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a b s t r a c t

To assess the roles of the low molecular weight heparin (LMWH) on recurrent pregnancy loss (RPL). The
relevant studies of all randomized controlled trials (RCTs) were retrieved, and the systematic evaluation
was conducted. PubMed, Embase, and Cochrane library databases were searched by using keywords,
including low-molecular-weight heparin or LMWH, and recurrent miscarriage or recurrent pregnancy
loss in pregnant women from their earliest data to February 2020. Two investigators independently
evaluated eligibility. Risk ratios (RRs) and their corresponding 95% confidence interval (CI) were deter-
mined. To pool the results, this meta-analysis was performed using random-effect model due to the high
heterogeneity among these eight studies. A total of eight RCTs involving 1854 participants were included
in the meta-analysis involving 963 patients with RPL who were prescribed LMWH (enoxaparin, tinza-
parin, or dalteparin) alone and 891 patients who were treated with no LMWH interventions (placebo,
folic acid or non-treatment) were compared. Pooled data from the remaining eight RCTs showed the
differences between intervention groups and control groups. Compared with control groups, LMWH had
significantly improved live births (RR,1.19; 95%CI, 1.03 to 1.38; P ¼ 0.02), and reduced miscarriage rates
(RR, 0.62; 95%CI, 0.43 to 0.91; P ¼ 0.01). The study suggested that LMWH could improve the live births
and reduce the miscarriage rates of RPL. Therefore, LMWH might be a good treatment choice for women
with unexplained PRL.
© 2021 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Recurrent pregnancy loss (RPL), affecting in 0.8%e1.4% of fertile
couple [1], is defined as more than three spontaneous losses of
pregnancies before 20 weeks of gestation [2]. However, many ex-
perts consider that the rate of 2 spontaneous losses is close to that
of more than 3 spontaneous losses [3].

Despite a small part of RPL is associated with known abnor-
malities in the fetus or the parent, the causes of recurrent preg-
nancy losses (~50%) have not been explained yet [4].

At present, a number of etiologies of RPL have been identified,
including the abnormal parental chromosome, infections, genetic
factors, hormonal abnormalities, environment factors, immunologic
Gynecology. Publishing services b
abnormalities, and heritable or acquired thrombophilias [5].
Although most researches have focused more on the effect of male
factors now,maternal factors are commonly considered inRPL due to
the important roles of the healthy utero-placental circulation in
developing embryo. Jaffe et al. reported that the successful preg-
nancy was based on the development and conservation of a suitable
utero-placental circulation [6]. Previous studies showed that the
defective placental function and development might lead to arterial
thrombosis that result in pregnancy losses [7]. Furthermore, the
venous thromboembolism (VTE) inpregnancy ismore common than
arterial thrombosis [8]. The blood in thematernal body startsflowing
within the intervillous spaces of the placenta at around tenweeks of
gestation, which could ensure that the transport of nutrition from
blood of thematernal body to the fetal tissue [9]. The thrombophilias
with pregnancy cause the RPL, placental damage, and fetal death.
Particularly, in the last century, the relation between RPL and anti-
phospholipid antibodies (APAs) has been found. The presence of
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APAs is defined as antiphospholipid syndrome, andRPL is a feature of
this symptom [10]. Farquharson et al. reported that antiphospholipid
syndrome (APS) would increase thrombin generation, which led to
thrombotic placental damage [11]. In this case, prevention and
treatment of the thrombosis in pregnancy are important. It has been
conclusively showed that pregnancy loss in APS could be prevented
by antithrombotic treatment [12]. Low-molecular-weight heparins
(LMWHs), such as dalteparin and enoxaparin, are generally clinical
and practical drugs that used to treat the acute VTE [13]. Despite no
strong anddirect evidence suggests LMWHs could improve live birth
rates in women with PRL. And women with 2 or more successive
pregnancy losses are prescribed with LMWHs due to no effective
treatments in unexplained PRL. Recently, some randomized
controlled trials (RCTs) found that LMWHs were useful to prevent
PRL and increase live birth rates [14,15], while other papers sug-
gested that LMWHs had no significant difference between LMWHs
treatment and no pharmacologic intervention [16,17]. According to
these controversies, this systematic review andmeta-analysis aimed
to evaluate the roles of LMWHs on women with unexplained RPL.

Materials and methods

For this is a systematic review and meta-analysis of using the
data of previously published studies, ethical approval and patient
consent are not required.

