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Objective: To ascertain the magnitude and precision of the association between M2/ANXA5 haplotype and repeated pregnancy loss
(RPL).
Design: Meta-analysis of odds ratios.
Setting: Not applicable.
Patient(s): Subjects were women with RPL and their partners.
Intervention(s): Not applicable.
Main Outcome Measure(s): The association between M2/ANXA5 haplotype and RPL was evaluated in a meta-analysis of odds ratios.
We further scrutinized this association according to [1] the sequence of miscarriages, [2] the number of consecutive losses, [3] the extent
of excluding other pathologies of RPL, and [4] the timing of fetal loss.
Result(s): Fourteen individual studies (n ¼ 4,664 subjects) were included in this meta-analysis. The results show that women with the
M2/ANXA5 haplotype have 1.54 times (95% conﬁdence interval, 1.08–2.20) the odds of having associated RPL compared with women
with the normal haplotype, regardless of consecutive or nonconsecutive pregnancy losses. Acknowledging the clinical heterogeneity
among the studies, this signiﬁcant association comes with a caveat that the lower bound of the conﬁdence interval is close to unity.
In couple populations (n ¼ 2,449), M2/ANXA5 haplotype subjects have an odds ratio of 1.48 (95% conﬁdence interval, 1.14–1.91)
of experiencing RPL, which suggests contributions from paternal M2/ANXA5 carriers in RPL.
Conclusion(s): This meta-analysis ascertains that women with the M2/ANXA5 haplotype have a higher risk of experiencing RPL,
especially consecutive early idiopathic RPL. Male partners with the M2/ANXA5 haplotype partly contribute to this risk. Hence,
screening for the M2/ANXA5 haplotype as a panel of laboratory investigations for RPL is recommended. (Fertil SterilÒ 2019;-:
-–-. Ó2019 by American Society for Reproductive Medicine.)
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he M2/ANXA5 haplotype has
been suggested as a genetic predisposition factor for repeated
pregnancy loss (RPL). In vitro experimental studies have shown involvement of the M2/ANXA5 haplotype at

T

the placenta in the onset of thrombotic
events that would contribute to adverse
pregnancy outcomes (1–4). Annexin
A5 (ANXA5), a Ca2þ-dependent
placenta anticoagulant protein, binds
strongly to phosphatidylserine (PS),

Received November 8, 2018; revised and accepted January 8, 2019.
K-C.A. has nothing to disclose. N.B. has nothing to disclose. A.M. has nothing to disclose. E.S.C. has
nothing to disclose. T.H.T. has nothing to disclose.
Supported by MyBrain15 Program (KPM (b) 85030401) under the Malaysian Ministry of Education (to
K.C.-A); Research University Grant for an Individual (grant nos. 1001/CIPPT/811319 and 1001/
CIPPT/812100) (to T.H.T); Fundamental Research Grant Scheme (grant nos. 203/CIPPT/6711510)
(to T.H.T); eScience Fund (grant no. 305/CIPPT/613237) (to T.H.T); Short-Term Research Grants
(grant no. 304/CIPPT/6313232) (to T.H.T); Trans-Disciplinary Research Grant Scheme (grant no.
203/CIPPT/6769003) (to T.H.T); and PI grant of the German Research Community, grant no.
MA-6288/1-1 (to A.M.).
Reprint requests: Ewe Seng Ch'ng, M.D., M.Path., Institute of Advanced Medical and Dental, Universiti
Sains Malaysia, 13200 Bertam, Kepala Batas, Penang, Malaysia (E-mail: eschng@usm.my).
Fertility and Sterility® Vol. -, No. -, - 2019 0015-0282/$36.00
Copyright ©2019 American Society for Reproductive Medicine, Published by Elsevier Inc.
https://doi.org/10.1016/j.fertnstert.2019.01.015
VOL. - NO. - / - 2019

