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The etiology of recurrent pregnancy loss (RPL) is complex and multifactorial and in half of patients it
remains unexplained (U-RPL). Recently, low-molecular-weight heparin (LMWH) has gained increasing
relevance for its therapeutic potential. On this regard, the aim of this systematic review and meta-
analysis is to analyze the efficacy of low molecular weight heparin (LMWH) from the beginning

of pregnancy in terms of live birth rates (LBR) in U-RPL. Registered randomized controlled trials
(RCTs) were included. We stratified findings based on relevant clinical factors including number of
previous miscarriages, treatment type and control type. Intervention or exposure was defined as the
administration of LMWH alone or in combination with low-dose aspirin (LDA). A total of 6 studies
involving 1016 patients were included. The meta-analysis results showed that LMWH used in the
treatment of U-RPL was not associated with an increase in LBR with a pooled OR of 1.01, a medium
heterogeneity (26.42%) and no publication bias. Results of other sub-analyses according to country,
treatment type, and control type showed no significant effect of LMWH on LBR in all subgroups, with
a high heterogeneity. The results highlight a non-significant effect of LMWH in U-RPL on LBR based on
moderate quality evidence.

Registration number: PROSPERO: (https://www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42022326433).

No consensus has been reached on the definition of recurrent Pregnancy Loss (RPL), which can be defined as
the repetitive loss of clinical pregnancies, either consecutive or not'~. The American Society for Reproductive
Medicine (ASRM) defines recurrent pregnancy loss as two or more failed clinical pregnancies documented by
ultrasonography or histopathologic examination. This definition reflects a shift from previous criteria, which
required three or more miscarriages*. On the other hand, the European Society of Human Reproduction and
Embryology (ESHRE) has a similar approach to defining RPL, also identifying it as the loss of two or more preg-
nancies. ESHRE emphasizes the need for a thorough investigation after two losses, particularly in women aged
over 35 years or with additional risk factors, to provide appropriate guidance and treatment without undue delay".
The lack of a consensus on its definition has consequences also on the estimated prevalence, which is around 1%
when three miscarriages are considered® and rises to 5% if we consider two miscarriages’. The etiology of RPL
is complex and multifactorial: several etiologic factors have been linked to RPL including chromosomal and
genetic abnormalities, congenital and acquired thrombophilia, endocrine disorders, autoimmune diseases and
uterine anatomical abnormalities®. Even after extensive investigations, we are able to identify a cause of RPL in
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only half of the patients screened’. In the remaining cases, RPL remains unexplained, thus no targeted therapy
can be used and only empirical therapies can be prescribed.

Indeed, often U-RPL is treated with progesterone administration in order to support the lutheal phase, with
results that become significant after three or more previous miscarriages, or in the presence of first-trimester
vaginal bleeding and a history of one or more previous miscarriage'’. Other potential treatments are highlighted
as add-ons and no evidence is still provided.

As a matter of fact, acceleration of high-quality evidence in this field has been described as an essential
priority'!. In the context of unexplained RPL (U-RPL), low molecular weight heparin (LMWH) is prescribed in
up to half of patients (sistemare nuova) Ref.'?, despite not being supported by current guidelines. Heparin exerts a
range of non-anticoagulant actions that are highly relevant to embryo implantation and placental development'2.
Heparin exerts an immunomodulatory action by means of several molecular mechanisms including regulation
of leukocytes’ function, inhibition of complement activation and proinflammatory cytokines production'*-*, In
the context of antiphopholipid syndrome, heparin may interfere with the binding of antiphospholipid antibodies
through a mechanism of competitive inhibition'. Furthermore heparin may promote embryo implantation by
increasing trophoblast proliferation'*!. Literature in the clinical setting has however provided non-conclusive
results as to wether LMWH administration does indeed impact live-birth rates'’-?*. Discrepancy between stud-
ies’ findings is most likely due to (i) the lack of a unanimous definition; and (ii) the fact that many studies did
not exclude from the U-RPL population under study RPL patients affected by any kind of thrombophilia®*-?’.
Two recent meta-analyses®*?® based on randomized, controlled trials (RCTs) concluded that LMWH has no
beneficial effects on U-RPL. However, some of the available published RCTs were excluded from such studies,
either for use of low-dose aspirin (LDA) in the control group'***° or in some cases for no clear reason!”. Notably,
a different meta-analysis on RCTs confirmed a beneficial effect of LMWH on miscarriage rates in women with
U-RPL defined as 3 or more previous abortions®, but one of the included studies® was subsequently retracted,
and one study included also patients with thrombophilia.

The objective of our systematic review and meta-analysis is thus to properly assess whether LMWH admin-
istration has an impact on live birth rates in women affected by U-RPL. For this reason, we excluded patients
affected by thrombophilia. In line with the comprehensive intent of this study, we have accounted for possible
confounding factors through ad hoc sub-analyses.