Search strategy and selection criteria

A systematic search of the potential literature, we conducted on
several database by using MEDLINE (1946e2020), Cochrane CEN-
TRAL database (1994e2020), and Embase (1947e2020), using the
following keywords (low-molecular-weight heparin or LMWH, and
recurrent miscarriage or recurrent pregnancy loss), which is the
PICOS (P: participants, I: intervention, C: comparison, O: outcome
measure, S: study design) Cochrane approach. Besides, the refer-
ences were also hand-searched through all potentially relevant
journals. All researches were included with no restrictions on
languages, type of researches, or the time of researches. The
searches were updated in February 2020, and no additional rele-
vant publications were found. Randomized controlled trials (RCTs)
were included if they were with eligibility criteria as follows: (1)
RCTs comparing patients were given LMWH (enoxaparin, dalte-
parin, or tinzaparin) alone, while patients in control groups
received placebo, folic acid or without any treatment. (2) popula-
tion: pregnant womenwith PRL. (3) reported the primary outcome
of live births. The exclusion criteriawas as follows: (1) non-RCTs. (2)
LMWHs were used in both experimental groups and control
groups, or LMWHs combined with other treatments (eg. aspirin).
(3) duplicated publications, case studies, non-clinical trails, obser-
vational studies, letters and comments.

Intervention methods

The intervention of any types of LMWH mono-therapy was
included with no limitations of the dosage, the frequency, forms
and the route of administration. The comparison therapy could not
be any forms of LMWH mono-therapy.

Selection of the articles

All relevant literature including abstracts and the full text were
reviewed by two investigators independently for further scrutiny.
The references of all relevant literature were checked to identify
other potentially eligible studies. The inclusion or exclusion of each
literature was determined by discussion between two
2

investigators. None of the relevant literature could be rejected by
any investigators. When there was any disagreement, the third
investigator carried out the inclusion or exclusion of literatures.

Data extraction management

The data extraction was conducted from two authors indepen-
dently. The data extraction included the general publication infor-
mation (first author, and year of publication), the type of study
design, the sample size, the mean age, intervention details (drug,
dosages, frequencies and duration of interventions), and outcomes
(primary and secondary outcomes). All extraction data was input-
ted into RevMan 5.3 (Cochrane Community, London, UK) software
for further assessing.

Outcome measure

The primary outcomes of this study were characterized as live
birth rates andmiscarriage rates, and the secondary outcomeswere
defined as birth weight and gestational age. The adverse events
including skin reactions at the injection site, thrombocytopenia,
bleeding episodes and pre-eclampsia were also regards as the
secondary outcomes.

Quality evaluation

The quality of these eight studies was assessed by RevMan5.3.
The risk of bias was evaluated by Cochrane Handbook criteria.

Statistical analysis

We evaluated standard Mean differences with 95% confidence
intervals (CIs) for continuous outcomes (birth weight and gesta-
tional age), and risk ratios (RRs) with 95% Cls using a random-
effects model for dichotomous outcomes (live births, miscar-
riage rates, the skin reactions at the injection site, thrombocyto-
penia, bleeding episodes and pre-eclampsia), with a P < 0.05
considered statistically significant. All statistical measures were
conducted using the Review Manager (RevMan, version 5.3, The
Cochrane Collaboration, Copenhagen, Denmark) software. The
chi-square and I2 were used to assess visual inspection of forest
plots. Besides, the Cochrane Q test is the classical method to
evaluate the clinical design of heterogeneity. In the test, the
weighted sum of squared differences between individual study
effects and the pooled effects in studies were calculated to do the
evaluation. The Cochrane I2 statistic described the percentage of
total variation among studies caused by the heterogeneity instead
of chance. A high I2 (>75%) value implied high degree of hetero-
geneity, and an I2 < 25% suggested low-level heterogeneity. Pub-
lication bias was not assessed due to the limited number (<10) of
included studies [18]. Because of considerable heterogeneity
among different studies, the random-effects model was assumed
in our study. Finally, considering the heterogeneity among
studies, a sensitivity analysis was performed to assess the influ-
ence of individual data set on the overall effect by the leave-one
out principle.

