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Abstract

Objective: To determine whether the methylenetetrahydrofolate reductase (MTHFR) C677T
gene polymorphism is linked to the risk of ischaemic stroke and circulating homocysteine (Hcy)
levels in a Chinese population.

Methods: This case—control study recruited angiogram-diagnosed patients with ischaemic
stroke and healthy control subjects. The plasma Hcy concentrations were measured and the
MTHFR C677T gene polymorphism was genotyped. The National Institutes of Health Stroke
Scale (NIHSS) was used to assess the severity of the ischaemic stroke.

Results: This study recruited 198 patients with ischaemic stroke and 168 controls. The TT
genotype conferred a higher risk for ischaemic stroke than the CC genotype (odds ratio of
3.563; 95% confidence interval [CI] 1.412, 4.350). The T allele was the predisposing allele for
ischaemic stroke. Hcy had an area under the receiver operating characteristic (ROC) curve of
0.624 (95% CI 0.530, 0.758). The ROC for Hcy demonstrated its usefulness in predicting ischaemic
stroke. Hcy levels were not associated with ischaemic stroke severity as measured by the NIHSS.
Conclusion: The MTHFR C677T gene polymorphism affects circulating Hcy levels. The MTHFR
C677T gene polymorphism and hyperhomocysteinaemia may play important roles in predicting
the risk of ischaemic stroke.
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Introduction

Stroke is a serious threat to health and a
leading cause of disability and death world-
wide.! The most common type of stroke is
ischaemic stroke.? According to the World
Health Organization, approximately 15 mil-
lion people are diagnosed with ischaemic
stroke each year, with approximately 10
million dying or becoming permanently dis-
abled.® As stroke can result in long-term
disability, early detection of risk factors
and active control are critical to effectively
prevent the occurrence of stroke.
Extensive research in recent years has
revealed that high homocysteine (Hcy)
levels are a new and distinct risk factor for
stroke.*> Hcy is a nonprotein amino acid
containing sulphur that is produced
during the metabolism of methionine.®
Hcy has been identified as an independent
risk factor for cerebrovascular disease in
patients of any age with very high serum
Hcy concentrations.” In older patients,
hyperhomocysteinaecmia (HHcy) may be
attributed to the lack of enzymes involved
in the metabolism of Hcy and B vitamins,
nutritional deficiencies of vitamin cofac-
tors, age, medication use or other factors,
such as living conditions.® There are two
major pathways for Hcy metabolism: (i)
remethylation; and (i) transsulfuration.’
Folic acid provides a methyl group for
Hcy in the remethylation pathway, which
forms tetrahydrofolate in the presence of
vitamin Bl2-dependent methionine syn-
thase.” Hey is then converted to methio-
nine.” The transsulfuration pathway

occurs in the reaction catalysed by Hcy on
serine via cystathionine b-synthase, with
vitamin B6 as a cofactor.'” Cystathionine is
formed as a result of this reaction and is then
converted to cysteine.'’ Cysteine is converted
into sulphates.'® Methylenetetrahydrofolate
reductase (MTHFR) is an enzyme that par-
ticipates in the metabolism of methionine to
produce Hey."

The alteration of MTHFR activity is
caused by several mutations in the
MTHFR gene.'”> The MTHFR gene, which
is found on chromosome 1 (1p36.3), enco-
des a 77kDa dimeric protein that is the
rate-limiting enzyme in the methyl cycle."?
MTHFR catalyses only one biochemical
reaction: the formation of 5-methylenete-
trahydrofolate, a cosubstrate for the reme-
thylation of Hcy to methionine.'> MTHFR
C677T (C substitution at base pair 677) is a
common MTHFR gene mutation that
causes alanine to be replaced by valine at
position 222 of the encoded protein prod-
uct.'* Previous research has linked TT var-
iants of the MTHFR C677T polymorphism
to elevated serum Hcy concentrations and
the severity of ischaemic stroke, implying
an important role as a marker of ischaemic
stroke.’> It has been proposed that the
MTHFR C677T polymorphism alters the
methylation state of DNA, thereby altering
lipid metabolism, which is involved in the
process of ischaemic stroke.'* As a result of
its central role, MTHFR gene polymor-
phism is associated with a variety of medi-
cal conditions, including as Alzheimer’s
disease, brain diseases and severe vascular



