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Abstract

Purpose The aim is to summarize and evaluate current systematic reviews and meta-analyses on MTHFR polymorphisms in
recurrent pregnancy loss (RPL).

Methods We searched Pubmed and Embase databases and selected in form of PICOS (participants, interventions, comparisons,
outcomes, and study design). Our methodology was registered on PROSPERO (CRD42017042762). Systematic reviews and
meta-analyses containing primary studies were extracted for meta-analyses, along with their OR and 95%CI. We assessed the
quality of the included studies using AMSTAR and OQAQ criteria.

Results Eleven systematic reviews and meta-analyses were identified. C677T was significantly related to RPL overall in Allele
(OR, 95%CI 1.43, 1.29-1.60), Recessive (OR, 95%CI 1.66, 1.42—-1.95), and Homozygous (OR, 95%CI 2.08, 1.66-2.61). There
was no correlation observed between A1298C and RPL, except for in Heterozygous (OR, 95%CI 1.62, 1.17-2.25).
Conclusions We identified a difference in the association between MTHFR C677T polymorphism and RPL, especially in Asian
population. No significant correlation was found between A1298C and RPL.

Keywords Recurrent pregnancy loss (RPL) - Methalenetetrahydrofolate reductase (MTHFR) - Polymorphism - C677T -

A1298C - Systematic review and meta-analysis

Introduction

Recurrent pregnancy loss (RPL) is defined as two or more
consecutive spontaneous miscarriages before 20 weeks of ges-
tation. RPL affects at least 2% of women in reproductive age.
Despite anatomical abnormalities, autoimmune diseases, and
environmental factors, the causes of RPL in 50% of cases are
still unknown [1]. Methylenetetrahydrofolate reductase
(MTHFR) plays a critical role in the folate pathway, which is
widely believed to play a key role in pregnancy outcome.
MTHEFR gene is located on chromosome 1p36.6 and features
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11 exons. Polymorphisms of MTHFR, especially C677T
(rs1801133) and A1298C (rs1801131), are believed to be asso-
ciated with RPL [2]. These mutations cause a reduction in the
activity of MTHFR, a vital enzyme which catalyzes 5,10-meth-
ylenetetrahydrofolate to 5-methylenetetrahydrofolate (5-
MTHEF). Then, the reduction of 5S-MTHF, which participates
in the conversion of homocysteine to methionine, results in
elevated levels of total homocysteine (tHcy) in both blood
and urine [2]. Subsequently, hyperhomocysteinemia, or
homocystinuria, can induce inherited thrombophilia, a signifi-
cant risk factor for RPL [3]. Accumulation of homocysteine is
also associated with arteriosclerosis, pre-eclampsia, and neural
tube defects [4].

A few systematic reviews and meta-analyses have investi-
gated the correlation between MTHFR polymorphisms and
RPL; however, the outcome on this work remains controversial
as results have been inconsistent. The reasons for such discrep-
ancies may be related to differences in ethnicities and the selec-
tion of primary case-control studies. The accumulation of pri-
mary case-control studies may also contribute to variation in
views of different authors in term of MTHFR polymorphisms
and RPL [4].
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Therefore, in the present study, we conducted an overview of
systematic reviews and meta-analyses in a comprehensive man-
ner, including different ethnicities and genotype models, in or-
der to assess the association between MTHFR genotype vari-
ants and the risk of RPL. A citation matrix was created to
analyze the influence of selection in primary studies by different
authors. Cumulative meta-analyses were also performed to in-
vestigate the tendency of results in genotype models with pos-
sible risk for RPL. We also evaluated systematic reviews with
Assessment of Multiple Systematic Reviews (AMSTAR) and
Overview Quality Assessment Questionnaire (OQAQ) scales
to assess the quality of the systematic reviews and meta-
analyses which have already been published on this topic.

Materials and methods
Search strategy

We identified potential articles by searching Medline and
Embase databases with the following key terms: “recur-
rent pregnancy loss”; “recurrent miscarriage”; “spontane-
ous abortion”; “methylenetetrahydrofolate reductase”;
“MTHFR”; “homocysteine”; “polymorphisms”; “single
nucleotide polymorphisms”; and “SNP”. Only systematic
reviews and meta-analyses that had been published in

English were included.

Eligibility criteria and study selection

According to methodology registered on PROSPERO
(CRD42017042762), two researchers independently screened
and selected potential articles in accordance with the follow-
ing eligibility criteria.

