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Abstract

Background: Published research findings regarding the relationship between the methylenetetrahydrofolate reductase (MTHFR)
A1298C polymorphism and the risk of preeclampsia (PE) have generated conflicting results. A meta-analysis was conducted to investi-
gate whether the MTHFR A1298C polymorphism is associated with preeclampsia. Methods: We conducted a systematic search across
several databases, including PubMed, Embase, Web of science, China National Knowledge Infrastructure, and Chinese Biomedicine
Databases, to identify relevant studies. We then calculated pooled odds ratios (ORs) and their corresponding 95% confidence intervals
(ClIs) to assess the association between the MTHFR A1298C polymorphism and preeclampsia (PE) risk. Results: A total of 11 studies
were enrolled in this meta-analysis. The pooled analyses revealed that MTHFR A1298C polymorphism significantly decreased the risk
of PE (allele contrast (A (alanine) vs. C (glutamate) ): OR, 0.81; 95% CI, 0.71-0.93, p =0.207; homozygote (AA vs. CC): OR, 0.57; 95%
CI, 0.40-0.79, p = 0.056; heterozygote (AC vs. CC): OR, 0.62; 95% CI, 0.45-0.87, p = 0.010; dominant model (AA + AC vs. CC): OR,
0.59; 95% CI, 0.43-0.81, p = 0.031; recessive model (AA vs. AC + CC): OR, 0.83; 95% CI, 0.70-0.98), p = 0.817. Conclusion: Present
meta-analysis reveals that MTHFR A1298C variant may serve as genetic biomarkers of PE. The study was registered on PROSPERO
(https://www.crd.york.ac.uk/prospero/), registration number: CRD42023459681.
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1. Introduction role in the metabolism of homocysteine (HCy). It facili-
tates 5,10-MTHF conversion to 5-MTHF, which leads to the
vitamin B12-mediated transformation of HCy to methion-
ine [15,16]. Decreased MTHFR levels or activity as a re-
sult of certain gene mutations can cause slight to moderate
plasma HCy level elevations [17]. Several MTHFR gene
mutations have been identified as potential links to PE, with
the C677T and A1298C the most frequently observed. The
most frequently observed mutation is the C-to-T change at
nucleotide 677 (C677T) in exon 4, which leads to a sub-
stitution ofalanine with valine in the catalytic domain of
the enzyme, and decreases its activity. Another mutation
at position 1298 in exon 7 (A1298C) replaces glutamate
with alanine at codon 429. This mutation also diminishes
enzyme function in a similar way [18,19]. The MTHFR
A1298C variant shows a difference in the prevalence of its
allelic distribution among different populations and ethnic-
ities. Studies on the association between preeclampsia and
this condition have been conducted among Asians, Cau-
casians, Africans, and Americans. Correlation with the
Single-nucleotide polymorphisms (SNPs) represent Asian and Caucasian populations was found to be signif-

Preeclampsia (PE) is the leading contributor to ma-
ternal and perinatal mortality globally [1]. It is responsi-
ble for an estimated 46,000 maternal deaths and roughly
500,000 fetal and newborn fatalities yearly [2]. Women in
low- and middle-income countries bear a disproportionate
burden of this disease [3]. The World Health Organiza-
tion (WHO) has reported significantly higher numbers in
developing countries than in developed ones, with approxi-
mately seven times higher figures. In Asian regions, gesta-
tional hypertensive disorders account for 9.1% of maternal
deaths [4,5]. A variety of environmental factors, including
smoking habits, hypertension, diabetes mellitus, advanced
maternal age, and obesity, have been linked to PE [6,7].
However, a great deal of PE patients manifest without the
presence of any of these identified risk factors, which sug-
gests that environmental factors are not the only contribu-
tors. Genetic factors also appear to play a significant role
in PE onset and progression [8—10].

variations in the genome that can change biological re- icant [20,21].
actions and disease susceptibility. Several SNPs have
been investigated in relation to PE [11-14]. The enzyme MTHFR A1298C is linked to diminished levels of fo-

methylenetetrahydrofolate reductase (MTHFR) plays a key late in serum, plasma, and red blood cells, as well as a
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Fig. 1. Literature search and study selection procedures used for the meta-analysis of MTHFR A1298C genetic polymorphism

and preeclampsia (PE). MTHFR, methylenetetrahydrofolate reductase

slight elevation in plasma total homocysteine (tHcy) con-
centration [22]. Considering the presence of mild hyperho-
mocysteinemia in women with preeclampsia, the MTHFR
A1298C polymorphism could potentially be a genetic fac-
tor contributing to the pathophysiology of preeclampsia
[23,24]. In cases of preeclampsia, there is a confirmed
hereditary element: women born from preeclamptic preg-
nancies face an elevated risk of developing the condi-
tion during their own pregnancies [10]. Although genetic
predisposition is a significant factor in the development
of preeclampsia, efforts to establish associations between
MTHFR A1298C and preeclampsia have generated incon-
sistent findings [25-28]. As a consequence, a meta-analysis
was conducted on the published case-control studies to

more closely examine the relationship between the MTHFR
A1298C polymorphism and PE susceptibility.

