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Abstract

Introduction: Clinical practice guidelines provide inconsistent recommendations re-
garding progestogen supplementation for threatened and recurrent miscarriage. We
conducted a systematic review and meta-analysis to assess the effectiveness and
safety of progestogens for these patients.

Material and methods: We searched Medline, Embase, and Cochrane Central Registry
of Controlled Trials up to October 6, 2023 for randomized control trials (RCTs) com-
paring progestogen supplementation to placebo or no treatment for pregnant women
with threatened or recurrent miscarriage. We assessed the risk of bias using a modi-
fied version of the Cochrane risk-of-bias tool and the certainty of evidence using the
GRADE approach.

Results: Of 15 RCTs (6616 pregnancies) reporting on threatened or recurrent miscar-
riage, 12 (5610 pregnancies) reported on threatened miscarriage with or without a
prior history of miscarriage. Results indicated that progesterone probably increases
live births (relative risk (RR) 1.04, 95% confidence interval (Cl) 0.99-1.10, absolute in-
crease 3.1%, moderate certainty). Of these RCTs, three (1973 pregnancies) reporting
on threatened miscarriage with a prior history of miscarriage indicated that progester-
one possibly increases live births (RR 1.06, 95% Cl: 0.97-1.16, absolute increase 4.4%;
low certainty), while four (2540 pregnancies) reporting on threatened miscarriage and
no prior miscarriage left the effect very uncertain (RR 1.02, 95% Cl: 0.96-1.10, abso-
lute increase 1.7%; very low certainty). Three trials reporting on 1006 patients with a
history of two or more prior miscarriages indicated progesterone probably increases
live births (RR 1.08, 95% Cl: 0.98-1.19, absolute increase 5.7%, moderate certainty).
Six RCTs that reported on 2979 patients with at least one prior miscarriage indicated
that progesterone probably increases live births (RR 1.07, 95% Cl: 1.01-1.13, absolute
increase 5.0%; moderate certainty). Progesterone probably has little or no effect on
congenital anomalies (RR 1.06, 95% Cl: 0.76-1.48, absolute increase 0.1%; moderate

Abbreviations: BMI, body mass index; Cl, confidence intervals; GRADE, Grading of Recommendations Assessment, Development and Evaluation; RCTs, randomized controlled trials; RR,

relative risk.
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1 | INTRODUCTION

Miscarriage, the spontaneous loss of a fetus/pregnancy, is variably
defined as a pregnancy under a certain period of gestation (most
commonly 20, 24 or 28 weeks) or under a certain birthweight (most
commonly under 500g).1’3 Miscarriages complicate 15% of all clini-
cally recognized pregnancies, which translates to approximately 23
million miscarriages per year worldwide.>* A miscarriage can result
not only in maternal morbidity and mortality from excessive bleed-
ing and the development of sepsis, especially in regions where ac-
cess to timely clinical care is limited, but may also increase the risk of
preterm birth in subsequent pregnancies and long-term physical and
mental health risks.*

Risk factors for miscarriage include extremes of maternal repro-
ductive age, lifestyle factors such as smoking and alcohol use, in-
fections, certain medications, radiation treatment, uterine structural
abnormalities, cervical incompetence, and medical conditions such
as autoimmune disease, severe kidney disease, diabetes, and heart
disease.* Some of these risk factors are modifiable and may pres-
ent opportunities for primary prevention. Two groups of individuals
that might benefit from early pregnancy interventions include those
presenting with early pregnancy bleeding, a closed cervix and a live
fetus (threatened miscarriage),” and those with a history of more
than one prior miscarriage (recurrent miscarriage).

The hormone progesterone, secreted during early pregnancy
from the ovary by the corpus luteum, and subsequently by the pla-
cental syncytiotrophoblast, plays an important role in maintaining
early pregnancies.‘:"6 A decrease in endogenous progesterone during
the functional transition (luteoplacental shift),> may result in early
pregnancy bleeding and a subsequent miscarriage.""7 Therefore, it is
plausible that pregnancy supplementation with natural or synthetic
progestogen may reduce the risk of a miscarriage.