Inclusion criteria: (1) concerning the association between
MTHFR C677T or A1298C polymorphisms and recur-
rent pregnancy loss; (2) human studies; (3) systematic
reviews and meta-analyses

Exclusion criteria: (1) reviews, comments, editorials; (2)
animal studies; (3) without the number of pregnancy
losses >2; (4) controls without having at least one suc-
cessful live birth

In form of PICOS (participants, interventions, compari-
sons, outcomes, and study design), the study was described
as follows [5]:

P: women with two or more pregnancy losses;

I: N/A;

C: women with at least one successful live birth;

O: MTHEFR polymorphisms including C677T or A198C;
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Table 1 Genotype contrast model of MTHFR polymorphisms and

RPL(C677T and A1298C)

Contrast model C677T A1298C

Allele T/C C/A.

Dominant CT+TT/CC AC+CC/AA
Recessive TT/CT+CC CC/AC+AA

Homozygous TT/CC CC/AA

Heterozygous CT/CC AC/AA.

S: systematic reviews and meta-analysis; case-control
studies in the systematic reviews included

Data extraction and quality assessment

Two reviewers (Boran-Du, Xiangjun-Shi) screened titles and
abstracts according to the eligibility criteria. Studies which
met the inclusion criteria were evaluated with full text. For
the articles finally included, two reviewers independently ex-
tracted the following information: first author, year of the pub-
lication, ethnicity, and frequencies of MTHFR in cases and
controls. Any disagreement was resolved through discussion.
If necessary, a third reviewer (Xin-Feng) made the final deci-
sion with regard to discrepancies.

We assessed the methodological quality of systematic re-
views and meta-analyses with Assessment of Multiple
Systematic Reviews (AMSTAR) [6], which consists of 11 items
relating to search bias, selection, and the process of data syn-
thesis. The quality of the systematic reviews and meta-analyses
Records identified

from EMBase
database (n=21)

Records identified
from Pubmed
database (n=11)

Studies potential for screening
eligibility except duplicated search
results

(n=23)

Excluded (n=10)
Not relavent (n=2)
Not systematic reviews (n=8)

Excluded (n=2)
Without No. of pregnancy

detail losses=2 (n=1)

Full-text articles assessed in
(n=13) Other genetic reviews (n=1)

Systematic review and meta—analyses
included in this study (n=11)

Fig. 1 Flowchart of selection of systematic reviews published
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Table 2  Characteristics of systematic reviews included
Author Year of C677T A1298C
publication
Number Case Control Conclusion Number Case Control  Conclusion
of number number of number number
studies studies
Nelen [11] 2000 6 Pooled estimate OR of C677T TT genotype
was 1.4 (1.0-2.0). The role of C677T TT
genotype was not clear in RPL.
Wiwanitkit 2005 8 53.1% subjects with T allele have RPL; on
[26] the other hand, 55.3% subjects without T
allele have RPL. C677T might not be a
useful marker for RPL. There was no
association between C677T and
ethnicities.
Ren [13] 2006 26 2120 2949 C667T was not a genetic risk factor for
RPL, except in a Chinese population.
Wu [14] 2012 27 2427 3118 C667T was associated with increased risk
of RPL, except for Caucasians.
Cao [8] 2012 37 3559 5097 Significant association between C677T and 8 1163 1061 No significance
RPL in East Asian and mixed subgroup. between
A1298C and
RPL.

Nair [10] 2013 5 1080 709 A1298C was a
genetic risk
factor for RPL.

Parveen 2013 12 1725 2392 Estimated OR of C677T was 1.383

[27] (1.045-1.830). Moderate risk of C677T
in RPL.

Rai [12] 2014 17 2338 2588 A1298C was not
associated
with RPL

Chen [24] 2015 16 1420 453 Significant association between C677T and 5 1408 376 No association

RPL in Chinese population. between
A1298C and
increased risk
of RPL.

Yang [15] 2015 53 6078 9441 C677T was associated with RPL. 16 2924 4759 A1298C was
associated
with RPL.

Rai [28] 2016 29 3725 4105 Strong association between C677T and

RPL in Asian population.

included was also evaluated using Overview Quality
Assessment Questionnaire (OQAQ) scale [7], which consists
of 9 items and a final total score item. In this research study, we
omitted the last item in comparison to AMSTAR scale.

Data synthesis

We described and synthesized data from all selected publica-
tions. The odds ratio (OR) with 95% confidence interval
(95%CT) was used to compare differing results from systematic
reviews relating to associations between MTHFR polymor-
phisms and RPL. Data synthesis was performed with Stata
12.0 (Stata Corporation, College Station, TX, USA). A two-
sided p value < 0.5 was considered to be statistically significant.