which is found abundantly on
syncytiotrophoblasts of the chorionic
villi. This forms a highly ordered
two-dimensional crystal structure to
prevent coagulation activation among
other properties. Several studies have
reported that M2/ANXA5 haplotypecarrying placentas have reduced
mRNA (5, 6) and protein levels (2) of
ANXA5, thus the ensuing insufﬁcient
coverage of PS (7). It is proposed that
the M2/ANXA5 haplotype would
lead to [1] the competition of
coagulation factors in binding to
PS
and
[2]
a
phenomenon
of
developing
antiphospholipids
antibodies to phospholipid antigenic
determinants that would further
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disrupt the ANXA5 protective shield (7). This could also
impair the pertinent roles of ANXA5 in developing placenta
such as trophoblast differentiation (8) and membrane repair
(9, 10).
Clinically, the prevalence of the M2/ANXA5 haplotype
among healthy subjects across different ethnic groups has a
wide range, from as low as 11% to as high as 42% (3, 4, 11–
17). A number of case-control studies have demonstrated a
positive association between the M2/ANXA5 haplotype and
RPL involving subjects of various ethnic groups such as subjects from cohorts in Germany (1, 4, 16), the United Kingdom
(13), Italy (3), Japan (17), and Malaysia (11). Conversely,
other studies on Chinese and Danish/Estonian ethnic groups
failed to show any relationship between the M2/ANXA5
haplotype and RPL (12, 15).
Given the conﬂicting results from these case-control
studies, a meta-analysis was therefore performed to ascertain
the magnitude and precision of the association between the
M2/ANXA5 haplotype and RPL. This association was further
scrutinized according to [1] the sequence of miscarriages, [2]
the number of consecutive losses, [3] the extent of excluding
other pathologies of RPL, and [4] the timing of fetal loss to
gain further insights regarding the M2/ANXA5 haplotype
as a genetic predisposition factor for RPL. The contribution
of male partners with the M2/ANXA5 haplotype to the risk
of RPL was investigated via analysis of RPL couples.

MATERIALS AND METHODS
Data Sources and Searches
This meta-analysis was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (18). A comprehensive electronic
resource search was conducted on June 28, 2017, to identify
potential studies in the SCOPUS, PubMed, and Google Scholar
databases. The keywords were identiﬁed through the relevant
medical subject headings (MeSH) and the words used for the
outcomes by literature review. ‘‘Pregnancy loss’’, ‘‘Annexin’’,
and ‘‘M2’’ were chosen as the keywords to reﬁne the search
sequentially in all ﬁelds. The authors were directly contacted
in case any additional information was required. The
references of the retrieved articles were reviewed to further
identify any additional relevant studies from experts in the
ﬁeld. Non-English-language articles were excluded from the
meta-analysis. Manual searches were also performed to avoid
missing any related publications. We updated the electronic
resource search with the same search strategy on June 12,
2018, to include any latest potential relevant studies in
SCOPUS (2017 to present), PubMed (June 29, 2017, to
present), and Google Scholar (2017 to 2018).

Study Selection
All potentially relevant studies that fulﬁlled the following
criteria were fully reviewed: [1] subjects were RPL female,
[2] RPL was deﬁned as two or more losses, [3] parous control
groups were female patients with at least one successful
pregnancy and no history of miscarriage, and [4] the
prevalence of the M2/ANXA5 haplotype or an indicative
2

single nucleotide polymorphism (G76A, rs113588187) of the
ANXA5 gene had been analyzed.

Data Extraction and Quality Assessment
Reported outcomes referring to small for gestational age
newborns, venous thrombosis, IVF, preeclampsia,
intrauterine growth restriction, premature birth, and
polycystic ovarian syndrome (PCOS) were excluded from
the meta-analysis. All recruited studies were retrospective
case-control studies. Individual studies were independently
retrieved, reviewed, and rated by two reviewers according to
the Newcastle-Ottawa scale (19). In case of a discrepancy,
the opinion of a third investigator was sought, and the
conclusion was reached by consensus. Individual studies
rated as medium and strong on the Newcastle-Ottawa scale
were included in the meta-analysis.