Despite this biological plausibility, systematic reviews and meta-
analyses of randomized controlled trials (RCTs) assessing the effec-
tiveness of progestogen supplementation in pregnant women with

8-12

threatened miscarriage,®~22 recurrent miscarriage’®** or both,*> have

generated inconsistent summary estimates and inferences ranging

8,9,12,14 and

from a probable decrease in the incidence of miscarriage
a probable increase in live births,’>! to no difference in live birth
rates.'® Differences can in part be explained by variations in eligibil-
ity criteria, the timing of conduct of reviews and thus the omission of

some relevant RCTs, inconsistencies in addressing the quality of the

certainty), and other serious adverse pregnancy events (RR 1.07, 95% Cl: 0.83-1.40,
absolute increase 0.2%, moderate certainty).

Conclusions: In women at increased risk of pregnancy loss, progestogens probably in-
crease live births without increasing adverse maternal and neonatal events. It remains

possible that the benefit is restricted to those with prior miscarriages.

live birth, meta-analysis, progestogens, recurrent miscarriage, threatened miscarriage

Key message

In women with threatened or prior miscarriage our meta-
analysis that included pooled data from 15 trials including
6616 pregnancies established an increase in the likelihood
of a live birth with progestogen supplementation, most

convincing in those with prior miscarriage.

evidence, and the probably misguided assumption regarding differ-
ences in the impact of the available progestogens.

The rationale for this meta-analysis was to address the limita-
tions of prior systematic reviews and re-evaluate the potential bene-
fits and harms of progestogen supplementation on pregnant women

with threatened or recurrent miscarriage.

2 | MATERIAL AND METHODS

The protocol for this meta-analysis adheres to the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) statement.'® We registered the protocol with
PROSPERO (CRD42022344054).

2.1 | Search strategy

In collaboration with a research librarian, we undertook a compre-
hensive literature search on EMBASE, MEDLINE, and the Cochrane
Central Registry of Controlled Trials from the date of their incep-
tion to October 6, 2023, without language restrictions. We searched
for all relevant RCTs comparing progestogens with placebo or no
treatment in pregnant women with threatened miscarriage or recur-
rent miscarriage. Supporting Information S1 presents details of the
search. We scanned the reference lists of included studies and rel-
evant systematic reviews to identify additional eligible studies.

2.2 | Eligibility criteria and study selection

The eligible RCTs met the following criteria:
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Participants: pregnant women experiencing a threatened mis-
carriage as specified by the authors, and with a history of recurrent
miscarriage, defined as two or more prior spontaneous consecutive
or nonconsecutive miscarriages.

Intervention: natural or synthetic progestogens—micron-
ized progesterone, dydrogesterone, and 17-OH progesterone
caproate (17-OHPC) treatment for up to 24weeks of gesta-
tion; Medroxyprogesterone acetate and Quingestrone were not
included.

Comparison: placebo or no treatment.

Outcomes: live birth, congenital anomalies, and severe adverse
pregnancy events specified by the authors.

Studies: randomized and quasi-randomized clinical trials.

Reviewers (YZ, YG, SL, JS), using standardized forms, worked in-
dependently to screen titles, abstracts and full texts of potentially
eligible studies in duplicate. When discrepancies existed, reviewers
resolved disagreements by discussion or by consultation with a third
reviewer (GG).

2.3 | Dataextraction

For each eligible study, reviewers (YZ, YG, LK, JS) worked inde-
pendently to extract data in duplicate with resolution of disa-
greements by discussion or adjudication by a third reviewer (GG).
Extracted data included study characteristics (author, year of pub-
lication, country, sample size, type of funding, whether the study
protocol had been previously published); participant characteris-
tics (age, country, gestational age at enrollment, body mass index
(BMI), proportion of multiple pregnancies); type of miscarriage
(threatened, recurrent or both); characteristics of interventions;
follow-up time and all outcomes of interest, which included the

number of:

1. Live births;
2. Newborns with congenital anomalies;
3. Maternal and neonatal severe adverse events.

When included studies reported pregnancy loss (induced
abortions, miscarriages and stillbirths) and not live births, we cal-
culated live births by subtracting the number of pregnancy losses
from the total number of pregnancies. As the incidence of still-
birth is extremely low,**8 in studies that did not report stillbirths,
we assumed pregnancy loss to include all induced abortions and

miscarriages.

2.4 | Risk of bias assessment

Reviewers (YZ, YG, LK, JS) worked independently to evaluate the
risk of bias in duplicate, on an outcome-by-outcome basis using a
modified version of the Cochrane risk-of-bias tool.*? 22 The tool com-
prises eight domains, including the random sequence generation;

allocation concealment; blinding of participants, healthcare provid-
ers, data collectors, and outcome assessors; missing outcome data (if
the rate of missing data was lower than 10%, we judged it as having
a low risk of bias); and other potential sources of bias (eg early trial
discontinuation).