Heterogeneity was identified if * > 50%, and a random-effect
model was used to synthesize data. In order to explore the
optimal genotype model of MTHFR and its relationship with
RPL, we analyzed a range of different genetic models including
Allele model, Dominant model, Recessive model,
Homozygous model, and Heterozygous model (Table 1).

Results
Literature searches and study selection

Our initial search generated 29 articles, of which 16 were
excluded due to the duplication of results (n=28) [8—15],
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2016

Rai

Yang
2015

Chen
2015

Parveen
2013

Cao
2013

Wiwanitkit e Wu
2006 2012

2005

Nelen
2000

Control

Ethnicity ~Case
publication

Year of

Author

Table 3 (continued)
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CC CT TT CC CT TT

12

18

13 25 15 33
5

86

Asian

2012

69 Yin
70 Kaur
71 Cao
72 Chen
73 Hu
74 Luo

109 21
83

463

16

Asian

2013

10 53 30
1

29 43

Asian

2013

36

50
11
15 60
18 63

30 20 9

29

Asian

2013

14

Asian

2014

10
10
35

65

40 70

Asian

2014

43

96 90

Asian

2014

75 Yousefian
76 Farahmand

77 Vanill

—-

85

180 114 36 230
13

Asian

2015

—-

Asian

2015

1116 302

1068

Caucasian 208 214 42

2015

78 Hubacek

non-relevance (n=2) [16, 17], or the fact that they were not
systematic reviews and meta-analyses (n = 6) [18-23] (Fig. 1).
After full-text screening, 2 studies were removed according to
the eligibility criteria (without the number of pregnancy losses
>2 [24], which did not concern MTHFR polymorphisms
[25]). Finally, 11 reviews and meta-analyses remained; all of
these were published in English between 2000 and 2016.

Characteristics of the systematic reviews
and meta-analyses included in this study

The characteristics of the 11 systematic reviews and meta-
analyses included in our final analysis are summarized in
Table 2. These publications all focused on the correlation be-
tween RPL and MTHFR polymorphisms, of which there were
9 reviews related to C677T and 5 reviews related to A1298C
(Table 2). The number of primary studies included in each
systematic review ranged from 6 to 53. There were ten sys-
tematic reviews which involved the analysis of ethnicity and
MTHEFR polymorphisms; one of these was especially focused
on Asian population while another focused on Chinese popu-
lation. Two reviews were partial systematic reviews and meta-
analyses. The researchers (Nair, 2013 [10]; Parveen, 2013
[27]) of these two reviews conducted a case-control study in
their own country and compared with results of the systematic
reviews and meta-analyses they executed.

The conclusions from 11 of these reviews clearly differed.
Seven reviews reached the conclusion that C677T was asso-
ciated with RPL in Asian population, while two reviews held
the opinion that C677T has no association with RPL. In the
case of A1298C, two studies claimed this mutation as a ge-
netic factor for RPL, while three other systematic reviews
reached the opposite conclusion.

Primary study characteristics

The primary studies included in each systematic review were
extracted and compared, including citation matrixes (Tables 3
and 4). With regard to C677T, six studies presented only the
number of Homozygous type (TT) and total numbers of pa-
tients in RPL and control group; the other 72 provided a com-
plete set of data for case-control studies. Of these 78 studies,
45 were conducted in Asian populations and 33 were conduct-
ed in Caucasian populations (Table 3). In term of A1298C, 31
case-control studies provided a complete data set; of these, 15
were based on Asian populations and 16 on Caucasian popu-
lations (Table 4).

