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accepted etiologies, hyperhomocysteinemia has been shown to be a key player in the
progression of PE. Considering the solid role of methylenetetrahydrofolate reductase
(MTHFR) in the metabolism of homocysteine, genetic polymorphism of MTHFR that
could affect its activity may trigger the risk of PE. This hierarchical Bayesian meta-
analysis aimed to assess the possible association between C677T MTHFR polymorphism
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was estimated by log (OR) with a 95% credible interval.
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Results: Thirty-three studies with 3930 cases and 5236 controls met our inclusion
criteria. The pooled results indicated no significant effect of MTHFR C677T (C>T) on
PE risk under allelic (log(OR) = 0.09, 95% CI = -0.02, 0.204), homozygous (log(OR)
=0.173, 95% CI = -0.027, 0.378), heterozygous (log(OR) = -0.009, 95% CI = -0.123,
0.104), dominant (log(OR) = 0.009, 95% CI = -0.109, 0.133), and recessive (log(OR) =
0.173, 95% CI=-0.012, 0.366) models.

Conclusion: It can be concluded that MTHFR C677T polymorphism had no significant
effect on the risk of PE.
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Introduction

reeclampsia (PE) is a pregnancy-related

disorder (1) with clinical and paraclinical

features including hypertension (systolic

blood pressure >140 mmHg and

diastolic blood pressure >90 mmHg)
and proteinuria (>300 mg/day), which occurs during
the second and third trimesters of pregnancy (2-4).
The overall incidence of PE has been estimated to be
2-5%, causing the death of 40,000 women worldwide
each year. Although no exact etiology for PE has been
described, the crucial role of genetic factors in the
occurrence of this disorder is undeniable (5). According
to previous studies, an increased level of homocysteine
(hyperhomocysteinemia) plays an important role in the
progression of PE. Thus, any genetic polymorphisms
in enzymes involved in homocysteine metabolism
could be helpful for better understanding PE
pathogenesis and ectiology (6, 7). One of the most
important enzymes that participates in the metabolism
of  homocysteine is  methylenetetrahydrofolate
reductase (MTHFR), which is responsible for
converting 5,10-methylenetetrahydrofolate to
5-methyltetrahydrofolate (8, 9). A missense mutation
that converts C to T at nucleotide 677 of the MTHFR
gene reduces MTHFR activity and consequently causes
hyperhomocysteinemia (10-13). Although there is a
theoretical link between the mentioned homocysteine
pathway and PE, there is controversy in current data about
the role of C677T MTHFR polymorphism in the risk of
PE (14-16). Taking these into consideration, this study
aimed to systematically review and examine available
published data on C677T MTHFR polymorphism and
PE risk using Bayesian hierarchical meta-analysis to
find out a clearer picture of the possible association
between this polymorphism and PE risk.

Methods

A comprehensive literature search investigating the
association between MTHFR C677T polymorphism and
PE risk was performed independently by two authors.
The PubMed, Scopus, and Web of Science databases
were searched from 2000 to 2019. The keywords
for the systematic search were “MTHFR C677T”
and (“polymorphism” or “variants” or “SNP”) and
“preeclampsia”. After scanning the titles, keywords, and
abstracts, studies were assessed based on the following
inclusion criteria: case-control studies that investigated
the effect of MTHFR C677T polymorphism on PE, as well
as those that provided sufficient data about genotype or
allelic frequencies in case and control groups, regardless
of population ethnicity and geographical limitations.
Only studies on human subjects with full text in English

Acta Biochimica Iranica

were reviewed in this study. The exclusion criteria for
the study were defined as studies that did not provide
sufficient data about genotype or allelic frequencies,
letters, reviews, hypotheses, commentary, duplicates of
previous publications, and non-English articles.

Two authors separately and independently extracted
data from each study by considering the name of the
first author, year of publication, sample size of cases
and controls, allelic and genotype frequencies in each
group. Any conflicts regarding the results provided by
each of the two authors were assessed and resolved by
consulting a third reviewer. The methodology of the
studies was evaluated for quality using the Newcastle-
Ottawa Scale (NOS). According to this scale, studies
were classified as low (scores 0-3), moderate (scores
4-6), and high (scores 7-9) quality (17).

An alternative model to classical analysis for
evaluating accurate pooled effect, particularly in
cases with a small number of studies, is the Bayesian
hierarchical meta-analysis (inverse-variance) model
that was used in this study (18-20). The heterogeneity
between the studies was tested and measured by the
tau (1) parameter with a 95% C.I (18). In this analysis,
Bayes factors were used to test pooled log (OR) and tau
parameters.

Furthermore, publication bias was examined using
Egger’s regression asymmetry and the Begg-Mazumdar
adjusted rank correlation tests (19). All statistical
analyses were conducted using the “bayesmeta” R
package and STATA software (ver. 15).

