[5] The most common polymorphism of
MTHFR is the cytosine (C) to thymine (T) substitution at position
677 which results in the conversion of alanine to valine at amino
acid 222.[6] The C677T polymorphism is associated with
decreased enzyme activity and eventually leads to elevation of
Hcy concentrations.[7–8] However, most previous studies have
simply focused on MTHFR C677T polymorphisms and IS risk.
The role of Hcy variation in individual susceptibility to IS and the
association between Hcy andMTHFR gene polymorphisms have
not been extensively explored. Therefore, the aim of the present
studywas to investigate the role of serum total Hcy level,MTHFR
C677T polymorphisms, and their association in IS risk in a central
Chinese Han population.
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2. Materials and methods

2.1. Study population

In the present study, 300 patients with IS (130 males and 170
females, mean age of 64.2±13.2 years) were recruited from the
Department of Neurology at the First People’s Hospital of
Zhengzhou fromDecember 2015 toMay 2016. IS was diagnosed
by the criteria based on a loss of global or focal cerebral function
persisting for >24hours with corresponding infarction on brain
imaging with a probable vascular cause.[9] We classified the IS
subtypes according to the Trial of Org10172 in Acute Stroke
Treatment (TOAST).[10] Brain imaging with CT and/or MRI as
well as ancillary diagnostic investigations and standardized blood
tests were performed. Patients with cerebral hemorrhage, atrial
fibrillation, hyperthyroidism, cardioembolic stroke, venous
thrombosis, peripheral vascular diseases, liver disorders, or
kidney diseases were excluded from the study. The comorbidities
of IS in our study were hypertension and diabetes. High blood
pressure subjects were defined by blood pressure ≥140/90mm
Hg, and had been diagnosed and drug control. Diabetic subjects
were defined by a fasting plasma glucose ≥7.0mmol/L, or by the
use of antidiabetic drugs. Patients were considered diabetic if
diabetes was previously known. All the patients were first ever
stroke. And the treatments of IS patients were antiplatelet
aggregation, reducing lipid and stable plaque and scavenging free
radicals. All the high Hcy patients were given folic acid tablets,
vitamin B12, and vitamin B6.
The control group comprised 261 individuals (127 males and

134 females, mean age of 63.8±13.7) selected from the same
demographic area. And they were well matched with IS patients
by age and gender. The individuals who had cerebrovascular
disease, cardiovascular disease, and cancer, hepatic, or renal
diseases were excluded. The study protocols were approved by
the Ethics Committee on Human Research of Zhengzhou
University and signed consent form was obtained from each
participant.
2.2. Plasma Hcy assay

Fasting blood samples from IS patients were collected within 24
hours after stroke symptoms onset. Two milliliters of whole
blood were collected into a tube containing EDTA. Blood
samples were fractionated by centrifugation at 3000g for 5
minutes. Hcy reagent (Beijing Strong Biotechnologies, Inc,
Beijing, China) was used to detect the levels of Hcy with
enzymatic cycling assay according to the manufacturer’s
instructions. The normal range is 5 to 15mmol/L, and a plasma
Hcy level higher than 15mmol/L is an indication of hyper-
homocysteinemia (HHcy).
2.3. Genotyping of MTHFR

Genomic DNA was extracted from 2mL of peripheral venous
blood anticoagulated by EDTA with the phenol-chloroform
method. Polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method was used to genotype
MTHFR gene polymorphisms. DNA was amplified using the
following primer pairs: 50-TGAAGGAGAAGGTGTCTGC-
GGGA-30 (sense) and 50-AGGACGGTGCGGTGAGAGTG-30

(antisense). The PCR mixture (25mL) contained 2.5mL of STR
buffer (MgCl2, dNTPs and 10�buffer), 2.5mL of each sense and
antisense primer, 0.4mL Taq DNA polymerase (Shanghai Bao
Sheng Co Ltd., China), and 1.5mL of genomic DNA, and the total
2

volume was adjusted to 25mL using dd H2O. Amplification was
performed as follows: predenaturation at 94 °C for 2minutes;
followed by 40 cycles of denaturation at 94 °C for 30seconds, 62 °
C for 30seconds, and 72 °C for 30seconds; and extension at 72 °C
for 5minutes.
The PCR products were digested with the restriction enzyme