The citation matrix showed the differences of selection for
each systematic review, along with a meta-analysis which
identified similarities and controversies in the published con-
clusions (Tables 3 and 4).
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Table 4  Characteristics of primary studies included on A1298C
Author Year of Ethnicity =~ Case Control Nair Cao Rai Chen Yang
publication 2012 2013 2014 2015 2016
AA AC CC AA AC CC
1 Hohlagschwandtner 2003 Caucasian 63 67 15 35 50 16 Y
2 Li 2004 Asian 33 21 3 29 18 3 v
4  Mtiraoui 2006 Caucasian 108 65 27 130 62 N v \ \
5 Sotiriadis 2006 Caucasian 44 37 7 45 39 V v
6 Wang 2006 Asian 103 35 10 60 20 N N v Y
8 Callejon 2007 Caucasian 209 89 44 248 149 37 N \ Y
9 Ren 2007 Asian 0 17 54 1 6 86 \
10 Bae 2009 Asian 144 68 9 75 43 4 N \
11 Ciacci 2009 Caucasian 22 0 56 52 0 92 V \ \
12 Rodriguez-Guillen 2009 Caucasian 18 5 0 60 14 0 V
13 Kim 2011 Asian 34 21 2 113 38 4 N \ v
14 Jeddi-Tehrani 2011 Asian 69 27 4 94 0 Y
15 Klai 2011 Asian 47 14 2 93 0
16 Ozdemir 2011 Caucasian 201 257 85 71 35 0 v v
17 Settin 2011 Caucasian 15 49 6 36 97 3 \ v v
18 Dissanayke 2012 Asian 74 78 43 72 79 46 \
19 Nair 2012 Asian 48 68 13 116 8 6 v
20 Torabi 2012 Asian 69 27 4 94 6 66 v
21 Zonouzi 2012 Caucasian 35 46 8 13 34 3 v v
22 Chen 2013 Asian 24 29 38 44 5 v
23 Herodez 2013 Caucasian 36 48 16 43 47 18 v
24 Parveen 2013 Caucasian 88 92 20 157 127 16 \/ y
25 Cao 2014 Asian 49 31 2 132 31 3 N
26 Hefler 2014 Caucasian 49 38 7 43 40 11 N
27 Hu 2014 Asian 33 12 7 12 3 1 \
28 Lino 2014 Caucasian 71 32 9 52 43 3 N
29 Luo 2014 Asian 82 40 3 78 54 3 \
30 Yousefian 2014 Asian 98 81 25 68 39 9 N
31 Hubacek 2015 Caucasian 209 212 43 1145 1066 275 N

A summarized meta-analysis combining primary
studies reported in 11 systematic reviews

and meta-analyses (overall analysis and sub-group
analyses by ethnicity)

According to the citation matrixes and the primary studies
included in 11 systematic reviews and meta-analyses, we
re-calculated the OR and 95%CI of different genotype
models (Table 5). Due to high heterogeneity, the OR and
95%CI were removed in a random-effect model. The OR
and 95%CI of C677T in Recessive model were not heavi-
ly influenced by the 6 primary studies in which only the
number of TT genotypes and the total number of cases
and controls were provided.

In term of the MTHFR C677T polymorphism and RPL,
there were 78 primary studies, including 8907 cases and

13,636 controls. The OR and 95%CI of C677T in Allele mod-
el were 1.54 (1.38, 1.72) in Asian population, 1.28 (1.03,
1.58) in Caucasian population, and 1.43 (1.29, 1.60) overall.
The most significant genotype model for C677T was
Homozygous model, in which OR and 95%CI were 2.32
(1.84, 2.92) in Asian population compared with 1.66 (1.07,
2.58) in Caucasian population and 2.08 (1.66, 2.61) overall.
In term of A1298C polymorphism and RPL, 31 primary
studies were analyzed, including 4211 cases and 6208 con-
trols. The OR and 95%CI of A1298C in Allele model were
1.25 (0.90, 1.75) in Asian group, 1.16 (0.95, 1.41) in
Caucasian group, and 1.19 (1.00, 1.42) overall. Analysis
showed no association between A1298C polymorphism and
RPL, except that the OR and 95%CI of A1298C in
Heterozygous model were 1.62 (1.17, 2.25) in Asians, 1.02
(0.81, 1.28) in Caucasians, and 1.25 (1.03, 1.53) overall,

@ Springer
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S| Q I R Cumulative meta-analyses of MTHFR polymorphisms
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% § g §° g < § tween A1298C and RPL (Fig. 3¢, d). However, a statistical
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5 ER RS = = = =3 = Publication bias and sensitivity analysis
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E 2R 2R the publication bias of the primary case-control studies
= . adn DAV (Table 6). On C677T of MTHFR polymorphism, publica-
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£ tion bias appeared in Dominant model of overall analysis
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TE N § § § § 5 § overall analysis and Asian subgroup. Other primary stud-
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< < . . ..
" - 2 O - B geneity. The results showed no individual case-control study
s s — ) . .
@ g g z & & 2 3 £ had marked effect on the meta-analysis of primary studies of
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Fig.2 Cumulative meta-analysis of a C677T in Allele model, b C677T in Allele model of different ethnicities, ¢ C677T in Recessive model, d C677T in
Recessive model of different ethnicities, e C677T in Homogeneous model, f C677T in Homogeneous model of different ethnicities

Quality of systematic reviews and meta-analyses

Table 6 and Table 7 show the quality assessments of 11
systematic reviews and meta-analyses executed with
AMSTAR and OQAQ scales. The AMSTAR assessment
showed one review of high methodology quality (=8), 2

of low quality (<3), and 8 of moderate quality with
scores ranging from 5 to7 (Table 7). The OQAQ scale
showed similar results for the quality of 11 systematic
reviews, of which there were 2 of low quality (<3) and 9
of moderate quality with scores between 5 and 7
(Table 8).
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a

