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Abstract

Background The relationship between the methylenetetrahydrofolate reductase (MTHFR) single nucleotide
polymorphism (SNP) and serum homocysteine (Hcy) levels or H-type hypertension in different populations is
inconsistent. This study aimed to explore the association between the MTHFR rs1801133 SNP and serum Hcy levels of
Zhuang hypertensive patients in the central region of Guangxi.

Methods A total of 606 Zhuang inpatients with essential hypertension were recruited in our hospital from August
2016 to December 2018. The patients were divided into H-type hypertension (Hcy > 10 umol/L, n=528) and non-H-
type hypertension (Hcy < 10 umol/L, n=78) groups. At the same time, an age- and sex-matched group of 379
subjects with normal physical examination in our hospital were selected as the control group. Blood biochemical
measurements and genotyping of the MTHFR rs1801133 SNP were performed.

Results The prevalence of H-type hypertension was 87.13%. The levels of serum Hcy in patients with hypertension
were higher than those in control group (14.20+5.78 umol/L vs. 11.97 £5.39 umol/L, P <0.001), especially in

patients with H-type hypertension (15.08 +5.65 umol/L, P <0.001). The frequencies of TT genotype (22.73%) and T

allele (46.21%) in patients with H-type hypertension were significantly higher than those in control group (11.35%

and 30.47%, respectively) and non-H-type hypertension group (10.26% and 28.85%, respectively; P <0.001 for all).
Multivariate linear regression analysis showed that serum Hcy levels were significantly correlated with creatinine, low-
density lipoprotein cholesterol, endogenous creatinine clearance rate, and the MTHFR rs1801133 genotypes in control
group, while serum Hcy levels were significantly correlated with creatinine, triglyceride, low-density lipoprotein
cholesterol, endogenous creatinine clearance rate, glycosylated hemoglobin, and the MTHFR rs1801133 genotypes in )
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H-type hypertension group (P <0.05-0.001). Serum Hcy levels in the T allele carriers were higher than those in the T
allele noncarriers in both H-type hypertension and control groups.

Conclusions There was closely related between the MTHFR rs1801133 SNP and serum Hcy levels in Zhuang patients
with H-type hypertension in the central region of Guangxi. The MTHFR SNP may be an important reason for the
increase of serum Hcy levels in Zhuang patients with H-type hypertension in this region.

Keywords Homocysteine, Hyperhomocysteinemia, H-type hypertension, Methylenetetrahydrofolate reductase,

Background

Essential hypertension (referred to as hypertension) is
a common chronic cardiovascular disease that affects
about a quarter of adults worldwide [1-3]. Long-term
hypertension can not only cause hypertensive heart dis-
ease, but also lead to serious complications in several
organs such as the heart, brain, kidneys, and fundus of
the eye [4—6]. It is also the main culprit causing disability
or death among middle-aged and elderly people [7-10].
With the rapid development of China’s economy, changes
in lifestyle, intensification of population aging, and
advancement of urbanization, hypertension has become
a major public health problem [11-13]. The China
Hypertension Survey (CHS) found that the crude prev-
alence rate of hypertension among residents aged>18
years in China from 2012 to 2015 was 27.9%, with an esti-
mated number of 245 million people affected. The crude
examination rate of prehypertension was 39.1%, and
the estimated number of people with prehypertension
was 435 million [14]. However, the prevalence of hyper-
tension is not consistent across the country and among
ethnic groups, generally higher in the north than in the
south, and higher in cities than in rural areas [3, 13, 15].
Although the exact cause and pathogenesis of hyperten-
sion are not yet fully understood, it is widely believed that
hypertension is a disease influenced by various factors
such as lifestyle, diet, physical inactivity, genetic factors,
and their interactions [16-21].

