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Abstract

OBJECTIVE: To assess the efficacy and safety of vaginal progesterone to prevent recurrent
preterm birth and adverse perinatal outcomes in singleton gestations with a history of spontaneous
preterm birth.

DATA SOURCES: MEDLINE, EMBASE, LILACS, and CINAHL (from their inception
to February 28, 2022), Cochrane databases, Google Scholar, bibliographies, and conference
proceedings.

STUDY ELIGIBILITY CRITERIA: Randomized controlled trials that compared vaginal
progesterone to placebo/no treatment in asymptomatic women with a singleton gestation and a
history of spontaneous preterm birth.
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STUDY APPRAISAL AND SYNTHESIS METHODS: The primary outcomes were preterm
birth <37 and <34 weeks of gestation. Secondary outcomes included adverse maternal and
perinatal outcomes. Pooled relative risks (RRs) with 95% confidence intervals (Cls) were
calculated. We assessed risk of bias in the included studies, heterogeneity (/2 test), small-study
effects, publication bias, and quality of evidence; performed subgroup and sensitivity analyses;
and calculated 95% prediction intervals (PIs) and adjusted RRs.

RESULTS: Ten studies (2958 women) met the inclusion criteria, 7 with a sample size <150
(small studies) and 3 with a sample size >600 (large studies). Among the 7 small studies, 4

were at high risk of bias, 2 were at some concerns of bias, and only 1 was at low risk of bias.

All large studies were at low risk of bias. Vaginal progesterone significantly decreased the risk

of preterm birth <37 weeks (RR, 0.64; 95% CI, 0.50-0.81; 2=75%; 95% PI, 0.31-1.32; very
low-quality evidence) and <34 weeks (RR, 0.62; 95% Cl, 0.42-0.92; 2=66%:; 95% PI, 0.23-1.68;
very low-quality evidence), and admission to the neonatal intensive care unit (RR, 0.53; 95%

Cl, 0.33-0.85; 2=67%; 95% PI, 0.16-1.79; low-quality evidence). There were no significant
differences between the vaginal progesterone and placebo/no treatment groups in other adverse
perinatal and maternal outcomes. Subgroup analyses revealed that vaginal progesterone decreased
the risk of preterm birth <37 weeks (RR, 0.43; 95% CI, 0.33-0.55; 2=0%) and <34 weeks (RR,
0.27; 95% Cl, 0.15-0.49; =0%) in the small, but not in the large studies (RR, 0.98; 95% ClI,
0.88-1.09; 2=0% for preterm birth <37 weeks; and RR, 0.94; 95% CI, 0.78-1.13; 2=0% for
preterm birth <34 weeks). Sensitivity analyses restricted to studies at low risk of bias indicated
that vaginal progesterone did not reduce the risk of preterm birth <37 weeks (RR, 0.96; 95% ClI,
0.84-1.09) and <34 weeks (RR, 0.90; 95% ClI, 0.71-1.15). There was clear evidence of substantial
small-study effects in the meta-analyses of preterm birth <37 and <34 weeks of gestation because
of funnel plot asymmetry and of the marked difference in pooled RRs obtained from fixed-effect
and random-effects models. The adjustment for small-study effects resulted in a markedly reduced
and non-significant effect of vaginal progesterone on preterm birth <37 weeks (RR, 0.86; 95% ClI,
0.68-1.10) and <34 weeks (RR, 0.92; 95% ClI, 0.60-1.42).

CONCLUSION: There is no convincing evidence supporting the use of vaginal progesterone to
prevent recurrent preterm birth or to improve perinatal outcomes in singleton gestations with a
history of spontaneous preterm birth.

Condensation:

There is no convincing evidence supporting the use of vaginal progesterone to prevent preterm
birth in singleton gestations with a history of spontaneous preterm birth.

