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Abstract
Background: According to the relevant reports that single nucleotide polymorphisms (SNPs) may contribute to change of
homocysteine (HCY) levels and increase the risk of hypertension (HTN). During the inconsistent results, this meta-analysis purpose is
systematically review and synthesized relevant data on HCY levels and SNPs in HTN.

Methods: The systematic search database, from the following database to find out the association studies of SNPs and HTN
publications up until March 2020 from the databases of PubMed, Embase, Web of Science, Cochrane Library, China National
Knowledge Infrastructure (CNKI), the Chinese Science and Technology Periodical Database (VIP) and Wan fang databases, and
Chinese Biomedical Literature Database (CBM). Network meta-analysis and Thakkinstian’s algorithm were used to select the most
appropriate genetic model, along with false positive report probability (FPRP) for noteworthy associations. All statistical analyses were
calculated with STATA software (version 14.0; StataCorp, College Station, TX).

Results: This meta-analysis will provide high-quality evidence to the effects of SNP on HTN and levels of HCY, and find between
SNPs and HTN susceptibility on in all the genetic models, and choose the best one.

Conclusions: This meta-analysis will research which SNP is the most correlated with HTN risk.

Registration: INPLASY202050002

Abbreviations: +LR = positive likelihood ratio, �LR = negative likelihood ratio, AUC = area under the curve, CBM = Chinese
Biomedical Literature Database, CBS = cystathionine b-synthase, CIs = confidence intervals, CNKI = China National Knowledge
Infrastructure, DOR = diagnostic odds ratio, FPRP = False positive report probability, HCY = homocysteine, HTN = hypertension,
HWE = Hardy-Weinberg equilibrium, MS = methionine synthase, MSR = methione synthase reduce, MTHFR =
methylenetetrahydro-folate reductase, MTRR = methionine synthase reductase, OR = odds ratio, PRISMA = Preferred Reporting
Items for Systematic Reviews and Meta-Analyses, PSRF = potential scale reduction factor, SNPs = single nucleotide
polymorphisms, SROC = summary receiver-operating characteristic, STREGA = Strengthening the Reporting of Genetic
Association Studies, VIP = Chinese Science and Technology Periodical Database.
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1. Introduction

Hypertension (HTN) is defined as systemic blood pressure higher
than 140mmHg, diastolic blood pressure higher than 90mmHg,
or both.[1] According to related research states that HTN is
affecting more than 1 billion people worldwide, and it is
estimated that more than 29.2% of adults will be considered
HTN in 2025.[2] It is accompanied by cardiovascular risks and
high prevalence, leading to HTN has become one of the
important causes of mortality from cardiovascular diseases[2,3];
and the pivotal source of “loss of health” worldwide.[4]

A large amount of environmental and clinical risk factors are
associated with HTN, including sodium intake, alcohol intake,
lack of exercise, poor diet, obesity, insulin resistant diabetes, and
hyperlipidemia.[5] Although these factors explain a considerable
part of HTN susceptibility; but, genes, environmental factors,
and their interactions have significant impact on the pathological
process of HTN.[6] It is evaluated that up to 60% of the variation
in HTN risk is caused by an individual’s genetic makeup.[7]

Single nucleotide polymorphism (SNPs) is a common genetic
variation in a population, with the discovery frequency over
1%.[8] Previously, a lot of research have shown that homocyste-
ine (HCY) is an independent risk factor for cardiovascular and
cerebrovascular diseases.[9] From the perspective of Physiology,
HCY may increase blood pressure by increasing arteriolar
contraction, renal sodium reabsorption, renal dysfunction,
activity of sympathetic nervous system, activity of rennin–
angiotensin–aldosterone system, and arterial stiffness.[10] The
Third National Health and Nutrition Examination Survey
(NHANES III) reported that the prevalence rate of HTN in
people with the highest level of HCY is 2 to 3 times higher than
whose with the lowest HCY level.[11] HCY is a sulfhydryl-
containing amino acid intermediate, which is the result of
demethylation of methionine, an essential amino acid derived
from protein and endogenous protein metabolism in diet.[12] The
four major enzymes involved in HCY metabolism are methyl-
enetetrahydro-folate reductase (MTHFR), methionine synthase
(MS), methionine synthase reductase (MTRR), methione syn-
thase reduce (MSR), and cystathionine b-synthase (CBS).
Therefore, gene polymorphism may influence the level of HCY

and is closely associated with the occurrence of HTN. Previously,
many epidemiological studies have explored the relationship
between gene polymorphism and HTN, but the results were
inconsistent. This meta-analysis will provide a high-quality
evidence to the effects of SNP on HTN and levels of HCY, and
find between SNPs and HTN susceptibility on in all the genetic
models, and choose the best one.
2. Materials and methods

This study was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines and the protocol was registered in the
INPLASY (INPLASY202050002).