In the 1970s, it was noted that there was a signifi-
cant relationship between elevated plasma homocys-
teine (Hcy) levels and the concomitant presence of
hyperhomocysteinemia (HHcy; Hcy>10 pmol/L) and
various vascular diseases, such as atherosclerosis, hyper-
tension, vascular calcification, aneurysm, and retinal
vascular abnormalities. A previous Chinese population
survey showed that the risk of cardiovascular and cere-
brovascular events increased 2.3-fold in the popula-
tion of Hcy>9.47 pumol/L. The risk of death increased
2.4-fold in the population of Hcy>11.84 pumol/L. Every
5 umol/L increase in Hcy, the risk of stroke was also
increased by 59% [22]. Therefore, some scholars refer to
patients with both HHcy and primary hypertension as
H-type hypertension [23]. About 80.0% of hypertensive
patients in China were accompanied by HHcy [24, 25].

It is well-known that human plasma Hcy level is affected
by gender and age [26, 27], races or ethnic groups [28—
30], nutrition and dietary factors [31, 32], lifestyle [33],
genetic factors [34-36], and diseases and drugs [37, 38].
The polymorphism or mutation of the key enzyme gene
of Hcy metabolism such as cystathione-p-synthetase
(CBS), methionine synthetase (MS), and 5,10-methylene-
tetrahydrofolate reductase (MTHFR) can change plasma
Hcy levels. The human MTHER gene is located at the end
of the short arm of chromosome 1 (1p36.3). It is a cod-
ing gene for MTHFR. MTHER is a key enzyme for folate
and methionine metabolisms. MTHER has a total length
of 20.374 kb. There are 12 exons, and the length of mes-
senger RNA is 7,150 base pair (bp), encoding a protein
composed of 656 amino acid residues [39]. In the folate
metabolism pathway, MTHFR can convert 5,10-meth-
ylenetetrahydrofolate into  biologically  functional
5-methyltetrahydrofolate; 5-methyltetrahydrofolate can
further enter the methyl transmission pathway, indirectly
provide methyl for DNA methylation and protein meth-
ylation through the process of Hcy remethylation and
keep Hcy at a low-blood level. The MTHFR polymor-
phisms can lead to increased thermolability and impaired
enzymatic activity. More than 15 species of polymor-
phisms and/or point mutation have been determined in
the human MTHFR, and the most common of which is
the MTHFR rs1801133 (C677T) SNP. The genotypes can
divide into wild-type CC, heterozygous mutant CT, and
homozygous mutant TT. Among them, the enzyme activ-
ity encoded by CC wild genotype is the strongest. When
the wild type mutates into heterozygous CT or homozy-
gous TT mutant, alanine in the gene expression enzyme
structure is replaced by valine, which possesses a reduced
overall enzyme activity to less than 30% of normal, result-
ing in serum Hcy level increased [40, 41], and Hcy cannot
be converted into S-adenosylmethionine normally, thus
affecting the metabolism of Hcy, and plasma Hcy level
increases [30, 35, 36, 42—47]. However, this kind of rela-
tionship between the MTHFR SNP and serum Hcy levels
is inconsistent in different populations [48].

There are 56 ethnic groups in China, and the Zhuang
ethnic group is the most populous ethnic minority in
China. According to the China Statistical Yearbook 2021,
the population of the Zhuang ethnic group in China is
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19,568,546. They mainly reside in the south of China.
Guangxi Zhuang Autonomous Region (abbreviated as
Guangxi) is the main distribution area of the Zhuang
ethnic group, with a total of 14,207,100 people (87.81%)
in 2000. The city Laibin is located in the central part of
Guangxi and is also one of the main settlement cities for
the Zhuang ethnic group. The clothing, dietary structure,
customs, lifestyle, and genetic background of the Zhuang
people are different from those of other ethnic groups.
Therefore, the present study was undertaken to explore
the relationship between the MTHFR rs1801133 SNP and
serum Hcy levels or H-type hypertension in Zhuang eth-
nic group in the central region of Guangxi.

Methods

Ethics statement

The study was conducted in accordance with the Decla-
ration of Helsinki. The study protocol was reviewed and
approved by the Ethics Committee of Laibin People’s
Hospital (No. 2,016,005), and all research subjects have
signed informed consent forms.