Huang et al.

disease.® Although several studies have sug-
gested that HHcy can cause ischaemic
stroke,'”!” the relationship between Hcy
and the severity of ischaemic stroke has
rarely been reported.'” It has been proposed
that the MTHFR C677T gene polymor-
phism may influence the relationship
between Hcy levels and the risk of ischae-
mic stroke.'®

The objective of this current study was to
determine if there was a correlation between
the severity of ischaemic stroke, the
MTHFR C677T polymorphism and
plasma Hcy levels in a patient population
for southwest China.

Patients and methods

Study population

This case—control study enrolled consecu-
tive stroke patients at the outpatient clinic
of Suining Central Hospital, Suining,
Sichuan Province, China between July
2018 and October 2020. The inclusion cri-
teria were as follows: (i) age >18 years;
(i1) patients suffering from an ischaemic
stroke in accordance with diagnostic crite-
ria in China’s 2010 guidelines for the diag-
nosis and treatment of acute ischaemic
stroke.”> The exclusion criteria were as fol-
lows: (i) patients suffering from a cerebral
haemorrhage; (ii) pregnant or breastfeeding
women; (i) patients with malignant
tumours. In addition, a control group of
healthy subjects aged >18 years were
recruited from the check-up centre of
Suining Central Hospital. Individuals in
the control group had no history of acute
ischaemic stroke or cardiovascular disease.

The Research Ethics Committee of
Suining Central Hospital approved the
study protocol (no. 20171104). All research
was carried out under the applicable guide-
lines and regulations. All participants pro-
vided verbal informed consent for this
research.

Baseline data collection

A standardized questionnaire was designed
to obtain information on age, sex, smoking,
alcohol intake, hypertension, diabetes mel-
litus and hyperlipidaemia.

Lipid profile test

Venous blood samples (5 ml) were collected
after a 12-h fast and placed in 3.8 mg/ml
ethylenediaminetetra-acetic (EDTA) acid
tubes (Becton, Dickinson and Co.,
Franklin Lakes, NJ, USA). The samples
were centrifuged at 2810g for 10min at

room temperature (Labtrip RZ-50;
Guangzhou SimplyLab Scientific
Instrument, Guangzhou, China), after

which the upper plasma layer was separated
immediately and stored at —70°C until
analysis. The lipid profile, which included
total cholesterol, triglycerides, low-density
lipoprotein cholesterol (LDL-C) and high-
density lipoprotein cholesterol (HDL-C),
was determined wusing a photometric
method on a Dade Behring Dimension®
RxL Max® Integrated Chemistry System
(Siemens Healthcare, Erlangen, Germany).

Assessment of ICAS

To confirm the diagnosis of intracranial
atherosclerotic stenosis (ICAS), all patients
underwent computerized tomography angi-
ography brain scans on a multi-slice
spiral computerized tomography scanner
(SOMATOM Definition AS; Siemens
Healthcare). ICAS of the three arteries
that were evaluated (bilateral middle cere-
bral artery, bilateral intracranial internal
carotid artery and basilar artery) was clas-
sified as mild (<50% signal reduction),
moderate (50% to <70% signal reduction),
severe (>70% signal reduction) or occlud-
ed. A neurologist specialist in stroke (L.H.
or J.L.) and a clinical neuroradiologist per-
formed the stenosis diagnosis and grading.
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Disagreements in their assessments were
resolved through consensus.