2.5 | Statistical analyses

To ensure independent observations, we used the number of preg-
nant women as the denominator for all outcomes.?® We consid-
ered studies that included twin pregnancies as having only a single
event and, as long as one baby experienced a live birth, counted
that event as a live birth. Similarly, if either infant experienced a
congenital anomaly or severe adverse event, we counted these as
a single event.

We analyzed data using R 4.0.2. When there were fewer than
five or more than 20 studies included, we used DerSimonian and
Laird (DL) random effects model for pooled analysis data; other-
wise, we used the Hartung, Knapp, Sidik and Jonkman (HKSJ) ran-

dom effects model.?

We presented results as relative risks (RR)
and associated 95% confidence intervals (Cl) and risk differences
calculated by applying the relative effects to the best estimates of
baseline risk (the median absolute risks of the control group of in-
cluded studies).?’ For the impact of progestogens on live birth, we
calculated the number needed to treat (NNT) by using the formula
(NNT=1/|RD|).??

We applied the research integrity assessment (RIA) tool® to
assess the trustworthiness of included trials. When trials had more
than three domains of insufficient information, we conducted a sen-
sitivity analysis by excluding these trials. If the primary outcome's
result was close to the sensitivity analysis, we included these trials in
the subsequent analyses. Otherwise, we removed these trials with
more domains of insufficient information. In addition, we conducted
a sensitivity analysis for live births by excluding the trial that only
reported miscarriages and not live births.

2.6 | Heterogeneity and subgroup analysis

In addition to visual inspection of the forest plots, the X2 test for het-
erogeneity and the I? statistic informed assessment of heterogeneity
between studies.

When there were at least two eligible studies in each subgroup,
we explored effect modification by conducting a subgroup analysis
of relative effects in sequence, with results determining subsequent
analyses.

When there were at least two within-study comparisons pro-
viding relevant evidence, we conducted within-trial comparisons
(using STATA); otherwise, we performed between-trial comparisons.
When few within-trial comparisons and an appreciable number of
additional between-trial comparisons were available, we used both
approaches.
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For all subgroup analyses, if p-values for heterogeneity were
greater than 0.1, we concluded that a true subgroup effect was im-
plausible and did not explore further. If interaction p-values were
0.1 or less, we planned to evaluate the credibility of the subgroup
hypotheses using the Instrument for the Credibility of Effect
Modification Analyses (ICEMAN).?”

We assessed the effect of progesterone intervention on live
birth from pregnancies with or without threatened miscarriage. We

addressed the following patient groups:

1. (a) Threatened miscarriage with or without prior miscarriage,
(b) threatened miscarriage with one or more prior miscarriages
and (c) threatened miscarriage without a prior miscarriage;

2. Two or more prior miscarriages without threatened miscarriage
(recurrent miscarriage);

3. Recurrent miscarriage with or without threatened miscarriage OR
one or more prior miscarriage with a threatened miscarriage.

Next, we examined the potential impact of risk of bias, focusing
on the concealment of randomization (the key risk of bias issue that
differentiated high and low risk of bias studies). Our plan was that if
there was only low credibility, of a subgroup effect, all subsequent
analyses would include all studies. If we found a moderate or high
credibility of a subgroup effect, subsequent analyses would use only
studies at low risk of bias.

For the overall results including patients with either threatened
or recurrent miscarriage, we examined the type of treatment (hy-
pothesizing that vaginal micronized progesterone was more effec-
tive than other progestogens). Our plan was that if there was only
low credibility of a subgroup effect, all subsequent analyses would
include all progestogens. If we found a moderate or high credibility
of a subgroup effect, subsequent analyses would separate the two
groups.

Subsequent subgroup analyses addressed the following issues:

e Age of patients (we hypothesized that progestogens would be
more effective in younger than older participants using thresh-
olds of 30, 35 or 40years as specified by authors);

e Gestational age (we hypothesized that progestogens would be
more effective when commenced earlier in pregnancy than later,
using thresholds of 5, 6 or 7 weeks as specified by authors);

e BMI (we hypothesized that progestogens would be more effec-
tive in patients with lower BMI than higher BMI using a threshold
of 30kg/m? for higher BMI, as specified by authors).

2.7 | Publication bias

When there were more than 10 eligible studies, we used funnel plots
and Harbord test to rule out publication bias.?® If results suggested
publication bias (asymmetric funnel plot and/or p-value of Harbord's
test <0.05), we planned to use the trim-and-fill method to evaluate
the impact of publication bias on our results.?’