Results

According to the inclusion and exclusion criteria, 620
records were identified in PubMed, Web of Science, and
Scopus databases. After reviewing the titles, 309 articles
were excluded (non-original, older than 2000, irrelevant,
and duplicated articles). The abstracts of the remaining
records were then reviewed, leading to the exclusion
of 184 articles. Ultimately, 33 articles with 3930 cases
and 5236 controls were included in this meta-analysis
(Figure 1). All the included studies were classified as
high-quality studies according to NOS criteria (mean
NOS score=7.42; range: 6-9). Table 1 provides the main
characteristics of the included studies. Supplementary
Table 1 (S1) contains information on the inclusion and
exclusion criteria, definition of PE in the methodology,
types of PE (early/late or both), and quality assessment
of all included studies.
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Figure 1: Flowchart of the procedure for the literature search and study selection

After pooling the data, the distribution of genotypes
in controls deviated from the Hardy-Weinberg
equilibrium (P-value <0.001). The pooled effect
size (log(OR)) in the Bayesian hierarchical meta-
analysis was calculated as the median of the marginal
posterior distribution of the Log(ORs). The results
of these models indicated that alleles and genotypes
of the MTHFR C677T (C>T) polymorphism had
no significant associations with the risk of PE in the
following models: allelic (log(OR) = 0.09, 95% CI =
-0.02, 0.204), homozygous (log(OR) = 0.173, 95% CI
=-0.027, 0.378), heterozygous (log(OR) =-0.009, 95%

CI =-0.123, 0.104), dominant (log(OR) = 0.009, 95%
CI = -0.109, 0.133), and recessive (log(OR) = 0.173,
95% CI1=-0.012, 0.366). For instance, a forest plot for
the allelic model is shown in Figure 2.

Heterogeneity between studies was estimated with
a 95% credible interval (C.I.) by the median of the
marginal posterior distribution of the variance parameter.
As shown in Figure 3, considerable heterogeneity
between studies was observed. In addition, the results
of publication bias tests by Egger’s and Begg’s tests
showed that non-significant publication bias was found
in all of the models in this study (Table 2).
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Discussion

PE is one of the leading causes of maternal
and prenatal mortality/morbidity among different
populations. It has been shown that both genetic and
environmental factors are involved in the pathogenesis
of this disorder (1, 5). Among all of the involved factors,
hyperhomocysteinemia seems to have a crucial role in
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the pathogenesis of PE based on previous studies (20-
23). Hyperhomocysteinemia can induce vascular and
metabolic changes, which consequently lead to placental
infarction, recurrent spontaneous abortion, and PE (2, 7).
Considering the key role of MTHFR in the metabolism
of homocysteine, a single nucleotide polymorphism
at nucleotide 677 of the MTHFR gene (C to T) could
affect its activity and lead to hyperhomocysteinemia (5).

Table 1. Main characteristics of the included studies researching the association of MTHFR C677T polymorphism with preeclampsia risk.

Sample size Cases Controls

Authors Year Country Ethnicity

Case Control CC CT TT CC CT TT
Kim et al. (37) 2001 Korea Korean 281 360 131 117 133 167 152 41
Kobashi et al. (38) 2000 Japan Japanese 73 215 25 40 8 83 99 33
Klai et al. (39) 2011 Tunisia Tunisian 44 100 22 20 2 61 39 0
Yilmaz et al. (40) 2004 Turkey Turkish 64 47 29 28 7 24 17 6
Yoshida et al. (20) 2008 Japan Japanese 52 113 17 17 18 48 54 11
Pertegal et al. (41) 2015 Spain Spanish 53 72 16 24 13 31 29 12
Nagy et al. (42) 2007  Hungary Hungarian 101 73 49 43 9 32 35 6
Maarten et al. (43) 2001 Netherland  Dutch 167 403 72 74 21 205 162 36
Jafari et al. (44) 2018 Iran Iranian 129 125 74 38 5 67 50 8
Ibrahim et al. (45) 2011 Egypt Egyptian 44 44 9 20 15 16 28 0
Vajira et al. (46) 2012  SriLanka Sinhalese 175 171 136 36 3 142 27 2
Jaaskeldinen et al. (47) 2006 Finland Finnish 133 112 78 43 12 64 42 6
Also-Rallo et al. (48) 2005 Spain Spanish 43 122 11 24 8 38 57 27
Laivouri et al. (49) 2000 Finland Finnish 113 103 64 45 4 56 40 7
Coral-Vazquez et al. (50) 2013 Mexico Mexican 230 352 38 109 83 71 166 115
Zhou et al. (51) 2016 China Chinese 117 286 46 53 18 122 131 33
Pe’rez-Mutul et al. (52) 2004 Mexico Mexican 148 313 33 66 49 67 159 87
Williams et al. (21) 2004 Peru Peruvian 125 179 37 61 25 62 85 30
Canto et al. (53) 2008 Mexico A 125 274 36 66 23 61 131 82