Keywords

17a-hydroxyprogesterone caproate; neonatal morbidity; neonatal mortality; prematurity; preterm
delivery; prior preterm birth; progestin; progestogen; small-study effects

INTRODUCTION

In the United States, the rate of preterm birth declined steadily from 2007 to 2014 but
then rose continuously up to 2019.1 In 2020, the rate of preterm birth declined to 10.09%,
the first decline in the rate since 2014.1 The most recent global estimates of preterm birth
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showed that 14.8 million live births (10.6% of all live births) were born preterm in 2014.2

In 2019, preterm birth complications were the leading cause of death among children
younger than 5 years worldwide, accounting for 17.7% of all deaths, and for 36.1% of
neonatal deaths.3 In addition, surviving preterm neonates are at increased risk for short-term
complications, long-term neurodevelopmental disabilities, chronic diseases in adulthood,
and mortality in early to mid-adulthood.4-14

Preterm labor is a syndrome associated with multiple mechanisms of disease,

including infection/inflammation, decidual hemorrhage and vascular disease, uterine
overdistention, cervical disease, disruption of maternal-fetal tolerance, decidual senescence,
immunologically mediated processes, maternal stress, and decline in progesterone action,
among others.15-22 The syndromic nature of preterm labor explains why a single method of
intervention does not prevent all, or even predict most, cases of preterm birth.

A history of spontaneous preterm birth (following preterm labor, preterm prelabor rupture
of membranes, or cervical insufficiency) is a major risk factor for recurrent preterm birth.
Women with a history of spontaneous preterm birth have a 2.5- to 4-fold increased risk of
spontaneous preterm birth in a subsequent pregnancy compared to women with no history
of spontaneous preterm birth.23-34 In 2017, a meta-analysis of 32 studies, involving just
over 55,000 women with at least one prior singleton spontaneous preterm birth, reported that
the pooled rate of recurrent spontaneous preterm birth was 30% (95% confidence interval
[C1], 27%—34%).3° The risk of recurrent preterm birth increases as the gestational age of the
previous preterm birth declines and as the number of previous preterm births increases.28-34
Recurrences often occur at the same gestational age of the previous preterm birth.25:29
Women born spontaneously preterm have an increased risk of spontaneous preterm delivery
in their own pregnancies.36-38 Genetic, environmental, and behavioral risk factors shared
with two pregnancies could contribute to the increased risk of recurrent preterm birth.28.32:39

Since 2003, the American College of Obstetricians and Gynecologists (ACOG) has
recommended the administration of 17a-hydroxyprogesterone caproate (17-OHPC) to
patients with a singleton gestation and a history of spontaneous preterm birth aiming

to prevent preterm birth.4% In 2021, the ACOG updated its guidelines on the prediction
and prevention of spontaneous preterm birth and recommended offering either vaginal
progesterone or 17-OHPC.#! These guidelines were endorsed by the Society for Maternal-
Fetal Medicine (SMFM). The evidence base for making this recommendation was an
individual patient data (IPD) meta-analysis that included 31 trials of vaginal progesterone,
17-OHPC, and oral progesterone in asymptomatic women at increased risk for preterm
birth.42 This study reported that vaginal progesterone reduced the risk of preterm birth <34
weeks of gestation in high-risk singleton gestations but did not report results separately for
the subgroup of women with a singleton gestation and a history of spontaneous preterm
birth. Therefore, an assessment of the efficacy and safety of vaginal progesterone in such
women is needed.

The objective of this systematic review and meta-analysis was to evaluate the efficacy
and safety of vaginal progesterone to prevent recurrent preterm birth and adverse perinatal
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outcomes in asymptomatic women with a singleton gestation and a history of spontaneous
preterm birth.

MATERIAL AND METHODS

This systematic review and meta-analysis followed a predefined protocol registered with
PROSPERO (CRD42021275154) and was performed and reported according to the methods
recommended in the Cochrane Handbook for Systematic Reviews of Intervention*3 and

the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines,* respectively. Both authors independently retrieved and reviewed studies for
eligibility, assessed their risk of bias, and extracted data. Any discrepancies were resolved
through discussion between the review authors.