2. Materials and Methodology
2.1 Publication Search

A comprehensive search was conducted to find arti-
cles that have explored the association between MTHFR
polymorphisms and PE risk. Databases that were con-
sulted include PubMed, Embase, Web of science, the China
Biomedical Database, and China National Knowledge In-
frastructure (CNKI). The search used keywords including
“MTHFR A1298C”, “variant”, “polymorphism”, and “pre-
eclampsia”. The most recent update to this search was made
on January 10th, 2023.
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Odds Ratio %
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NOTE: Weights and between—subgroup heterogeneity test are from Mantel-Haenszel model

Fig. 2. Forest plots of odds ratios (ORs) with 95% confidence intervals (Cls) for MTHFR A1298C polymorphism and PE risk
stratified by ethnicity. Note: weights and between-subgroup heterogeneity test are from Mantel-Haenszel model. MH, Mantel-Haenszel

model.

2.2 Inclusion and Exclusion Criteria

Preeclampsia is defined as high blood pressure
(140/90 mmHg or higher) and proteinuria (0.3 g or higher
in 24-hour urine collection) in pregnant women at least 20
weeks into gestation. The control group comprised unre-
lated healthy pregnant women. Pregnant individuals with
twin pregnancies, diabetes, systemic lupus erythematosus,
liver dysfunction, renal disease, or any other systemic dis-
eases were excluded.

In order to be considered for inclusion, every study,
regardless of sample size, needed to satisfy the following
criteria: (i) evaluating the association between the MTHFR
A1298C polymorphism and PE risk; (ii) being case-control
research; and (iii) providing sufficient data for calculating a

&% IMR Press

95% confidence interval (95% CI) for the odds ratio (OR).
A study was excluded if it fell within the following cate-
gories: (i) abstracts, reviews, overviews, or editorials; or
(i1) lacking sufficient data.

2.3 Data Extraction

Based on the aforementioned inclusion criteria, two
authors (YH and AW) independently extracted information
from all eligible and qualified publications. Any discrep-
ancies they encountered were resolved by consulting with
corresponding author (KY).

The following information was obtained from all el-
igible publications: surname of first author, date of publi-
cation, country and race of participants, genotyping meth-
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Fig. 3. Galbraith plots for the heterogeneity test of MTHFR A1298C polymorphism.

ods, minor allele frequencies (MAF), and Hardy-Weinberg
equilibrium (HWE). Ethnic groupings were classified as
African, Asian, Caucasian, or Mixed.

2.4 Statistical Analysis

Odds ratios (ORs) and corresponding 95% confidence
intervals (CIs) were used for evaluating the strength of the
association between the MTHFR A1298C polymorphism
and PE risk. In addition, stratified analyses were conducted
based on ethnicity.

The Cochran Q statistic and 1% index were employed
for assessing and validating heterogeneity in the studies. A
p-value of more than 0.05 for the Q statistic indicated a lack
of significant between-study heterogeneity [29]. In such
cases, a fixed-effects model (utilizing the Mantel-Haenszel
method) was deemed appropriate [30]. Conversely, with
evidence of heterogeneity, the random effects model (em-
ploying the DerSimonian and Laird method) was employed
[31].

Publication bias was investigated by performing a vi-
sual inspection of funnel plots, utilizing Egger’s power-
weighted regression method and Begg’s rank correlation
method [32,33]. A p-value of below 0.05 was considered to
be an indicator of statistical significance [32,33]. All statis-
tical analyses were conducted using version 13.0 of STATA
software (STATA Corp., College Station, TX, USA).