Data Synthesis and Analysis
Two-by-two tables were constructed based on the recruited
studies. MedCalc (ver. 17.6) software (Ostend, Belgium) was
used to calculate individual odds ratios (OR), pooled ORs,
and 95% conﬁdence intervals (CIs). Statistical signiﬁcance
was deﬁned as P % .05. Cochran's Q and I2 statistic were
used to determine the heterogeneity of this meta-analysis,
where the statistical heterogeneity signiﬁcance value was
P % .05. Taking the statistical heterogeneity signiﬁcances
into account, a random effects model was chosen in this
meta-analysis to estimate the true effects (20). The metaanalysis was further scrutinized according to [1] the sequence
of miscarriages, [2] the number of consecutive losses, [3] the
extent of excluding other pathologies of RPL, and [4] the
timing of fetal loss.

RESULTS
Characterization of Studies
The initial search strategy yielded 384 records from the
SCOPUS, PubMed, and Google Scholar databases (Fig. 1A).
Of these, 361 were abstracts, duplicate publications, case
reports, reviews, letters, irrelevant titles, or editorials. The
remaining 23 studies were fully reviewed. Ten of them were
excluded due to [1] improper outcome—(e.g., small for
gestational age, venous thrombosis, IVF), seven studies
(21–27); [2] incoherent case groups (recruitment of RPL
with PCOS), one study (28); [3] insufﬁcient data, one study
(7); and [4] pilot studies, one study (29). Thirteen studies
were included in the initial search. During review, an
updating search with the same search strategy (Fig. 1B) was
performed to capture any current related publications. Out
of an additional 77 records retrieved, two studies were fully
reviewed (30, 31). One was excluded due to improper
outcome (30), and the other study (31) was included. In
total, 14 studies (Table 1), which were rated as moderate or
strong on the Newcastle-Ottawa scale, were included in the
meta-analysis.
RPL was deﬁned differently with regard to [1] the
sequence of miscarriages (consecutive or nonconsecutive),
VOL. - NO. - / - 2019
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FIGURE 1

Flow diagram of study selection (A) on June 28, 2017 and (B) on June 12, 2018.
Ang. Meta-analysis for M2/ANXA5 haplotype and RPL. Fertil Steril 2019.

[2] the number of losses (two or three losses), and [3] the
timing of losses (gestational weeks [GW] 20–23).
Among these 14 studies (Table 1), we observed that ﬁve
studies used the same parous control group (1, 4, 16, 32,
33), but women with RPL were recruited at different times
across these studies. We grouped these ﬁve studies
(justiﬁcations for grouping are summarized in Supplemental
Table 1) with a total of 183 M2/ANXA5 haplotype carriers;
142 out of them experienced RPL (Fig. 2). In addition, four
out of these 14 studies reported the distribution of the
M2/ANXA5 haplotype in male partners. Analysis of
M2/ANXA5 haplotype in the couple populations was
performed using random population control, which was
deﬁned as healthy subjects with equal numbers of male and
female regardless of the obstetric records (1, 7, 11, 13).
Three out of these four studies (1, 13, 16) used the same
random population control; hence we decided to group
these studies.

Association of the M2/ANXA5 Haplotype and
Female RPL Subjects
To ascertain the association between the M2/ANXA5
haplotype and RPL in female subjects, a meta-analysis was
performed on a pooled sample size of 4,664 subjects from
the 14 recruited studies (nine individual studies [3, 11, 17,
31] and one group study [1, 4, 32–34]). Figure 2 shows that
the M2/ANXA5 haplotype (heterozygous or homozygous)
female subjects have a signiﬁcantly higher OR of 1.54 (95%
CI, 1.08–2.2; P ¼ .019) of having RPL as compared with the
normal haplotype.
VOL. - NO. - / - 2019