Data Sources and Searches

Eligible trials were identified through searches in MEDLINE, EMBASE, LILACS,
CINAHL, the Cochrane Central Register of Controlled Trials, and clinical trial registries (all
from their inception to February 28, 2022), using the keywords progesterone and preterm
birthto be as inclusive as possible. Google Scholar, proceedings of congresses and scientific
meetings on obstetrics and maternal-fetal medicine, reference lists of identified studies,
previously published systematic reviews, and review articles were also searched. We did not
use any language restrictions and translated non-English studies.

Eligibility criteria
We included randomized controlled trials in which asymptomatic women with a singleton
gestation and a history of at least one spontaneous preterm birth in any of their
previous pregnancies were randomly allocated to receive vaginal progesterone or placebo/no
treatment for the prevention of preterm birth. Quasi-randomized trials, trials that assessed
vaginal progesterone in women with threatened or arrested preterm labor or second-trimester
bleeding, and trials in which vaginal progesterone was administered in the first trimester to
prevent miscarriage were excluded from the review. Results of subgroup analyses for women
with a history of spontaneous preterm birth in randomized controlled trials, whose primary
aim was to prevent preterm birth in singleton gestations with a midtrimester sonographic
short cervix, were not included in the meta-analysis.

Outcome measures

The primary outcomes were preterm birth <37 and <34 weeks of gestation. Secondary
outcomes included preterm birth <28 weeks of gestation, threatened preterm labor or

need for tocolysis, use of antenatal corticosteroids, cesarean delivery, any maternal

adverse event, discontinuation of treatment because of adverse events, preterm prelabor
rupture of membranes, preeclampsia, gestational hypertension, gestational diabetes mellitus,
respiratory distress syndrome (RDS), necrotizing enterocolitis (NEC), intraventricular
hemorrhage (I\VVH), grade 111/1V IVH, neonatal sepsis, retinopathy of prematurity,
bronchopulmonary dysplasia, periventricular leukomalacia, fetal death, neonatal death,
perinatal death, birthweight <1500 g and <2500 g, admission to the neonatal intensive
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care unit (NICU), use of mechanical ventilation, patent ductus arteriosus, and long-term
neurodevelopmental and health outcomes.

Assessment of risk of bias

We assessed the risk of bias in each included study for the primary and secondary outcomes
by using the Cochrane risk of bias tool 2 (RoB 2),%> which considers the following domains:
(1) bias arising from the randomization process; (2) bias due to deviations from intended
interventions; (3) bias due to missing outcome data; (4) bias in measurement of the outcome;
and (5) bias in the selection of the reported result. For each domain, the tool comprises a
series of signaling questions aiming to elicit information about features of the trial relevant
to risk of bias. Once the signaling questions had been answered, the next steps were to reach
a risk-of-bias judgement and to assign 1 of 3 levels to each domain: low risk of bias, some
concerns of bias, or high risk of bias. Finally, an overall risk of bias judgement was reached
for each study as follows: low risk of bias (the study is judged to be at low risk of bias for all
domains), some concerns of bias (the study is judged to raise some concerns in at least one
domain, but not to be at high risk of bias for any domain), and high risk of bias (the study is
judged to be at high risk of bias in at least one domain or to have some concerns for multiple
domains in a way that substantially lowers confidence in the result).

Data extraction

A data extraction form was used to collect information on authors, title, publication date,
language, duplicate publications, trial registration, funding sources, study characteristics
(trial design, setting, follow-up period, attrition and exclusions from the analysis, and
intention-to-treat analysis), participants (inclusion and exclusion criteria, number of women
randomized, baseline characteristics, and country and date of recruitment), interventions
(gestational age at trial entry, daily dose of vaginal progesterone, duration, compliance,

use of co-interventions, and characteristics of interventions used in the control group) and
outcomes (prespecified primary and secondary outcomes, definition of outcomes, number of
outcome events and/or mean + SD for each outcome, and total number of participants in
each group). We included in our meta-analysis additional data of included studies that had
been provided to previous meta-analyses.