Mestizo
Da’valos et al. (54) 2005 Mexico Mexican 33 62 13 14 6 24 27 11
South .
Rosemary et al. (15) 2009 . African 271 338 232 38 1 298 38 2
Africa

Rahimi et al. (23) 2012 Iran Iranian 198 101 110 72 16 52 45 4
Mislanova et al. (55) 2011 Austria Austrian 28 40 12 11 5 21 17 2
Chedraui et al. (56) 2014 Ecuador Ecuadorian 150 150 59 73 18 47 91 12
Chedraui et al. (57) 2015 Ecuador Ecuadorian 50 50 15 23 12 20 26 4
De Maat et al. (58) 2004 Netherland  Dutch 157 157 78 59 20 63 75 19
Aggarwal et al. (59) 2011 India Indian 200 200 160 33 7 134 58 8
Dalmaz et al. (60) 2006 Brazil Brazilian 75 145 31 27 17 76 51 18
Salimi et al. (22) 2014 Iran Iranian 192 196 124 60 8 136 51 9
Prasmusinto et al. (9) 2002  Different  Different 81 99 52 25 4 52 35 12
Kaiser et al. (61) 2001  Australia  Australian 156 79 71 66 19 37 31 11
Prasmusinto et al. (62) 2004  Different  Different 82 116 53 25 4 65 39 12
Mishra et al. (63) 2019 India Indian 40 39 26 10 4 28 10 1
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Consequently, polymorphism of the MTHFR gene may
be important in the risk of PE.

For all of the 3930 cases and 5236 controls who met
both inclusion and exclusion criteria and were enrolled
in the current study, a Bayesian hierarchical meta-
analysis for evaluating the association between 677 of
the MTHFR gene polymorphism with the risk of PE was
conducted. The Bayesian hierarchical meta-analysis has
several characteristics such as greater sensitivity and

more precise estimation. The results of the Bayesian
hierarchical meta-analysis showed that there is no
significant association between 677 of the MTHFR gene
polymorphism with the risk of PE, and our results conflict
with those of previous meta-analysis studies. Zhang et
al. in their meta-analysis study found that 677 of the
MTHEFR gene polymorphism was associated with the risk
of PE (24). Additionally, Wang et al. showed that there
was a significant association between 677 of the MTHFR
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Figure 2: Forest plots estimated Log (OR) and 95% credible interval for both the individual studies and the pooled results of allelic
model: C versus T. OR: odds ratio
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Figure 3: Heterogeneity plot, red lines trace the contours of constant density corresponding to approximate two-dimensional credible
regions (based on a 32 approximation to the logarithmic posterior density) as labeled. The credible regions are only an approximation based
on a “well-behaved,” unimodal posterior; contour lines are omitted if the posterior mode is not finite. Blue lines show the conditional mean
effect (Log OR) as a function of the heterogeneity t (solid line) along with conditional 95% confidence bounds (dashed lines). Green lines
indicate marginal medians and shortest 95% credible intervals for Log (OR) and 7 in allelic model: C versus T. OR: odds ratio.

gene polymorphism and the risk of PE, especially in
Caucasian and East Asian ethnic groups (25). Similarly,
Yang et al. in their meta-analysis study indicated that
677 of the MTHFR gene polymorphism had a significant
association with the risk of PE in Caucasian and East
Asian ethnic groups (26). Additionally, other studies
observed that 677 of the MTHFR gene polymorphism
elevated the risk of PE in certain ethnicities (24-27).
Despite considerable heterogeneity between the included
studies, our inadequate number of included studies
also prevents subgroup analysis according to ethnicity,
unlike previous meta-analyses (24, 26, 27), were not
significant so sub-group analysis was not performed in
different ethnic groups. In Bayesian hierarchical meta-
analysis, the credible interval is slightly wider than
that of classical meta-analysis and the results tend to
be more conservative against false significant results
(28, 29). Therefore, significant results from Bayesian
hierarchical meta-analysis are consistent and more
reliable compared to classical meta-analysis (30, 31). As
well as previous studies indicated that 677 of MTHFR
gene polymorphism significantly increased the risk of
PE in pregnant women, nutritional factors might have
effects on this association. For example, vitamin B6

and B12 as well as folate may have a modifier role
regarding the association between 677 of MTHFR gene
polymorphism and the risk of PE (32, 33). There is no
additional information about environmental conditions
such as family history, BMI, and folate intake, thus the
effect of these factors on the incidence of PE cannot
be estimated. On the other hand, other genetic factors
may participate in the occurrence of PE (34-36). The
limitations of this meta-analysis study include not
evaluating the effect of MTHFR gene polymorphism
on gestational hypertension or eclampsia, not having
access to environmental conditions to evaluate gene-
environment interactions, and not considering other
genetic factors in the incidence and risk of PE.

Finally, this Bayesian hierarchical meta-analysis
discloses the possible association of the polymorphisms
of MTHFR with PE risk by pooling the available data.
The results showed that the polymorphism has no
significant effect on the risk of PE.
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