3. Results
3.1 Characteristics of Studies

Following the literature review, 22 publications that
were deemed worthy of thorough examination were short-
listed. After reviewing the titles and abstracts, eight pub-
lications were identified that did not satisfy the criteria for
this study and they were excluded. After a close examina-
tion of the full texts of the remaining 14 articles, one ar-
ticle was excluded as it predominantly focused on a liter-
ature review [34]. In addition, two articles were excluded
because they were unrelated to the MTHEFR A1298C poly-
morphism [35,36]. Ultimately, 11 case-control studies re-
lated to the MTHFR A1298C polymorphism and PE were
identified [17,25-28,37—42], all of them conforming to the
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines [43]. The process of document re-
trieval and research selection can be seen in Fig. 1.

The detailed characteristics of the selected studies are
shown in Table 1 (Ref. [17,25-28,37—42]). Of the cho-
sen studies, six focused on Caucasian participants, two on
Asian individuals, two on Mixed-race groups, and one in-
vestigated individuals of African descent. The research was
conducted in Australia, China, Ecuador, Iran, South Africa,
and Tunisia.
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Fig. 4. Sensitivity analysis of associations between MTHFR A1298C polymorphism and PE risk.

Table 1. Characteristics of studies included in the meta-analysis.

Author Year Country Ethnicity =~ Sample  Genotyping methods MAF in controls HWE
Kaiser, et al. [37] 2000 Australia Caucasian  147/109 PCR-RFLP 0.353 0.502
Lachmeijer, ef al. [38] 2001 Australia Caucasian  204/338 PCR-RFLP 0.391 0.080
Pegoraro, et al. [39] 2004  South Africa African 204/338 AS-PCR 0.062 0.421
Fan, et al. [25] 2007 China Asian 64/62 PCR-RFLP 0.255 0.711
Klai, et al. [17] 2011 Tunisia Caucasian ~ 44/100 MPCR 0.045 0.061
Dissanayake, et al. [26] 2012 Australia Caucasian  175/171 PCR-RFLP 0.312 0.091
Salimi, et al. [28] 2015 Iran Caucasian  192/196 PCR-RFLP 0.145 0.101
Chedraui, et al. [27] 2014 Ecuador Mixed 150/150 PCR-RFLP 0.136 0.212
Bozikova, et al. [40] 2015 China Caucasian  120/105 TagMan 0.357 0.553
Chedrau, et al. [41] 2015 Ecuador Mixed 50/50 PCR-RFLP 0.140 0.017
Ding, et al. [42] 2021 China Asian 150/150 PCR-RFLP 0.150 0.810

Abbreviations: PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; AS-PCR, allele-specific poly-
merase chain reaction; MPCR, multiplex polymerase chain reaction; MAF, minor allele frequency; HWE, Hardy-Weinberg equi-

librium.

3.2 Quantitative Synthesis (allele contrast (A (alanine) vs. C (glutamate)): OR, 0.81;
95% CI, 0.71-0.93, p = 0.207; homozygote (AA vs. CC):
OR, 0.57; 95% CI, 0.40-0.79, p = 0.056; heterozygote (AC
vs. CC): OR, 0.62; 95% CI, 0.45-0.87, p=0.010; dominant
model (AA + AC vs. CC): OR, 0.59; 95% CI, 0.43-0.81,
p = 0.031; recessive model (AA vs. AC + CC): OR, 0.83;
95% CI, 0.70-0.98), p = 0.817.

11 case-control studies were included, which encom-
passed 1500 patients and 1769 controls. The results of the
meta-analysis can be seen in Table 2. The forest plots eval-
uating the association between the MTHFR A1298C poly-
morphism and PE risk are shown in Fig. 2.

The MTHFR A1298C polymorphism was found to be
significantly associated with the risk of PE in all models

@B IMR Press 5
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Fig. 5. Cumulative meta-analysis of associations between MTHFR A1298C polymorphism and PE risk.

The Newcastle-Ottawa Scale (NOS) scores for the se-
lected studies are shown in Table 3 (Ref. [17,25-28,37—
42]). The quality scores for the studies that were included
ranged from 7 to 8 points.

3.3 Heterogeneity Analysis

Significant heterogeneity was observed in the het-
erozygote and dominant models (heterozygote model,
Dheterogencity = 0.010; dominant model, pheterogeneity = 0.031).
Galbraith plot analysis was used for probing heterogene-
ity sources in different researches. It was noted that a sin-
gle study was the source of heterogeneity for the MTHFR
A1298C polymorphism [27] (Fig. 3). After the removal of
the outlier study, heterogeneity was found to markedly de-
crease (heterozygote model, pheterogencity = 0.185; dominant
model, Pheterogeneity = 0.340).

3.4 Sensitivity Analysis and Cumulative Analysis

The sensitivity analyses (Fig. 4) and the cumulative
meta-analysis (Fig. 5) demonstrated the robustness and sta-
bility of the results.