Materials and methods

This literature overview was reported according to the PRISMA guidelines for systematic reviews*>** and the
meta-analysis was conducted according to the MOOSE guidelines®. Since published de-identified data were
used, this study was exempt from institutional review board approval. A protocol for this systematic review and
meta-analysis has been registered at PROSPERO (https://www.crd.york.ac.uk/prospero/display_record.php?
ID=CRD42022326433).

Search strategy and selection criteria

We systematically searched PubMed, MEDLINE, Cochrane CENTRAL database, Embase and Scopus, from
database inception to June 30th, 2023. Searches were limited to studies in humans and were conducted using the
following terms: (recurrent miscarriage OR habitual abortion OR recurrent pregnancy loss OR recurrent abor-
tion) AND (idiopathic OR unexplained) AND (heparin OR LMWH OR antithrombotic). Studies were included
only if: (1) they included patients with U-RPL defined as either 2 or 3 previous first trimester miscarriages and
whose complete RPL diagnostic work-up was negative; (2) the authors reported the live birth rate (LBR); (3) the
treatment group received LMWH alone or in combination with LDA and the control group received placebo,
other treatments or no treatment. Diagnostic work-up for RPL had to include exclusion of: congenital and
acquired thrombophilia, thyroid abnormalities, congenital uterine malformations, parental karyotype anomalies.
In order to comply with scientific integrity requirements®, unregistered RCT published after 2010 and articles
whose authors have other retracted/fabricated studies as listed on http://retractiondatabase.org/ were excluded.
All pertinent articles were retrieved and respective reference lists were systematically reviewed to identify addi-
tional reports for inclusion in the meta-analysis. Moreover, review articles and meta-analyses that focused on
the efficacy of LMWH in the treatment of women affected by U-RPL were consulted and their reference lists
searched for potential additional studies. No attempt was made to identify unpublished studies.

Intervention
Any type of LMWH therapy either alone or in combination with LDA, with no limitations regarding type, dos-
age and duration.

Selection of studies
All relevant literature including abstracts and full text articles were reviewed by three independent investigators
(MS, NS, VSV). Studies were excluded if they were deemed irrelevant by all the three observers.

Data extraction

Two authors (MS and NS) independently evaluated all articles and extrapolated the data on standardized forms. A
final abstraction form was compiled from the two evaluation forms after a discussion with the remaining authors
resolved any reviewer discrepancies. For every study, the following data were extracted: study characteristics
(publication year, region, design of the study, study center), patients’ characteristics (number of subjects enrolled,
age, BMI, obstetric history), LMWH treatment’s characteristics (type, dosage and duration), and primary out-
comes (miscarriage rate and/or LBR).
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Outcome measure
The primary outcomes of this meta-analysis was LBR.

Risk of bias evaluation

Three authors (MS, NS and VSV) independently assessed the included studies for risks of bias using the New-
castle-Ottawa Quality Assessment Scale (NOS) for cohort studies® and the Cochrane ‘Risk of bias’ assessment
tool 2 (RoB2) for RCTs*®.

Quality of evidence assessment

Two authors (GB and EP) also graded the quality of evidence using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach® and considering the main outcome (LBR). Quality of
evidence was downgraded by one level for serious concerns and by two levels for very serious concerns for risk
of bias, inconsistency, indirectness, imprecision and publication bias. For each of the two outcomes, a GRADE
evaluation was presented. Moreover, a TRACT analysis was performed on the included articles®.

Statistical analysis

Data from original articles were extracted and tabulated by two independent authors (MS, NS). The risk estimates
for miscarriage and live birth were abstracted and tabulated by an independent reviewer (NS) in terms of odds
ratios (OR) with 95% confidence intervals (CI). Log transformed study-specific effect sizes were pooled together
to provide a weighted average of the study-specific effect sizes, with larger and more precise studies having greater
weights. Heterogeneity of included studies was measured throughout the I? statistics*’, as a result of clinical,
methodological and statistical heterogeneity. Random-effects models with DerSimonian-Laird method were
performed for both the outcomes investigated (live birth and miscarriages) to pool together risk estimates of
all the studies included in primary analysis. To explore the relationship between the estimated effect sizes and
multiple study-level covariates (i.e., moderators), subgroup analysis were performed according to random or
fixed-effects models according to heterogeneity of included studies*. Publication bias was explored by scattering
study-specific effect sizes versus the measure of study precision. Funnel plot asymmetry was checked out accord-
ing to Egger et al. (with evidence of asymmetry based on p-value <0.1)****, STATA version 17 software (Stata
Corp LLC, 2021, College Station, TX, USA) was used for all statistical analyses. A p-value <0.05 was considered
to be statistically significant.