Results

Study selection

There were 319 relevant articles identified through electronic
databases. A detail flowchart of the literature search and selection
results that were summarized below is shown in Fig. 1. All titles and
abstracts were screened for the exclusion criteria. After duplicates
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were removed, 285 entries were screened further. Further 46 re-
cords including reviews, summaries, case reports, the meta-
analysis, not available articles, or topics not relevant to this re-
view were excluded. 239 full article records of potentially relevant
studies were retrieved by our strategy, of which 17 publications
available for qualitative analysis. In the end, only eight randomized
controlled trials [15e17,19e23], and 1854 participants met all
eligibility criteria and had data available for quantitative extraction
for meta-analysis.
Risk of bias of included studies

Two authors evaluated these studies independently. The risk of
bias assessment was shown in Fig. 2 and the quality of these eight
studies was determined as good quality [15e17,19e23].
Study characteristics

A total of 963 participants with RPL received LMWH (enox-
aparin, tinzaparin, dalteparin) alone. Recruited patients in five
included studies were given with enoxaparin [19e23], one with
tinzaparin [15], one with dalteparin [17], and one study did not
mention what forms of LMWHs they used [16]. And 861 partici-
pants in the control groups included trails with a placebo, folic
acid tablet, or no treatment. Among the 861 patients in control
groups, 543 participants received the folic acid, 239 participants
were assigned for placebo interventions, and 109 participants did
not accept any treatment. The age of participants were all �18
years, with varying mean ages among the eight studies (Table 1).
Also, all participants had at least two or more miscarriages. Live
birth rates and miscarriage rates were reported in all eight
included RCT studies [15e17,19e23]. Four studies noted the
gestational age, and the birth weight [19e22]. Four studies re-
ported the skin reactions at the injection site [15,19e21]. More-
over, four studies showed thrombocytopenia, and bleeding
episodes [15,19,20,22]. Pre-eclampsia was mentioned in five
studies [15,19e22].
Table 1
Characteristics of studies included in the meta-analysis.

NO. Author LMWH group

Number Age Previous
live birth

Numbers of
previous
miscarriage

Methods

1 Shaaban et al.
(2017)

150 26.61 ± 3.23 NA 3 500ug folic acid
together with ti
sodium 0.4 mg/

2 Schleussner et al.
(2015)

226 31.9 115 2.6 Self-administer
subcutaneous in
dalteparin-sodiu
daily, plus mult
folic acid

3 Pasquier et al.
(2015)

138 32.7 ± 5.2 66 3 Receive one dai
injection of eno

4 Fawzy et al. (2008) 57 28.7 ± 5.4 NA 3.2 ± 1.3 Received daily e
5 Badawy et al.

(2009)
170 26.2 ± 2.6 NA 4.2 ± 1.3 Daily subcutane

enoxaparin sod
folic acid tablet

6 Qublan et al. (2008) 42 29 ± 6.3 NA NA Daily received e
40 mg

7 Khan et al. (2017) 80 25.9 NA NA Daily dose of 40
subcutaneously

8 Yuksel et al. (2014) 100 28 ± 5 NA 3 Daily Self-inject
subcutaneously
in enoxaparin g

3

Synthesis of results

The combined results of the eight studies with the random-
effect model for the two main outcomes (live births and miscar-
riage rates) were shown in Fig. 3 and Fig. 4. In addition, secondary
outcomes including skin reactions at the injection site, birth
weight, gestational age, thrombocytopenia, bleeding episodes and
pre-eclampsia were presented respectively in Figs. 5e10.
Main findings

Primary outcomes: live births, and miscarriage rates
Eight studies reported live births. The results of pooling the

eight studies showed significant difference in live births with the
use of LMWH group when compared with control groups
(RR ¼ 1.19; 95%CI, 1.03 to 1.38; P ¼ 0.02), with significant hetero-
geneity that was observed among eight studies (I2 ¼ 86%,
P < 0.00001; Fig. 3). The live births were higher in patients treated
with LMWH. Consistently, there was a statistical difference of
miscarriage rates between the use of LMWH and without LMWH.
Statistical heterogeneity was showed between the studies
(I2 ¼ 73%, P ¼ 0.0006) by using a random effects model. The result
indicates that the patients treated with LMWH had significant
lower miscarriage rates than those from normal controls
(RR ¼ 0.62; 95%CI, 0.43 to 0.91; P ¼ 0.01; Fig. 4).
Secondary outcomes

By comparison with control groups, skin reaction at the injec-
tion site was increased in women with RPL who received LMWHs
(RR ¼ 13.96; 95% CI ¼ 1.36 to 143.44; P ¼ 0.03; Fig. 5). Receiving
LMWHs had no substantial impact on birth weight (Std. MD¼ 0.28;
95% CI ¼ �0.13 to 0.68; P ¼ 0.18; Fig. 6), gestational age (Std.
MD ¼ 0.06; 95% CI ¼ �0.29 to 0.40; P ¼ 0.75; Fig. 7), thrombocy-
topenia (RR ¼ 2.72; 95% CI ¼ 0.74 to 6.99; P ¼ 0.15; Fig. 8), bleeding
episodes (RR ¼ 6.07; 95% CI ¼ 0.24 to 152.23; P ¼ 0.27; Fig. 9), and
pre-eclampsia (RR ¼ 1.24; 95% CI ¼ 0.80 to 1.94; P ¼ 0.34; Fig. 10).
Control group