The American College of Obstetricians and Gynaecologists and the European Society of Human Reproduction and
Embryology deﬁne RPL as consecutive pregnancy loss
regardless of the number of losses (35, 36). As such, a
sensitivity analysis was conducted focusing on consecutive
RPL. The pooled data from 12 studies (seven individual
studies [3, 11, 12, 15–17, 31] and one group study [1, 4, 28,
32, 33] with a sample size of 3,410 subjects showed that
women with the M2/ANXA5 haplotype (heterozygous or
homozygous) had a signiﬁcantly higher OR of 1.63 (95% CI,
1.01–2.62, P ¼ .045) compared with women with normal
haplotype to have consecutive RPLs (Fig. 2).
The number of consecutive pregnancy losses, that is, two
or three, was different according to the guidelines for
management of RPL (American College of Obstetricians and
Gynaecologists, two losses [36]; European Society of Human
Reproduction and Embryology, three losses [35]). Applying
the narrow deﬁnition of three consecutive pregnancy losses
or more, the pooled data from three studies (n ¼ 1,187)
(3, 12, 17) yielded an insigniﬁcant OR of 1.56 (95% CI,
0.54–4.54, P ¼ .41) between women with the M2/ANXA5
haplotype (heterozygous or homozygous) and women
with normal haplotype to have consecutive RPL
(Supplemental Fig. 1).
Among these 14 individual studies, the extent of
excluding other attributing pathologies of RPL was varied.
Most of the studies excluded the following potential
pathologies for RPL: [1] antiphospholipid syndromes (APS),
[2] inherited thrombophilia (FVL and PTm) and deﬁciencies
of antithrombotic factors (protein C, S, factor XII and
3

List of recruited studies.
Individual studies

Country

Detection method for M2/
ANXA5 haplotype

Association of M2/ANXA5 haplotype and female RPL subjects
Aranda et al., 2018
Argentina
PCR-DNA sequencing

Type of screening
M2/ANXA5
APS
PTm (G20210A)
FVL
Antithrombin
Protein C
Free protein S
M2/ANXA5
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Ang et al., 2017

Malaysia

PCR-DNA sequencing
Allele-speciﬁc PCR

Demetriou et al., 2015

UK

PCR-DNA sequencing

Nagirnaja et al. 2015

Denmark
Estonia

PCR-DNA sequencing
PCR-RFLP

Hayashi et al., 2013

Japan

Probe based qPCR

Cao et al., 2013

China

PCR-DNA sequencing

Rogenhofer et al., 2012

Germany

PCR-DNA sequencing

M2/ANXA5
Other single nucleotide
polymorphism Variants in
ANXA5
ANXA5 G76A
SERPINC1 G786A
THBD C1418T
TFPI T-33C
Factor V G1628A
Factor II A19911G
M2/ANXA5

Miyamura et al., 2011

Japan

PCR-DNA sequencing

M2/ANXA5

Tiscia et al., 2009

Italy

PCR-DNA sequencing

M2/ANXA5

Germany

PCR-DNA sequencing

M2/ANXA5

Group studies
Rogenhofer et al., 2017

Ang. Meta-analysis for M2/ANXA5 haplotype and RPL. Fertil Steril 2019.

M2/ANXA5
APS
PTm (G20210A)
M2/ANXA5

Inclusion criteria for cases

Deﬁnition of controls

Two or more consecutive losses
with same partner. Other
pathologies excluded.

Parous, two or more normal
term deliveries and no
previous gestational
pathologies.

Two or more losses in
<20 weeks. Other
pathologies excluded.
Three or more losses. Other
pathologies excluded.

Parous, at least one successful
pregnancy and no previous
gestational pathologies.
At least one successful
pregnancy and no history of
miscarriage.
No history of pregnancy losses.
R2 live birth: Denmark.
R3 live birth: Estonia.

Three or more consecutive losses
in <22 weeks.
Other pathologies excluded and
abortus karyotyping
unavailable.
Two or more losses. Other
pathologies excluded.

At least one child and no history
of infertility or miscarriage.

Two or more consecutive losses
in <20 weeks. Other
pathologies partly excluded.

Ethnically matched, healthy, at
least one naturally conceived
pregnancy.

Two or more consecutive losses
in <20 weeks. Other
pathologies excluded.
Three or more consecutive
losses.
Other pathologies excluded and
abortus karyotyping
unavailable.
Three or more consecutive losses
<23 weeks. Other
pathologies excluded and
abortus karyotyping
unavailable.

Successful pregnancies and no
documented history of RPL.

Two or more consecutive losses
in <12 weeks. Other
pathologies partly excluded.

Successful pregnancies and no
documented history of RPL.

At least one child and no history
of infertility or miscarriage.

