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Abstract

Background: Uncertainty still remains on the correlation of methylenetetrahydrofolate reductase (MTHFR) variant C677T with
risk of carotid atherosclerosis (CAS), and there is a lack of reports on C677T/MTHFR in the Asian population. The association of
C677T/MTHFR polymorphisms with CAS in the Chinese Han population in Chongqing was investigated in the present study.

Methods: Subjects (n = 730, 214 females and 516 males, Han ethnicity) who provided an informed consent were
randomly selected from the general population of Chongqing, China. Polymerase chain reaction-restriction fragment
length polymorphism and Sanger sequencing genotyping assays were used to determine the MTHFR genotypes. The
atherosclerosis index of the intima-media thickness (IMT) was measured by high-resolution ultrasound to evaluate the
CAS. Less than 1.0 mm was considered as normal for IMT, 1.0–1.5 mm was considered as thickening, and≥ 1.5 mm and
a local bulge thickened in the lumen was considered as CAS. According to the carotid ultrasonography results, these
subjects were divided into two groups: CAS-group (IMT≥ 1.0 mm) and control group (IMT < 1.0 mm).

Results: The frequency of C/T heterozygotes, T/T homozygotes genotype was significantly higher in the subjects with
CAS (62% vs. 36.9%; 16.2% vs. 9.5%; 47.2% vs. 27.9%, P < 0.05), while the frequency of C/C homozygotes and C allele
was significantly lower (21.8% vs. 53.7%; 52.8% vs. 72.1%, P < 0.05), when compared to the control group. The risk of
CAS was higher for subjects with C/T heterozygotes and T/T homozygotes (OR = 4.06, 95% CI: 2.76–5.98, P < 0.001 and
OR = 3.14, 95% CI: 1.73–5.69, P < 0.001, respectively), when compared to the subjects with the C/C genotype. In the
model 1 (CT + TT versus CC), C677T/MTHFR was significantly associated with the prevalence of CAS, and the all adjusted
OR values for CAS were 3.87 (95% CI, 2.67 to 5.62) in all, 17.18 (95% CI, 7.27 to 40.49) in women and 2.57 (95% CI, 1.65
to 3.99) in men after adjusting for potential confounding factors.

Conclusions: The present study suggests that a mutation in the methylenetetrahydrofolate reductase gene is a risk
factor of CAS in the Chinese Han population.
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Background
Atherosclerosis is a systemic, inflammatory and progres-
sive chronic systemic disease characterized by the af-
fected arteries, carotid IMT thickening, and lipid
accumulation. Hence, fibrous tissue hyperplasia and
medial calcification eventually leads to the thickening
and hardening of the arterial wall, atheromatous plaque
formation, and the narrowing of the lumen. The carotid
artery is the earliest involved blood vessel in the devel-
opment of atherosclerosis. Furthermore, some studies
have revealed that carotid ultrasound measurement,
which is usually carotid IMT, is closely correlated with
the severity of extracranial CAS [1].
Homocysteine (Hcy) is a sulfur-containing non-

proteinogenic amino acid derived in methionine metab-
olism. The increased level of Hcy in plasma is hyperho-
mocysteinemia (HHcy), and there is a clear clinical
association between HHcy and both cardiovascular and
cerebrovascular disease, as well as diabetic nephropathy
[2]. In various studies, HHcy has been considered as a
common, independent and alterable risk factor for car-
diovascular disease (CVD). Approximately 40% of pa-
tients diagnosed with early coronary, cerebrovascular, or
peripheral vascular diseases have HHcy [3]. However, it
remains uncertain whether Hcy can be used as a marker
or causative agent of diseases.
The 5,10-methylenetetrahydrofolate reductase (MTHFR)

acts as a key enzyme for regulating plasma total homo-
cysteine levels, and is involved in the folate-dependent
remethylation of homocysteine to methionine. C677T
polymorphism in the MTHFR gene would be a potential
risk factor for vascular disease [4]. The role of C677T/
MTHFR in cardiovascular [5] and cerebrovascular [6] dis-
ease has been particularly emphasized. However, the re-
sults remain controversial, such as in the study conducted
by Spence et al. [7], it was demonstrated that plasma Hcy,
and not the MTHFR genotype, is significantly associated
with carotid atherosclerosis. Based on the above analysis,
the effect of C677T/MTHFR on CAS was investigated in
Chinese Han adults. In addition, it was determined
whether there was a correlation among MTHFR poly-
morphism, homocysteine level, and increased risk of CAS
in the Chinese Han population, which might differ from
other ethnics.