Subjects

All research subjects were hypertensive patients who
were treated in our hospital from August 2016 to Decem-
ber 2018. The inclusion criteria were the following: (1) In
accordance with the diagnostic criteria for hypertension
in the “Chinese Guidelines for the Prevention and Treat-
ment of Hypertension (revised 2018)”: in a quiet state
without using antihypertensive drugs, the blood pres-
sure values were continuously monitored three times on
different days, with mean systolic blood pressure>140
mmHg (1 mmHg=0.133 kPa) and/or diastolic blood
pressure>90 mmHg. Having a history of hypertension
and treated with antihypertensive drugs, although the
blood pressure did not reach the above level during the
physical examination, it was also diagnosed as hyperten-
sion [11-13, 16-21]. (2) All subjects are residents of the
Zhuang ethnic group with three generations of ances-
tors in the central region of Guangxi Zhuang Autono-
mous Region, and their clinical data were complete. (3)
Unrelated men or women aged>18 years. (4) With no
severe chronic disease or systemic disease. (5) Willing
to participate in the study. The exclusion criteria were as
follows: (1) Secondary hypertension, white coat hyper-
tension, and hypertensive crisis. (2) Malignant tumors,
pregnant, or lactating women. (3) Thyroid disease, severe
rheumatic immune system disease, and infectious dis-
ease. (4) Moderate to severe anemia, severe hematologi-
cal diseases, and post—-bone marrow transplantation. (5)
Severe heart, liver, and kidney dysfunction. (6) Individu-
als with cognitive impairment who were unable to com-
plete the questionnaire or had incomplete clinical data. A
total of 606 hypertensive patients were included in this
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study. Among them, there were 186 male (30.69%) and
420 female patients (69.31%), aged 30 to 89 years, with
an average age of 55.75+9.94 years. The patients were
divided into H-type hypertension group (H-type group,
Hcy>10 pmol/L) and non—H-type hypertension group
(non—H-type group, Hcy<10 pumol/L) according to the
serum Hcy levels. Another 379 normal persons who
underwent normal physical examinations in our hospi-
tal during the same period were selected as the control
group. Among them, there were 114 male (30.08%) and
265 female patients (69.92%), aged 29 to 93 years, with an
average age of 54.96+8.84 years. They were age- and sex-
matched to the hypertensive group. The demographic
characteristics and clinical data such as sex, age, smok-
ing, drinking, medical history, and family history of the
subjects were collected using predesigned tables, and the
whole body physical examination was carried out, includ-
ing measurement of height, weight, waist circumference,
hip circumference, heart rate, and blood pressure.

Estimation of sample size

The Quanto software ver. 1.2er. 1.2 (University of South-
ern California) was used to estimate the sample size [49,
50], and we proceed according to the following steps: (1)
the prevalence of hypertension in the Chinese popula-
tions is nearly 27.9% (Kp); (2) selection of “case-control
(matched)” and “gene only” from hypothesis; (3) the
minor allele frequency of the rs1801133 SNP is 0.29,
qA=Y0.29=0.54; (4) specify the following values in the
“outcome model” dialog: Rz=1.8, K= 27.9%; (5) choose
80% power, 0.05 significant level, and 2-sided alternative;
and (6) the results indicated that 302, 98, and 214 case-
control pairs for dominant, log-additive, and recessive
models, respectively, were required for the desired power
in the above setting. Therefore, the sample size in our
study (case group, 606; control group, 379) was sufficient
power for the statistical analyses.