Ethnically matched, at least one
uneventful pregnancy, and
no obstetric complications.
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TABLE 1
Continued.
Individual studies

Country

Detection method for M2/
ANXA5 haplotype

Type of screening

Inclusion criteria for cases

Deﬁnition of controls

Two or more consecutive losses
in <20 weeks. Other
pathologies excluded.
Two or more consecutive losses
in <20 weeks. Other
pathologies excluded.
Two or more consecutive losses.
Other pathologies excluded.
Two or more consecutive losses.
Other pathologies partly
excluded.

Successful pregnancies and no
documented history of RPL.

Rogenhofer et al., 2014

Germany

PCR-DNA sequencing

M2/ANXA5

Rogenhofer et al., 2013

Germany

PCR-DNA sequencing

M2/ANXA5

€ ttelmann et al., 2013a
Tu

Germany

PCR-DNA sequencing

M2/ANXA5

Bogdanova et al., 2007

Germany

PCR-DNA sequencing

M2/ANXA5

Association of M2/ANXA5 haplotype and RPL couples
Ang et al., 2017
Malaysia
PCR-DNA sequencing
Allele-speciﬁc PCR

M2/ANXA5

Two or more losses in
<20 weeks. Other
pathologies excluded.

Random population with 52.2%
men and 47.8% women
More couple control with at
least one successful
pregnancy and no history of
miscarriage.
PopGen control group from
northwest Germany with
approximately equal
numbers of men and women
PopGen control group from
northwest Germany with
approximately equal
numbers of men and women
PopGen control group from
northwest Germany with
approximately equal
numbers of men and women

Group studies
Demetriou et al., 2015

UK

PCR-DNA sequencing

M2/ANXA5
APS
PTm (G20210A)

Three or more losses. Other
pathologies excluded.

€ ttelmann et al., 2013
Tu

Germany

PCR-DNA sequencing

M2/ANXA5

Two or more consecutive losses.
Other pathologies excluded.

Rogenhofer et al., 2012

Germany

PCR-DNA sequencing

M2/ANXA5

Two or more consecutive losses
in <20 weeks. Other
pathologies excluded.

Successful pregnancies and no
documented history of RPL.
Successful pregnancies and no
documented history of RPL.
Successful pregnancies and no
documented history of RPL.

APS, antiphospholipid syndrome; FVL, factor V Leiden; PCR, polymerase chain reaction.
a
The Bulgarian population was excluded due to consisting of 33 parous women and 167 healthy subjects in the control group.
Ang. Meta-analysis for M2/ANXA5 haplotype and RPL. Fertil Steril 2019.
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FIGURE 2

Odds of (A) female RPL subjects and (B) RPL in the couple populations in M2/ANXA5 carriers.
Ang. Meta-analysis for M2/ANXA5 haplotype and RPL. Fertil Steril 2019.
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FIGURE 3

Odds of (A) consecutive early RPL and (B) consecutive early idiopathic RPL in M2/ANXA5 carriers.
Ang. Meta-analysis for M2/ANXA5 haplotype and RPL. Fertil Steril 2019.

antithrombin), [3] uterine anomalies, [4] endocrinological
dysfunctions (PCOS and thyroidal dysfunction), and [5]
parental karyotyping. Exclusion of other pathologies as
such deﬁned is a priori regarded as idiopathic RPL. We
subsequently conducted a sensitivity analysis of consecutive
idiopathic RPL with a pooled sample size of 2,524 female
subjects (ﬁve individual studies [3, 11, 12, 16, 17] and one
group study [1, 28, 33]). The results showed that women
with the M2/ANXA5 haplotype (heterozygous or
homozygous) had a signiﬁcantly higher OR of 1.94 (95% CI,
1.09–3.45; P ¼ .024) compared with women with the
normal haplotype of having consecutive idiopathic RPL
(Fig. 2). Four studies were excluded from this sensitivity
analysis of consecutive idiopathic RPL due to [1] inclusion
of APS or/and inherited thrombophilia in their genetic
association study, three studies (4, 15, 31), and [2]
recruitment of 28 out of 224 RPL subjects with APS and
venous thromboembolism, one study (32).
A few studies (two individual studies [11, 31] and one
group study [1, 32]) have stratiﬁed the RPL into early
consecutive losses (%GW 15) and late consecutive losses
(>GW 15). A sensitivity analysis was conducted to focus on
VOL. - NO. - / - 2019