Evaluation of stroke severity

The National Institutes of Health Stroke
Scale (NIHSS) was used to assess the sever-
ity of stroke at the time of admission.'*The
NIHSS consists of a 11-item neurological
examination that assesses consciousness,
speech, myodynamia, visual field deficits,
pupillary, facial palsy, ataxia and sensory
loss. Each item is scored individually and
a score of 0 is considered normal. The over-
all NIHSS score is 0 for no stroke, 1-4 for
aminor stroke, 5-15 for a moderate stroke,
16-20 for a moderate-to-severe stroke and
21-42 for a severe stroke.'’In this current
study, an overall NIHSS score <15 points
was considered a minor-moderate stroke
and a score >16 points was a moderate-
severe stroke.

Detection of Hcy and
C677T polymorphism of
the MTHFR gene

The plasma Hcy levels and MTHFR C677T
gene polymorphisms were measured in the
Laboratory Department, Suining Central
Hospital and KingMed Diagnostics,
Chengdu, Sichuan Province, China, respec-
tively. Two venous blood samples (5ml)
were collected after a 12-h fast and placed
in 3.8mg/ml EDTA tubes (Becton,
Dickinson and Co.). The samples were cen-
trifuged at 2810g for 10min at room
temperature (Labtrip RZ-50; Guangzhou
SimplyLab Scientific Instrument), after
which the upper plasma layer was separated
immediately and stored at —70°C until
analysis. The plasma Hcy concentration
was measured on a Hitachi 7600 automatic
biochemical analyser (Hitachi, Tokyo,
Japan) using an Hcy enzyme-linked immu-
nosorbent assay kit (Shenzhen Mindray

Bio-medical Electronics, Shenzhen,
China). HHcy was defined as a plasma
Hcy concentration >15mol/l.

On the morning of the second day after
admission, each participant provided a fast-
ing venous blood sample (2 ml) into heparin
anticoagulation tubes, which was stored at
—70°C until analysis. Polymerase chain
reaction (PCR) restriction fragment length
polymorphism methods were used to
determine the MTHFR C677T gene poly-
morphism. Briefly, Primer 5.0 software
(Premier Biosoft, San Francisco, CA,
USA) was used for primer design and the
primers were synthesized by Shanghai
Bioengineering Co. Ltd. (Shanghai,
China). The upstream primer sequence of
MTHFR C677T was 5-CATCCCTATTG
GCAGGTTAC-3 and the downstream
primer sequence was 5-GACGGTGCGG
TGAGAGTG-3'. According to the manu-
facturer’s instructions, genomic DNA sam-
ples were extracted using a blood genomic
extraction kit (Tiangen Bio, Beijing, China).
The reaction system included 2.5ul x 10
buffer (Sangon Biotech [Shanghai],
Shanghai, China), 0.5ul magnesium chlo-
ride solution, 2 ul deoxynucleotide triphos-
phates (Proteinbio, Nanjing, China), I pl
upstream and 1 pl downstream primers,
1 ul DNA template (50ng/ul), 0.2 IU Taq
enzyme (Takara Biomedical Technology
[Beijing], Beijing, China) and double-
distilled H>O to a total volume of 25ul.
The PCR was undertaken on a S1000 ther-
mal cycler (Bio-Rad, Hercules, CA, USA)
and the cycling programme involved pre-
liminary denaturation at 94°C for 3 min,
followed by 35 cycles of denaturation at
94°C for 15s, annealing at 55°C for 15s
and elongation at 72°C for 30s, followed
by a final eclongation step at 72°C for
3min. After Hinfl endonuclease digestion
(Takara Biomedical Technology [Beijing]),
the fragment lengths were as follows: 246
base pairs (bp) for the CC genotype; 246,
174 and 72 bp for the CT genotype; and 174
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and 72 bp for the TT genotype. Following
the PCR, the specificity of the PCR product
was determined using a gel imager follow-
ing 2% agarose gel electrophoresis and the
PCR product was purified using PCR
Purification Reagent (Qiagen, Hilden,
Germany).