Results

Study selection

There were 136 relevant articles identified through electronic databases. A flowchart of the literature search
and study selection results is shown in Fig. 1. All titles and abstracts were screened for exclusion criteria. After
screening of titles and abstracts we excluded n =58 records being reviews and/or systematic reviews and/or
meta-analyses. Then, 81 articles were screened reading the full text: n =5 studies were excluded because of the
observational design, n=2 were excluded because of the retrospective design, n =4 RCTs were excluded because
of lack of registration, n=18 were preclinical studies, in n=21 studies patients were positive for antiphospho-
lipid antibodies, one study was a Letter to the editor, n = 12 studies did not exclude patients with thrombophilia,
n =3 studies were case reports, in n =5 studies patients were prescribed other treatments than LMWH, and one
study was retracted®®, n=3 studies were excluded because of previous retracted papers by the same authors.
Data relevant to the effect of LMWH therapy on MR and/or LBR in women with U-RPL were extracted from
the remaining 6 articles including 1016 participants!71921-2%30:41,

Study characteristics

A total of 518 participants with U-RPL received LMWH. Included patients were administered: (i) enoxaparin in
five studies!”!*?**%41 nadroparin in one study?'. The 498 patients in the control group received either a placebo,
other treatments, or no treatment. Characteristics of included studies are reported in Table 1. The LBR was
reported in 6 out of 6 studies. Power calculation analysis finds that—with an expected 75% chance of a live-birth
after 2 consecutive miscarriages—n = 1080 patients must be included in order to detect a significant 7% increase
in this figure (i.e. expected live-birth rate 82%) with 80% power and 0.05 alpha-error. Our meta-analysis includes
atotal of n=1111 patients.

Risk of bias and quality assessment results

Results obtained from our risk of bias assessment for randomized clinical trials using RoB2 tool are summarized
in Fig. 2. None of the included studies presented a high risk of bias in any of the five tool’s domains (randomiza-
tion process, deviation from intended intervention, missing outcome data, measurement of the outcome, selec-
tion of the reported results). Visual inspection of funnel plots for the meta-analysis considering LBR suggests
the presence of non-significant publication bias (Egger’s test for LBR: p=0.0146, Fig. 3b).

A summary of quality of evidence assessment according to the GRADE system is reported in Table 2. Overall
quality of evidence was moderate for RCTs, owing to the occurrence of bias in the randomization process, devia-
tion from the intended intervention, lack of measurement of the outcome, poor ascertainment of exposure, and
follow up not long enough. The TRACT analysis is presented in Table 3.
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Figure 1. PRISMA 2020 flow diagram for the identification of studies included in the systematic review and
meta-analysis.

Meta-analysis

Synthesis of results

The pooled risk estimates according to random effect models for the main primary outcome (LBR) are shown
in Fig. 3a.

LMWH and LBR

A total of 6 studies were included in the quantitative synthesis of LMWH effect on LBR'7!9212%3041 Results of
the random-effects model according to DerSimonian-Laird method are showed in Fig. 3a,b. For all the included
studies (n=6) the pooled OR was equal to 1.01 (95% CI 0.72-1.43), with medium heterogeneity (I*=26.42%)
and a non-significant publication bias (Egger’s test: p=0.0146). Table 4 also shows results obtained applying a
fixed-effects model (OR 0.98, 95% CI 0.75-1.30, I>=50.83%).
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N. | Author

Type of
study

Study previous Mode of
Region miscarriages | conception | N. | Age BMI Intervention | N. | Age BMI Intervention

N. of LMWH Control

Pasquier
1 etal.
(2015)"7

RCT

Europe 2 fied 138 | 32.7£52 23.9+44

Enoxaparin
40 mg started
before week
6 of gestation
(or at least

1 week before
the most
advanced
term reached
before)

Not speci- 118 | 32.1+54 23.9+5 Placebo

Moham-
mad-Akba-
riet al.
(2023)4

RCT

Middle East | 2

Enoxaparin
40 mg and

Spontane- 82 30.13 25.51 80 mg of aspi- 83 29.68
ous (+4.71) (£3.03) rin started (27-36)
after positive

B -hCG test

80 mg of

26.4 (+£4.02) aspirin

Kaandorp
3 etal.
(2010)*

RCT

Europe 2

Aspirin plus | 99 33+5 25.0+4.8

nadroparin 100 mg

E)aftlafiggsleU) 103 | 3445 26541 | bl
+ 614,

before week 6 placebo

of gestation

Not speci-

fied 97 | 34%5 254+49

Dolitzky
4 etal.
(2006)"

RCT

Middle East | 3

40 mg of
enoxaparin
from the time
NA of detection | 50
of a fetal
heart beat
(6-12 weeks)

Not speci- 31.73+5.3

54 30.65 100 mg of
fied (23-45)

6.18(20-42) NA aspirin

Giancotti
5 etal.
(2012)®

RCT

Europe 2

25 Enoxapa-
rin 40 mg
(n=25);
enoxaparin
104 ooms
NA NA LDA (n=28); |27 |NA NA g
both after month o
p-HCG and pregnancy
correspond-
ing ultra-
sound scan

Not speci-
fied 28

Visser et al.
(2011)*

RCT

Europe 3

68 |325+4.29 |234+3.71 | Enoxapa-

rin 40 mg
(n=68);
Spontane- enoxaparin
ous 63 |31.6+4.57 |23.1+313 |andLDA
(n=63); both
before week 7
of gestation

76 32.0+4.47 25.4+5.38 LDA 100 mg

Table 1. Characteristics of the studies included in the systematic review.