Author (publication year)

OR (95% Cl)

Hohlagschwandiner (2003) - se—— 0.74 (0.51, 1.07)
Li (2004) —— 0.79 (0.58, 1.09)
Mitiraoui (2006) 1.09 (0.60, 1.99)
Sotiriadis (2006) —— 1.08 (0.70, 1.67)
Wang (2006) — 1.13(0.79, 1.60)
Callejon (2007) — 1.10 (0.85, 1.43)
Ren (2007) —— 1.00 (0.75, 1.35)
Bae (2009) — 1.00 (0.77, 1.29)
Ciacci (2009) — 1.04 (0.82, 1.32)
Rodriguez-Guillen (2009) — 1.05 (0.84, 1.31)
Kim (2011) — 1.09 (0.87, 1.35)
Jeddi-Tehrani (2011) — 1.18 (0.91, 1.54)
Kiai (2011) L 1.27 (0.96, 1.67)

Ozdemir (2011)
Settin (2011)
Dissanayke (2012)
Nair (2012)

1.39 (1.02, 1.88)
1.38 (1.04, 1.82)
1.33(1.03, 1.73)
1.37 (1.07, 1.75)

Torabi (2012) - 1.26 (0.95, 1.67)
Zonouzi (2012) — 1.23 (0.94, 1.61)
Chen (2013) - 1.22(0.94, 1.59)
Herodez (2013) - 1.21(0.95, 1.55)
Parveen (2013) L 1.22 (0.97, 1.53)
Cao (2014) 1.25 (1.00, 1.56)
Hefler (2014) 1 1.22(0.99, 1.52)
Hu (2014) 1.24 (1.00, 1.53)
Lino (2014) | 1.22 (0.99, 1.50)
Luo (2014) 4 1.20 (0.98, 1.46)

Yousefian (2014)
Hubacek (2015)

1.20 (0.99, 1.46)
1.19.(1.00, 1.42)

c

Author(publication year)

Ozdemir (2011)
Settin (2011)

OR (95% Cl)

1.37 (0.97, 1.94)
1.35(0.98, 1.87)

Hohlagschwandiner (2003) me—— 0.74 (0.43, 1.29)
Li (2004) —— 0.82 (0.52, 1.30)
Mtiraoui (2006) — 1.03 (0.74, 1.43)
Sotiriadis (2006) — 1.02 (0.77, 1.35)
Wang (2006) — 1.02(0.79, 1.32)
Callejon (2007) —t 0.89 (0.72, 1.09)
Ren (2007) — 0.91(0.72, 1.14)
Bae (2009) —— 0.88 (0.73, 1.06)
Ciacci (2009) —— 0.88 (0.73, 1.06)
Rodriguez-Guillen (2009) —— 0.89 (0.74, 1.06)
Kim (2011) —t 0.97 (0.78, 1.19)
Jeddi-Tehrani (2011) — 1.14 (0.83, 1.56)
Kiai (2011) — 1.25 (0.90, 1.74)

4

|

f

Dissanayke (2012)
Nair (2012)

Torabi (2012)
Zonouzi (2012)
Chen (2013)
Herodez (2013)
Parveen (2013)

1.31(0.97, 1.76)
1.35 (1.02, 1.80)
1.46 (1.08, 1.98)
1.39 (1.03, 1.87)
1.36 (1.03, 1.81)
1.35(1.03, 1.77)
1.34 (1.05, 1.72)

Cao (2014) 1.39 (1.09, 1.78)
Hefler (2014) 1.36 (1.07, 1.72)
Hu (2014) 1.36 (1.07, 1.71)
Lino (2014) 1.31(1.03, 1.65)
Luo (2014) 1.27 (1.01, 1.59)

Yousefian (2014)
Hubacek (2015)

LT

1.27 (1.02, 1.58)
1.25(1.03, 1.53)