Statistical analyses

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
Version 25.0 (IBM Corp., Armonk, NY,
USA). Normally distributed continuous
data are presented as mean +SD and com-
pared using Student’s z-test. Continuous
data that were not normally distributed
are presented as median (interquartile
range) and compared using Mann—
Whitney U-test. Categorical data are pre-
sented as n of patients (%) and compared
made using y’-test. To compare multiple
groups, Kruskal-Wallis tests or variance
tests were used.”” y*-test analysis was used
to determine genotype/allele frequencies
and differences in genetic and allelic fre-
quencies when the Hardy—Weinberg equi-
librium was considered. The predictive
power was evaluated using the area under
the curve (AUC) of the receiver operating
characteristic (ROC) curve. The odds ratio
(OR) was calculated using 2x2 cross-
tabulation to analyse the correlations
between each polymorphism. A P-value
<0.05 was considered statistically significant.

Results

Of the 537 people enrolled in this current
study, 366 had complete baseline informa-
tion and agreed to participate (Figure 1). Of
these, 198 were patients with ischaemic
stroke and 168 were healthy control sub-
jects. The baseline characteristics of the
study participants are shown in Table 1.
The median plasma Hcy concentration
was significantly higher in the patient

group compared with the control group
(P=0.041). BMI was significantly higher
in patients compared with controls
(P=0.032). Patients had a significantly
higher prevalence of hypertension, diabetes
mellitus, smoking and dyslipidaemia than
control  subjects (P<0.05 for all
comparisons).

The patients were stratified based on
their MTHFR C677T genotypes. The high-
est levels of Hcy were demonstrated in
patients with the TT genotype compared
with the CT and CC genotypes (P =0.027)
(Table 2). A total of 58 of 66 (87.88%)
patients with the TT genotype had high
levels of Hcy (>15umol/l). A total of 43
of 66 (65.15%) patients with the TT geno-
type had an NIHSS >15. The highest
NIHSS scores were shown in patients with
the TT genotype compared with the CT and
CC genotypes, although the between-group
differences were not significant. TT geno-
type carriers had higher lipid concentra-
tions compared with the CT and CC
genotype carries, the between-group differ-
ences were not significant.

Regarding genotypic distribution, both
patients and controls were in Hardy—
Weinberg equilibrium for the polymor-
phism. Compared with the control subjects,
a lower proportion of patients had the CC
and CT genotypes and a higher proportion
of patients had the TT genotype (P =0.031)
(Table 3). The OR for ischaemic stroke was
1.716 (95% confidence interval [CI] 0.998,
2.918; P=0.024) for the CT genotype and
3.563 (95% CI 1.412, 4.350; P <0.001) for
the TT genotype. Patients with ischaemic
stroke carrying the minor T allele were sig-
nificantly associated with a higher risk of
ischaemic stroke compared with those car-
rying the C allele (OR 2.136, 95% CI 1.724,
2.871; P=0.012).

Plasma Hcy levels were significantly
higher in patients with ischaemic stroke
compared with the control subjects
(P=0.041) (Table 1). The ROC curve for
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Enrolment n = 537

Patients included in the study (n=221)
Patients were excluded due to diseases in the
exclusion criteria (n= 112).

Patients failed to informed consent (n = 36).

A 4

Patients unable to complete questionnaires
(n=11)

Patients unable to complete blood detection

(n=5)

Healthy control subjects n = 168

Healthy control subjects unable to
complete questionnaires (17 = 0)

Healthy control subjects unable to
complete questionnaires (n = 0)

Patients unable to complete CTA (1= 3)

Patients unable to complete data (n = 4)

Analysed (n=198)

A _ A
A _ \

Healthy control subjects unable
to complete CTA  (n=168 )

Healthy control subjects unable
to complete data (n=0)

Analysed (n = 168)

Figure I. Flow diagram showing the progress of patients with ischaemic stroke and healthy control
subjects through the selection process in a study that aimed to determine if there was a correlation between
the severity of ischaemic stroke, the methylenetetrahydrofolate reductase C677T gene polymorphism and
plasma homocysteine levels. CTA, computed tomography angiography.