Hinf I (Promega Corp, Madison). A reaction mixture of 20mL
was prepared by mixing 10mL of PCR products, 0.5mL ofHinf I,
2.0mL of buffer R, and 7.5mL of ddH2O. The reaction mixture
was incubated at 37 °C for 3hours. Then, PCR fragments were
separated by electrophoresis on a 2% agarose gel for 30minutes
at 100V. The wild-type (CC) genotype without restriction
enzyme sites produced a 198bp fragment. The heterozygous (CT)
genotype produced 2 fragments: 198 and 175bp, and the
homozygous mutant (TT) produced a 175bp fragment.
2.4. DNA sequencing analysis

For verifying the genotyping results of PCR-RFLP, 20 subjects
with different genotypes were randomly selected for DNA
sequencing analysis, which was conducted by the Shang Hai
Bao Sheng Company. All genotypes were identical with those
obtained from the first round of PCR-RFLP genotyping.
2.5. Statistical analysis

All the analyses related to the case–control study were performed
using the Statistical Software Package for the Social Sciences
v.17.0 (IBM [formerly SPSS Inc], Armonk, NY). Quantitative
data are expressed as mean±SD. The difference between the
cases and controls was evaluated using the independent 2-sample
t test for quantitative variables. Allele and genotype frequencies in
both groups were calculated and compared using the chi-square
test. Logistic regression model was done to study the independent
association of MTHFR genotype by adjusting the confounding
variables such as age, gender. The results were expressed as odds
ratios (ORs) and 95% confidence intervals (CIs). P values less
than .05 were considered statistical significant.
3. Results

3.1. Clinical characteristics of subjects

The clinical characteristics of the study population are given in
Table 1. There was no significant difference in age and sex
between the 2 groups (P> .05). The proportion of smokers, low-
density lipoprotein, and triglyceride (TG) showed no statistically
significant differences (P> .05). While the incidences of diabetes,
hypertension, and hypercholesteremia in the IS patients were
significantly higher than that in control (P< .05).
3.2. Plasma Hcy levels

The data obtained from the experiments of plasma Hcy level
examination indicated that the patients had significantly higher
plasma Hcy level than control subjects (P< .05). More than half
of stroke patients had HHcy, whereas only some of controls had
abnormally elevated Hcy levels (see Fig. 1).

3.3. Association analysis and inherited model test

The genotype distributions and allele frequencies of the MTHFR
C677T(C/T) polymorphism in the patients and controls were
shown in Table 2. There was no significant deviation from the



Table 1

Clinical parameters of patients and controls.

Clinical parameters Cases Controls P

Male/female (ratio)† 130/170 127/134 .207
Age, y‡ 64.2±13.2 63.8±13.7 .080
Number of smoking (n, %)† 87 (29) 83 (31.8) .472
Number of diabetes (n, %)† 68 (22.7) 9 (3.4) .000

∗

Number of hypertension (n, %)† 197 (65.7) 113 (43.3) .000
∗

Number of high LDL (n, %)† 122 (40.7) 100 (38.3) .570
Number of high TG, %† 93 (31.0) 88 (33.7) .492
Number of high cholesterol (n, %)† 68 (22.7) 81 (31.0) .025

LDL= low-density lipoprotein, TG= triglyceride.
∗
P< .05 denotes statistical significance.

† x2 test.
‡ Independent 2-sample t test.

Figure 1. Plasma Hcy levels in IS patients and controls, ∗P< .05. Hcy=
homocysteine, IS= ischemic stroke

Table 2

Frequencies of MTHFR C677T genotype and alleles in controls and p

MTHFR C677T Cases (n, %) Controls (n, %)

Genotype frequency
CC 71 (23.7) 106 (40.6)
CT 134 (44.7) 110 (42.2)
TT 95 (31.6) 45 (17.2)

Allele frequency
C 276 (46) 322 (61.7)
T 324 (54) 200 (38.3)

CI= confidence interval, MTHFR=5,10-methylenetetrahydrofolate reductase, OR= odds ratio.
∗
P< .05 denotes statistical significance. P value and OR (95% CI) were adjusted for confounding fact

Table 3

Detailed association of MTHFR C677T between patients and control

Model Cases (n, %) Control (n, %)

Dominant
CC 71 (23.7) 106 (40.6)
CT+TT 229 (76.3) 155 (59.4)