L1 1

T T T T
502 1 1.99 429 1 233
d
Author (publication year) OR (95% Cl) Author(publication year) OR (95% CI)
Caucasian Caucasian
Hohlagschwandtner (2003) —— 0.74 (0.51,1.07) Hohlagschwandtner (2003) * 0.74 (0.43,1.29)
Mtiraoui (2006) 1.14 (0.49, 2.66) Mtiraoui (2006) ——— 1.00 (0.60, 1.67)
Sotiriadis (2006) — 1.11(0.64, 1.90) Sotiriadis (2006) —— 1.01(0.74, 1.39)
Callejon (2007) — 1.08 (0.77, 1.53) Callejon (2007) ——p— 0.88 (0.66, 1.18)
Ciacci (2009) — 1.14 (0.85, 1.53) Ciacci (2009) —_—= 0.88 (0.66, 1.18)
Rodriguez-Guillen (2009) — 1.14 (0.87, 1.50) Rodriguez-Guillen (2009) —_—l== 0.89 (0.69, 1.15)
Ozdemir (2011) - 1.34 (0.91, 1.97) Ozdemir (2011) ——— 1.12(0.71, 1.76)
Settin (2011) - 1.33 (0.95, 1.86) Settin (2011) et — 1.13(0.76, 1.69)
Zonouzi (2012) - 1.26 (0.92, 1.73) Zonouzi (2012) —— 1.04 (0.71, 1.53)
Herodez (2013) - 1.24 (0.94, 1.64) Herodez (2013) —— 1.06 (0.75, 1.49)
Parveen (2013) 1 1.26 (0.98, 1.60) Parveen (2013) ——— 1.09 (0.81, 1.47)
Hefler (2014) - 1.21(0.95, 1.53) Hefler (2014) —t— 1.06 (0.81, 1.40)
Lino (2014) e 1.18 (0.94, 1.47) Lino (2014) ——— 1.01(0.76, 1.32)
Hubacek (2015) 1.16 (0.95, 1.41) Hubacek (2015) 1.02 (0.81, 1.28)
Asian Asian
Li (2004) ——— 0.98 (0.52, 1.85) Li (2004) 1.03 (0.46, 2.29)
Wang (2006) ——— 1.18 (0.79, 1.76) Wang (2006) —— 1.02 (0.62, 1.68)
Ren (2007) - 0.81(0.39, 1.68) Ren (2007) —— 1.07 (0.65, 1.75)
Bae (2009) ——— 0.87 (0.56, 1.36) Bae (2009) —— 0.93 (0.66, 1.31)
Kim (2011) ———— 0.99 (0.66, 1.49) Kim (2011) ——— 1.11(0.77, 1.60)
Jeddi-Tehrani (2011) ——— 1.26 (0.71, 2.21) Jeddi-Tehrani (2011) e —— 155 (0.85, 2.81)
Klai (2011) ——— 148 (0.83, 2.62) Klai (2011) ——— 178 (0.99, 3.19)
Dissanayke (2012) ——— 1.36 (0.87, 2.14) Dissanayke (2012) S—— 1.57 (0.97, 2.54)
Nair (2012) e ——— 1.42(0.95, 2.13) Nair (2012) —— 1.62 (1.06, 2.47)
Torabi (2012) —_—— 1.22 (0.76, 1.96) Torabi (2012) ——1.86 (1.18, 2.91)
Chen (2013) <% 1.21(0.79, 1.87) Chen (2013) —— 1.74 (1.15, 2.63)
Cao (2014) et —— 1.27 (0.85, 1.92) Cao (2014) ——— 1.81(1.23, 2.67)
Hu (2014) —— 1.30 (0.87, 1.92) Hu (2014) —— 1.79 (1.24, 2.60)
Luo (2014) —_—— 1.24 (0.86, 1.79) Luo (2014) —— 1.65 (1.15, 2.38)
Yousefian (2014) = 1.25 (0.90, 1.75) Yousefian (2014) —— 1.62 (117, 2.25)
T T T T
376 1 2.66 313 1 3.19

Fig. 3 Cumulative meta-analysis of a A1298C in Allele model, b A1298C in Allele model of different ethnicities, ¢ A1298C in Heterogeneous model, d

A1298C in Heterogeneous model of different ethnicities

Discussion

MTHEFR plays a key role in catalyzing synthetic folic acid to
5-MTHEF, also absorbed as natural folate from food [29],
which participates in the conversion of homocysteine to me-
thionine (Fig. 4). The transformation of homocysteine causes
a reduction in the level of homocysteine in the plasma and
promotes the methylation of substances such as DNA, protein,
and lipids involving S-adenosylmethionine to S-
adenosylhomocysteine [30].

DNA methylation plays a crucial role in trophoblast devel-
opment, affecting imprinted or non-imprinted genes after
global demethylation on morula stage (third day postconcep-
tion) [31]. Epigenetic modification in the placenta leads to
intrauterine growth restriction, through methylation on gene

@ Springer

promotors [32]. Recent research has reported such placental
epigenetics are regulated with imprinted genes such as /IGF2/
HI19, PEGI0 on paternal chromosome and PHLDA?2,
CDKNI1C on maternal chromosome [33].

