
ORIGINAL ARTICLE

Copyright © 2021  The Korean Society of Neurosonology 
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 2635-425X   eISSN 2635-4357
https://doi.org/10.31728/jnn.2021.00106

INTRODUCTION

Cerebral small vessel disease (CSVD) describes a 
pathological process that occurs in small arteries, arte-
rioles, capillaries, and small veins of the brain.1 CSVD 
encompasses recent infarction, asymptomatic lacunes, 
cerebral microbleeds (CMBs), white matter hyperinten-
sities (WMHs), and enlarged perivascular space that are 
detected used neuroimaging with sharing of the risk 
factors.2 CSVD is associated with various neurological 

conditions such as dementia, cognitive decline, gait 
disturbance, mood disorder, and stroke, thus empha-
sizing its clinical importance.3

Homocysteine is a sulfur-containing amino acid, 
which is required for methionine and cysteine biosyn-
thesis.4 Appropriate levels of homocysteine are utilized 
as important precursors for deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) synthesis. Homocys-
teine also participates in other crucial functions, such 
as controlling cell cycles and producing proteins by 
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contributing to methylation at a cellular level.5 Several 
studies6-8 have determined the relationship between 
elevated homocysteine and arterial steno-occlusion, 
including studies on homozygous homocystinuria chil-
dren.9 Elevated homocysteine is an independent cere-
brovascular risk factor, particularly of CSVD.10 Major 
clinical trials have investigated whether lowering ho-
mocysteine levels can promote favorable cardiovascular 
events; however, most of these trials were unsuccess-
ful.11-13 

Methylenetetrahydrofolate reductase (MTHFR) is an 
enzyme that plays an essential role in the metabolism 
of folic acid and homocysteine. Its encoding gene is 
known to have 12 exons and is found on chromosome 
p36.3, with 14 single nucleotide polymorphisms related 
to its enzyme activity. Among them, the MTHFR C677T 
mutation is a single nucleotide substitution that occurs 
in exon 4. It is the most widely studied mutation to 
date. The heterozygous and homozygous mutations at 
this position lead to a reduction of enzyme activity to 
67% and 25%, respectively, compared to the wild type.14 
The MTHFR C667T mutation has been detected in 
approximately 60% of a healthy population and in 70% 
of an ischemic stroke population in South Korea.15 Re-
garding ischemic stroke, it has been reported that the 
MTHFR gene mutation is associated with cerebral in-
farction, especially small vessel occlusion.16 Therefore, 
the purpose of this study is to determine whether there 
is an association between the MTHFR C677T gene 
mutation and various CSVD subtypes in acute cerebral 
ischemic stroke patients. 

SUBJECTS AND METHODS 

1. Patient collection

Data of 144 patients who were diagnosed with acute 
ischemic stroke (AIS) and visited the Korea University 
Guro Hospital between April 2020 and August 2020 
were retrospectively collected. All patients underwent 
diffusion-weighted imaging (DWI) within 12 h from en-
tering our center. Of these 144 subjects, 24 patients that 
did not have either laboratory, clinical, or imaging in-
formation were excluded, and a total of 120 cases were 
subsequently analyzed.

2. Definitions

AIS was specified for cases that showed hyperin-
tensity lesions (b value=1,000) along with correlating 
low signal intensities on the apparent diffusion coef-
ficient map on DWI,17 as well as if the patient visited 
our center within seven days following the onset of 
stroke-related symptoms.18 The researchers classified 
AIS according to the Trial of ORG 10172 in Acute Stroke 
Treatment (TOAST)19 and four groups of large artery 
atherosclerosis, cardio-embolism, small vessel occlu-
sion, and other or undetermined etiology were classi-
fied for analysis. WMHs were defined as lesions with 
hyperintense signals detected in T2 or fluid-attenuated 
inversion recovery (FLAIR) of magnetic resonance im-
ages in the subcortical area without T1 signal change. 
The severity of WMHs was categorized into mild, mod-
erate, and severe groups representing 1, 2, and 3 of the 
Fazeka scale, respectively.20,21 The severity of WMHs 
was also analyzed using Fazeka’s scale for periventricu-
lar WMH (PWMH) and deep WMH (DWMH).20 CMBs 
were specified as a low signal intensity lesion of 5–10 
mm in size with a round shape on gradient echo (GRE) 
or susceptibility-weighted imaging (SWI).22 Its presence 
was further evaluated according to subcortical and cor-
tical areas. Asymptomatic chronic lacunar infarction 
was defined as a lesion <20 mm in size and was located 
in the subcortical area showing hyperintensity on T2 or 
FLAIR images along with a low signal intensity on T1, 
which should be a distinct lesion from the index isch-
emic stroke area on DWI.23