Blood biochemical measurements

A venous blood sample of 5 ml was collected after an
overnight fasting in all subjects. A part of 3 ml was placed
in a serum tube. After the blood coagulation, it was cen-
trifuged at 3,500 r/min for 10 min, and then the serum
was separated for biochemical testing. Another part of 2
ml was injected into an acid citrate dextrose (ACD) anti-
coagulant tube (containing 4.80 g/L citric acid, 14.70 g/L
glucose, and 13.20 g/L trisodium citrate) and fully mixed
for DNA extraction. Fasting blood glucose, serum cre-
atinine, uric acid (UA), serum total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-
C) were detected by Hitachi 020 automatic biochemical
analyzer (Hitachi). Serum Hcy levels were determined by
using an enzymatic cycling method, and the detection kit



Hu et al. Clinical Hypertension (2023) 29:26

includes reagents, calibrators, and quality control prod-
ucts were provided by Shanghai Kehua Biotechnology
Co, Ltd (No. 20,030,916). The measurement was carried
out on the Hitachi 020 automatic biochemical analyzer,
and the experimenter strictly follows the instructions for
operation. Briefly, the basic parameters of the biochemi-
cal analyzer were set as follows: the reaction method
was the rate method; the main wavelength was 340 nm,
and the secondary wavelength was 700 nm. The optical
diameter of the colorimetric cup was 1.0 cm; the reaction
direction was a descending reaction. Sample volume was
6.5 pl (blank tube with purified water, calibration tube
with calibration substance). Reagent 1 was 120 pl, mixed
well and incubated at 37 °C for 3 to 5 min, and then
added reagent 2 of 33 pl, mixed well and incubated at
37 °C for 2.5 min and continuously monitor for approxi-
mately 2.5 min.

Genotyping of the MTHFR rs1801133 SNP

The genomic DNA of the specimen was extracted from
peripheral blood leukocytes using the phenol chloroform
method, and the extracted DNA was stored at —80°C
until analysis. Genotyping of the MTHFR rs1801133
(C677T) SNP was performed on the Snapshot of next
generation sequencing technology platform in Sangon
Biotech Co, Ltd [17]. A HiSeqXTen sequencer (Illumina)
was employed for SNP genotyping. The sense and anti-
sense primers were 5-CAAAGGCCACCCCGAAGC-3’
and 5-AGGACGGTGCGGTGAGAGTG-3; respectively.

Statistical analysis

A database was established using EpiData ver. 3.02 (Epi-
Data Association) and the data were analyzed using
SPSS ver. 18.0 (SPSS Inc). The quantitative variables
were represented by meantstandard deviation, and the
comparison between two groups was conducted using
independent sample t-test. The enumeration data are
expressed as percentage, and the comparison of differ-
ent group rates was conducted using chi-square test. In
order to evaluate the influencing factors of serum Hcy
levels, multivariate linear regression analysis was also
conducted on the H-type hypertension group and the
control group, respectively. The independent variables
include sex (female=0, male=1), age (years), height (cm),
weight (kg), waist circumference (cm), hip circumfer-
ence (cm), heart rate (beats/min), systolic blood pressure
(mmHg), diastolic blood pressure (mmHg), urea nitro-
gen (mmol/L), creatinine (umol/L), UA (umol/L), endog-
enous creatinine clearance rate (ml/min), blood glucose
(mmol/L), glycosylated hemoglobin (%), TC (mmol/L),
TGs (mmol/L), HDL-C (mmol/L), LDL-C (mmol/L) and
the MTHFR rs1801133 genotype (CC=0, CT=1, TT=2).
P<0.05 indicates a statistically significant difference.
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Results

General data between the hypertension and control
groups

The comparison of general data and related biochemical
parameters between the hypertension (including non—
H-type and H-type hypertension) and the control groups
is shown in Table 1. Among 606 hypertensive patients,
H-type hypertension (Hcy>10 pmol/L) was 528 patients
(87.13%). The body weight, waist circumference, hip cir-
cumference, heart rate, systolic blood pressure, diastolic
blood pressure, Hcy, UA, blood sugar, TG, and LDL-C
levels were significantly higher in the hypertension group
than those in the control group, whereas HDL-C levels
were significantly lower in the hypertension group than
those in the control group (P<0.05-0.001). There was no
significant difference in sex ratio, height, urea nitrogen,
creatinine, endogenous creatinine clearance rate (Ccr),
glycosylated hemoglobin, and TC levels between the two
groups (all P>0.05).