MTHFR polymorphisms induce structural changes of
MTHEFR protein. For instance, C677T causes alanine to be
substituted for valine and A1298C causes glutamate to be
substituted for alanine. The thermolability and reduction of
enzyme activity lead to elevated concentration of homocyste-
ine [34]. Hey concentration is also controlled through folate-
independent pathways including CBS (cystathionine 3-
synthase) and BHMT (betaine-homocysteine
methyltransferase) in liver and kidney [35]. The compensatory
regulations fail to remove Hcy accumulated in pregnant wom-
en with MTHFR deficiency, as the peak demand cannot be
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Table 6 Begg’s test and Egger’s test on publication bias of primary case-control studies
Begg’s test
Allele Dominant Recessive Recessive (6 included) Homogeneous Heterogeneous
Z P Z P Z P b4 p b4 p z p
C677T
Asian .12 0.265 1.66  0.096 2.82 0.005* 2.82 0.005%* 3.02 0.002* 0.39 0.696
Caucasian 1.13 0.26 217 0.03* 1.63 0.103 1.31 0.189 1.81 0.071 1.9 0.058
Total 191 0.057 2.38 0.017%* 3.17  0.002* 2.86 0.004* 34 0.001°* 1.34 0.182
A1298C
Asian 0.79 0428 0.89 0373 099 0322 0.79 0.428 1.63 0.102
Caucasian ~ 0.11 0913 0 1 1.53 0.127 14 0.161 0.55 0.583
Total 054  0.586 1.03 0.302 136 0.173 1.36 0.173 1.34 0.179
Egger’s test
Allele Dominant Recessive Recessive (6 included) Homogeneous Heterogeneous
t p t p t p t p t p t p
C677T
Asian 202  0.05 1.81 0.078 3.16  0.003* 3.16 0.003* 3.99 0.001* 0.32 0.754
Caucasian ~ 0.35 0.73 1.35 0.189 .02 032 0.62 0.54 12 0.24 1.14 0.264
Total 1.74  0.087 2.53 0.014* 3.09  0.003* 2.58 0.012* 348 0.001* 1.42 0.161
A1298C
Asian 092 0374 1.48 0.161 0.92 0.374 1.14 0.273 2.04 0.062
Caucasian  0.54 059 0 0.999 2.09  0.061 1.74 0.11 —0.43 0.678
Total 098  0.337 1.19  0.243 1.48 0.15 1.82 0.081 1.58 0.126

*In Begg’s test or Egger’s test, p value <0.05

reached [36, 37]. High level of homocysteine leads to RPL
with pathway of Hcy toxicity such as homocysteinylation,
oxidative stress induction, and biotoxicity itself [38].

While numerous primary studies and systematic reviews
have investigated the correlation between MTHFR polymor-
phisms and RPL, the outcome of this research remains un-
clear, and even controversial when comparing across different

authors [39]. When comparing OR and 95%ClI in Allele mod-
el conducted in this current study with the results from previ-
ous systematic reviews, it was evident that the C677T poly-
morphism could represent a risk marker for RPL, especially in
Asian population. Results from Homozygous and Recessive
models further indicated that TT genotype could represent a
significant risk marker for RPL. Despite the moderate level of

Table 7 AMSTAR scores of 11 systematic reviews included
Author Year 1.A 2. 3. 4. Status of 5. List 6. 7. 8. 9. 10. 11.
priori  Duplicate Literature publication of Characteristics Quality  Scientific Appropriate Likelihood Conflict
design selection  search studies of included of quality methods of bias of
included used interest
Nelen 2000 + + + + - - - + - +/-
Wiwanitkit 2005 + + — + _ _ _ /=
Ren 2006 + + + + - + - - + + +/—
Wu 2012 + + + + - + - - + + +/—
Cao 2012 + + + + + + - - + + +/—
Nair 2013 + +/— + + - + - - + + +/—
Parveen 2013 + +— - + - - - - +/— + +/—
Rai 2014 + + + - + - - + + +/—
Chen 2015 + + + + - + - - + + +/—
Yang 2015 + + + + - + - - + + +/-
Rai 2016 + - + + - + - - + + +/—

+: yes; —: no; +/—: partially answered or unclear
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Table 8 OQAQ scores of 11 systematic reviews included

Author Year 1. Search 2. Search 3. Inclusion 4. 5. Validity 6. Validity 7. 8. Finding 9. Conclusions
methods ~ comprehensive criteria Selection  criteria assessed Combining  combined supported by
stated reported bias reported appropriately methods appropriately  the data

avoided reported

Nelen 2000 + + + + — + + +

Wiwanitkit 2005 — - - - +

Ren 2006 + + + + - + + +

Wu 2012 + + + + - + + +

Cao 2012 + + + + - + + +

Nair 2013 + + + + - + + +

Parveen 2013 — +- - +/— - +/— + +

Rai 2014 + + - - - + + +

Chen 2015 + + + + - + + +

Yang 2015 + + + + - + + +

Rai 2016 + + + - - + + +

+: yes; —: no; +/—: partially answered or unclear

risk shown in Heterozygous model, there may be no relation-
ship between A1298C and RPL.