3. Data collection and interpretation

For all patients, DWI, GRE, and cerebral computed 
tomography angiography were taken within 12 hours. 
FLAIR, SWI, and cerebral magnetic resonance angiog-
raphy were taken within 36–48 hours. Transthoracic 
echocardiography and Holter-EKG were performed 
to screen for possible cardioembolic sources. Image 
interpretation was performed by two physicians (J.H., 
H.J.) with over 7 years of experience in the Department 
of Neurology, resulting in strong interrater reliability 
(κ=0.81). Age, female sex, history of diabetes mellitus, 
hypertension, and smoking information were collect-
ed as baseline characteristics. Low-density lipopro-
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tein-cholesterol (LDL-C), erythrocyte sedimentation 
rate, C-reactive protein, cystatin C, creatinine, folic acid, 
vitamin B12, and total homocysteine data were collected 
as baseline laboratory test results. 

4.   MTHFR C677T single nucleotide polymorphism 
analysis

Real-time PCR (RT-qPCR) was used for MTHFR 
C677T gene analysis. DNA was extracted from whole 
blood samples that were stored in a vacutainer with 
ethylenediaminetetraacetic acid. RT-qPCR was con-
ducted with Real-Q MTHFR (BioSewoom, Seoul, Korea) 
Kit. This kit contains FAM at the 5’ end for the wild-
type amplification and VIC at the 5’ end for mutant type 

amplification as reporter dyes. In both cases, a minor 
groove binder (MGB) was included as a quencher at 
the 3’ end. After each DNA sample was added to the 677 
master mixture, PCR was performed using Rotor-gene 
Q (QIAGEN) and the following program: 50℃ for 2 min, 
95℃ for 10 min, followed by 40 cycles of 15 s at 95℃, and 
45 s at 62℃.

5. Statistical analysis

We investigated the differences between baseline 
characteristics, laboratory data, and clinical data be-
tween the MTHFR C677T homozygous mutation group 
and the non-homozygous group (wild-type or hetero-
zygous mutation). To identify independent risk factors 

Table 1. Baseline characteristics of patients

MTHFR C677T mutation status
p-valueNon-homozygote mutation 

(n=90, 75%)
Homozygote mutation  

(n=30, 25%)

Age (years) 73 (64–78) 72 (60–78) 0.84

Sex, female 35 (38.9) 11 (36.7) 0.83

Diabetes, yes 31 (34.4) 11 (36.7) 0.83

Hypertension, yes 55 (61.1) 23 (76.7) 0.12

Ever-smoker, yes 14 (15.6) 4 (13.3) 0.77

LDL-cholesterol (mg/dL) 95.2±37.5 103.1±30.7 0.30

HbA1c (%) 6.34±1.33 6.21±1.43 0.66

Erythrocyte sedimentation rate (mm/hour) 21.9±19.1 27.4±24.9 0.21

C-reactive protein (mg/L) 12.3±29.8 6.3±8.1 0.08

Cystatin C (mg/L) 1.05±0.36 1.18±0.71 0.19

Creatinine (mg/dL) 0.76±0.33 0.92±0.54 0.06

Folic acid (ng/mL) 8.24±4.21 6.24±4.21 0.03

Vitamin B12 (pg/mL) 666.4±425.3 569.4±365.4 0.27

Total homocysteine (μmol/L) 9.65±3.19 17.09±14.07 <0.01

NIHSS 2 (1–6) 3 (1–5) 0.85

Acute ischemic stroke TOAST classification 0.79

Large artery disease 36 (40.0) 7 (23.3)

Cardioembolism 12 (13.3) 2 (6.7)

Small vessel occ 21 (23.3) 14 (46.7)

Others and undetermined 21 (23.3) 7 (23.3)