Subgroup analyses. In light of the high heterogeneity in the primary meta-analysis, subgroup analyses were
performed according to study region (Middle East or Europe), diagnostic criteria for recurrent miscarriage (at
least 2 or at least 3 early miscarriages), and control type (placebo or other treatments/none) (Table 4).

Diagnostic criteria for U-RPL According to diagnostic criteria for recurrent pregnancy loss, the pooled OR
of studies defining recurrent miscarriage as at least 2 miscarriages (n =4 studies) was not statically significant
1.14 (95% CI 0.55, 2.39), with p=0.51, and carried a quite high heterogeneity (I*=77.02%). Studies defining
unexplained recurrent pregnancy loss as at least 3 miscarriages (n =2 studies) showed a non-significant pooled
OR of 1.21 (95% CI 0.69, 2.12) with lower heterogeneity (I*=0.%).

Study region According to the study region, studies based in Middle East were two, with a pooled OR of 0.93
(95% C10.51, 1.70), and p=0.82. On the contrary, the four European studies had a non-significant lower risk
estimate (pooled OR 1.28; 95% CI 0.59, 2.76) with a high heterogeneity (I*=80.05%).

Control type Regarding the control type (placebo or other treatments/none) two studies administered placebo
with a non-signficant OR of 0.32 (95% CI 0.07, 1.55), an high heterogeneity (I*=88.11%) and a p=0.16. Similarly,
the aspirin control group presented an OR of 1.43 (95% CI 0.74, 1.43), an high heterogeneity (I1>=53.25%) and
ap=0.29.

Discussion

The results of our meta-analysis show a non- significant effect of LMWH in U-RPL on LBR based on moderate
quality registered RCTs. To the best of our knowledge, the present meta-analysis is the first on the use of LMWH
in U-RPL to exclude retracted papers or papers with relevant integrity concerns®, and to provide subgroup analy-
ses based on clinical features including number of previous miscarriages and control group. Compared to previ-
ous evidence in the field, our methodological approach thus allowed us to investigate the sources of heterogeneity,
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Figure 2. Assessment of risk of bias of randomized clinical trials included in this meta-analysis considering
live-birth rate as outcome.

better explaining the conflicting existing literature. Altogether, our meta-analysis however does not support the
use of LMWH in any subgroup of women with U-RPL. To mention, we strengthen the fact that our article did not
include any thrombophilic condition, either acquired or congenital. This finding is in contrast with evidence from
a previous meta-analysis on women with at least 3 or more previous abortion®!, which however included non-
registered RCTs as well as a subsequently retracted paper, and also with the most recent observational registry
study on this subject, suggesting a beneficial effect of LMWH even in the absence of thrombophilia*. Of note,
in such study the authors excluded patients with 2 previous miscarriages but without at least one documented
previous euploid fetal karyotype. Abnormal embryonic karyotype in the index-pregnancy has a prevalence as
high as 60% among couples with 2 previous miscarriages and might thus substantially confound the results of
any RCT on the subject®. As a limitation of the existing RCTs and of the present meta-analysis, the absence
of this relevant exclusion criteria might thus contribute to the discrepancy with the above-mentioned registry
study*? and deserves further consideration (Supplementary Information).

Two further limitations of our work should also be considered. First, none of the available studies provides
data on vaginal bleeding and/or on the use of progesterone, which could however confound the results given its
beneficial role on LBR in women with one or more previous miscarriages®''. Second, as we discussed previously*,
the high prevalence of overweight women and the use of a standardized dose of LMWH not adjusted to body
weight in the studies included might lead to an underdosage issue*’ and confound the results. Lastly, other
residual factors accounting for the heterogeneity of available studies remain, such as the different types and
dosages of LMWH used. Indeed, different formulations of LMWH used (enoxaparin, nadroparin) may have
different anticoagulant and anti-inflammatory properties. Nonetheless, a recent meta-analysis on LMWH in the
prevention of preeclampsia and other placenta-mediated complications of pregnancy also found non significant
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Heparin Control Odds ratio Weight
Study ID LB NolLB LB NolB with 95% Cl (%)
Pasquier et al., 2015 92 46 86 32 i 0.74[0.43, 1.28] 24.72
Kaandorp et al., 2010 45 47 89 74 0.80[0.48, 1.33] 26.27
Dolitzky et al., 2006 44 10 42 8§ —— 0.84[0.30, 2.33] 9.51
Giancotti et al., 2011 50 3 19 8 —®—7.02[1.68, 29.27] 5.24
Visser et al., 2010 67 32 34 23 —— 1.42[0.72, 2.79] 18.24
Mohammad-Akbari et al., 2022 64 18 65 18 T 0.98[0.47, 2.06] 16.02
Overall 1.01[0.72, 1.43]
Heterogeneity: 12 = 0.05, I2 = 26.42%, H2 = 1.36
Testof 8, = 6;: Q(5) = 10.16, p = 0.07
Testof 8 =0:2=0.08, p=0.94