early consecutive losses with the pooled data of 1,395
subjects. Figure 3A shows that women with the M2/ANXA5
haplotype (heterozygous or homozygous) have a
signiﬁcantly higher OR of 1.92 (95% CI, 1.09–3.35;
P ¼ .023) when compared with women with the normal
haplotype having early consecutive RPL. Factored in the
idiopathic nature of RPL, the OR remains signiﬁcantly
higher (Fig. 3B) in the M2/ANXA5 haplotype (heterozygous
or homozygous) group compared with the normal haplotype
group to have consecutive early idiopathic RPL (OR ¼ 2.63;
95% CI, 1.37–5.04; P ¼ .004) (1, 11). Nonetheless, the
M2/ANXA5 haplotype (heterozygous or homozygous) failed
to associate with consecutive late idiopathic RPL compared
with the normal haplotype (OR ¼ 2.48; 95% CI, 0.65–9.48;
P ¼ .18; Supplemental Fig. 2) (1, 11).

Association of the M2/ANXA5 Haplotype in the
Couple Populations and RPL
Due to limitations in extracting the appropriate paternal data,
we gauged the contribution of the paternal M2/ANXA5
haplotype to the risk of RPL ﬁrst by analysis of RPL couples.
7
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However, the ideal control parous couples were often
nonexistent in studies where random population controls
were used as a substitute. As such, a meta-analysis was
performed on a pooled sample size of 2,449 maternal and
paternal subjects from the four couple populations (one
individual study [11] and one group study [1, 13, 16]).
Figure 2 shows that M2/ANXA5 haplotypes in the couple
populations have a signiﬁcantly higher OR of 1.48 (95% CI,
1.14–1.91; P ¼ .003) of having RPL compared with the
normal haplotype.
The risk of RPL conferred by the paternal M2/ANXA5
haplotype was further estimated via analysis of paternal
and maternal carrier rates in the RPL couples. Genotype
distributions of maternal and paternal subjects from the
four studies are listed in Supplemental Table 2. The results
show that male partners in the RPL couples have a similar
M2/ANXA5 carrier rate compared with the female partners
(paternal: 219/775 [28.3%]; maternal: 213/781 [27.3%],
determined by independent-samples t-test; P ¼ .39). This
ﬁnding suggests that the paternal M2/ANXA5 haplotype
has at least an equal contribution in conferring higher risks
in RPL couples compared with the normal haplotype.

DISCUSSION
This meta-analysis demonstrates that the maternal
M2/ANXA5 haplotype is a genetic predisposition factor for
RPL, regardless of consecutive or nonconsecutive losses,
with an OR of 1.54 (95% CI, 1.08–2.20; P ¼ .019) compared
with the occurrence of the normal haplotype. The association
between M2/ANXA5 haplotype and consecutive early
idiopathic RPL was the strongest with an OR of 2.63 (95%
CI, 1.37–5.04; P ¼ .004). These ﬁndings are in concordance
with the postulated pathophysiological mechanisms of the
M2/ANXA5 haplotype in placental development, especially
in the early development. In the ﬁrst several weeks of
pregnancy, the decidual cells nourish the nascent embryo.
However, in the subsequent GWs 4–12, the developing
placenta gradually takes over the role of decidual cells to
feed the embryo. In the event of an insufﬁcient amount of
ANXA5 proteins to coat the syncytiotrophoblasts of the
chorionic villi, PS would be exposed. This would trigger
thrombotic events culminating with ensuing miscarriage
(37). It has been demonstrated accordingly that M2/ANXA5
carriers would have lower expression levels of ANXA5
protein in the placenta (2).
In addition, a recent study proposed that ANXA5 proteins
play a role in the differentiation of cytotrophoblasts into
multinucleated syncytiotrophoblasts during placentation (8).
ANXA5 proteins self-assemble into a two-dimensional
crystal structure at the inner membrane of trophoblasts and
interact with the E-cadherin complex to regulate cell fusion.
Impairment of ANXA5 proteins affects their self-assembly
ability and thus may result in placental abnormalities and
subsequent pregnancy-related complications such as
intrauterine growth restriction and preeclampsia (8). The
self-assembly ability of ANXA5 proteins to form the
two-dimensional crystal structure is also important in
membrane repair (10). The syncytiotrophoblasts in the
8