Number Age Previous
live
birth

Numbers of
previous
miscarriage

Methods

tablet daily
nzaparin
kg

150 26.63 ± 3.64 NA 3 500 mg folic acid
tablet

ed
jections of
m, 5000 IU
ivitamins with

223 32.3 110 2.6 Plus multivitamins
with folic acid

ly subcutaneous
xaparin 40 mg

118 32.1 ± 5.4 50 3 Placebo

noxaparin 59 29.4 ± 7.1 NA 3.7 ± 2.4 Non-treatment
ously
ium 0,2 ml and
s 0.5 mg

170 28.7 ± 3.1 NA 4.5 ± 1.6 Folic acid tablets
0.5 mg daily until
13 weeks' gestation

noxaparin 41 29.2 ± 6.1 NA NA Placebo

mg LMWH 80 26 NA NA Placebo

either 4000 IU
roup or 3500 IU

50 28.8 ± 6 NA 2 Non-treatment



Fig. 1. Flow diagram of studies searching, selecting and including process.
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Fig. 2. Assessment of risk of bias of included studies according to the Cochrane handbook.

Fig. 3. Forest plots of eight studies selected from our literature search for meta-analysis of live births. CI: confidence interval; LMWH: low-molecular-weight heparin; MeH:
ManteleHaenszel risk ratios.

Fig. 4. Forest plots of eight studies selected from our literature search for meta-analysis of miscarriage rates.
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Sensitivity analysis

The included studies showed significant heterogeneity for the
primary outcomes (live births andmiscarriage rates) and secondary
outcomes (skin reactions at injection site, birth weight, gestational
age, thrombocytopenia, bleeding episodes and pre-eclampsia). The
leave-one-out approach was used to assess the influence of indi-
vidual data on the overall outcome. When excluded individual
study one-by-one, the results indicated that there was no signifi-
cant alteration in any of the outcomes.
5

Discussion

RPL includes women who have greater than or equal to two
failed clinical pregnancies tested by histopathological examination
or ultrasonography or two or more consecutive pregnancy losses.
Around 0.8%e1.4% women will suffer from RPL, but the causes of
more than fifty percentage of women with PRL have not been
explained yet. A variety of treatments have been provided to pa-
tients with unexplained RPL, such as preimplantation genetic
diagnosis, lifestyle changes and human menopausal gonadotropin.



Fig. 5. Forget plots of four studies selected from our literature search for meta-analysis of skin reactions at the injection site.

Fig. 6. Forget plots of four studies selected from our literature search for meta-analysis of birth weight.

Fig. 7. Forget plots of four studies selected from our literature search for meta-analysis of gestational age.

Fig. 8. Forget plots of four studies selected from our literature search for meta-analysis of thrombocytopenia.

Fig. 9. Forget plots of four studies selected from our literature search for meta-analysis of the bleeding episodes.
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Fig. 10. Forget plots of five studies selected from our literature search for meta-analysis of the pre-eclampsia.
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Recently, Brenner et al. and Dolitizky et al. showed anticoagulants
and thromoboprophylaxis could be the preventive therapy for RPL
[24,25]. Due to about 50% cases have no defined reasons, the an-
ticoagulants and thromoboprophylaxis therapy has been recom-
mended for patients [26].

Retrospective studies have a higher likelihood of selection bias
and recall bias compare with RCT studies. This is the reason that
only the type of RCT studies was included. But there are some
significant heterogeneity for outcomes among studies. Several
factors accounting for the high heterogeneity are as follows.
Firstly, four studies evaluated the use of enoxaparin [19,20,22,23],
two studies assessed tinzaparin [15] and dalteparin [17], respec-
tively, one study evaluated tinzaparin or enoxaparin [21], and
another study used the unknown type of LMWHs [16]. The various
types of LMWHs (enoxaparin, tinzaparin and dalteparin) which
may have different impact on inflammatory pathways and venous
thromboembolism. Liu et al. hold the view that enoxaparin might
be better in inhibiting the circulation of the antiphospholipid
antibodies, inflammatory pathways and venous thromboembo-
lism in antiphospholipid syndrome [27]. Secondly, there were
some other differences between the evaluated studies, including
the dosages of LMWHs, the beginning and duration time of using
LMWHs. Rottenstreich et al. found that the patients with RPL
receiving the LMWH continuously resulted in a high live births
[28]. Thirdly, the complicated pathogenesis of RPL may cause
women with RPL of different reasons were enrolled in RCTs. For
example, The Factor V Leiden thrombophilia is the most common
disorder in Europeans. However, the protein S, protein C defi-
ciency are the major reasons of thrombophilias in East Asians [29].
They all may meet the criteria in this meta-analysis, which may
lead to the heterogeneity. All of these factors may lead to signif-
icant heterogeneity between the studies. The sensitivity analysis
of primary outcomes and six secondary outcomes (the skin re-
actions at the injection site, birth weight, gestational age,
thrombocytopenia, bleeding episodes and pre-eclampsia) was
assessed by omitting one study in each turn method, and the re-
sults did not show significant effects by any single study, the
heterogeneity was acceptable.