T | R m—

0.2

0.4+

Standard error

0.6

0.8

T T T T

-2 -1 0 1 2
Log odds-ratio

(b)

Figure 3. (a,b) Heparin and live births: random-effects meta-analysis of all included studies (n=6). LB live
births. (a) Forest plot: the estimate of the overall effect size is depicted by a green diamond centered at the
estimate of the overall effect size. (b) Funnel plot for publication bias: Eggers test: p=0.0146; Begg’s test:
p=0.2597.

differences in the type of heparin used?, partly reassuring about the generalizability of our results. Notably, this
meta-analysis found that LMWH combined with LDA in high risk women reduced the risk of pre-eclampsia
and other placenta-mediated complications compared to LDA alone—even in patients without thrombophilia,
but not of miscarriage®. In addition, current literature does not allow to perform sub-analyses based on the
mean of conception. Of the included studies, only two RCTs (Visser et al., Mohammad-Akbariet et al.) excluded
pregnancies obtained by assisted reproduction. Thus, whether recurrent miscarriage after assisted reproduction
treatments (ART) and recurrent miscarriage after spontaneous conception might respond differently to LMWH
prophylaxis thus remains unexplored. Altogether, current evidence thus discourages the use of LMWH in U-RPL,
but highlights the need for further RCTs properly accounting for previous fetal karyotype, use of vaginal pro-
gesterone, patients’ BMI and mean of conception (spontaneous versus ART).
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- OR 1.01 95% .
LBR (n=6) None 518 498 CI=0.72, 143 No Difference | Moderate Moderate
Pasquier et al. No serious No importan .
(2015)"7 RCT limitations consistency Direct
Mobam- No serious No importan
mad-Akbariet | RCT limitations consistincy Direct
al. (2023)"!
Kaandorp et al. No serious No importan .
(2010)** RCT limitations consistency Direct
Dolitzky et al. Lack of power | No importan .
(2006)" RCT analysis consistency Direct
Lack of power
Giancotti et al. analysis, .
(2012)? RCT randomization Short Report | Direct
bias
Visser et al. No serious No importan .
(2011)* RCT limitations consistency Direct

Table 2. Quality assessment of trials comparing LMWH versus controls divided for the main outcome (LBR).
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Table 3. Quality assessment of trials included in the study according to the TRACT analysis.

All included studies

Random-effects 1.01 |[0.72,1.43] |26.42 0.94
Fixed-effects 0.98 |[0.75,1.30] | 50.83 0.90
Study country

Middle East 0.93 |[0.51,1.70] |0 0.82
Europe 1.28 |[0.59,2.76] | 80.05 0.53
Diagnostic criteria

>3 early miscarriages 1.21 |[0.69,2.12] | 0.00 0.51
>2 early miscarriages 1.14 | [0.55,2.39] |77.02 0.72
Control type

Placebo 0.32 | [0.07,1.55] | 88.11 0.16
Aspirin 1.43 |[0.74,1.43] |53.25 0.29

Table 4. Sub-group analysis of heparin administration and live births. OR odds ratio, CI confidence interval.
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Data are available upon reasonable request contacting the corresponding author.

Received: 2 September 2023; Accepted: 22 May 2024
Published online: 19 June 2024

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Recurrent Miscarriage, Investigation and Treatment of Couples (Green-Top Guideline No. 17) [WWW Document]. https://www.rcog.
org.uk/en/guidelines-research-services/guidelines/gtg17/ (Accessed 3 August 2023) (Royal College of Obstetricians & Gynaecolo-
gists, n.d.).

. Practice Committee of the American Society for Reproductive Medicine. Definitions of infertility and recurrent pregnancy loss:

A committee opinion. Fertil. Steril. 99, 63. https://doi.org/10.1016/j.fertnstert.2012.09.023 (2013).

. The ESHRE Guideline Group on RPL et al. ESHRE guideline: Recurrent pregnancy loss. Hum. Reprod. Open 2018, 004 (2018).
. Practice Committee of the American Society for Reproductive Medicine. Definitions of infertility and recurrent pregnancy loss:

A committee opinion. Fertil. Steril. 113(3), 533-535. https://doi.org/10.1016/j.fertnstert.2019.11.025 (2020).

. Bender Atik, R. et al. ESHRE guideline: Recurrent pregnancy loss: An update in 2022. Hum. Reprod. Open 2023(1), 002. https://

doi.org/10.1093/hropen/hoad002 (2023).

. American College of Obstetricians and Gynecologists. ACOG practice bulletin. Management of recurrent pregnancy loss. Number

24, February 2001. (Replaces Technical Bulletin Number 212, September 1995). American College of Obstetricians and Gynecolo-
gists. Int. J. Gynaecol. Obstet. 78, 179-190. https://doi.org/10.1016/s0020-7292(02)00197-2 (2002).