Methods
Participants
A total of 817 Chinese adults (Han), who voluntarily
participated in a risk screening program for cardiovascu-
lar and cerebrovascular diseases and provided an in-
formed consent, were randomly recruited from The First
Affiliated Hospital of Chongqing Medical University be-
tween June 2016 and October 2017. Exclusion criteria:
(1) subjects who were non-Han; (2) subjects with a

history of stroke, Alzheimer’s-type dementia, intracranial
infection, sinus thrombosis, demyelinating disease, Par-
kinson’s disease, and severe anxiety and/or depression;
(3) subjects with a history of organic heart diseases (such
as rheumatic heart disease, dilated cardiomyopathy, cor
pulmonale, etc.); (4) subjects with a history of severe
liver disease or renal insufficiency, thyroid disease
(hyper- or hypothyroidism), autoimmune disease, or ma-
lignancy; (5) subjects with a history of a serious infec-
tion, major surgery, or trauma within the first four
weeks of inclusion; (6) subjects with a history of lipid-
lowering drugs, B vitamins and/or folic acid supplements
within the first four weeks of inclusion; (7) pregnant
subjects; (8) subjects with erroneous data. A total of 730
subjects were enrolled into the final statistical analysis.
This research was approved by the Ethics Committee of
The First Affiliated Hospital of Chongqing Medical Uni-
versity. Written informed consent was obtained from all
subjects.

Measurements
Data on demographic information (age and gender), dis-
ease history (hypertension and diabetes mellitus (DM)),
and smoking history were collected through face-to-face
interview with a structured questionnaire. Anthropomet-
ric indicators (height, weight and body mass index
(BMI); BMI = weight / height2 [kg/m2]) were classified,
as follows: < 25 kg/m2 (normal), ≥25 kg/m2 (overweight),
and ≥ 30 kg/m2 (obese). Blood pressure: This was mea-
sured using an electronic sphygmomanometer. The sub-
jects were instructed to rest for at least 10 min before
the measurement, and the blood pressure is measured
using the average of two systolic blood pressure (SBP)
and diastolic blood pressure (DBP) measurements (the
record interval was greater than three minutes). Hyper-
tension [8]: Blood pressure was measured three times on
different days within two weeks; SBP ≥140 mmHg and/
or DBP ≥90mmHg, or presently taking antihypertensive
drugs.
The blood samples of subjects were collected after 12

h of fasting, and placed in EDTA anticoagulated tubes.
Fasting total plasma homocysteine levels were deter-
mined by high performance liquid chromatography. An
OLYMPUS AU5400 clinical biochemical analyzer was
used to measure for triglycerides (TG), total cholesterol
(TC), low density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and fasting
blood glucose (FBG). TC ≥5.18 mmol/L was defined as
hypercholesterolemia, TG ≥1.70 mmol/L was defined as
high, LDL-C ≥ 3.37 mmol/L was defined as high, and
HDL-C < 1.04 mmol/L was defined as low [9]. DM [10]:
Three fasting blood glucose levels were measured on dif-
ferent days in two weeks; ≥7.0 mmol/L or oral glucose
tolerance test (OGTT) two-hour plasma glucose > 11.1
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mmol/L, or presently taking antidiabetic drugs. Hcy con-
centration ≥ 15 μmol/L was defined as HHcy [11].
All interviews were conducted by nurses or researchers,

who previously participated in multiple trainings, and
were blinded to participants’ MTHFR genotypes. All tests
were conducted in accordance with established guidelines
and procedures.