General data between the control, H-type, and non-H-type
groups

As also shown in Table 1, the body weight, diastolic
blood pressure, Hcy, creatinine, TC, and LDL-C levels in
the H-type hypertension group were significantly higher
than those in the control group, while the levels of urea
nitrogen, UA, and Ccr were significantly lower than
those in the control group (P<0.05-0.001). The body
weight, hip circumference, heart rate, systolic blood pres-
sure, diastolic blood pressure, and Ccr were significantly
higher in the non—H-type hypertension group than in the
control group, whereas the levels of Hcy, urea nitrogen,
creatinine, HDL-C, and LDL-C were significantly lower
in the non—H-type hypertension group than in the con-
trol group (P<0.05-0.001).

Genotype and allele frequencies among control, non-H-
type, and H-type groups

The comparison of genotype and allele frequencies
among the control, non—-H-type and H-type hyperten-
sion groups is shown in Fig. 1. The genotype distribution
of the three groups was consistent with the Hardy-Wein-
berg equilibrium (all P>0.05). There were statistically
significant differences in genotype and allele frequencies
among the three groups (all P<0.001). The frequencies of
TT genotype (22.73%) and T allele (46.21%) in the H-type
hypertension group were significantly higher than those
in the control group (11.35% and 30.47%, respectively)
and the non-H-type hypertension group (10.26% and
28.85%, respectively).
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Table 1 Comparison of general data between the control and total hypertension, H-type hypertension, and non-H-type
hypertension groups
Variable Control Hypertension P-value
(n=379)

All H-type Non-H-type P, P, P

(n=606) (n=528) (n=78)
Sex 0833 0662 0904
Male 114 186 162 24
Female 265 420 366 54
Age (yr) 55.96+8.84 55.75+9.94 56.06+9.56 5569+1208 0433 0094 0204
Height (cm) 160.05+6.53  160.12+£6.86 159.96+6.70 161.19+£7.79 0653 0.201 0.173
Weight (kg) 59.34+892 61.32+9.79 60.87£8.67 6439+1507 <0001 0016  <0.001
Waist circumference (cm) 81.81+£1212 83.92+1064 8394+£1048 83.77+11.76 0.004 0.908 0.193
Hip circumference (cm) 90.53+£13.07 9228+£13.03 91.92+1250 9469+£1607 0018 0.136 0.015
Heart rate (beats/min) 7431+£10.14  7703£11.26 7669+£1143  7931+£9.80 <0.001 0089  <0.001
Systolic blood pressure (mmHg) 1239441033 15823+16.02 157.84+1501 160.89+2162 <0.001 0.188 <0.001
Diastolic blood pressure (mmHg) 7294 +867 91.18+1281 90.71+1278 9438+1262 <0.001 0.038 <0.001
Homocysteine (umol/L) 11.97+5.39 14.20+5.78 15.08£5.65 826+1.65 <0001 <0.001 <0.001
Urea nitrogen (mmol/L) 554+1.62 473£1.15 485+£1.03 4.07£1.20 0.289 <0.001 <0.001
Creatinine (umol/L) 8333+£1846 824042177 8527+1535 6439+2090 0478 0001  0.001
Uric acid (umol/L) 381.55£81.69 390.01+5898 381.36+£59.96 329.35+7820 0.035 0.016 0.366
Endogenous creatinine clearance rate (mL/min) 9990+ 1447 9936+1631 9487+1144 11585+1829 0.245 <0.001 <0.001
Blood glucose (mmol/L) 4.78+£0.64 4.99+0.85 495+0.67 541+2.17 0017 0528 0.110
Glycosylated hemoglobin (%) 5.54+0.46 556+0.71 541+0.53 596+1.22 0.774 0.162 0.864
Total cholesterol (mmol/L) 527+0.82 5.43+0.81 551+0.65 516+1.03 0.204 0.006 0.084
Triglyceride (mmol/L) 1.56+£0.98 1.84+£1.15 203+1.26 1.64+1.04 0.001 0.203 0.536
High-density lipoprotein cholesterol (mmol/L) 1.56+0.30 148+0.37 1.524+0.30 1.53+045 <0.001 0267 0.003
Low-density lipoprotein cholesterol. (mmol/L) 345+0.78 3.56+097 3.79+061 320+1.04 0024 <0001 0015
Antihypertensive drugs 0 225 (37.13) 188 (35.61) 37 (47.44)3) <0.001 <0.001 <0.001