. Stirrat, G. M. Recurrent miscarriage. Lancet 336, 673-675. https://doi.org/10.1016/0140-6736(90)92159-f (1990).
. Branch, D. W,, Gibson, M. & Silver, R. M. Clinical practice. Recurrent miscarriage. N. Engl. J. Med. 363(18), 1740-1747. https://

doi.org/10.1056/NEJMcp1005330 (2010).

. Rai, R. & Regan, L. Recurrent miscarriage. Lancet 368(9535), 601-611. https://doi.org/10.1016/S0140-6736(06)69204-0 (2006).
. Coomarasamy, A. et al. Micronized vaginal progesterone to prevent miscarriage: A critical evaluation of randomized evidence.

Am. J. Obstet. Gynecol. 223(2), 167-176. https://doi.org/10.1016/j.ajog.2019.12.006 (2020).

Coomarasamy, A. et al. Recurrent miscarriage: Evidence to accelerate action. Lancet. 397(10285), 1675-1682. https://doi.org/10.
1016/S0140-6736(21)00681-4 (2021).

Linehan, L., Hennessy, M. & O’'Donoghue, K. An examination of care received by women with recurrent miscarriage and infertility
against guideline-based key performance indicators. Eur. J. Obstet. Gynecol. Reprod. Biol. 282, 17-23. https://doi.org/10.1016/].
€jogrb.2023.01.002 (2023).

McLaughlin, K. et al. Circulating maternal placental growth factor responses to low-molecular-weight heparin in pregnant patients
at risk of placental dysfunction. Am. J. Obstetr. Gynecol. 226(2), S1145-S1156. https://doi.org/10.1016/j.aj0g.2021.08.027 (2022).
Quaranta, M. et al. The physiologic and therapeutic role of heparin in implantation and placentation. Peer] 3, e691. https://doi.
org/10.7717/peerj.691 (2015).

Manfredi, A. A., Rovere-Querini, P., D’Angelo, A. & Maugeri, N. Low molecular weight heparins prevent the induction of autophagy
of activated neutrophils and the formation of neutrophil extracellular traps. Pharmacol. Res. 123, 146-156. https://doi.org/10.
1016/j.phrs.2016.08.008 (2017).

Kingdom, J. C. P. & Drewlo, S. Is heparin a placental anticoagulant in high-risk pregnancies? Blood 118, 4780-88. https://doi.org/
10.1182/blood-2011-07-319749 (2011).

Guerin, J. et al. Heparin inhibits the binding of beta 2-glycoprotein I to phospholipids and promotes the plasmin-mediated inac-
tivation of this blood protein. Elucidation of the consequences of the two biological events in patients with the anti-phospholipid
syndrome. J. Biol. Chem. 277(4), 2644-2649. https://doi.org/10.1074/jbc.M110176200 (2002).

Pasquier, E. et al. Enoxaparin for prevention of unexplained recurrent miscarriage: A multicenter randomized double-blind
placebo-controlled trial. Blood 125, 2200-2205. https://doi.org/10.1182/blood-2014-11-610857 (2015).

de Jong, P. G., Kaandorp, S., Di Nisio, M., Goddijn, M. & Middeldorp, S. Aspirin and/or heparin for women with unexplained
recurrent miscarriage with or without inherited thrombophilia. Cochrane Database Syst. Rev. https://doi.org/10.1002/14651858.
CD004734.pub4 (2014).

Dolitzky, M. et al. A randomized study of thromboprophylaxis in women with unexplained consecutive recurrent miscarriages.
Fertil. Steril. 86, 362-366. https://doi.org/10.1016/j.fertnstert.2005.12.068 (2006).

Cruz-Lemini, M., Vazquez, J. C., Ullmo, J. & Llurba, E. Low-molecular-weight heparin for prevention of preeclampsia and other
placenta-mediated complications: A systematic review and meta-analysis. Am. J. Obstet. Gynecol. 226(2S), S1126-S1144. https://
doi.org/10.1016/j.aj0g.2020.11.006 (2022).

Kaandorp, S. P. et al. Aspirin plus heparin or aspirin alone in women with recurrent miscarriage. N. Engl. . Med. 362, 1586-1596.
https://doi.org/10.1056/NEJM0a1000641 (2010).

Lin, T, Chen, Y., Cheng, X., Li, N. & Sheng, X. Enoxaparin (or plus aspirin) for the prevention of recurrent miscarriage: A meta-
analysis of randomized controlled studies. Eur. J. Obstet. Gynecol. Reprod. Biol. 234, 53-57. https://doi.org/10.1016/j.ejogrb.2018.
12.023 (2019).

Skeith, L. et al. A meta-analysis of low-molecular-weight heparin to prevent pregnancy loss in women with inherited thrombophilia.
Blood 127, 1650-1655. https://doi.org/10.1182/blood-2015-12-626739 (2016).

Brenner, B. et al. Efficacy and safety of two doses of enoxaparin in women with thrombophilia and recurrent pregnancy loss: the
LIVE-ENOX study. J. Thromb. Haemost. 3, 227-229. https://doi.org/10.1111/j.1538-7836.2004.01090.x (2005).