2.8 | Certainty of evidence

We used the
Development and Evaluation (GRADE) approach to assess the cer-

Grading of Recommendations Assessment,
tainty of evidence, evaluating certainty on whether the true effect
was greater or less than the minimally important difference (MID).
We rated certainty as very low, low, moderate or high, by assessing
risk of bias, imprecision, inconsistency, indirectness, and publication
bias.3%732 We set the MID threshold for live birth, congenital anoma-
lies and severe adverse events as 1%. When studies reported miss-
ing outcome data, we used complete case analysis as the primary
analysis.

When, for any outcome, the results of the primary analysis sug-
gested a statistically significant treatment effect, we evaluated the
robustness of the results by performing a plausible worst case sensi-
tivity analysis for each outcome.®® If the effect remained significant
in the plausible worst-case analysis, we did not rate down the cer-
tainty of evidence for risk of bias of missing information; otherwise,
we rated down certainty.

We developed summary of findings tables using optimal for-
mats®* in MAGIC.app (https://app.magicapp.org), presenting both
relative and absolute effects and including plain language summaries
with wording following GRADE guidance.®’

2.9 | Patientinvolvement
No patients were involved in the design, or conduct, or reporting, or
dissemination plans of our research.

3 | RESULTS

Figure S1 presents the study selection process. Fifteen studies
proved eligible.>*~°C Table S1 presents reasons for excluding studies
that previous meta-analyses deemed eligible.

The characteristics of the 15 eligible studies are presented in
Table 1, with sample sizes ranging from 42 to 4153, enrolling a total
of 6616 pregnancies‘?""’50 Two trials were quasi—RCTs.S“"“8 Eight

43-46,49

studies were conducted in Asia,¢~4%“8 five in Europe and two

in Oceania.”*° Eleven trials included patients with a gestational age

36,37,40,42-49

less than 12 weeks and four trials included some patients

with a gestational age greater than 12 weeks.?®3%4130 The propor-
tion of pregnancies lost to follow-up ranged from 0%3>36:40,:41:46-48

to 19.28%.%2

3.1 | Riskof bias

Figure S2 summarizes the risk of bias among included studies.
Considering each outcome was objective and had the same de-
nominator, we judged all studies and all outcomes to have the same
risk of bias. We judged all studies at low risk of bias in blinding
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Experimental Control
Study Events Total Events Total
Alimohamadi 2013 59 Al 61 7
Chan 2021 165 203 169 203
Coomarasamy 2019 1581 2025 1523 2013
El-Zibdeh 2009 7 86 45 60
Gerhard 1987 23 26 21 26
McLindon 2023 112 136 112 133
Omar 2005 Al 74 69 80
Palagiano 2004 21 25 17 25
Pandian 2009 84 96 68 95
Sondergaard 1985 6 23 2 19
Turgal 2016 26 30 27 30
Yassaee 2014 24 30 20 30
Hartung-Knapp method 2825 2785

Heterogeneity: P= 27%, ?= 0.0014,p =0.18

Risk Ratio RR 95% Cl  Weight
-;- 0.97 [0.84;1.11]  7.6%

: 0.98 [0.89;1.07)  14.2%

103 [1.00;1.07]  29.5%

110 [0.92,131]  53%

1.09 [0.87:137]  3.3%

= 098 [0.88;1.09) 114%

- 111 [1.01;123]  12.7%
+— 123 [0.90;168]  1.9%
f— 122 [1.05141]  71%

216 [0.57:8.15]  0.1%

- 096 [0.80;1.15)  5.0%
+— 120 [0.88;162]  1.9%

| S l 1.04 [0.99;1.10]  100.0%

0.2
Favours experimental

0.5 1 2 5
Favours control

FIGURE 1 Forest plot for relative risk of live birth for progestogens compared with placebo or no treatment for threatened miscarriage

patients with or without prior miscarriage.

participants, healthcare providers, data collectors and outcome as-

sessors; seven studies at high risk of bias in random sequence gen-

eration®¢40:44-46:48.50. seyen studies at high risk of bias in allocation

t36,40,42,44,46,48,50.
’

concealmen and two studies at high risk of bias in

missing outcome data.3842

3.2 | Outcomes
3.2.1 | Live birth
Eleven studies explicitly reported live births36-38:41-4446-49. \ye jn-

ferred the number of live births from data on miscarriages and still-
births in the remaining four studies.®**%*>°° Among the eligible
trials, 12 studies enrolled 5610 patients with threatened miscar-