Hcy as an indicator of the presence of
ischaemic stroke is shown in Figure 2. The
AUC of the ROC curve for Hey was 0.624
(95% CI 0.530, 0.758, P=0.024).

Based on the median of NIHSS score,
patients with ischaemic stroke were

stratified into two groups: low NIHSS
score (<15) and high NIHSS score (>15).
The median Hcy levels were higher in the
high NIHSS score group (median [inter-
quartile range] 21.1 pmol/1 [7.9-50.0]) com-
pared with the low NIHSS score group
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Table |. Baseline demographic and clinical characteristics of patients with ischaemic stroke and healthy
control subjects that were included a study that aimed to determine if there was a correlation between the
severity of ischaemic stroke, the methylenetetrahydrofolate reductase C677T gene polymorphism and

plasma homocysteine levels.

Control group Patient group Statistical
Characteristic n =168 n=198 Zitly? analyses®
Homocysteine, mmol/l 14.64 (12.40, 15.80) 19.31 (16.18, 20.83) 4.85 P=0.041
Total cholesterol, mmol/l 5.14 (422, 5.71) 5.03 (4.05, 5.81) 0.43 NS
Triglyceride, mmol/l 1.55 (0.99, 1.80) 2.00 (1.08, 2.39) 2.06 NS
LDL-C, mmol/l 2.66 (2.17, 3.07) 2.62 (2.04, 3.17) 0.02 NS
HDL-C, mmol/l 1.46 (1.23, 1.59) 1.38 (I.16, 1.51) 1.44 NS
BMI, kg/m? 23.33 £2.60 24.41 £2.50 2.39 P=0.032
Sex, female 78 (46.43%) 70 (35.35%) 1.54 NS
Hypertension 106 (63.10%) 150 (75.76%) 6.12 P=0.013
Diabetes mellitus 26 (15.48%) 64 (32.32%) 8.10 P=0.004
Smoker 38 (22.62%) 62 (31.31%) 2.58 P=0.025
Alcohol drinker 36 (21.43%) 50 (25.25%) 0.65 NS
Carotid artery stenosis 138 (82.14%) 162 (81.82%) 0.84 NS
Dyslipidaemia 64 (38.10%) 108 (54.55%) 3.47 P=0.021

Data presented as mean + SD, median (interquartile range) or n of patients (%).

*Normally distributed continuous data are presented as mean & SD and compared using Student’s t-test; continuous data
that were not normally distributed are presented as median (interquartile range) and compared using Mann—Whitney
U-test; and categorical data are presented as n of patients (%) and compared made using y>-test; NS, no significant

between-group difference (P> 0.05).

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index.

(median [interquartile range] 14.2pumol/
1 [3.7-50.0]), but the difference was not
significant.

Discussion

The main finding of this current study was
that there was an increase in Hcy levels in
patients with ischaemic stroke due to the
C677T polymorphism of the MTHFR
gene. Hcy levels, as depicted in the ROC
curve, may be a useful tool in predicting
ischaemic stroke. When compared with
control subjects, patients with ischaemic
stroke had a higher prevalence of the TT
genotype and the T allele. These findings
suggest that the MTHFR C677T polymor-
phism may be linked to increased suscepti-
bility to ischaemic stroke in a southwest
Chinese population. High levels of Hcy
and C677T polymorphism frequencies in

the MTHFR gene of patients with ischae-
mic stroke, in contrast, were not associated
with the severity of ischaemic stroke as
measured by the NTHSS.

The MTHFR gene C677T polymor-
phism, which is associated with Hcy metab-
olism, has been studied in a variety of
stroke pathologies, hypertension and other
immune diseases.'>*' MTHFR is a folate-
dependent enzyme that participates in the
conversion of Hecy to methionine by con-
verting folate to its active cofactor.” In
terms of genotype frequencies, studies of
this polymorphism have revealed a signifi-
cant correlation between patients and con-
trol groups.?’**?* According to previous
research findings, the distribution of the
MTHFR gene C677T polymorphism seems
to be very heterogeneous, with genotypic
frequencies varying from study to study.
For example, in 71 patients with ischaemic
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Table 2. Baseline demographic, clinical and biochemical characteristics of patients (n = 198) with ischaemic
stroke stratified according to their methylenetetrahydrofolate reductase C677T genotype.