Data are presented as number only, meanz+standard deviation, or number (%). P, values are compared between the control and total hypertension groups, P,
values are compared between the control and H-type hypertension groups, and P; values are compared between the control and non-H-type hypertension groups

Ay2=4.047, P=0.043 in comparison with H-type hypertensive group

Influencing factors of serum hcy levels in the control and
H-type groups

The influencing factors of serum Hcy levels in the con-
trol group and H-type hypertension group are shown
in Table 2. The results of multivariate linear regression
analysis showed that the influencing factors of serum
Hcy levels in the control group were creatinine, LDL-
C, Ccr, and the MTHER rs1801133 (C677T) genotypes.
The influencing factors of serum Hcy levels in the H-type
hypertension group include creatinine, TGs, LDL-C, Ccr,
glycosylated hemoglobin, and the MTHFR rs1801133
(C677T) genotypes. In both groups of study subjects,
serum Hcy levels of T allele carriers (T'T and CT geno-
types) were higher than those of T allele noncarriers (CC

genotypes).

Discussion

In the present study, we detected the relationship
between the MTHFR rs1801133 SNP and serum Hcy
levels in Zhuang hypertensive patients from Laibin city
of Guangxi. The results showed that the prevalence of
H-type hypertension in Zhuang ethnic group was 87.13%

in Laibin city, which is slightly higher than in the Shang-
hai region of China, the prevalence of H-type hyper-
tension among elderly patients in Shanghai region was
80.0% [25]. However, the previously reported prevalence
of H-type hypertension in China was around 75% [23].
These differences may be related to regional and demo-
graphic differences. It has been found that plasma Hcy
levels in Chinese people were higher than those in the
West. The western regions of China were higher than
those of the eastern coastal areas, the northern regions
were higher than those of the southern regions, and the
urban areas were higher than those of the rural areas.
This difference in serum Hcy levels was similar to the
epidemiological distribution of primary hypertension
[28]. In addition, there were also sex- and age-related
differences in plasma Hcy levels. The Hcy level was sig-
nificantly higher in men than in women in each age range
from 20 to over 80 years, and the trend did not abate with
age. The Hcy level first decreased and then increased,
being lowest at 30 to 50 years of age and significantly
increased after 50 years of age [26, 27, 51]. The preva-
lence of HHcy was higher in men than in women, and the
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Fig. 1 Comparison of genotypic and allelic frequencies of the methylenetetrahydrofolate reductase (MTHFR) rs1801133 single nucleotide polymorphism
(SNP) in the control, non-H-type hypertension, and H-type hypertension groups. The differences in the genotypic and allelic frequencies between con-

trols and hypertensive patients were determined by the chi-square test

incidence rate of H-type hypertension was also higher in
people>55 years old than those <55 years old [26, 27].