36=47 and three studies focused on recurrent miscarriage pa-

riage,
tients.*®70 Of the studies that focused on threatened miscarriage,
three studies reported live births for pregnancies with or without

434447 one study for pregnancies with-

prior miscarriage separately,
out prior miscarriage,40 and the remainder of the trials either did not
report or did not present data separately based on a prior history of
miscarriage,36-39:414245.46

In patients with threatened miscarriages, supplementation with
progestogens probably improves live births (RR 1.04, 95% Cl: 0.99-
1.10, absolute increase 3.1%, NNT 32; moderate certainty; Figure 1;
Table 2). Among these trials, one trial had three domains of insuffi-
cient information*® and three trials only reported miscarriages and
not live births.384%4° Sensitivity analyses excluding these trials did
not significantly influence the observed effects (Figure S3a,b). The
symmetrical funnel plot (Figure S4) and Harbord test (p=0.19), sug-
gest no publication bias.

Three studies reported 1973 threatened miscarriage patients

with one or more prior miscarriages.****#” In this population,

supplementation with progestogens possibly improves live births
among threatened miscarriage patients with one or more prior mis-
carriages (RR 1.06, 95% Cl: 0.97-1.16, absolute increase 4.4%, NNT
23; low certainty; Figure 2; Table 2).

Four studies reported on 2540 threatened miscarriage patients
without prior miscarriage.*®**4*%’ |n this population, due to the
extremely serious imprecision, we were uncertain whether pro-
gestogens improve or worsen live births (RR 1.02, 95% CI: 0.96-
1.10; absolute increase 1.7%, NNT 59; very low certainty; Figure 3;
Table 2). Sensitivity analyses excluding the trial*® with three domains
of insufficient information and a trial*° that only reported miscar-
riage and not live births did not significantly influence the observed
effects (Figure S3c).

Three eligible trials included 1006 pregnant women with two
or more prior miscarriages without threatened miscarriage.*3% In
this population, progestogens likely improve live births for pregnant
women (RR 1.08, 95% Cl: 0.97-1.19, absolute increase 5.7%, NNT
18; moderate certainty; Figure 4; Table 2). Sensitivity analyses ex-

1°° with three domains of insufficient information and

cluding one tria
one trial®® that only reported miscarriages and not live births did not
significantly influence the observed effects (Figure S3d).

Six studies enrolled 2979 patients with at least one prior mis-
carriage (including those with recurrent miscarriage and threatened
miscarriage with one or more prior miscarriages).43'44'47'5° In this
population, supplementation with progestogens probably improved
live births (RR 1.07, 95% Cl: 1.01-1.13, absolute increase 5.0%, NNT
20; moderate certainty; Figure 5; Table 2). Sensitivity analyses ex-

|50

cluding one trial>” with three domains of insufficient information and

I°° that only reported miscarriages and not live births, did not

one tria
significantly influence the observed effects (Figure S3e).

Figure S5 shows the association between progestogen interven-
tion and live birth in patients with threatened miscarriage or recur-

rent miscarriage. Compared to the control group, supplementation
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Experimental Control
Study Events Total Events Total Risk Ratio RR 95% Cl  Weight
Coomarasamy 2019_1 or more prior miscarriage 689 914 619 886 = 1.08 [1.02; 1.14] 66.9%
Gerhard 1987_1 or more prior miscarriage 13 14 1 15 ——'—'— 1.25  [0.91; 1.74] 7.2%
McLindon 2023_1 or more prior miscarriage 54 67 65 7 _— 096 [0.82;1.11] 26.0%
DerSimonian-Laird method 995 978 e 1.06 [0.97;1.16] 100.0%
Heterogeneity: I = 37%, 7" = 0.0024, p = 0.20 0 7' s ] 1'5

Favours experimental Favours control

FIGURE 2 Forest plot for relative risk of live birth for progestogens compared with placebo or no treatment for threatened miscarriage
patients with prior miscarriages.