Patient group n= 198

CC genotype CT genotype TT genotype Statistical

Characteristic n=72 n==60 n==66 Z/ty*  analyses®
Triglyceride, mg/dl 1.99£1.10 1.66 £0.74 2194223 0.67 NS
Total cholesterol, mg/dl 4.88+1.08 5.07+1.23 526+ 1.17 0.74 NS
LDL-C, mg/dl 2.55+40.80 2.60£0.70 2.86 +£0.84 I.11 NS
HDL-C, mg/dl 1.32£0.21 1.39+0.35 1.50 4+ 0.30%* 2.26 NS
Age, years 69.73+8.17 66.341+10.02 69.72+10.67 1.43 NS
BMI, kg/m? 24.56 +2.45 2471+2.73 2351 +£2.46 1.51 NS
Homocysteine, umol/l 13.74+432 14.06 +£4.26 18.07 £+ 6.00 1.65 P=0.027
NIHSS 13.16 £5.23 1246 £4.72 14.18 £5.03 NS
Carotid artery stenosis 2.16 NS

None 7 (9.72%) 8 (13.33%) 6 (9.09%)

<30% 44 (61.11%) 34 (56.67%) 22 (33.33%)

30-69% 9 (12.50%) 8 (13.33%) 12 (18.18%)

>70% 12 (16.67%) 10 (16.67%) 26 (39.39%)
Homocysteine 2.89 P=0.013

<15 umol/l 54 (75.00%) 34 (56.67%) 8 (12.12%)

>15 pumol/l 18 (25.00%) 26 (43.33%) 58 (87.88%)**
NIHSS score NS

<I5 41 (56.94%) 28 (46.67%) 23 (34.85%)

>15 31 (43.06%) 32 (53.33%) 43 (65.15%)

Data presented as mean £ SD or n of patients (%).

*Normally distributed continuous data are presented as mean & SD and compared using Student’s t-test; and categorical
data are presented as n of patients (%) and compared made using *-test; *P < 0.05 compared with the CT genotype;
#P=0.017 compared with the CC genotype; NS, no significant between-group difference (P> 0.05).

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index; NIHSS,

National Institutes of Health Stroke Scale.

stroke, an Indonesian study demonstrated a
genotypic distribution for the CC:CT:TT
genotypes of 81.9%:13.9%:4.2%.% In a
study in Thailand, the genotypic distribu-
tion in 106 patients for the CC:CT:TT
genotypes  was 73.1%:20.6%:6.4%.%
The genotypic distribution in this current
study for the CC:CT:TT genotypes was
47.47%: 36.36%:16.16%, which was consis-
tent with previous studies.?>=

Given the apparent metabolic link
observed in the current patients between
high levels of Hcy and the MTHFR
enzyme, the current study analysed the
effect of the MTHFR gene C677T polymor-
phism on plasma Hcy concentrations. Hcy