Carp, H., Dolitzky, M. & Inbal, A. Thromboprophylaxis improves the live birth rate in women with consecutive recurrent miscar-
riages and hereditary thrombophilia. J. Thromb. Haemost. 1, 433-438. https://doi.org/10.1046/j.1538-7836.2003.00066.x (2003).
Karadag, C. et al. Obstetric outcomes of recurrent pregnancy loss patients diagnosed with inherited thrombophilia. Iran. J. Med.
Sci. 186, 707-713. https://doi.org/10.1007/s11845-017-1569-0 (2017).

Shen, M.-C. et al. Low-molecular-weight-heparin can benefit women with recurrent pregnancy loss and sole protein S deficiency:
A historical control cohort study from Taiwan. Thromb. J. 14, 44. https://doi.org/10.1186/s12959-016-0118-9 (2016).

Yan, X., Wang, D, Yan, P. & Li, H. Low molecular weight heparin or LMWH plus aspirin in the treatment of unexplained recurrent
miscarriage with negative antiphospholipid antibodies: A meta-analysis of randomized controlled trial. Eur. J. Obstet. Gynecol.
Reprod. Biol. 268, 22-30. https://doi.org/10.1016/j.ejogrb.2021.10.036 (2022).

Giancotti, A. et al. Efficacy of three different antithrombotic regimens on pregnancy outcome in pregnant women affected by
recurrent pregnancy loss. J. Matern. Fetal Neonatal Med. 25, 1191-1194. https://doi.org/10.3109/14767058.2011.600366 (2012).
Visser, J. et al. Thromboprophylaxis for recurrent miscarriage in women with or without thrombophilia: HABENOX: A randomised
multicentre trial. Thromb. Haemost. 105, 295-301. https://doi.org/10.1160/TH10-05-0334 (2011).

Wang, G., Zhang, R., Li, C. & Chen, A. Evaluation of the effect of low molecular weight heparin in unexplained recurrent pregnancy
loss: A meta-analysis of randomized controlled trials. J. Matern. Fetal Neonatal Med. 1, 1-8. https://doi.org/10.1080/14767058.
2021.1957819 (2021).

Scientific Reports |

(2024) 14:14168 | https://doi.org/10.1038/s41598-024-62949-5 nature portfolio


https://www.rcog.org.uk/en/guidelines-research-services/guidelines/gtg17/
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/gtg17/
https://doi.org/10.1016/j.fertnstert.2012.09.023
https://doi.org/10.1016/j.fertnstert.2019.11.025
https://doi.org/10.1093/hropen/hoad002
https://doi.org/10.1093/hropen/hoad002
https://doi.org/10.1016/s0020-7292(02)00197-2
https://doi.org/10.1016/0140-6736(90)92159-f
https://doi.org/10.1056/NEJMcp1005330
https://doi.org/10.1056/NEJMcp1005330
https://doi.org/10.1016/S0140-6736(06)69204-0
https://doi.org/10.1016/j.ajog.2019.12.006
https://doi.org/10.1016/S0140-6736(21)00681-4
https://doi.org/10.1016/S0140-6736(21)00681-4
https://doi.org/10.1016/j.ejogrb.2023.01.002
https://doi.org/10.1016/j.ejogrb.2023.01.002
https://doi.org/10.1016/j.ajog.2021.08.027
https://doi.org/10.7717/peerj.691
https://doi.org/10.7717/peerj.691
https://doi.org/10.1016/j.phrs.2016.08.008
https://doi.org/10.1016/j.phrs.2016.08.008
https://doi.org/10.1182/blood-2011-07-319749
https://doi.org/10.1182/blood-2011-07-319749
https://doi.org/10.1074/jbc.M110176200
https://doi.org/10.1182/blood-2014-11-610857
https://doi.org/10.1002/14651858.CD004734.pub4
https://doi.org/10.1002/14651858.CD004734.pub4
https://doi.org/10.1016/j.fertnstert.2005.12.068
https://doi.org/10.1016/j.ajog.2020.11.006
https://doi.org/10.1016/j.ajog.2020.11.006
https://doi.org/10.1056/NEJMoa1000641
https://doi.org/10.1016/j.ejogrb.2018.12.023
https://doi.org/10.1016/j.ejogrb.2018.12.023
https://doi.org/10.1182/blood-2015-12-626739
https://doi.org/10.1111/j.1538-7836.2004.01090.x
https://doi.org/10.1046/j.1538-7836.2003.00066.x
https://doi.org/10.1007/s11845-017-1569-0
https://doi.org/10.1186/s12959-016-0118-9
https://doi.org/10.1016/j.ejogrb.2021.10.036
https://doi.org/10.3109/14767058.2011.600366
https://doi.org/10.1160/TH10-05-0334
https://doi.org/10.1080/14767058.2021.1957819
https://doi.org/10.1080/14767058.2021.1957819

www.nature.com/scientificreports/

33. Badawy, A. M. et al. Low-molecular weight heparin in patients with recurrent early miscarriages of unknown aetiology. J. Obstetr.
Gynaecol. 28, 280-284. https://doi.org/10.1080/01443610802042688 (2008).