Recessive
CC+CT 205 (68.3) 216 (82.8)
TT 95 (31.7) 45 (17.2)

Additive
CC 71 (23.7) 106 (40.6)
CT 134 (44.7) 110 (42.2)
TT 95 (31.6) 45 (17.2)

CI= confidence interval, MTHFR=5,10-methylenetetrahydrofolate reductase, OR= odds ratio.
∗
P< .05 denotes statistical significance. P value and OR (95% CI) were adjusted for confounding fact
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Hardy–Weinberg equilibrium test at MTHFR C677T in the IS
group and controls (P> .05). The T allele frequency of MTHFR
C677Twas significantly higher in IS group (54%) than in control
group (38.3%) (P= .000; OR=1.890, 95% CI: 1.489–2.399).
Both the homozygous TT genotype frequency (31.6%) and
heterozygote CT genotype frequency (44.7%) in the IS group
were significantly higher than those (42.2% and 17.2%,
respectively) in the control group (P= .000, OR=3.152, 95%
CI=1.980–5.017; P= .003, OR=1.819, 95% CI=1.228–
2.692, respectively). To assess the effect of MTHFR C677T on
the risk of IS, we compared dominant, recessive, and additive
models. The effect of MTHFR C677T was best described with
dominant and additive models (Table 3).

3.4. Influence of MTHFR 677T polymorphism on plasma
Hcy level

Genetic polymorphisms were analyzed with respect to plasma
Hcy levels. Hcy levels for carriers of the polymorphism
(heterozygotes and homozygotes) were considered together
versus wild type for the analysis. The association of MTHFR
C677T polymorphism genotypes with the plasma Hcy level was
shown in Table 4. The result demonstrated that the plasma Hcy
level of the TT homozygous genotype and CT heterozygous
genotype were significantly higher than that of the CC wild-type
genotypes (P< .05).

3.5. Correlation of risk factors with ischemic stroke

As shown in Table 5, the conventional risk factors such as
diabetes, hypertension, and the plasma Hcy level significantly
increased IS risks via a stepwise logistic regression analysis
atients.

x2 P OR (95% CI)

9 .003
∗

1.819 (1.228–2.692)
24.122 .000

∗
3.152 (1.980–5.017)

27.593 .000
∗

1.890 (1.489–2.399)

ors.

s under different genetic models.

x2 P OR (95% CI)

18.560 .000
∗

2.206 (1.534–3.172)

15.508 .000
∗

2.224 (1.487–3.328)

9 .003
∗

1.819 (1.228–2.692)
24.122 .000

∗
3.152 (1.980–5.017)

ors.

http://www.md-journal.com


Table 4

Comparison of plasma Hcy levels in different genotypes of MTHFR
C677T polymorphism.

MTHFR C677T
genotype Number

Hcy concentration,
mmol/L t P

CC wild type 177 15.5±4.7
CT heterozygous 244 17.0±5.5 8.835 <.01

∗

TT homozygous 140 19.8±8.6 30.907 <.01
∗

Hcy=homocysteine, MTHFR=5,10-methylenetetrahydrofolate reductase.
∗
P< .05 denotes statistical significance.
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(P< .05). Although MTHFR C677T polymorphism could
increase IS risks by logistic regression analysis in this study
(P< .05).
4. Discussion

We designed a case–control study to explore the association of
serum total Hcy level, MTHFR C677T polymorphism, and IS
risk in a central Chinese Han population. Our findings showed
that an elevated plasma Hcy level and MTHFR C677T
polymorphism were significantly associated with an increased
risk of IS (P= .000, OR=1.890, 95% CI=1.489–2.399). More
importantly, we investigated the influence of MTHFR 677T
polymorphism on plasma Hcy level, suggesting a possible
synergistic effect of MTHFR C677T polymorphism on Hcy
level variations increased risk for IS.
HHcy has been proved to be one of the risk factors for

thromboembolism including IS.[11] First, we examined the
relationship between the serum total Hcy level and IS. The
mean plasmaHcy level of IS patients was significantly higher than
that of control subjects (P< .05). More than half of IS patients
had HHcy, whereas only some of controls had abnormally
elevated Hcy levels. Our result supported the opinion that HHcy
is associated with IS risk.[12] Hcy is a kind of sulfur-containing
amino acid, the important intermediate product of methionine
metabolism. A high level of Hcy makes a person more prone to
injury to the endothelial and vascular smooth muscle cells, which
leads to endothelial proliferation, activation of coagulation
factors, and expression of plasminogen activator inhibitor. This
in turn inhibits synthesis of sulfated heparin, thrombomodulin
expression, and synthesis of tissue-type plasminogen activator,
which can result in platelet aggregation and subsequently IS.[13]