Ultrasound measurement
The atherosclerosis index of the IMT was measured
using a LOGIQ P5 color Doppler ultrasound system,
equipped with a 10 L linear array broadband probe
with 5–10MHz. Subjects were instructed to maintain
the supine and head-tilt position. The regions were
scanned from 30 mm proximal to the beginning of
the dilation of the bifurcation bulb to 15 mm distal to
the flow divider of both common carotid arteries
(CCAs). All measurements were conducted while
scanning with the electronic caliper and recorded on
photocopies. On a longitudinal scan of the CCAs at a
point 10 mm proximal to the beginning of the dila-
tion of each carotid artery bulb, IMT was measured.
The mean of the IMT for the proximal and distal
walls at the point of measurement was used to define
IMT, and the inner-media thickness was taken as the
mean of three measurements. Evaluation criteria:
IMT < 1.0 mm for IMT normal, IMT = 1.0–1.5 mm for
thickening, IMT ≥ 1.5 mm and local bulge thickening
to the pelvic protrusion for carotid plaque formation.
According to the carotid ultrasonography results,
those subjects were divided into two groups: CAS
group (IMT ≥ 1.0 mm) and normal group (IMT < 1.0
mm).
All the measurements were conducted by the same

ultrasound doctor who had been engaged in ultrasound
work for more than 5 years and had received unified
training. A single reader interpreted all images. The in-
spection results were recorded in detail after checking.
Both the sonographer and the reader were blinded to
participants’ MTHFR genotypes.

Determination of the MTHFR genotype

1. DNA extraction: After taking the EDTA
anticoagulated peripheral blood of 200 μl, the
genomic DNA was extracted using the whole blood
genomic DNA rapid extraction kit (Tiangen Bio,
Batch number: Q5502), and its purity and
concentration were determined. Then the
concentration was adjusted to 4 ng/μl.

2. Primer design: Primer 5.0 software was used to
design the primer: Upstream primer: CATCCC
TATTGGCAGGTTAC; downstream primer:
GACGGTGCGGTGAGAGTG; synthesized by

Shanghai Bioengineering Co. Reaction system: 5 μl
of PCR master mix, 1.5 μl of the primer (0.8 μm),
2.5 μl of DdH2O, 1 μl of genomic DNA, and a total
volume of 10 μl (The PCR master mix was
purchased from Applied Biosystems, Product
number: 4458687). Amplification conditions: Initial
denaturation at 95 °C for 10 min; followed by 35
cycles of 96 °C for 30 s, 62 °C for 15 s, and 68 °C for
30 s; lastly, 72 °C for two minutes. Primer specificity
was verified by PCR product electrophoresis and
Sanger sequencing.

3. Product purification and PCR sequencing: 2 μl of
direct sequencing master mix and 1 μl of reverse
primer were added to the PCR amplification
products. Reaction conditions: Enzymolysis at 37 °C
for 15 min and denaturation at 80 °C for two
minutes, followed by 25 cycles of 96 °C for one
minute, and 96 °C for 10 s, 50 °C for five seconds,
60 °C for 75 s, and lastly, heat preservation at 4 °C.

4. Purification of sequencing products: BigDye
XTerminator purification reagent SAM solution
(45 μl) and XTerminator solution (10 μl) (purchased
from Applied Biosystems Corporation, Article
number: 4376484) were used, and shaking was
performed for more than 10 s. Then, the SAM/
XTerminator mixture (55 μl, uniform mixture) was
placed into a 96-well plate. The PCR sequencing
product was transferred to the reaction well using a
medium pipette tip, fixed in an IKA MS3 basic
shaker at 2,200 rpm, and shaken for 30 min. Then,
the cells were centrifuged at 2,500 rpm for three mi-
nutes, and analyzed using a 3500 DX Genetic
Analyzer.

The original sequence of 730 samples were all further
aligned by NCBI-BLAST (https://blast.ncbi.nlm.nih.gov/
Blast.cgi) to determine the similarity with MTHFR gene,
and were divided into three types: CC, CT heterozygous
and TT homozygous. All experiments were repeated
three times.