Experimental Control
Study Events Total Events Total Risk Ratio RR 95% Cl  Weight
Coomarasamy 2019_no prior miscarriage 824 1111 840 1127 — 100 [0.951.04]  50.5%
Gerhard 1987_no prior miscarriage 10 12 10 1 i: 0.92 [0.68; 1.24] 5.0%
McLindon 2023_no prior miscarriage 58 69 47 56 —_— 1.00 [0.86; 1.17] 15.9%
Omar 2005 7 74 69 80 = 111 [1.01;1.23] 28.6%
DerSimonian-Laird method 1266 1274 ﬁzl 1.02 [0.96; 1.10]  100.0%
Heterogeneity: P= 31%, ?= 0.0019, p = 0.23
0.8 1 1.25

Favours experimental Favours control

FIGURE 3 Forest plot for relative risk of live birth for progestogens compared with placebo or no treatment for patients without prior
miscarriage.

Experimental Control
Study Events Total Events Total Risk Ratio RR 95% CI  Weight
Coomarasamy 2015 262 398 271 428 T 1.04 [0.94; 1.15] 65.2%
El-Zibdeh 2005 7 82 34 48 [ 122 [1.00; 1.49) 22.4%
Shearman 1963 22 27 18 23 =1 1.04  [0.79; 1.37] 12.4%
DerSimonian-Laird method 507 499 g st 1.08 [0.98; 1.19]  100.0%
Heterogeneity: P= 0%, ©= 0.0013, p = 0.37 08 1 1.25

Favours experimental Favours control

FIGURE 4 Forest plot for relative risk of live birth for progestogens compared with placebo or no treatment for pregnancies with two or
more prior miscarriages without threatened miscarriage.

Experimental Control
Study Events Total Events Total Risk Ratio RR 95% CI  Weight
Coomarasamy 2015 262 398 271 428 —TE— 1.04  [0.94; 1.15] 19.7%
Coomarasamy 2019_1 or more prior miscarriage 689 914 619 886 L3 1.08 [1.02; 1.14] 61.8%
El-Zibdeh 2005 7 82 34 48 e 1.22  [1.00; 1.49] 5.1%
Gerhard 1987_1 or more prior miscarriage 13 14 1" 15 ————— 125 [0.91;1.74] 1.9%
McLindon 2023_1 or more prior miscarriage 54 67 65 7 —"—_— 0.96 [0.82; 1.11] 8.8%
Shearman 1963 22 27 18 23 e B — 1.04 [0.79; 1.37] 2.7%
Hartung-Knapp method 1502 1477 <‘> 1.07 [1.01;1.13] 100.0%

Heterogeneity: = 3%, ?= 0,p=039

0.75 1
Favours experimental

1.5
Favours control

FIGURE 5 Forest plot for relative risk of live birth for progestogens compared with placebo or no treatment for pregnancies with at least
one prior miscarriage (including those with recurrent miscarriage and threatened miscarriage with one or more prior miscarriages).

with progestogens improved live births (RR 1.05, 95% Cl: 1.0-1.09, information*®*° did not significantly influence the observed effects
absolute increase 3.8, NNT 26; Figure S5; Table S2). Sensitivity anal-

yses excluding trials with more than three domains of insufficient

(Figure Sé). The plausible worst case sensitivity analyses indicated
that missing data did not significantly influence the observed effects



ZHAO ET AL.

(Figure S7). The symmetrical funnel plot (Figure S8) and Harbord test
(p=0.11), suggest no publication bias. Overall, we found serious im-
precision, and therefore rated the certainty of evidence of live birth
as moderate (Table S2).

Figure S9 shows the subgroup analysis according to the risk
of bias for allocation concealment among the pregnancies with
threatened miscarriage or recurrent miscarriage. The interaction
p-value of 0.06 suggested a possible difference between trials with
high and low risk of bias for allocation concealment. However, ap-
plying ICEMAN criteria, the between-trial comparison, the plausi-
bility of chance as an explanation, and five effect modifiers tested
in the analysis, established low credibility of the subgroup effect
(Text S2).

With regard to the type of progesterone, seven trials used vag-
inal micronized progesterone,38’3t”'43'45’47’49 five used oral dydro-
gesterone, 3637404150 t\wo used oral micronized progesterone,*>4¢
and one used 17-OHPC.*® The interaction p-value of 0.19 failed to
support a hypothesis of a subgroup effect according to the type of
progestogens (Figure 510).

Five studies reported the association between progestogen
intervention and live birth separately for younger and older preg-
nant women.3743444748 Tha \ithin-trial comparisons provided no
support for a subgroup effect among younger and older pregnant
women (test of interaction p=0.12; Figure S11).