HHcy is strongly determined by dietary intake of B vitamins,
which has been assessed by several studies among different ethnic
populations.[14] Moreover, it was reported that folic acid
supplementation could be effective in stroke prevention.[15]
Table 5

Results of stepwise logistic regression analysis for ischemic stroke.

Risk factors b SE Wald

MTHFR C677T 0.456 0.226 4.0
Total cholesterol 0.199 0.100 3.9
Blood sugar 2.098 0.398 27.7
Hcy 0.145 0.023 41.2
Hypertension 1.678 0.231 52.8

b, regression coefficient; Wald x2, x2 value of regression coefficient Wald test; and Exp (b), estimates of O
OR= odds ratio, SE= standard error.
∗
P< .05 denotes statistical significance.

4

The strongest association with increased Hcy level is the
cytosine (C) to thymine (T) substitution at position 677 of the
MTHFR gene. Second, we made an association study between
theMTHFR C677T polymorphisms and IS. We investigated 300
patients with IS and 261 controls by PCR-RFLP. And we found
that MTHFR C677T CT genotype frequencies (44.7%), TT
genotype frequencies (31.6%), and T allele frequencies (54%) of
the patients were significantly higher than those (42.2%, 17.2%,
and 38.3%, respectively) of the controls (P< .05). Stepwise
logistic regression analysis showed that MTHFR C677T
polymorphism was associated with an increased risk of IS
(95% CI, 1.013–2.457; P= .044). Next we performed genotype
association test with dominant, recessive, and additive models.
And the MTHFR C677T genotype was associated with IS in
dominant and additive genetic models (P< .05). This association
was consistent with the results reported previously. Song et al[16]

who showed that TT and CT genotypes as well as the T allele of
MTHFR C677T genetic polymorphism were associated with IS
risk and that there were associations between MTHFR C677T
genetic polymorphism and susceptibility to IS under all genetic
models. Li and Qin[17] showed MTHFR C677T polymorphism
was a risk factor in IS. Kelly et al[18] came to the conclusion that
MTHFR 677C>T polymorphism might play a proper role in IS
via analysing 6044 IS patients and 13916 controls.
Third, we investigated the influence of MTHFR 677T

polymorphism on plasma Hcy level. We found that the plasma
Hcy level of the TT genotype was significantly higher than that of
the CC and CT genotypes (P< .05). The exact mechanism of
synergism between MTHFR C677T polymorphisms and HHcy
remains to be determined. We proposed a possible molecular
mechanism as follows: the cytosine (C) to thymine (T) substitution
at position 677 results in the conversion of alanine to valine at
amino acid 222, and then reduces the MTHFR enzyme activity,
which is akey controlling enzyme involved inHcymetabolism.The
decreased MTHFR enzyme activity eventually leads to elevating
Hcy concentrations, which contributes to IS risk.
Several limitationsofour studyneed tobeaddressed.The sample

size of the study may not be sufficiently large to evaluate gene–
environment interactions. Besides, because the cases and controls
were recruited from hospital, there was potential selection bias.
In conclusion, we demonstrated that HHcy is associated with

IS and MTHFR C677T polymorphism might be a genetic risk
factor for IS in Chinese Han population. More importantly, we
investigated the influence of MTHFR 677T polymorphism on
plasma Hcy level, suggesting that the synergistic effect between
elevated Hcy levels and MTHFR C677T variant was found to be
associated with IS. Further large-scale studies are necessary to
investigate other genetic risk factors of IS and their possible
synergistic effects on Hcy level variations.
x2 P Exp (b) 95%CI

72 .044
∗

1.578 1.013–2.457
18 .048

∗
2.710 1.563–4.897

80 .000
∗

8.153 3.73–17.78
33 .000

∗
1.156 1.105–1.209

57 .000
∗

5.356 3.404–8.421

R. CI= confidence interval, Hcy=homocysteine, MTHFR=5,10-methylenetetrahydrofolate reductase,
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