Paternal MTHFR gene influence may have contributed
to discrepancies in A1298C, resulting aneuploidy in em-
bryo [40]. Despite chromosome abnormality, paternal

( Natural folate >—>( 5-MTHF }

Cystathionine

5 10-MTHF

MTHFR polymorphisms could also lead to destruction
in sperm nucleus DNA as well [41]. Cornet [42] reported
that, in population included (18 homozygous, 77 hetero-
zygous, 1405 control) with SDI (sperm nucleus
decondensation index) above 20%, the homozygote group

Synthetic folic acid )

DHF

MTRR
MTR

BHMT

Methylation

Fig. 4 Mechanism of MTHFR in recurrent pregnancy loss (RPL)
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presented with 67% comparing to 23% in the control
group and 30% in heterozygote group. The selection of
primary studies from systematic reviews and meta-
analyses most likely contributed to the discrepancies evi-
dent in the published conclusions from different authors;
this was evident in the selection matrix.

AMSTAR and OQAQ scales showed moderate quality
overall in 11 systematic reviews and low quality in 2 system-
atic reviews. A common deficiency of the 11 systematic re-
views with moderate quality was the lack of validity criteria or
the nature of the validity criteria used, which is commonly
evaluated with the NOS (Newcastle-Ottawa Scale) [43] for
case-control studies. The lack of qualification for primary
studies may therefore have contributed to the heterogeneity
and controversy evident in the published conclusions.

The tendency of stability was demonstrated by the cumu-
lative meta-analysis of MTHFR polymorphisms in RPL. The
meta-analyses relating to C677T, and based upon early prima-
ry studies, did not show any correlation with RPL; this was in
accordance with the views of previous systematic reviews and
meta-analyses which were published prior to 2005. However,
as the number of primary studies increased, the OR and
95%CI of the C677T polymorphism changed to positive and
became stable over the next few years in Allele, Recessive,
and Homozygous models. The trend for the A1298C poly-
morphism in Allele model remains unclear; despite the posi-
tive change appearing in 2011, the data was mainly based on
recent primary studies in Asian population.

The mild tendency of A1298C in Heterozygous model
might attribute to composite C677T and A1298C. Xu [44]
has found that compound 677/1298 heterozygous genotype
is arisk factor in RPL. In 218 in RPL group and 264 in control
group, no composite homozygote genotype appeared; howev-
er, patients with composite heterozygote (677CT-1298AC)
presented with higher risk compared with the control group
(OR, 95%CT 4.996, 1.65-15.129). Paternal effect may also
have contributed to the compound MTHFR genotype in em-
bryo [45].

There are some limitations in this present study which need
to be considered. First of all, heterogeneity was observed in
each genotype model for C677T and A1298C polymor-
phisms; thus, results based on primary studies should be
interpreted with caution. Second, the NOS is not used to in-
vestigate the quality of primary studies and this might be the
underlying factor responsible for the overall high heterogene-
ity. Finally, there are some factors which could have influ-
enced our results but were not considered, such as age, body
mass index (BMI), smoking, alcohol and drug abuse, and
environmental factors [46].

In conclusion, MTHFR C677T polymorphism appears to
represent a risk marker for RPL, especially in Asian popula-
tion. The TT genotype of C677T appears more significant than
the other genotypes, particularly in term of RPL. However,

there is no significant correlation between A1298C and
RPL, except for in Heterozygous model, which indicates mod-
erate risk. We believe that differences in the selection of pri-
mary studies lead to the controversial and inconsistent conclu-
sions made by different authors in the systematic reviews and
meta-analyses considered in our present study. More compre-
hensive and rigorous systematic reviews and meta-analyses
should now be performed, which incorporate quality-
controlled primary case-control studies. Future investigations
also need to consider different ethnicities, gene-gene interac-
tion, and gene-environment interaction in order to fully inves-
tigate the influence of MTHFR polymorphisms on RPL.
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