Moderate to severe WMHs 60 (66.7) 26 (86.7) 0.01

Values are presented as number (%), median (interquartile ranges), or mean±standard deviation. Non-homozygote mutation includes 
wild type and heterozygote mutation. Moderate to severe WMHs refers to score 2 or 3 measured by Fazeka’s score.
MTHFR; methylenetetrahydrofolate reductase, IQR; interquartile range, LDL; low-density lipoprotein, NIHSS; National Institutes of 
Health Stroke Scale, TOAST; trial of ORG 10172 in acute stroke treatment, WMH; white matter hyperintensity.
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related to moderate or severe WMHs, multivariable 
logistic regression analysis was performed using pos-
sible confounders of homozygous mutation status, fe-
male sex, age, diabetes mellitus, hypertension, smoking 
status, and LDL-C. To determine the relationship be-
tween MTHFR mutation status and CSVD in addition 
to acute lacunar infarction, WMHs, CMBs by location, 
and asymptomatic chronic lacunar infarction were an-
alyzed. Student’s t-test or Mann–Whitney test was used 
for continuous values, while the χ2 test or Fisher’s exact 
test was used for categorical values. Statistical signifi-
cance was defined as a p-value less than 0.05. SPSS for 
Windows (version 20.0; SPSS Inc., Chicago, IL, USA) was 
used for all statistical analyses.

RESULTS

The median age of the patients was 72 years (inter-
quartile range [IQR]=63–78) years. There were 46 men 
(38.3%). The median NIHSS score was 2 (IQR 1–5). 
Among the 120 participants, 30 (25.0%) were included 
in the MTHFR C677T homozygous mutation group. 
There was no significant difference in the demographic 
or clinical data between the MTHFR C677T homozy-
gous mutation group and the non-homozygous group. 
Among laboratory tests, a significantly lower level of 
folic acid (6.24±4.21 ng/mL vs. 8.24±4.21 ng/mL, p=0.03) 
and a higher level of total homocysteine (17.09±14.07 
μmol/L vs. 9.65±3.19 μmol/L, p<0.01) were found in the 
homozygous mutation group compared to the non-ho-
mozygous group. Although there was no significant 
difference between the stroke subtypes, acute lacunar 

infarction was approximately twice as frequent in the 
homozygous mutation group (46.7% vs. 23.3%, p=0.79) 
(Table 1). 

1.   Independent variables for moderate to severe white 
matter hyperintensity (Table 2)

We investigated variables that may be related to 
moderate-to-severe WMH severity using multivariable 
logistic regression analyses. In univariate analysis, the 
presence of homozygous mutation (odds ratio [OR]=3.22; 
95% confidence interval [CI]=1.04–10.17), female sex 
(OR=3.20; 95% CI=1.26–8.14), and age (OR=1.08; 95% 
CI=1.04–1.12) were significant factors associated with 
moderate to severe WMH. After adjusting for possible 
confounders, the presence of homozygous mutations 
(adjusted odds ratio [aOR]=4.29; 95% CI=1.16–15.90), age 
(aOR=1.06; 95% CI=1.01–1.11) were independently asso-
ciated with moderate to severe WMHs.

2.   Comparison of subtypes of cerebral small vessel dis-
ease according to homozygous mutation status (Table 3)

We analyzed whether the presence of various types of 
CSVD differed according to the MTHFR C677T homo-
zygous mutation. There was no difference in CMB oc-
currence according to homozygous mutation. As for the 
rate of overall moderate to severe WMHs, predefined as 
2 or 3 of Fazeka’s score, the rate of moderate to severe 
WMHs was higher in the homozygous mutation group 
(86.7% vs. 66.7%, p=0.01). In a detailed analysis, the rate 
of moderate to severe DWMH did not differ signifi-
cantly between the two groups. However, the homozy-

Table 2. Multivariable logistic regression analysis for moderate to severe WMHs

Crude OR Adjusted OR

MTHFR C677T homozygote mutation, yes 3.22 (1.04–10.17) 4.29 (1.16–15.90)

Sex, female 3.20 (1.26–8.14) 1.43 (0.45–4.57)

Age 1.08 (1.04–1.12) 1.06 (1.01–1.11)

Diabetes mellitus, yes 1.18 (0.51–2.74) 1.26 (0.46–3.46)

Hypertension, yes 1.45 (0.64–3.29) 1.15 (0.44–3.03)

Ever-smoker, yes 0.19 (0.06–0.53) 0.31 (0.09–1.09)

LDL-cholesterol 1.00 (0.99–1.01) 1.00 (0.99–1.01)

Moderate to severe WMHs refers to score 2 or 3 measured by Fazeka’s score.
WMH; white matter hyperintensity, OR; odd ratio, MTHFR; methylenetetrahydrofolate reductase, LDL; low-density lipoprotein.
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gous mutated group showed a significantly higher rate 
of moderate to severe PWMH (86.7% vs. 65.6%, p<0.01). 
Asymptomatic chronic lacunar infarction was also 
more frequently observed in the homozygous mutation 
group (63.3% vs. 34.4%, p<0.01).