fetomaternal surface are constantly subject to a stressful
environment. ANXA5 proteins have been shown to bind
principally to PS molecules in a Ca2þ-dependent manner at
the disrupted membrane sites to promote membrane resealing
of human trophoblasts (9, 10, 38).
We acknowledge that meta-analysis in general has its
limitations such as selection bias, publication bias, and
variability of methodological quality of the original studies
(39). In this meta-analysis, it is unlikely that selection bias
was introduced by excluding non-English-language studies
as our computerized search yielded only one non-English
review publication (40). To minimize the variability of
methodological qualities of original research, individual
studies were independently rated, and only those rated as
moderate to high quality, using the standardized rating
Newcastle-Ottawa scale, were included. In particular for this
meta-analysis, the screening method for the M2/ANXA5
haplotype was scrutinized for its reliability and
standardization. Although publication bias might have
arisen, based on the magnitude and consistency of the
associations observed, it is unlikely to have a signiﬁcant
effect on the overall conclusions.
We also acknowledge the existence of clinical
heterogeneity in this meta-analysis such as variations in
outcome deﬁnitions, recruitment criteria for patients and
controls, and differences in ethnic background that could
explain, in part, the variability of ﬁndings across the
individual studies. Therefore, we used the random effects
model to address this issue of heterogeneity (20), although
the statistical heterogeneity remained signiﬁcant in this
meta-analysis. Apart from this, wider CIs that are observed
in the meta-analysis may be partly due to the small sample
size either in the individual study or pooled studies. Despite
statistical signiﬁcance, the results of a random effects
estimate of this meta-analysis have to be interpreted
cautiously in view of some lower bounds of the CIs of the
analyses that are close to unity.
With regard to the deﬁnition of RPL, it is apparent that the
individual studies varied, which is related to the sequence of
miscarriages, the number of consecutive losses, the extent
of excluding other pathologies of RPL, and the timing of fetal
loss. For example, focusing on the deﬁnition of early RPL,
Demetriou et al. (13) deﬁned it as three or more spontaneous
abortions in <12 weeks; T€
uttlemann et al. (1), however,
categorized early RPL according to fetal development at the
time of pregnancy loss and it was further divided into [1]
GWs 5–9 and [2] GWs 10–15 (1). Rogenhofer et al. (32)
deﬁned early RPL as at least two consecutive miscarriages
before GW 12, nonetheless allowing women with an
additional one or more ‘‘late’’ miscarriages (after GW 12) to
be regarded as early RPL (32). Ang et al. (11) deﬁned RPL as
two or more losses and early RPL as fetal losses at %15 weeks.
Although there are ﬁve out of 14 recruited studies
categorizing RPL subjects into early and late RPL,
distributions of the M2/ANXA5 haplotype data in early RPL
were available for only four studies (1, 11, 31, 32). It was
impossible to extract the early RPL data from the Nagirnaja
et al. (12) study even after direct conversation with the
corresponding author. In this meta-analysis, RPL is deﬁned
VOL. - NO. - / - 2019
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as two or more pregnancy losses within the GW 23, and for
early RPL, two or more losses within GW 15. Allowing a 1to 2-week difference due to uncertainties in the exact timing
of conception, this approach of deﬁning RPL enabled a
reasonable pooling of individual studies together with the
least effect on the overall conclusion.
The extent of excluding other pathologies of RPL in
individual studies varied, so that the so-called idiopathic
RPL cohorts pooled from these studies might represent a
heterogenous group. By doing so, this could dilute the effect
of the M2/ANXA5 haplotype. For this reason, a minimum
set of negative exclusions was determined beforehand (see
above). It is of note that fetal karyotyping is not included as
a prerequisite, which is in line with recommendations by
the Royal College of Obstetricians and Gynaecologists and
the American Society for Reproductive Medicine (41, 42).
Although the prevalence of chromosome abnormalities in a
single sporadic miscarriage and in a subsequent miscarriage
after preceding RPL was 45% and 39%, respectively (43),
ﬁnding such abnormalities may provide reason for a
particular loss, but it does not necessarily rule out other
underlying conditions or predict subsequent live birth as
most such abnormalities are de novo aneuploidy (43). Fetal
structural chromosomal abnormalities such as unbalanced
translocations are thought to be low (44, 45). In addition, all
studies recruited normal karyotype RPL subjects. With such
exclusions, the results show a strong positive association
between the M2/ANXA5 haplotype and consecutive
idiopathic RPL (Fig. 2).
Apart from these, an inconsistent deﬁnition of controls
(at least one live birth or at least two or more live births) across
the studies could be a factor for heterogeneity in this
meta-analysis. In most studies, the control subjects had at
least one live birth and no history of RPL up to the time of
study. Nonetheless, the outcomes of their following
pregnancies, if there were any, are unknown. We
acknowledge that this may result in overestimation of the
association between the M2/ANXA5 haplotype and RPL,
even though a lower prevalence of the M2/ANXA5 haplotype
was observed in control groups.
Four genetic association studies demonstrated that male
partners who are M2/ANXA5 carriers have an impact on
RPL (1, 11, 13, 16). Compared with the maternal genotype,
the placental genotype has a greater inﬂuence on the
expression levels of ANXA5 mRNA and protein in
M2/ANXA5 haplotype-carrying placentas (2, 5, 6). It would
be of interest to ascertain this male factor effect by
meta-analysis provided that there are proper control groups.
However, both proper couple control groups and paternal
control groups are often nonexistent or inadequate in
numbers in each study.
An exception was Demetriou et al.'s (13) study, which
recruited proper parous couple controls; it reported
that paternal RPL had an OR of 1.59 (95% CI, 1.07–2.35;
P ¼ .02) compared with the paternal parous control. In this
meta-analysis, RPL couples (one individual study [11] and
one group study [1, 13, 16]) were analyzed as independent
subjects against a heterogeneous control group—a random
population of equal numbers of male and female subjects. A
VOL. - NO. - / - 2019