Statistical analysis
The SPSS 21.0 software was used for all statistical
analyses. Continuous variables that were normally dis-
tributed were expressed as mean ± standard deviation
(SD). Independent-sample t-test was used to detect
the differences between CAS-group and control
group. Median (interquartile range, IQR) was used to
present skewed parameters, and Mann-Whitney U-
test was used to detect the differences between CAS-
group and control group. Discrete variables were
expressed in percentage. Pearson’s chi-square test was
used to determine whether there was a between-
groups difference in allele or genotypic frequencies
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between CAS-group and control group. Associations
of C677T/MTHFR with CAS were investigated
through logistic regression analysis considering poten-
tial confounding risk variables, including age, gender,
drinking, smoking, dietary habit, sleep quality, BMI,
hypertension, dyslipidemia and DM, and the associa-
tions of C677T/MTHFR with CAS were also deter-
mined by sex through logistic regression analysis,
adjusting all the potential confounding risk variables
above. A dominant (TT + CT versus CC) and a reces-
sive (TT versus CT + CC) model were used to exam-
ine the effect of the genotype. For multivariate risk
predictors, the adjusted odds ratios (ORs) were given
with the 95% confidence intervals (CIs). All tests were
two-tailed, and P < 0.05 was used as the significance
level.

Results
Basic characteristics of the subjects
The demographic and clinical data of CAS and non-
CAS are presented in Table 1. A total of 266 subjects
with CAS and 464 non-CAS enrolled in the present
study. Age, hypertension, DM, SBP, DBP, FBG, TC,
LDL-C and total plasma Hcy levels were significantly
higher in the subjects with CAS, when compared to
the control group.

The correlation of HHcy and the MTHFR genotype
The logistic regression analysis revealed that subjects
who carried the homozygous T/T (adjusted OR = 11.66,
95% CI: 5.96–22.83, P < 0.001) had a higher risk of
HHcy. However, there were no similar significant associ-
ations observed in the subjects who carried the heterozy-
gotes C/T and homozygous C/C (Table 2).

Association of HHcy with the MTHFR genotype
When individuals were classified according to MTHFR
genotype, ANOVA was performed to determine the dif-
ference in the prevalence of HHcy among the different
groups. As presented in Table 3, subjects with the T/T
homozygote had a higher prevalence of HHcy, when
compared to the subjects with the C/C or C/T genotype,
and there was a statistically significant difference (P <
0.001). The same results were found in the stratified
analysis by gender.

MTHFR allele and genotype frequencies
The results of the single nucleotide polymorphism asso-
ciation analyses are presented in Table 4. There were
307 MTHFR 677C/C homozygotes (42.1%), 336677C/T
heterozygotes (46.0%), and 87,677 T/T homozygotes
(11.9%), and 950 MTHFR allele C and 510 T allele. The
MTHFR C677T was found to be in Hardy-Weinberg

Table 1 Clinical and Basic Characteristics in the general study populations

CAS Normal Z-value x2-value P-value

N 266 464

Age(y) 53(48,62) 48(42,53) −8.761 <0.001*

Gender 0.000 0.997

male(n,%) 188(70.7) 328(70.7)

female(n,%) 78(29.3) 136(29.3)