In order to know whether LMWHs are safety for women with
RPL, evaluating the adverse events is important as well. The pre-
sent studies have been explored, most of them reported that
thromboprophylaxis during pregnancy was safe for both the fetus
and patients. Moreover, Bazzan et al. found that the LMWHs could
not pass through the blood-placental barrier, providing the safety
of using it for pregnant patients [30]. Also, in our study, there is no
significant difference in maternal severe side effects (thrombo-
cytopenia, bleeding episodes and pre-eclampsia) between LMWH
groups and control groups. However, the increase in skin reactions
at the injection site is observed after the LMWH treatment with
RPL based on the result of three including studies. Shaman et al.
reported that 78.7% showed no adverse events, while 21.3% had
7

skin reactions at the site of injection [15]. These results are similar
to the study that local skin reactions at the injection site appeared
around 40% of patients [31]. Apart from that, Monien et al. have
not seen the severe side effects of LMWH, either [32]. The results
of these studies may reassure us about the safety of using LMWHs
to prevent the RPL during the pregnancy.
Limitation of the study

There are several limitations in this meta-analysis. Firstly, our
systematic review and meta-analysis was based on only eight
RCTs, with different types of LMWHs, which may have different
efficacies and safety profiles. Secondly, the ideal dosages have not
known yet. There is a wide variation in the present publications
for the ideal dosages of the different types of LMWHs, including
fixed dosages, rising dosages as pregnancy progresses, or dosages
according to the weight of women. Therefore, more RCTs with
large sample sizes are needed to find out whether different dos-
ages affect outcomes and the ideal dosages for women with RPL
through subgroups. Thirdly, the characteristics of the participants
enrolled into each study were different, such as age, the beginning
and duration time of using LMWHs and the precious patients’
medical histories. So far, the LMWH treatment which should be
stopped at 24e48 h before delivery has been regarded as appro-
priate, although some reports suggested 36th week [33]. Further
studies might investigate the exact time when LMWH treatment
should be started and stopped. Fourthly, some studies were
assessed as the unclear risk of the allocation concealment,
because these studies did not mention it. However, the allocation
concealment might exist in the actual situations in these studies,
resulting in false high risk of bias.
Comparison with previous studies

LMWHs are noticed to have a stronger benefit for women with
either congenital or acquired thrombophilias in accordance of live
births, miscarriage rates and late obsterical complication rates,
whereas two other trials reported it had no obviously positive effect
on the prevention of RPL [34,35]. In 2019, Lin et al. published the
results that the LMWH treatment had no benefits for women with
RPL, which included three trials [36]. Also, another recent reports
also supported that LMWH treatment had no substantial benefits in
women with RPL [27]. However, in contrast to our systematic re-
view and meta-analysis, the treatment with LMWHs has a signifi-
cant improvement in the live births and reduction in the rate of
miscarriages in compared with control groups.

As we know, this might be the first meta-analysis to conclude
that LMWHs could improve the live births and reduce the miscar-
riage rates.
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Conclusions

According to current evidences and results, it shows that the
LMWH therapy may indeed increase the live births and decrease
the miscarriage rates in patients with RPL compared with control
groups. Also, most of the recent RCTs confirmed the safety and ef-
ficacies of the LMWH treatment in patients with RPL. In summary,
our findings show LMWHs may have an advantage for pregnant
women with RPL, and these results suggest that LMWH therapy
might be a good treatment choice for women with unexplained
RPL. However, because of the small sample sizes of currently
available publications and the limitations in this study, further
more high-quality studies including multiple centers and a larger
number sample sizes are required to validate the efficacies and
safety of LMWHs, and to confirm the ideal dosage and duration
time of LMWH therapy for women with RPL.
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