Statistical analysis

Statistical analysis was performed according to the recommendations of the Cochrane
Handbook for Systematic Reviews of Interventions.46 Data were analyzed according to

the intention-to-treat principle. We calculated the pooled relative risk (RR) for dichotomous
outcomes with associated 95% CI by using a random-effects model. This approach was
chosen in anticipation of significant heterogeneity among included studies. The number
needed to treat (NNT) for an additional beneficial or harmful outcome with their 95% Cls
was calculated for outcomes for which there was a statistically significant reduction or
increase in absolute risk difference.4748

Heterogeneity of the results among studies was firstly assessed with the visual inspection
of forest plots for any lack of overlap of Cls. Then, we quantified statistical heterogeneity
by using the / statistical test.* In the presence of statistical heterogeneity (/2 =30%), we
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investigated potential causes through subgroup analyses.*® We also addressed heterogeneity

by calculating 95% prediction intervals for meta-analyses that contained at least 5 studies.°

The prediction interval shows the range of true effect size in future studies similar to those in
the meta-analysis.51-53

If there were at least 10 studies included in a meta-analysis, we constructed funnel plots

to investigate small-study effects and publication biases.>* Funnel plot asymmetry was
assessed visually and with Egger’s®® and Harbord’s tests. A Pvalue of <0.10 indicated
significant asymmetry of the funnel plot and evidence of small-study effects. In the presence
of both heterogeneity and funnel plot asymmetry, we compared the fixed-effect and random-
effects estimates of the intervention effect since the random-effects model weights small
studies higher.>* Different effect sizes strongly suggest small-study effects bias. If the results
were inconsistent between the fixed-effect and random-effects models meta-analyses, we
presented both results. In case of funnel plot asymmetry, a contour-enhanced funnel plot
was constructed to differentiate asymmetry attributed to publication bias from that which
owes to other factors.5457:58 On a contour-enhanced funnel plot, contours lines separating
areas of statistical significance from non-significance are superimposed on the funnel plot.
If studies appear to be missing in areas of statistical non-significance of the plot, then it is
possible that the asymmetry is due to publication bias. Conversely, if studies appear to be
missing in areas of high statistical significance, this reduces the plausibility that publication
bias is the underlying cause of funnel plot asymmetry. If small-study effects were suspected,
we planned to use the iterative non-parametric Trim and Fill method for adjusting treatment
effect estimates as a sensitivity analysis.>®-61 The basic idea of this method is to add studies
to the funnel plot until it becomes symmetric.

We performed subgroup analyses according to study sample size (<150 vs =150), study
setting (low/middle-income countries vs high-income countries vs both low/middle- and
high-income countries), study center status (single center vs multicenter), trial registration
status (registered vs not registered), mean gestational age at treatment initiation (<24 weeks
vs =24 weeks of gestation), and daily dose of vaginal progesterone (90-100 mg vs =200
mg). We assessed subgroup differences by an interaction test in which a Pvalue =0.05
was considered to indicate that the effect of treatment did not differ significantly between
subgroups.82-64 To test the robustness of the meta-analyses, we carried out sensitivity
analyses by including only studies at overall low risk of bias.> Subgroup and sensitivity
analyses were restricted to the primary outcomes of preterm birth <37 and <34 weeks of
gestation.

Assessment of quality of evidence

The quality (certainty) of the body of evidence for each individual outcome was assessed

by using the 5 GRADE criteria (overall risk of bias, consistency of effect, imprecision,
indirectness, and publication bias).8 The GRADE approach categorizes the certainty of the
evidence into 4 levels: (1) high: we are very confident that the true effect lies close to that of
the estimate of the effect; (2) moderate: we are moderately confident in the effect estimate,
and the true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different; (3) low: our confidence in the effect estimate is limited,
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and the true effect may be substantially different from the estimate of the effect; and (4)
very low: we have very little confidence in the effect estimate, and the true effect is likely
to be substantially different from the estimate of effect. We estimated an overall GRADE
quality rating by taking the lowest quality of evidence from all of the outcomes critical

to decision making.6” As all studies included in the review were randomized controlled
trials, the starting level for all assessments was high certainty. We downgraded the level of
certainty in the presence of high risk of bias in included trials, indirectness of the evidence,
unexplained heterogeneity or inconsistency, imprecision of results, and high probability of
publication bias. We downgraded the evidence by 1 level if we considered the limitation to
be serious, and 2 levels if we considered it to be very serious.