Hypertension(n,%) 138(51.9) 149(32.1) 27.691 <0.001#

Diabetes(n,%) 52(19.5) 54(11.6) 8.525 0.004#

Smoking(n,%) 99(37.2) 184(39.7) 0.423 0.515

BMI (kg/m2) 24.76(22.51,26.48) 24.80(22.31,27.05) −0.549 0.583

SBP (mmHg) 133(120,147) 126(114,137) −4.759 <0.001*

DBP (mmHg) 81(73,90) 80(71,87) −2.224 0.026*

hsCRP (mg/L) 1.52(0.73,1.73) 1.45(0.60,1.68) −1.580 0.114

FBG (mmol/L) 5.6(5.1,6.4) 5.3(5.0,5.8) −4.255 <0.001*

TC (mmol/L) 5.10(4.47,5.84) 4.78(4.28,5.46) −3.729 <0.001*

TG (mmol/L) 1.60(1.15,2.40) 1.50(1.11,2.33) −0.839 0.402

LDL (mmol/L) 3.32(2.74,3.92) 3.07(2.64,3.64) −3.485 <0.001*

HDL (mmol/L) 1.34(1.12,1.59) 1.33(1.14,1.56) −0.013 0.990

Hcy (mmol/L) 10.40(8.62,13.50) 9.30(7.70,11.60) −4.713 <0.001*

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, TG triglycerides, TC total cholesterol, LDL-C low density lipoprotein cholesterol,
HDL-C high-density lipoprotein cholesterol, FBG fasting blood glucose, Diabetes: fasting plasma glucose ≥7.0 mmol/L or OGTT 2 h plasma glucose > 11.1 mmol/L,
or currently taking antidiabetic drugs
Values are mean ± standard (SD), median (interquartile range, IQR) or percentage
*p<0.05 between cases and controls by Mann-Whitney U-test;#p<0.05 between cases and controls by X2 test
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equilibrium (HWE) in the subjects (P > 0.05 by × 2). In
the MTHFR C677T, there were significant differences in
T allele (OR = 2.31, 95% CI: 1.85–2.88, P < 0.001), C/T
genotype (OR = 4.14, 95% CI: 2.90–5.92, P < 0.001) and
T/T genotype (OR = 4.20, 95% CI: 2.52–6.97, P < 0.001)
between CAS-group and control group. The same re-
sults were found in the stratified analysis by gender.

Carotid atherosclerosis, C677T/MTHFR and CAS-related
risk factors
There was no significant difference in age between gene
groups (x2 = 1.09, df = 2, P = 0.99). The logistic regression
analysis revealed that the subjects who carried the het-
erozygous C/T (adjusted OR = 4.06, 95% CI: 2.76–5.98,
P < 0.001) or homozygous T/T (adjusted OR = 3.14, 95%
CI: 1.73–5.69, P < 0.001) genotypes had a significantly
greater risk of CAS (Table 5). Furthermore, the subjects
with Hcy ≥15 μmol/L also had a higher risk of CAS (ad-
justed OR = 2.01, 95% CI: 1.14–3.57, P < 0.017; Table 5).
In the model 1 (CT + TT vs CC), C677T/MTHFR was

significantly associated with the prevalence of CAS. All
the adjusted OR for CAS was 3.87 (95% CI, 2.67 to 5.62)
in all, following adjustment for age, gender, drinking,
smoking, dietary habit, sleep quality, BMI, hypertension,
FBG, hsCRP, TC, TG, LDL-C, HDL-C and Hcy. There
was no significant difference in age between gene groups
(P = 0.90). The same results were observed in the strati-
fied analysis by gender, and all adjusted OR values for
CAS were 17.18 (95% CI, 7.27 to 40.49) in women and
2.57 (95% CI, 1.65 to 3.99) in men, following adjustment
for age, drinking, smoking, dietary habit, sleep quality,
BMI, hypertension, FBG, hsCRP, TC, TG, LDL-C, HDL-
C and Hcy. There was no significant difference in age
between gene groups, either in man or women(P = 0.13,
0.80, respectively). In the model 2 (CC + CT versus TT),
C677T/MTHFR was significantly associated with the
prevalence of CAS (Table 6).

Discussion
In the present study, it was found that the C/T heterozy-
gote and T/T homozygote carriers of the MTHFR
C677T gene were more prone to having CAS, when
compared to the C/C homozygote carriers, and in the
model (CC versus CT + TT), C677T/MTHFR was signifi-
cantly associated with the prevalence of CAS (OR = 3.87,
95% CI: 2.67–5.62) in all, the same results were observed
in the stratified analysis by gender, and all adjusted OR
values for CAS were 17.18 (95% CI, 7.27 to 40.49) in
women and 2.57 (95% CI, 1.65 to 3.99) in men, intimat-
ing that the T allele was the predisposing gene for CAS,
and that the elevated Hcy levels was probably attributed,
which promote atherosclerosis.
Rapid demographic aging is becoming a vigilant public

health issue. Age-related chronic non-communicable
diseases, such as CAS, have gradually increased. Athero-
sclerosis is the result of multifactorial interactions, which
are affected by environmental and genetic factors [12,
13]. Previous studies have revealed that the T/T geno-
type of C677T/MTHFR is correlated with greater risk of
cardiovascular disease [4, 14]. A study with a sample size
of 3247 subjects (30 to 89 years of age; 1693 women,
1554 men) showed that the MTHFR T/T genotype is a