3.5 Publication Bias

Begg’s and Egger’s [32,33] tests were conducted as
a means of assessing potential publication bias in the lit-
erature. As can be seen in Fig. 6, the Begg’s funnel plot
showed no signs of asymmetry [32]. Furthermore, the sta-
tistical results indicated there to be an absence of publica-
tion bias. Results from the Begg’s and Egger’s test were
(allele contrast 0.35 and 0.36, homozygote 0.12 and 0.19,
heterozygote 0.18 and 0.20, dominant model 0.17 and 0.16,
recessive model 0.64 and 0.72).

4. Discussion

Following a meta-analysis of 11 case-control studies
[17,25-28,37—42], a significant association was found be-
tween the MTHFR A1298C polymorphism and PE risk. Ina
subgroup analysis stratified by ethnicity, all the studies ex-
amined showed a significant decrease in PE risk. After the
analysis was stratified by ethnicity, a notably decreased risk
was identified among Asian populations for the homozy-
gote, heterozygote, and dominant models. For mixed pop-
ulations, there was also found to be a significant decrease
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Begg's funnel plot with pseudo 95% confidence limits

logor
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Fig. 6. Begg’s funnel plot for publication bias test.

in risk in the allele contrast, homozygote, heterozygote, and
dominant models. In contrast, no significant risk was de-
tected in Caucasian populations, there reason for this be-
ing unclear. A potential reason may be the variance in the
genotype distribution of MTHFR A1298C CC among Cau-
casian, Mixed, and Asian populations. The studies found
that the prevalence of the MTHFR A1298C CC alleles in
the 3’—untranslated region stood at 12.4% for Caucasian
patients [17,26,28,37,38,40], while it was 7.4% for Asian
patients [25,42], and 15.3% for those of Mixed ethnicity
[27,41]. The variation in genotype distribution may play a
role in the diverse associations that were observed between
MTHFR A1298C polymorphism and PE risk in different
ethnicities. Another potential factor is the restricted sample
size of Asian and mixed patients in the meta-analysis. The
limited representation of these Mixed patients may have di-
minished the statistical power, which potentially concealed
the genuine associations.

In this meta-analysis, the studies included in the Asian
population category are predominantly from China [25,42].
We acknowledge that this limited representation of Asian
populations, encompassing only one country, could poten-
tially restrict the generalizability of our findings. Therefore,
it is imperative to exercise caution when interpreting our
results and consider the possibility of regional variations
when applying these findings to other Asian populations.

&% IMR Press
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The findings of this study relating to the MTHFR
A1298C polymorphism deviate from those of Wu et al.
[34]. In their meta-analysis, they could not successfully
demonstrate a connection between PE risk and the MTHFR
A1298C polymorphism in any of their analyzed models.
One potential reason for this inconsistency may be the lim-
ited sample size of the earlier study. The meta-analysis of
Wu et al. [34] included just six studies that examined the
MTHFR A1298C polymorphism and PE risk, resulting in a
less refined risk assessment.

With meta-analysis, addressing heterogeneity is a ma-
jor concern, as high variability among studies can poten-
tially cause biased outcomes. In this research, heterogene-
ity was identified across the studies in the heterozygote and
dominant models. The Galbraith plot analysis identified
one study as being the primary contributor to this hetero-
geneity [27]. Following the removal of this outlier study,
a marked reduction in heterogeneity was noticed, although
the primary findings remained consistent.

Another major concern in meta-analysis is publica-
tion bias potential as a result of the selective representation
of studies. In the meta-analysis of this study, Egger’s and
Begg’s [32,33] tests were both used for evaluating this con-
cern. The statistical outcomes, together with the symmetry
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Table 2. Quantitative analyses of the MTHFR A1298C polymorphism on PE risk.

Genetic model Allele contrast Homozygote Heterozygote Dominant model Recessive model
Variables Sample size Avs. C AA vs. CC ACvs. CC AA +ACvs. CC AAvs. AC+CC
N?#  Case/control OR (95% CI) p-value® OR (95% CI) p-value® OR (95% CI) p-value® OR (95% CI) p-value® OR (95% CI) p-value®