levels were found to be significantly related
to the genotype (TT) and allele (T) of the
MTHFR C677T gene polymorphism.
However, contradictory findings have been
reported previously. A previous investigat-
ed 71 post-ischaemic stroke patients and
discovered that the MTHFR C677T allele
polymorphism was not related to hyperho-
mocysteinaemia.>® Other research demon-
strated that the C677T polymorphism of
the MTHFR gene was associated with
ischaemic stroke and increased Hcy
levels.'>?” It has also been suggested that
this polymorphism could be an underlying
genetic cerebrovascular risk factor for
HHcy.'>?!'Thermolability of MTHFR
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Table 3. Genotypic and allelic distribution and association of the polymorphism of the methylenetetra-
hydrofolate reductase (MTHFR) C677T gene with ischaemic stroke.
Control group Patient group
MTHFR C677T n =168 n=198 P-value OR 95% ClI P-value
Genotype P=0.031
CC 101 (60.12%) 94 (47.47%) I
CT 62 (36.90%) 72 (36.36%) 1.716 0.998, 2.918 P=0.024
TT 5 (2.98%) 32 (16.16%) 3.563 1.412, 4.350 P <0.001
Allele
C 264 260 P=0.012 P=0.012
T 72 136 2.136 1.724, 2.871
OR, odds ratio; Cl, confidence interval.
10
08
> 96
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@
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00
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Figure 2. The receiver operating characteristic curve (ROC) analysis for homocysteine (Hcy) levels in
predicting ischaemic stroke. The area under the ROC curve for Hcy was 0.624 (95% confidence interval

0.530, 0.758, P=0.024).

increases Hcy concentrations by inactivat-
ing the resulting active dimer, which inter-
feres with the binding of the flavin adenine
dinucleotide, which varies the Hcy methyl-
ation pathway and MTHFR activity.?® The
C677TT polymorphism of the MTHFR
gene has been related to endothelial dys-
function and vascular oxidative stress

caused by high levels of 5-methylenetetra-
hydrofolate (5-MTHRF).?>** MTHFR-
linked hyperhomocysteinaemia has
previously been regarded as the main
cause of endothelial dysfunction and ath-
erogenesis.”! The MTHFR 677TT variant
has a stronger influence on 5-MTHF
levels than on Hcy levels.**
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In the current study, the TT genotype
was associated with a higher risk of ischae-
mic stroke than the CC genotype, with an
OR of 3.563 (95% CI 1.412, 4.350). This
demonstrates that the T allele is a suscepti-
bility allele for ischaemic stroke and that it
may be related to the severity of the discase
based on the NIHSS scores. A previous
study demonstrated in a relatively small
cohort (n=165) the link between the
C677T polymorphism (both homozygous
and heterozygous) and the risk for ischae-
mic stroke in patients with type 2 diabetes
mellitus.'® Moreover, the findings suggested
that the MTHFR C677T mutation confers a
higher risk for stroke to both homozygous
and heterozygous T allele carriers.'®
Another study demonstrated no detectable
correlation between MTHFR gene poly-
morphisms and stroke in a Zambian popu-
lation.*> The MTHFR C667T gene
polymorphism was not associated with
ischaemic stroke in a Chinese population.®?
Different racial and ethnic groups, different
intakes of folic acid and vitamin B and
small sample sizes could explain the dis-
crepancy between these studies.'®3*3
Previous research has shown the MTHFR
C677 T allele increased susceptibility to
ischaemic stroke and elevated blood lipid
levels.>*It has been proposed that the dysli-
pidaemia caused by the MTHFR C667T
gene polymorphism is one of the major fac-
tors in the progression of ischaemic
stroke.”

A previous study demonstrated that the
MTHFR C677T polymorphism, in conjunc-
tion with traditional risk factors such as
LDL-C, HDL-C and smoking, was a risk
factor for atherosclerosis.®® The C667T
polymorphism in the M THFR gene influen-
ces carotid atherosclerosis pathogenesis by
destroying endothelial cells and promoting
smooth muscle cell proliferation.?’ In addi-
tion, a link has been found between plasma
Hcy, the MTHFR C677T gene polymor-
phism and carotid intimal thickness in

South Asian, Chinese and FEuropean
Canadians.®® This current study found no
significant differences in the MTHFR
C677T gene polymorphism based on the
extent of carotid artery stenosis, which is
consistent with a previous study.”’