Statistical analyses were performed by using Review Manager (RevMan [Computer
program]. Version 5.4.1 The Cochrane Collaboration, 2020), StatsDirect (Version 3.3.5;
StatsDirect Ltd, Wirral, United Kingdom), and Comprehensive Meta-Analysis (\Version

3; Biostat, Englewood, NJ, United States). GRADEpro GDT (GRADEpro Guideline
Development Tool [Software]. McMaster University and Evidence Prime, 2021) was used to
assess the certainty of the evidence and create the summary of findings table.

RESULTS

Selection, characteristics and risk of bias of studies

Our search strategy identified 14 studies for possible inclusion, of which we excluded

4 (2 quasi-randomized trials,®8:° 1 non-randomized trial,”’? and 1 trial that included
women presenting with symptoms or signs of threatened preterm labor’1) (Supplemental
Figure 1). Ten studies, including 2958 women with a singleton gestation and a history of
spontaneous preterm birth, fulfilled inclusion criteria.”2-81 Nine studies were published in
English’/2-74.76-81 and 1 in Persian.’®

The main characteristics of included trials are presented in Table 1. Four studies included
only women with a singleton gestation and a history of spontaneous preterm birth.73:74.77.81
The remaining 6 studies comprised women with a singleton gestation and a history of
spontaneous preterm birth and women with other risk factors for preterm birth?2.75.76.78.79
or women with a twin gestation with a history of spontaneous preterm birth.89 We obtained
data separately for singleton gestations with a history of spontaneous preterm birth from 4
of these studies.”®78-80 Seven studies had a sample size <150 (“small studies”)’2.74-78.81
and 3 had a sample size >600 (611 in the study by O’Brien et al,’3 912 in the study

by Norman et al,”® and 775 in the study by Crowther et al;80 “large studies”). All

large studies were double-blind, placebo-controlled, registered (2 prospectively’9:80 and

1 retrospectively’3), multicenter trials (2 conducted in high-income countries’8:80 and 1
conducted in both high-income [67% of recruited women] and low/middle-income [33%

of recruited women] countries’3). All small studies were conducted in single centers
located in low/middle-income countries. Four small studies evaluated vaginal progesterone
vs placebo?2:76:77.78 and 3 evaluated vaginal progesterone vs no treatment.”#75.81 Only 2
small trials were registered, both retrospectively.””:’8 The remaining 5 small trials’274-76.81
were not registered in a clinical trials registry.
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The daily dose of vaginal progesterone used in the trials was 90 mg in 1 study,”3 100 mg
in 6 studies,”274-77.80 200 mg in 2 studies,”98 and 400 mg in 1 study.”® Most studies
administered the treatment from 20-24 to 34-36 weeks of gestation. Compliance >90%
was reported in 4 studies.”3:74.76.80 |n the studies by Modi et al’” and Norman et al,”® the
compliance in the vaginal progesterone group was 42% and 66%, respectively, whereas in

the placebo group, it was 70% and 71%, respectively. Compliance was not reported in 4
trials.72.75.78,81