2.1. Identification of eligible studies

We carried out a systematic search that compared frequency
differences in SNPs between HTN patients and healthy controls
were search in PubMed, Embase, Web of Science, Cochrane
Library, China National Knowledge Infrastructure (CNKI), the
Chinese Science and Technology Periodical Database (VIP) and
Wanfang databases, and Chinese Biomedical Literature Database
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(CBM) as of March 2020. The search strategy was based on the
following search terms: “single nucleotide polymorphism,”
“SNP,” “homocysteine,” “hypertension,” and “network meta-
analysis.” Details regarding the search terms are available in the
Supplementary Materials, http://links.lww.com/MD/E416.
2.2. Inclusion criteria

Studies in this meta-analysis must meet the following inclusion
criteria:
1.
 Types of patients: people with HTN;

2.
 Intervention: SNPs;

3.
 Types of comparisons: Healthy population;

4.
 Study designs: case–control study;

5.
 No restrictions were placed on age, gender, country, or type of

HTN

6.
 When there were multiple same research publications from the

same research team, only the largest study was included.

2.3. Exclusion criteria

Excluded studies had to meet the following criteria
1.
 duplication report, conference report, thesis, review paper, or
animal study, poster
2.
 Studies without detailed genotypic distribution data

3.
 Studies in which SNPs demonstrated a departure fromHardy–

Weinberg equilibrium (HWE) in controls

2.4. Data extraction and analysis

The eligible data were extracted from the included studies by two
investigators (Wang Jie and Xu Xiangmei) independently,
resolved the disagreement by negotiate or consultation with a
third investigator (Zheng Jinghui) (Fig. 1 is the PRISMA flow
diagram illustrating the procedure of study selection). The
following data from studies were selected: First author’s name,
publication year, methods of gene detection, country, region,
race, number of cases and controls, genotype, and gene frequency
distribution of case and controls and Hardy–Weinberg equilibri-
um (HWE) of controls.
Hardy–Weinberg equilibrium was evaluated for each study by

Chi-square test in control groups, and P< .05 was considered a
significant departure from HWE. Only selected studies that
conform to HWE.We analyzed six models: allele contrast model,
homozygous model, heterozygous model, dominant model,
recessive mode, and additive model. Calculated fixed or random
effects pooled odds ratio (OR) with 95% confidence intervals
(CIs) for pairwise meta-analysis, choose statistically significant
models, Stata software 15.1 is used for data processing.
Heterogeneity was quantified with the I2 statistic and P value;
a I2 statistic <50% and a P> .1 indicated low heterogeneity
between studies, in which case the fixed-effect model (based on
Mantel–Haenszel method) was employed; otherwise, the ran-
dom-effects model (based on DerSimonian–Laird method) was
adopted. Statistical heterogeneity among the studies was checked
by chi-square-based Q-test. When indicating substantial hetero-
geneity, we find out the source through subgroup analysis.
Second, a random-effects network meta-analysis was con-

ducted using ADDIS 1.16.7 within a Bayesian framework. Four
Markov chain carries out initial value setting, the variance scaling

http://links.lww.com/MD/E416
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Figure 1. PRISMA flow diagram of literature search and selection.

Kong et al. Medicine (2020) 99:26 www.md-journal.com
factor is 2.5, the iteration step length is refined by 10, the tuning
iteration number is adjusted by 20,000, and the simulation
iteration number is 50,000. When the potential scale reduction
factor PSRF tends to 1, convergence was satisfied. When
significant deviations were detected, we use an inconsistency
model; otherwise, the consistency model was used. This Bayesian
approach was used to rank the probability of each genetic model
for risk assessment and generate corresponding ranking
probability maps. Thakkinstian’s criteria were also used to
select the most appropriate genetic model. Meta-DiSc software
was used for diagnostic meta-analysis to determine the sensitivity
and specificity of SNPs in predicting HTN risks. Evaluate the
correlation between the combined sensitivity and specificity using
the summarized receiver operating characteristic (SROC) curve
and its area under curve (AUC); positive likelihood ratio (+LR),
3

negative likelihood ratio (�LR), and diagnostic dominance ratio
(DOR) were calculated accordingly.
2.5. Qualitative evaluation

The qualities of the included studies were accessed based on the
STREGA statement.[13] Two investigators respectively according
to the methodological quality assessment, the third investigator
resolved the disagreement.
2.6. Subgroup analysis

If heterogeneity is found to be caused by certain factors, we will
conduct subgroup analysis; according to age, race, gender, and
type of HTN.

http://www.md-journal.com
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2.7. Sensitivity analysis

Sensitivity analysis will be conducted to check the each study
robustness and reliability of pooled outcome result.

2.8. Reporting bias

Using the Begg’s and Egger’s tests to detect publication bias.
3. Discussion

A lot of studies proposed that the levels of HCY in hypertensive
were higher than in subjects without HTN. However, numerous
epidemiological studies have explored the relationship of the
polymorphism with HTN, but the results were inconsistent. In
this networkmeta-analysis, we explored the relationship between
gene polymorphism and HTN through four key metabolic
enzymes in the metabolic pathways of HCY: MTHFR, MSR,
CBS, MTRR, Six kinds of genetic models are established.
Through comprehensive analysis of different genetic models, the
prediction accuracy is improved and the deviation of single model
prediction is reduced. For the pairwise meta-analysis, we have
screened out models that are meaningful to this study. To identify
the most appropriate model for HTN risk association,
Thakkinstian’s algorithm were used; along with false positive
report probability (FPRP) for noteworthy associations. This
meta-analysis will provide a high-quality evidence to the effects of
SNP on HTN and levels of HCY, and find between SNPs and
HTN susceptibility. Further investigations with larger sample
sizes and more ethnic groups are carried out to confirm these
results, to provide an evidence base for public healthmanagement
of HTN and guiding clinical practice.
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