Table 2 Risk factors of hyperhomocysteinemia by Binary logistic
analysis

B-value SE Wald P-value OR 95%CI

Age 1.196 0.304 15.52 < 0.001* 3.31 1.82 ~ 6.00

Gender 1.445 0.434 11.059 0.001* 4.24 1.81 ~ 9.94

Smoking 0.320 0.273 1.371 0.242 1.38 0.81 ~ 2.35

Drinking 0.089 0.287 0.097 0.755 1.09 0.62 ~ 1.92

Dietary habit −0.078 0.264 0.086 0.769 0.93 0.55 ~ 1.55

Hypertension 0.461 0.269 2.938 0.087 1.59 0.94 ~ 2.69

FBG

< 5.5 mmol/L 2.811 0.245

5.5–7 mmol/L −0.002 0.284 0.000 0.995 1.00 0.57 ~ 1.74

≧7 mmol/L −0.684 0.426 2.573 0.109 0.51 0.22 ~ 1.16

MTHFR C677T

CC 68.307 < 0.001*

CT 0.189 0.321 0.348 0.555 1.21 0.65 ~ 2.27

TT 2.456 0.343 51.366 < 0.001* 11.66 5.96 ~ 22.83

Age(y): <60 = 0,≥60 = 1; Gender: Female = 0,Male = 1; Dietary habit: low-salt
and/or low-fat =0, high-salt and/or high-fat = 1; Smoking:
No =0, yes = 1.Drinking: No = 0, Yes = 1. Hypertension: normal = 0,
Hypertension = 1. *P<0.05 was considered to be statistically significant

Table 3 Comparison of incidence of hyperhomocysteinemia
among different MTHFR genotypes

MTHFR Genotype X2P

C/C C/T T/T

ALL(n = 86)

HHcy

n 18 30 38

% 5.9 8.9 43.7 < 0.001*

Female(n = 9)

HHcy

n 2 4 3

% 1.7 5.3 15.0 0.023*

Male(n = 77)

HHcy

n 16 26 35

% 8.5 10.0 52.2 < 0.001*

HHcy hyperhomocysteinemia
*P<0.05 was considered to be statistically significant
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risk factor for carotid stenosis in a Japanese General
Population [15] . Kawamoto, R.et al. [16] showed the
presence of a T allele was a significant risk factor for
IMT thickening and further supported the role of
C677T/MTHFR in common carotid atherosclerosis.
However, the conclusions still remain controversial. Pra-
mukarso et al. [17] suggested that the MTHFR gene
C677T mutation leads to an increase in Hcy. However,
there was no significant correlation with CAS. Small
sample size, race diversity and the inadequate adjust-
ment of confounding factors, such as smoking, drinking,
sleeping quality and dietary habit, would attribute to
these inconsistencies. Therefore, MTHFR variant C677T
is a relatively independent risk factor for CAS, or indir-
ectly promotes atherosclerosis by increasing plasma Hcy
levels, which has become a hot topic in recent years.
Thus, given this potential reason, the effect of C677T/
MTHFR on CAS was examined in Chinese Han popula-
tions with a more adequate adjustment of lifestyle
(smoking, drinking, dietary habit, sleep quality), and
relevant basic characteristics (age, gender, BMI), hyper-
tension, FBG, hsCRP, TC, TG, LDL-C, HDL-C and Hcy.
In the present study, it was found that a mutation in

the MTHFR gene is a risk factor of CAS in the Chinese
Han population, and that plasma total Hcy has a signifi-
cant association with CAS. However, the mechanisms
behind CAS are far from being understood, and need to
be further investigated. The following potential mecha-
nisms might explain the contribution of the C677T/

MTHFR polymorphisms to CAS predisposition: (1)
MTHFR, which is a key enzyme in methionine and folate
metabolism, influences DNA metabolism and maintains
the proper Hcy levels in vivo. Mutations in the C677T/
MTHFR gene leads to a starvation or activity decrease of
MTHFR (subjects who carry the C/T heterozygous geno-
type polymorphism only have 70% of normal enzyme ac-
tivity, while subjects who carry the T/T homozygous
genotype only have 30% of normal enzyme activity [18]),
which impeding the conversion of Hcy to methionine,
causes a decrease in serum folate level, an increase in
Hcy level, and DNA hypomethylation [19–21]. (2) Hcy
plays an important role in endothelial cells damage, ac-
celerating atherosclerosis onset and progress, and con-
tributes to the formation of unstable plaque through
inflammatory factors, oxidative stress, endoplasmic
reticulum stress and immune responses [22, 23]. Fur-
thermore, Hcy leads to endothelial cells injury and the
oxidation of lipids by damaging the nitric oxide system,
and also oxidizes low-density lipoproteins, and acceler-
ates the atherosclerosis process [24, 25]. Contrary to
prior studies, there were literatures have revealed that
the T/T genotype was significantly correlated with ele-
vated plasma total Hcy levels only in folate deficient sub-
jects [26–28]. That is, subjects with the T/T genotype
and received sufficient folate would not have an in-
creased risk of cardiovascular disease via HHcy. Thus,
the population with a history of folic acid supplements
within the first four weeks before the trial was excluded.