DISCUSSION

This study analyzed whether MTHFR C677T homo-
zygous mutation status may differ according to the AIS 
subtype. This study also examined whether MTHFR 
C677T homozygous mutation could serve as an in-
dependent factor for moderate to severe WMHs and 
demonstrated a distinction in various CSVDs in ad-
dition to acute lacunar infarction. Although there was 
no significant difference in the overall AIS subtypes, 
acute lacunar infarction was twice as frequent in the 
homozygous mutation group. Homozygous mutation 
of MTHFR C677T appeared to be an independent fac-
tor for moderate to severe WMHs. The frequency of 
asymptomatic chronic lacunar infarction increased in 
the MTHFR C677T homozygous mutation group. 

WMHs can be separated into DWMHs and PWMHs. 
Arteriopathies such as thickened arterioles are found 
in DWMH, whereas demyelination, loosening of the 
ependymal lining, and elevated intraventricular pres-
sure are pathologically observed in PWMH. They are 
also clinically distinct in that DWMH is associated with 

depression whereas PWMH is related to cognition.24 
Folic acid interacts with the complex MTHFR-homo-
cysteine cycle which is necessary for various methyla-
tion. Once it is absorbed in the gastrointestinal tract, 
it is delivered to the brain by a variety of folic acid 
transporters such as folate receptors, reduced folate 
carriers, and proton-coupled folate transporters, many 
of which are located in epithelial cells of the ependy-
mal choroidal plexus.25 The finding from our analysis 
showing that MTHFR C667T homozygous mutation 
was related to moderate to severe WMHs, particularly 
in the periventricular area, could be explained by these 
previous studies.

This study had a few limitations. First, our study 
could be considered as research with a relatively small 
sample size compared to epidemiological studies. How-
ever, the results of this study were not inadequate, as 
this study analyzed detailed single-nucleotide polymor-
phisms among genetic mutations.26 Second, our study 
was single-centered. Nonetheless, this study is based 
on the Korea University Stroke Group registry, which 
has been used as a dataset for several articles published 
in several renowned journals.27,28 Third, parts of our 
analysis investigated the relationship between MTH-
FR mutations and chronic CSVD variables in an acute 
ischemic stroke population, which can be regarded as a 
bias. However, although various types of CSVDs share 
vascular risk factors and pathogenesis, the results of 
previous studies regarding the subtypes are not always 

Table 3. Comparison of subtypes of cerebral small vessel disease according to homozygote mutation status

MTHFR C677T mutation status
p-valueNon-homozygote mutation 

(n=90, 75%)
Homozygote mutation  

(n=30, 25%)

Moderate to severe WMHs, overall 60 (66.7) 26 (86.7) 0.01

Moderate to severe DWMH 27 (30.0) 14 (46.7) 0.10

Moderate to severe PWMH 59 (65.6) 26 (86.7) 0.03

Cerebral Microbleeds, overall 29 (32.2) 12 (40.0) 0.44

Cerebral Microbleeds, subcortical 22 (24.4) 12 (40.0) 0.10

Cerebral Microbleeds, cortical 15 (16.7) 4 (13.3) 0.70

Asymptomatic chronic lacunar infarction 31 (34.4) 19 (63.3) <0.01

Values are presented as number (%). Non-homozygote mutation includes wild type and heterozygote mutation. Moderate to severe 
WMH, DWMH and PWMH refers to score 2 or 3 measured by Fazeka’s score.
MTHFR; methylenetetrahydrofolate reductase, WMH; white matter hyperintensity, DWMH; deep white matter hyperintensity, PWMH; 
periventricular white matter hyperintensity.
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consistent according to the population. Thus, the in-
vestigators assumed that chronic asymptomatic CSVDs 
may have different effects on patients with acute symp-
toms. Despite these limitations, our study investigated 
the relationship between C677T, a major MTHFR ho-
mozygous mutation, with CSVD, particularly PWMH, 
among the various types of CSVD. In most of the large-
sized cohort studies that investigated the relationship 
between MTHFR mutations and CSVD, the study 
population was subjected to a community-based non-
acute period cohort. The novelty of this study is that 
we included patients with AIS, unlike previous studies. 
Future prospective, multi-center prospective studies 
are needed to verify our findings, and it is believed that 
materials related to the complex MTHFR metabolism 
pathways can help ischemic stroke patients in the acute 
period.
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