signiﬁcant association between the M2/ANXA5 haplotype
in the couple populations and RPL was obtained, with an
OR of 1.48 (95% CI, 1.14–1.91; P ¼ .003) compared with
the normal haplotype. As predicted, the risk of the
M2/ANXA5 haplotype in couples with RPL may be diluted
as obstetric records were not taken into account in the
random population controls. From another point of view, it
could be extrapolated that the risk of paternal M2/ANXA5
haplotype and RPL is similar to the risk of maternal
M2/ANXA5 haplotype and RPL, due to an approximately
equal M2/ANXA5 carrier rate in both genders (paternal:
219/775 [28.3%]; maternal: 213/781 [27.3%]).
In conclusion, this meta-analysis indicates that women
with the M2/ANXA5 haplotype (heterozygous or
homozygous) have a higher risk of experiencing RPL,
especially consecutive early idiopathic RPL before GW 15.
Paternal M2/ANXA5 haplotype is also suggested to
contribute in part to this risk of RPL. A caveat of this
meta-analysis is that the association was analyzed in a rather
small number of pooled studies with clinical heterogeneity.
This warrants further conﬁrmation by recruiting a
homogenous group of RPL patients. Nonetheless, we
emphasize the need to screen for the M2/ANXA5 haplotype
as a genetic predisposition factor for RPL in both genders.
Although the effectiveness of low-molecular-weight heparin
(LMWH) in RPL is still disputed (46, 47), recently LMWH has
been proposed as a precision anticoagulant intervention for
RPL in M2/ANXA5 haplotype women (22, 32, 48). However,
the magnitude of the LMWH effect is uncertain and is
beyond the scope of this meta-analysis.
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SUPPLEMENTAL FIGURE 1

Odds of consecutive three RPLs in M2/ANXA5 carriers.
Ang. Meta-analysis for M2/ANXA5 haplotype and RPL. Fertil Steril 2019.
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SUPPLEMENTAL FIGURE 2

Odds of consecutive late idiopathic RPL in M2/ANXA5 carriers.
Ang. Meta-analysis for M2/ANXA5 haplotype and RPL. Fertil Steril 2019.
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