Table 4 Allele and genotype frequencies of polymorphisms in MTHFR between CAS group and control group

Allele/Genotype CAS-group Control group OR (CI 95%) P-value P for HWE

(n = 266) (n = 464)

n % n %

ALL C 281 52.8 669 72.1 1 0.74

T 251 47.2 259 27.9 2.31(1.85,2.88) P < 0.001*

C/C 58 21.8 249 53.7 1

C/T 165 62 171 36.9 4.14 (2.90,5.92) P < 0.001*

T/T 43 16.2 44 9.5 4.20(2.52,6.97) P < 0.001*

Women C 82 52.6 231 84.9 1

T 74 47.4 41 15.1 5.08(3.22,8.03) P < 0.001*

CC 16 20.5 103 75.7 1

CT 50 64.1 25 18.4 12.88(6.31,26.26) P < 0.001*

TT 12 15.4 8 5.9 9.66(3.42,27.27) P < 0.001*

Men C 199 52.9 438 66.8 1

T 177 47.1 218 33.2 1.79(1.38,2.32) P < 0.001*

CC 42 22.3 146 44.5 1

CT 115 61.2 146 44.5 2.74(1.80,4.17) P < 0.001*

TT 31 16.5 36 11 2.99(1.67,5.40) P < 0.001*

MTHFR Methylenetetrahydrofolate reductase, OR Odds ratio, CI Confidence interval, HWE Hardy-Weinberg equilibrium
*P<0.05 was considered to be statistically significant
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(3) As an indirect methyl donor, MTHFR participates in
the methylation processes of DNA, RNA and proteins
(purine and thymidine syntheses). These result in a
series of vascular diseases.
Simultaneously, it was detected that the mutations in

the C677T/MTHFR gene leads to the increase in Hcy
level, and the possible potential mechanisms have been
mentioned above. On the other hand, it was also found
that the risk of HHcy was greater in the male gender,

when compared to the female gender (OR = 4.24, 95%
CI: 1.18–9.94, P = 0.001). The most likely explanation for
this observation was that plasma total Hcy levels are sig-
nificantly associated with testosterone, and inversely cor-
related with estradiol [29, 30].
However, this was diverse with a previous study,

[15] and under stratification by gender, no differences
were observed in the association between the C/T
heterozygote and T/T homozygotes genotype, and
CAS. The potential reason was that the sample size
used to detect the gene and environmental interac-
tions was small. Hence, there is a need for a substan-
tially larger sample size, in order to detect the genetic
or environmental effects alone [31, 32]. Furthermore,
the present results revealed that mutations in the
C677T/MTHFR gene may be a contributing factor to
the higher risk profile for the development of arterio-
sclerosis, which were also supported by previous stud-
ies [17, 33, 34].
There are several limitations in the present study.

There was a lack of dietary information in the data of
the study subjects; and there was a lack in the data of
the MTHFR serum activity or folate serum levels. In
clarifying some of the apparent discrepancies in the rela-
tionship among C677T/MTHFR genotype, plasma total
homocysteine levels and CAS, the knowledge of these
might have been a contributing factor, Further study is
needed. Nonetheless, the present data are consistent
with those in previous studies, in which the MTHFR
gene C677T mutation is statistically associated with
HHcy and CAS.