In the current study, we found that serum Hcy levels
were significantly higher in hypertensive patients than
in the control group (14.20+5.78 pmol/L vs. 11.97+5.39
umol/L, P<0.001), especially in the patients with H-type
hypertension (15.08+5.65 pmol/L, P<0.001). However,
serum Hcy levels in non—H-type hypertension patients
(8.26+1.65 pumol/L) were actually lower than those in
the control group (P <0.001). The reason for this discrep-
ancy is not yet clear. We speculate that it may be related
to the impact of therapeutic drugs. It has been reported
that plasma Hcy levels were influenced by some drugs,
such as antiepileptics, anticonvulsants, methotrexate,
metformin, azalipin, carbamazepine, and diuretics. These
medicines can cause an increase in plasma Hcy levels
by interfering with folate and methionine metabolism,
respectively. Conversely, some drugs such as oral contra-
ceptives, hormone replacement therapy, antirheumatic

drugs, penicillamine, acetylcysteine, and atorvastatin
calcium tablets can reduce plasma Hcy levels [37, 38, 52,
53]. Unfortunately, some of our research subjects were
taking some antihypertensive drugs such as diuretics,
B-blockers, calcium antagonists, angiotensin-converting
enzyme inhibitors, or angiotensin receptor blockers. But
they did not provide detailed medication and dosage
records, and we cannot determine the degree of impact
of these drugs on serum Hcy levels. This is also our work
deficiency. In addition, we also found that the frequencies
of the MTHFR rs1801133 TT genotype and T allele were
slightly lower in non—H-type hypertensive patients than
in control group. Perhaps this may be the real reason why
serum Hcy level was lower in non—H-type hypertensive
patients than in the control group. In the present study,
we revealed that the levels of body weight, hip circumfer-
ence, heart rate, systolic blood pressure, diastolic blood
pressure, and Ccr were significantly higher in the non-
H-type hypertension than in the control groups. It seems
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Table 2 Influencing factors of serum Hcy levels in the control
and H-type hypertension groups

Variable Standardized  P-value 95%
coefficient Confidence
interval
Control group
Creatinine (umol/L) 0.165 0.032 0.004 to 0.085
LDL-C (mmol/L) 0.286 0.021 0.280to0 3412
Ccr (ml/min) -0.273 <0.001 -0.116 to
-0.036
MTHFR rs1801133 0.258 0.013 0.095 to 0.190
genotype
H-type group
Creatinine (Lmol/L) 0.184 0.002 0.019t0 0.083
Triglyceride(mmol/L) 0.167 0.001 0.272t0 1.036
LDL-C (mmol/L) 0.249 0.005 0.501 to 2.874
Ccr (ml/min) -0.190 <0.001 -0.092 to
—-0.029
Glycosylated hemo- ~ -0.234 <0.001 -2.593to
globin (%) —0.890
MTHFR rs1801133 0.226 0.001 0.045t00.143
genotype

LDL-C, low-density lipoprotein cholesterol; Ccr, endogenous creatinine
clearance rate; THFR, methylenetetrahydrofolate reductase

that in non-H-type hypertensive individuals, elevated
blood pressure may be related to obesity. It is widely
recognized that overweight and obesity are closely asso-
ciated with hypertension [54]. Weight gain was usually
associated with a corresponding increase in blood pres-
sure [55]. The prevalence of hypertension in children was
estimated to be 3—-14% for normal weight children and
11-30% for obese children [56]. Excess adiposity was the
single most powerful risk factor for higher blood pressure
and contributed to more than half of the risk for develop-
ing hypertension [57].