34. Deeks, J. J., Higgins, J. P. T. & Altman, D. G. Chapter 10: Analysing data and undertaking meta-analyses. In Cochrane Handbook
for Systematic Reviews of Interventions Version 6.3 (Updated February 2022) (eds. Higgins, J. P. T. et al.). https://training.cochrane.
org/handbook/current/chapter-10#section-10-11-2 (2022).

35. Mobher, D. et al. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. J. Clin. Epidemiol.
62, 1006-1012 (2009).

36. Stroup, D. F. et al. Meta-analysis of observational studies in epidemiology: A proposal for reporting. JAMA 283(15), 2008-2012.
https://doi.org/10.1001/jama.283.15.2008 (2000).

37. Mol, B. W. et al. A Checklist to Assess Trustworthiness in Randomised Controlled Trials (TRACT Checklist), PREPRINT (Version 1).
https://doi.org/10.21203/rs.3.rs-2119486/v1 (2023).

38. Wells, G. A., Shea, B. & O’Connell, D. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomized Studies in
Meta-analyses (The Ottawa Health Research Institute, 2009).

39. Sterne, J. A. C. et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BM] 366, 14898. https://doi.org/10.1136/
bmij.14898 (2019).

40. Atkins, D. et al. Grading quality of evidence and strength of recommendations. BM] 328, 149 (2004).

41. Khan, E. S., Basharat, A., Jamil, M., Ayub, S. & Khan, M. A. Preventive role of low-molecular-weight heparin in unexplained
recurrent pregnancy loss. S. Afr. J. Obstetr. Gynaecol. 23, 17. https://doi.org/10.7196/SAJOG.2017.v23i1.1112 (2017).

42. Mohammad-Akbari, A. et al. The effect of low-molecular-weight heparin on live birth rate of patients with unexplained early
recurrent pregnancy loss: A two-arm randomized clinical trial. J. Res. Med. Sci. 27, 78. https://doi.org/10.4103/jrms.jrms_81_21
(2022).

43. Grandone, E. et al. Findings from a multicentre, observational study on reproductive outcomes in women with unexplained recur-
rent pregnancy loss: The OTTILIA registry. Hum. Reprod. 36, 2083-2090. https://doi.org/10.1093/humrep/deab15 (2021).

44. Ogasawara, M., Aoki, K., Okada, S. & Suzumori, K. Embryonic karyotype of abortuses in relation to the number of previous
miscarriages. Fertil. Steril. 73, 300-304. https://doi.org/10.1016/S0015-0282(99)00495-1 (2000).

45. Scarrone, M. et al. Low-molecular-weight heparin for prevention of unexplained recurrent miscarriage. Eur. J. Obstet. Gynecol.
Reprod. Biol. 260, 235-236. https://doi.org/10.1016/j.ejogrb.2021.03.001 (2021).

Author contributions

VSV conceptualized the idea and edited the article into its final form. MC, VC, FP, EP, AB, PRQ, AA, and GB
edited the first draft of the manuscript into its final form. MS, NS, GB extracted data, performed the statistical
analysis, and wrote the first draft of the article.

Competing interests

This article received no funding. E.P. reports grant and personal fees from MSD, grants from Ferring, from IBSA,
grants and personal fees from Merck, grants from TEVA, grants from Gedeon Richter, not related to the present
study. VSV reports consultancies with IBSA and Gedeon Richter, not related to the present study. All the other
authors have no conflicts of interest to declare in this manuscript preparation.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-62949-5.

Correspondence and requests for materials should be addressed to V.S.V.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:14168 | https://doi.org/10.1038/s41598-024-62949-5 nature portfolio


https://doi.org/10.1080/01443610802042688
https://training.cochrane.org/handbook/current/chapter-10#section-10-11-2
https://training.cochrane.org/handbook/current/chapter-10#section-10-11-2
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.21203/rs.3.rs-2119486/v1
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.7196/SAJOG.2017.v23i1.1112
https://doi.org/10.4103/jrms.jrms_81_21
https://doi.org/10.1093/humrep/deab15
https://doi.org/10.1016/S0015-0282(99)00495-1
https://doi.org/10.1016/j.ejogrb.2021.03.001
https://doi.org/10.1038/s41598-024-62949-5
https://doi.org/10.1038/s41598-024-62949-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Low-molecular-weight heparin in the prevention of unexplained recurrent miscarriage: a systematic review and meta-analysis
	Materials and methods
	Search strategy and selection criteria
	Intervention
	Selection of studies
	Data extraction
	Outcome measure
	Risk of bias evaluation
	Quality of evidence assessment
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Risk of bias and quality assessment results
	Meta-analysis
	Synthesis of results
	LMWH and LBR
	Subgroup analyses. 



	Discussion
	References