Figure 1 shows the risk of bias in each included study. The 3 large studies’3:79:80 were at
overall low risk of bias for the primary outcomes and most secondary outcomes. Among
the 7 small studies, 4 had an overall high risk of bias,’%75.77:81 2 had some concerns of
bias,”*78 and only 1 had an overall low risk of bias.”® One study’2 was deemed to be at high
risk of bias given the deviations from the intended interventions: 13 women with preterm
birth due to prelabor rupture of membranes or medically indicated delivery (8 in the vaginal
progesterone group and 5 in the placebo group) were inappropriately excluded from analyses
after randomization. The inclusion of these women in the analyses (intention-to-treat effect)
would become the effect of vaginal progesterone on preterm birth <37 weeks of gestation
into a non-statistically significant result. The studies by Akbari et al,”> Modi et al,’” and
Abdou et al®! were judged to have an overall high risk of bias because they had some
concerns of bias in multiple domains. The studies by Akbari et al”® and Abdou et al®! did
not provide information on the methods used to generate the random allocation sequence
and to conceal allocation, on the blinding of outcome assessors to intervention status, and
on the selection of the reported result. In addition, the study by Akbari et al’® provided
insufficient information on deviations from intended interventions. The study by Modi et
al’’ did not report information on the number of women with missing outcome data and on
the selection of the reported result. The study by Majhi et al’4 was judged as having some
concerns of bias because participants and personnel were aware of intervention and there
was no information on blinding of outcome assessors to intervention status. The study by
Azargoon et al’8 was judged to have some concerns of bias arising from the randomization
process because the allocation concealment method was not reported.

Primary outcomes

Vaginal progesterone was associated with a significant decrease in the risk of preterm birth
<37 weeks of gestation (32.0% vs 37.8%; pooled RR from random-effects model, 0.64; 95%
Cl, 0.50-0.81; P=0.0003; pooled RR from fixed-effect model, 0.85; 95% CI, 0.77-0.93;
P=0.0008; £ =75%:; 95% prediction interval of the RR, 0.31-1.32; NNT, 17; 95% ClI,
11-42) (Figure 2) and preterm birth <34 weeks of gestation (13.5% vs 17.0%; pooled RR
from random-effects model, 0.62; 95% CI, 0.42-0.92; = 0.02; pooled RR from fixed-effect
model, 0.79; 95% CI, 0.67-0.94; A= 0.008; £ = 66%; 95% prediction interval of the RR,
0.23-1.68; NNT, 28; 95% Cl, 16-109) (Figure 3).

Secondary outcomes

Table 2 shows the effect of vaginal progesterone on pregnancy, maternal, and perinatal
outcomes. There was no significant difference between the vaginal progesterone and
placebo/no treatment groups in the frequency of preterm birth <28 weeks of gestation
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(4.3% vs 4.0%; pooled RR, 1.12; 95% CI, 0.70-1.78; /2 = 18%). The frequencies of other
pregnancy and maternal outcomes did not significantly differ between the study groups.
Infants whose mothers received vaginal progesterone had a significantly lower risk of NICU
admission (14.4% vs 20.7%; pooled RR from random-effects model, 0.53; 95% Cl, 0.33-
0.85; P=0.008; pooled RR from fixed-effect model, 0.70; 95% CI, 0.57-0.85; = 0.0005;
P = 67%; 95% prediction interval of the RR, 0.16-1.79; NNT, 16; 95% CI, 10-36). There
was no evidence of an effect of vaginal progesterone on RDS, NEC, IVH, grade I1I/IV IVH,
neonatal sepsis, retinopathy of prematurity, bronchopulmonary dysplasia, periventricular
leukomalacia, fetal death, neonatal death, perinatal death, birth weight <1500 g and <2500 g,
use of mechanical ventilation, and patent ductus arteriosus.

To date, only 2 studies reported the effects of prenatal exposure to vaginal progesterone on
long-term neurodevelopmental and health outcomes in singleton gestations with a history
of spontaneous preterm birth.”3:79 O’Brien et al’3 assessed neurodevelopmental outcomes
at 2 years of age in 293 children born to women enrolled in their trial 82 The frequency

of suspected developmental delay, assessed by the Denver Il Developmental Screening
Test, was similar in the vaginal progesterone and placebo groups (10.3% vs 10.4%, P

= 0.95). Moreover, there were no significant differences between the study groups in

mean weight, length and head circumference, chronic morbid conditions, and congenital
abnormalities not detected at birth. Norman et al’® reported that the Bayley-111 cognitive
composite score at 2 years of age (N=656 children) did not differ significantly between the
vaginal progesterone and placebo groups (mean difference, —0.14; 95% CI, -2.79 to 2.52;
P=0.92). There were no significant between-group differences in the risk of moderate

or severe neurodevelopmental impairment, visual or hearing impairment, and disability in
renal, gastrointestinal, or respiratory function.