Four studies reported the association between progestogen in-
tervention and live birth separately for earlier or later gestation age
at enrollment.*3444748 The within-trial comparisons of earlier gesta-
tion age and later gestation age provided no support for a subgroup
effect (test of interaction p=0.75; Figure S12).

Two studies separately reported the association between pro-
gestogen intervention and live birth according to BMI.*348 The
within-trial comparisons of higher and lower BMI provided no sup-
port for a subgroup effect according to BMI (test of interaction
p=0.14; Figure S13).

3.2.2 | Congenital anomalies

Based on data from seven studies that reported on congenital anom-
alies 36-38,42,44,47,48
congenital anomalies (RR 1.06, 95% Cl: 0.83-1.40, absolute increase
0.1%, NNT 1000; moderate certainty due to serious imprecision;

Figure S14; Table 2).

progestogens probably have little or no effect on

3.2.3 | Serious adverse pregnancy events

Two studies reported the number of maternal and neonatal serious
adverse events.***? Progestogens probably result in few if any seri-
ous adverse events (RR 1.07, 95% Cl: 0.83-1.40, absolute increase
0.2%, NNT 500; moderate certainty due to serious imprecision;
Figure S15; Table 2).

4 | DISCUSSION

Our review provides moderate certainty evidence that progesto-
gens probably improve live births in those with two or more
prior miscarriages without threatened miscarriage, and those
with at least one prior miscarriage (including those with recur-
rent miscarriage and threatened miscarriage with one or more
prior miscarriages). We also found moderate certainty evidence
that progestogens increase live births among the pregnancies
with threatened miscarriages, though the inclusion of patients
with prior pregnancy loss may be responsible for this benefit. The
meta-analysis also provides low-certainty evidence that progesto-
gens possibly improve live births in those with threatened miscar-
riages with one or more prior miscarriages (Table 2). We found
that progestogens have little or no impact on serious adverse
pregnancy events and have little or no difference in congenital
anomalies among pregnancies with threatened miscarriages or re-
current miscarriages.

We did not find credible subgroup differences according to trials'
risk of allocation concealment, the type of progestogens, patients'
age, gestational age, BMI, or history of prior miscarriages for pro-
gestogens on live births. Nevertheless, results do not exclude the
possibility of a subgroup effect according to history of prior mis-
carriages, and studies restricted to patients with prior miscarriages
provided moderate certainty evidence of benefit while studies
restricted to patients with threatened miscarriages who had not
experienced a prior miscarriage provided only very low-certainty
evidence of benefit (Table 2).

This meta-analysis represents the most comprehensive sum-
mary thus far of the impact of progestogen supplementation on
threatened and recurrent miscarriage patients. Strengths of this
review include a comprehensive search for eligible studies and du-
plicate reviewer selection, data extraction, and risk of bias assess-
ment. We examined results in a number of subpopulations based
on status regarding threatened and recurrent abortion, including on
analysis with one or more prior abortions. We conducted a limited
number of preplanned subgroup analyses to explore the possible
effect modification according to the type of progestogens, a prior
history of miscarriage, patients' age, gestational age and BMI. When
possible, we assessed the subgroup effect and presented results
using both relative and absolute effects (Table 2). In addition, we
used the GRADE approach to assess the certainty of evidence ad-
dressing the efficiency and safety of progestogens for patients with
threatened miscarriages or recurrent miscarriages (Table 2). Finally,
we included both methodological and clinical considerations when
presenting the evidence: although formal application of credibility
criteria suggests that chance can explain apparent differences in ef-
fect between women with and without a prior history of miscarriage,
we nevertheless present both overall results and results or these
subgroups.

Our review also had limitations. First, only six of the 15 eligible

studies presented results separately for those with and without a
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prior miscarriage. Although chance easily explains differences in ef-
fects seen in the two subgroups, results do not exclude a subgroup
effect which remains possible. In particular, it remains possible that
benefit is restricted to those with a prior miscarriage.

Second, in studies that did not report live births or stillbirths, we
regarded miscarriages and induced abortions as all pregnancy loss.
In these studies, we are at risk of counting stillbirths as live births.
However, the number of stillbirths, when reported, was very low,
suggesting that our assumption is unlikely to have introduced ap-
preciable bias. In addition, we conducted a sensitivity analysis for
live births by excluding the trials that only reported miscarriages and
not live births, and we did not find a significant difference in our
outcomes.

Third, despite some of the included studies being at high risk of
bias because of failure to conceal allocation, we did not rate down
for risk of bias in our GRADE rating of overall quality. Support for
this decision comes from our post hoc subgroup analysis demon-
strating that trials that did and did not conceal allocation showed
similar results.