The association between the MTHFR
C677T gene polymorphism and the severity
of cerebral infarction was significant in a
previous report.>* In that study, stroke
severity was higher in patients with the
C677T mutation, who had higher NIHSS
and modified Rankin Score scores.’* A
large prospective cohort study in a
Chinese population with a median follow-
up of 4.5 years discovered no significant
association between the MTHFR C677T
gene polymorphism and stroke mortality.*”
A previous study was unable to demon-
strate an association between MTHFR
gene polymorphisms and ischaemic stroke,
possibly as a consequence of the study’s
small sample size (67 patients and 60 con-
trols)."” The current study recruited more
people than this previous study (198
patients and 168 controls).'” Higher levels
of Hey were found in the NIHSS >15 group
in the current study, but there was no sig-
nificant difference between the two groups
based on disease severity. The lack of a cor-
relation between Hcy levels and stroke
severity in the current study could be attrib-
uted to the multifactorial nature of ischae-
mic stroke, unclassified cerebral infarcts
and the probable connection between Hcy
and other cerebrovascular risk factors. The
nutritional intake of folate and a deficiency
of vitamins B12 and B6 could be factors
influencing Hcy concentrations, given their
contribution as cofactors in the control of
its metabolism.*’ Nutritional deficiencies in
folic acid and vitamin B may affect Hcy
concentrations because they act as cofac-
tors in controlling Hcy metabolism, as
may the presence of other mutations and
the role of traditional cerebrovascular risk
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factors such as
smoking.*!

The relationship between HHcy, the
MTHFR C677T gene polymorphism and
the severity of ischaemic stroke has rarely
been studied. For example, the findings of
three previous studies demonstrated a sig-
nificant correlation between high levels of
Hcy and the severity of ischaemic stroke
as measured using the NIHSS, independent
of MTHFR polymorphism.'®*** A previ-
ous study found that the TT genotype of
the MTHFR C677T gene polymorphism
was related to a higher incidence of vulner-
able plaque and a high Hcy level, both of
which were thought to be predictors of ath-
erosclerotic plaque instability.** In 2005, a
Chinese-based population study found a
significant link between stroke severity
(high NIHSS scores) and disturbance of
MTHFR genetic activity (the A222V
amino acid substitution mutation raises
Hcy levels even further).*> A meta-analysis
of 15 000 patients of different ethnicities
from Northern and Central Europe,
North America and Italy reported that the
MTHFR C677T gene polymorphism was
associated with an increased risk of
stroke.*® It has been confirmed that the
MTHFR C677T gene polymorphism influ-
ences Hcey levels in a variety of populations,
including  Americans, Asians  and
Europeans.*” A previous study demonstrat-
ed that the TT genotype of the MTHFR
C677T gene polymorphism had an effect
on Hcy levels but was not related to ischae-
mic stroke in a Chinese population.®' Other
studies in Tunisian, Romanian and British
populations found that the MTHFR C677T
gene polymorphism was linked to both
ischaemic stroke and Hcy.'>!'%4

This current study had several limita-
tions. First, because all of the controls
were from the same hospital, selection bias
could not be avoided. Secondly, the size of
the sample was small and the crude OR was
calculated without adjusting for potential

hypertension  and

confounders. Therefore, the low statistical
power may have contributed to inconsistent
results. Thirdly, the controls in this current
study were blood donors that did not have
cerebral angiography. Furthermore, hyper-
homocysteinaemia could promote an
ischaemic stroke via different pathogenic
mechanisms, including  cardioembolic
mechanisms that can be due to the effects
of Hcy on specific cardiac channels, increas-
ing the risk of covert atrial fibrillation.*’
The current study did not analyse the asso-
ciation between different subtypes of
stroke, the presence of MTHFR C677T
polymorphism and high serum levels of
Hcy, which will be studied in the future.

In conclusion, the MTHFR C677T gene
polymorphism influenced circulating levels
of Hcy, with the TT genotype having the
highest levels. The findings showed that
the MTHFR C667T gene polymorphism
and HHcy play a major role in the predic-
tion of ischaemic stroke. However, there
was no significant relationship between
Hcy levels, the MTHFR C677T gene poly-
morphism and the severity of ischaemic
stroke as measured by the NIHSS.
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