Total 11 1500/1769 0.81(0.71, 0.93) 0.207 0.57 (0.40, 0.79) 0.056 0.62 (0.45, 0.87) 0.010 0.59 (0.43,0.81) 0.031 0.83 (0.70, 0.98) 0.817
Caucasian 6 882/1019 0.88 (0.75, 1.04) 0.263 0.81(0.54,1.21) 0.382 0.91 (0.61, 1.36) 0.264 0.85(0.58, 1.25) 0.331 0.85 (0.68, 1.06) 0.521
Asia 2 214/212 0.83(0.59, 1.17) 0.907 0.31(0.11, 0.87) 0.752 0.27 (0.09, 0.77) 0.566 0.30(0.11, 0.83) 0.696 0.98 (0.65, 1.47) 0.700
Mixed 2 200/200 0.57 (0.39, 0.82) 0.168 0.15(0.05, 0.45) 0.007 0.16 (0.05, 0.47) 0.003 0.12 (0.05, 0.43) 0.005 0.74 (0.48, 1.15) 0.853
African 1 204/338 0.71 (0.44, 1.13) NA® 1.14 (0.10, 12.6) NA® 0.77 (0.66, 0.90) NA¢ 1.21(0.11, 13.4) NA¢ 0.67 (0.41, 1.10) NA¢

3 Number of comparisons.
b p-value of Q-test for heterogeneity test; Random effects model was used when the p-value for heterogeneity test <0.05; otherwise, fixed effects model was used.

¢ NA — not available.

OR, odds ratios; CI, confidence intervals; A, alanine; C, glutamate.

Table 3. Quality assessment of case—control studies that were included in the meta-analysis®.

Study Adequate  Representativeness Selection  Definition Control for Exposure Same method of Nonresponse rate®  Total quality scoresd
definition of cases of control  of control important factor or assessment ascertainment for
of cases additional factor® cases and controls
Kaiser et al. [37], 2000 * * * * * - * * 7
Lachmeijer et al. [38], 2001 * * * * Yk - * * 8
Pegoraro et al. [39], 2004 * * * * * - * * 7
Fan et al. [25], 2007 * * * * %k - * * 8
Klai et al. [17], 2011 * * * * * % - * * 8
Dissanayake et al. [26], 2012 * * * * * - * * 8
Salimi et al. [28], 2015 * * * * ** - * * 8
Chedraui et al. [27],2014 * * * * *k - * * 8
Bozikova et al. [40], 2015 * * * * * ok - * * 8
Chedrau et al. [41], 2015 * * * * * - * * 7
Ding et al. [42], 2021 * * * * %k - * * 8

2 A study was awarded a maximum of one star for each numbered item, except for the item ‘Control’.

b A maximum of two stars were awarded for ‘Control” — one for most important factor or two for second most important factor; studies that controlled for maternal age received one star, while studies that

controlled for high risk factor (diabetes or pre-pregnancy body mass index or family history of hypertension) received one additional star.

¢ One star was awarded if no significant difference was observed in the response rate between control subjects and cases in the chi-square test (p > 0.05).

4 A study was considered low-quality if there were fewer than six stars in the quality assessment.
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of the funnel plot, indicated an absence of notable publica-
tion bias. More importantly, the results were further bol-
stered by sensitivity analysis, which affirmed their consis-
tency and robustness. It should be noted that one of the stud-
ies that was considered deviated from the Hardy-Weinberg
equilibrium (HWE) [41]. However, following the removal
of this anomalous study and a data reassessment, the con-
clusions remained consistent.

There are several limitations with this study: (i) due to
the limited sample size and the small number of researches
that were included in the meta-analysis, the results may not
adequately reflect the true associations; (ii) the analysis was
reliant on unadjusted OR estimates as not all the included
studies provided adjusted ORs, and where adjusted ORs
were provided, the adjustments varied based on factors such
as ethnicity, age, or smoking habits; (iii) the genotype dis-
tribution of the control group in one study deviated from the
Hardy-Weinberg equilibrium (HWE); and (iv) in this meta-
analysis, the representation of the Asian population came
from two studies that were conducted in China and due to
the lack of research data from other Asian populations, the
findings may have limited generalizability; (v) compared to
our study, the latest Whole Genome Sequencing (WGS) re-
search has utilized a much larger study population, includ-
ing participants from diverse geographical regions and eth-
nic backgrounds. These studies possess higher statistical
power and encompass broader genetic diversity, thus en-
abling them to provide more accurate and comprehensive
analysis results. Therefore, we anticipate these large-scale
studies will offer deeper insights into the association be-
tween specific genetic variations and preeclampsia.

5. Conclusion

In conclusion, our meta-analysis suggests that the
MTHFR A1298C variant holds potential as a genetic marker
for PE. Nonetheless, additional comprehensive, multicenter
studies are essential to solidify and validate our findings.
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