The human cannot directly ingest Hcy from food and
cannot synthesize it in the body. It is an important inter-
mediate product in the essential amino acid methionine
cycle and cysteine metabolism. It can be metabolized
through the following pathways: (1) remathylation, in
which the key enzyme for the formation of 5-methyltet-
rahydrofolate is the MTHEFR; (2) alternative pathways for
methylation; (3) transvulcanization; (4) release to extra-
cellular fluid; and (5) oxidation (self-oxidation under the
catalysis of metal ions such as iron or calcium). From
here we see that any abnormality in the Hcy metabolic
pathway or the lack of various enzymes and cofactors
involved in Hcy metabolism will result in abnormal Hcy
metabolism, leading to its accumulation in the body and
causing HHcy. Defects and variations in key enzyme
genes involved in Hcy metabolism were the most com-
mon genetic factors affecting plasma Hcy concentra-
tion. The MTHFR polymorphisms can lead to a decrease
in MTHER activity and an increase in plasma Hcy lev-
els [30, 35, 36, 42—47]. More than 15 types of MTHFR
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SNPs have been found, with the most common being
the MTHEFR rs1801133 (C677T) SNP. The wild-type CC
genotype encodes the strongest MTHFR enzyme activ-
ity. When it mutates into a heterozygous CT or homo-
zygous TT mutant, alanine is replaced by valine in the
gene expression enzyme structure, resulting in a decrease
in enzyme activity. Hcy cannot be converted into S-ade-
nosylmethionine normally, thereby affecting its metabo-
lism and increasing plasma Hcy levels [30, 35, 36, 42—47].
In the current study, we also found that the frequencies
of the MTHFR rs1801133 TT genotype (22.73%) and T
allele (46.21%) in Zhuang patients with H-type hyperten-
sion in the central region of Guangxi were significantly
higher than those in the control group (11.35% and
30.47%, respectively) and the non—H-type hypertension
group (10.26% and 28.85%, respectively). The results of
multivariate linear regression analysis showed that there
was a significant correlation between serum Hcy levels
and the MTHFR rs1801133 genotypes in both control
and H-type hypertension groups. Serum Hcy levels in the
T allele carriers (TT and CT genotypes) were higher than
those in the T allele non-carriers (CC genotype). These
findings suggest that the decrease in MTHEFR activity
caused by the MTHFR SNP may be an important reason
for the increased plasma Hcy levels. It is worth noting
that the efficacy of folic acid supplementation was related
to the genotypes of MTHFR C677T. Qin et al. [58, 59]
have demonstrated that the MTHFR C677T polymor-
phism can not only affect serum Hcy and folate levels
at baseline and post—folic acid treatment, but also can
modify therapeutic responses to various dosages of folic
acid supplementation. These results may provide new
clues and experimental basis for the precise treatment of
hypertension patients based on their genotypes, and also
provide new ways to achieve personalized accurate early
warning, diagnosis and intervention of metabolic disor-
der such as hypertension in the future.

However, some authors found that there was no rela-
tionship between the MTHFR C677T polymorphism
and the risk of H-type hypertension in Guangxi Zhuang
ethnic group [48]. The reason for this diversity is not yet
clear. We speculate that it may be related to the follow-
ing factors: (1) In the previous study [48], the number of
the study patients was too small, with only 185 hyperten-
sive patients in all, of which only 76 persons were H-type
hypertensive patients. The subjects with TT genotype
were only six (7.89%) in H-type hypertension and five
(4.59%) in non—H-type hypertension. (2) H-type hyper-
tension in the study was defined as Hcy>15 pmol/L,
which significantly reduced the number of cases of
H-type hypertension (n=76) compared to the number of
cases of non—H-type hypertension (n=109). Therefore,
further research is needed to confirm the relationship
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between the MTHFR C677T SNP and the risk of H-type
hypertension in different races or ethnic groups.

There are several potential limitations in the present
study. First, the sample size of non—-H-type hyperten-
sion group is a bit small. Second, there was different in
sex ratio of the study populations, the number of women
was greater than that of men. Third, drug information
did not describe in detail in this study, and the effects
of drugs on serum Hcy levels and the MTHFR SNP are
still needed to research. Finally, the interactions of gene-
gene, gene-environment, and environment-environment
on serum Hcy levels and the MTHFR SNP remain to be
determined.

Conclusions

In conclusion, this study shows that the prevalence of
H-type hypertension in Laibin, a city in the central region
of Guangxi, China is very high. There was also closely
association between the MTHFR rs1801133 SNP and
H-type hypertension in this ethnic group. The MTHFR
SNP may be an important reason for the increased serum
Hcy levels and the prevalence of H-type hypertension in
this region. Therefore, early identification, monitoring,
intervention, and management of H-type hypertension
should be carried out in this region.
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