8-15,51-53 e included

Compared to previous systematic reviews,
all eligible RCTs and quasi-RCTs, used the GRADE approach, and
specified a MID (1% difference in all key outcomes) as the thresh-
old to rate the certainty of evidence. Unlike some previous reviews,
we regarded live birth, rather than miscarriage, as our primary
outcome.8 103133 |5 contrast to prior reviews, we conducted ro-
bust subgroup analyses for prior history of miscarriage, the type of

11-15 and those with and without prior miscarriage.54

progestogens,
Where possible, we conducted both within- and between-trial sub-
group analyses, and acknowledged the lack of power in addressing
the presence of prior miscarriage as a possible subgroup effect.
Inferences from our review are consistent with those of a prior
Cochrane review in which authors concluded high certainty evi-
dence of a benefit in patients presenting with threatened abortion
who had experienced a prior miscarriage.

The authors of the two largest and best conducted randomized
trials appropriately concluded that results did not show a statisti-
cally significant benefit of progesterone in either the recurrent or
threatened abortion population.“’49 Results did not, however, ex-
clude such a benefit. Indeed, the trial results are completely consis-
tent with our pooled estimates (in the threatened abortion trial: RR
1.04, 95% Cl: 0.99-1.10 [Figure 1; Table 2] in our result, RR 1.03, 95%
Cl: 1.00-1.07 in the previous trial*3; in the recurrent abortion trial:
RR 1.08, 95% Cl: 0.98-1.19 [Figure 4; Table 2] in our result, RR 1.04,
95% Cl: 0.94-1.15 in the previous trial).*’ The difference is in the
interpretation: when confidence intervals cross the null only slightly,
authors concluded no effect, whereas we concluded a probable or
possible effect.®®

Pregnancy loss is a common complication during pregnancy.
Increasing live births without increasing the risk of congenital anom-
alies or severe adverse pregnancy events is the most important goal
for families and clinicians. Clinical practice guidelines remain incon-
sistent with recommendations on progestogens supplementation
for threatened and recurrent miscarriage: some guidelines suggest

insufficient evidence demonstrating the benefit of progestogens

for recurrent miscarriage,ss‘57

be of help.1’7'58""0 The latest National Institute for Health and Care

whereas others suggest they may

Excellence (NICE) guideline, based on one of the trials we found

eligible,*®

recommends offering vaginal micronized progesterone
twice daily only in those with early pregnancy bleeding in the setting
of a previous miscarriage.58

In this review, we found that progestogen supplementation
probably improves live births in those with two or more prior mis-
carriages without threatened miscarriage, at least one prior mis-
carriage (recurrent miscarriage and threatened miscarriage with
one or more prior miscarriages) (moderate certainty of evidence),
and possibly improves live births in pregnant miscarriage without
prior miscarriage (low certainty of evidence). We also found mod-
erate certainty evidence that progestogens increase live births
among the pregnancies with threatened miscarriage, though the
inclusion of patients with prior pregnancy loss may be responsible
for this benefit. For the population with two or more prior miscar-
riages without threatened miscarriage, the best estimate of the ab-
solute increase in live births is 5.7%; thus, we would need to treat
18 women with progesterone to result in a single additional live
birth. For the population with at least one prior miscarriage (re-
current miscarriage and threatened miscarriage with one or more
prior miscarriages), the best estimate of the absolute increase in
live births is 5%; we would need to treat 20 women with proges-
terone to result in a single additional live birth. For the population
with threatened miscarriage regardless of prior miscarriage, the
best estimate of the absolute increase in live births is 3.1%; we
would need to treat 32 women with progesterone to result in a
single additional live birth. Given these results and the apparent
absence of serious adverse effects of progestogens, and the mod-
erate certainty evidence of benefit, most women with threatened
pregnancy loss are likely to choose to receive progesterone.

Where uncertainty remains is in women who present with
threatened abortion and who have not had a prior miscarriage.
While our subgroup analysis failed to provide compelling evidence
that the benefit would not be present in such women, neither did it
exclude the possibility that women in this group would not benefit
from progestogens. Thus, the most compelling question for further

research would be testing progestogens in these women.

5 | CONCLUSION

Moderate certainty evidence demonstrates that progestogens prob-
ably improve live birth in those with prior pregnancy loss, have little
or no difference in congenital anomalies, and have little or no impact
on serious adverse pregnancy events.
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