Subgroup and sensitivity analyses

Subgroup analyses of the effect of vaginal progesterone on primary outcomes are depicted

in Table 3. Pooled treatment effect estimates from small studies showed that vaginal
progesterone significantly reduced the risk of preterm birth <37 weeks of gestation (RR,
0.43; 95% Cl, 0.33-0.55; £ = 0%; 7 trials, 678 women) and <34 weeks of gestation (RR,
0.27; 95% Cl, 0.15-0.49; £ = 0%; 6 trials, 588 women). By contrast, pooled treatment effect
estimates from large studies showed little or no difference between the vaginal progesterone
and placebo/no treatment groups in the risk of preterm birth <37 weeks of gestation (RR,
0.98; 95% ClI, 0.88-1.09; 2 = 0%; 3 trials, 2298 women) and <34 weeks of gestation (RR,
0.94; 95% Cl, 0.78-1.13; £ = 0%; 3 trials, 2298 women). Of note, the RRs and 95% Cls of
the 3 large studies for preterm birth <37 weeks of gestation were very similar to each other
(Figure 2). Interaction Pvalues <0.0001 for subgroup differences indicated that the effect of
vaginal progesterone significantly differed between small and large studies. For the outcome
of NICU admission, we undertook a post-hoc subgroup analysis according to sample size
and the results were similar to the previous ones: vaginal progesterone significantly reduced
the risk of NICU admission in the subgroup of small studies (RR, 0.30; 95% CI, 0.18-0.51;
P = 0%; 4 trials, 402 women), whereas in the subgroup of large studies it had no effect

(RR, 0.87; 95% ClI, 0.69-1.09; /2 = 0%; 2 trials, 1377 women) with an interaction Pvalue of
0.0003.
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Other subgroup analyses showed that vaginal progesterone significantly decreased the

risk of preterm birth <37 and <34 weeks of gestation in studies conducted in low/middle-
income countries, single-center studies, and unregistered studies, whereas its administration
had no effect in studies conducted in high-income countries and both low/middle- and
high-income countries, multicenter trials, and registered studies (all interaction P values
<0.0003). Treatment effect estimates were significantly greater in studies for which vaginal
progesterone administration was initiated at or after 24 weeks of gestation than in those for
which it was initiated before 24 weeks of gestation (interaction P values <0.01). There was
no evidence of a different effect related to daily dose of vaginal progesterone (interaction P
values >0.50).

Sensitivity analyses restricted to the 4 trials at overall low risk of bias?3:76:79.80 showed that
vaginal progesterone did not reduce the risk of preterm birth <37 weeks of gestation (RR,
0.96; 95% Cl, 0.84-1.09; £ = 31%) and <34 weeks of gestation (RR, 0.90; 95% CI, 0.71-
1.15; 2 = 34%). A similar post-hoc sensitivity analysis showed that vaginal progesterone did
not significantly decrease the risk of NICU admission (RR, 0.77; 95% Cl, 0.53-1.14; /2 =
54%).

Small-study effects and publication bias

There was a strong suggestion of small-study effects because the treatment effect estimates
in fixed-effect meta-analyses were noticeably smaller than those in random-effects meta-
analyses (Figures 2 and 3). Small-study effects were confirmed after visual inspection

of the funnel plot for the outcome preterm birth of <37 weeks of gestation showing
pronounced asymmetry (Figure 4A), which was statistically significant according to the
Egger’s and Harbord’s tests (£ <0.0001 for both). The contour-enhanced funnel plot (Figure
4B) indicates that missing studies would be on the right-hand side of the plot in areas of
high statistical significance, which suggests that publication bias is a less likely cause of
the funnel asymmetry. After applying the Trim and Fill method to adjust for small-study
effects, the overall effect of vaginal progesterone on preterm birth <37 weeks of gestation
was considerably reduced and turned into a non-statistically significant result (pooled RR
from random-effects model, 0.86; 95% CI, 0.68-1.10; pooled RR from fixed-effect model,
0.94; 95% Cl, 0.86-1.03).