Conclusion
In conclusion, it was found that mutations in the
C677T/MTHFR gene are risk factors for CAS in the

Table 5 Result of the risk factors of Carotid Atherosclerosis by
Logistic regression analysis

B-value SE Wald P-value OR 95%CI

Age 0.895 0.229 15.336 < 0.001* 2.45 1.56 ~ 3.83

Gender −0.507 0.238 4.532 0.033* 0.60 0.38 ~ 0.96

Smoking −0.070 0.202 0.120 0.729 0.93 0.63 ~ 1.38

Drinking 0.639 0.200 10.162 0.001* 1.89 1.28 ~ 2.81

Dietary habit −0.371 0.202 3.378 0.066 0.69 0.47 ~ 1.03

Sleep quality

poor 2.667 0.264

aduquate 0.389 0.259 2.248 0.134 1.48 0.89 ~ 2.45

good 0.455 0.301 2.283 0.131 1.58 0.87 ~ 2.85

BMI −0.240 0.210 1.313 0.252 0.79 0.52 ~ 1.19

Hypertension 0.748 0.196 14.609 < 0.001* 2.11 1.44 ~ 3.10

FBG

< 5.5 mmol/L 11.022 0.004*

5.5–7 mmol/L 0.553 0.197 7.862 0.005* 1.74 1.18 ~ 2.56

≧7 mmol/L 0.749 0.291 6.612 0.010* 2.12 1.20 ~ 3.75

hsCRP(Q1) 3.079 0.380

hsCRP = 1 0.264 0.252 1.093 0.296 1.30 0.79 ~ 2.13

hsCRP = 2 0.444 0.258 2.950 0.086 1.56 0.94 ~ 2.59

hsCRP = 3 0.299 0.258 1.340 0.247 1.35 0.81 ~ 2.24

TC 0.334 0.276 1.461 0.227 1.40 0.81 ~ 2.40

TG −0.195 0.193 1.023 0.312 0.82 0.56 ~ 1.20

LDL-C 0.458 0.278 2.715 0.099 1.58 0.92 ~ 2.72

HDL-C −0.391 0.268 2.123 0.145 0.68 0.40 ~ 1.14

Hcy 0.700 0.292 5.746 0.017* 2.01 1.14 ~ 3.57

MTHFR C677T

CC 51.512 < 0.001*

CT 1.401 0.198 50.270 < 0.001* 4.06 2.76 ~ 5.98

TT 1.143 0.304 14.165 < 0.001* 3.14 1.73 ~ 5.69

BMI body mass index, TG triglycerides, TC total cholesterol, LDL-C low density
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, hsCRP high-
sensitivity C-reative protein, Hcy: Homocysteine; Hypertension: normal = 0,
Hypertension = 1; Hcy: <15 mmol/L = 0, ≥15 mmol/L = 1; TC:<5.18 mmol/L = 0,
≥5.18 mmol/L = 1;TG: <1.70 mmol/L = 0,≥1.70 mmol/L = 1;LDL-C: <3.37 mmol/
L = 0, ≥3.37 mmol/L = 1; HDL-C: ≥1.04 mmol/L = 0,< 1.04 mmol/L = 1); HCY: <
15 μmol / L = 0,≥ 15 μmol / L = 1; hsCRP (Quadripartite grouping):the first
quartile = 0, the second quartile =1, the third quartile =2, the highest quartile
=3; Gender: Female = 0,Male = 1; Smoking:No =0, yes = 1.Drinking:
No = 0, Yes = 1
*P<0.05 was considered to be statistically significant

Table 6 ORs of presence of carotid atherosclerosis by C677T/
MTHFR

model 1 model2

CC CT + TT CC + CT TT

ALL(N = 730)

CAS,% 21.8 51.8 37.2 54.0

All adjusted ORa 1 3.87(2.67–5.62) * 1 1.42(0.82–2.45)

Women(n = 214)

CAS,% 13.4 65.3 34.0 60.0

All adjusted ORa 1 17.18(7.27–40.49) * 1 2.06(0.67–6.38)

Men(n = 516)

CAS,% 27.1 47.9 38.5 52.2

All adjusted ORa 1 2.57(1.65–3.99) * 1 1.37(0.71–2.63)
a logistic regression analysis; CAS, Carotid Atherosclerosis; adjusted for age,
gender, drinking, smoking, Dietary habit, Sleep quality, BMI, Hypertension,
FBG, hsCRP, TC, TG, LDL-C, HDL-C, Hcy. *P<0.05 was considered to be
statistically significant
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Chinese Han population. The T allele may be a suscepti-
bility gene of carotid plaques. Exploring the potential as-
sociation of MTHFR SNPs with CAS susceptibility may
be conducive to personalized diagnosis, which can lead
to both disease prevention and modification.
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