Although the meta-analysis of the effect of vaginal progesterone on preterm birth <34
weeks of gestation did not include the recommended minimal number of 10 studies but
rather 9, we assessed the presence of small-study effects and publication bias in this meta-
analysis. Small-study effects were also detected by visual and statistically significant funnel
plot asymmetry (Supplemental Figure 2). The adjustment for small-study effects by the
Trim and Fill method resulted in a markedly reduced and non-significant effect of vaginal
progesterone on preterm birth <34 weeks of gestation (pooled RR from random-effects
model, 0.92; 95% ClI, 0.60-1.42; pooled RR from fixed-effect model, 0.94; 95% CI, 0.79-
1.11).
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Quiality of evidence based on GRADE

The assessment of the quality of evidence for primary and secondary outcomes is shown
in Table 4. Evidence was judged to be of “very low quality” for the primary outcomes of
preterm birth <37 and <34 weeks of gestation. We downgraded the quality of evidence 2
levels for very serious inconsistency because of considerable or substantial heterogeneity,
probably a result of small-study effects, and 1 level for serious risk of bias in more than
one-half of studies contributing to these outcomes. The quality of evidence was considered
either as low or as very low for 18 secondary outcomes, moderate for 6, and high for 2.
Most secondary outcomes were downgraded for serious or very serious imprecision and/or
inconsistency. Considering that the quality of evidence for outcomes critical in decision
making, such as preterm birth <37 and <34 weeks of gestation and RDS, was very low, we
considered that the overall quality of evidence was very low.

COMMENT

Principal findings

First, 2 meta-analyses that included data from all trials showed that the administration of
vaginal progesterone to asymptomatic women with a singleton gestation and a history of
spontaneous preterm birth significantly reduced the risk of preterm birth <37 and <34 weeks
of gestation. However, evidence was highly conflicting because vaginal progesterone was
associated with a large decrease in the risk of both outcomes in small studies, whereas

in large studies, it had no effect. The quality of the body of evidence for both outcomes

was very low, which means that the true effect is probably markedly different from the
estimated effect. Second, low-quality evidence from 1 meta-analysis indicated that neonates
of mothers who received vaginal progesterone had a significantly lower risk of NICU
admission. There was no evidence for a beneficial effect on the other adverse perinatal
outcomes evaluated. Third, there was clear evidence of substantial small-study effects in the
meta-analyses of the primary outcomes of preterm birth <37 and <34 weeks of gestation.
Fourth, treatment effect estimates of vaginal progesterone on preterm birth <37 and <34
weeks of gestation and on NICU admission were substantially reduced and changed to
non-statistically significant after performing sensitivity analyses restricted to studies at
overall low risk of bias. The treatment effect estimates were also considerably reduced

and turned into non-statistical significance after meta-analyses were adjusted for small-study
effects. Five, the 95% prediction intervals for the meta-analyses of the effect of vaginal
progesterone on preterm birth <37 and <34 weeks of gestation and NICU admission
contained values =1, which indicates that vaginal progesterone could have no effect or

even an effect in the opposite direction in some patient populations or in a new study.

Six, evidence from 2 studies showed that, at 2 years of age, there were no significant
differences in neurodevelopmental and health outcomes between children exposed prenatally
to vaginal progesterone and those exposed to placebo. Finally, there were no significant
differences in the frequency of adverse maternal outcomes between the vaginal progesterone
and placebo/no treatment groups.
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Methodological issues

There was substantial between-trial heterogeneity (/2 =66%) in the 3 meta-analyses that
showed a significant beneficial effect of vaginal progesterone administration, which affects
the extent to which generalizable conclusions can be made. We explored the reasons for
heterogeneity among results of studies through subgroup analyses and identified plausible
explanations. Subgroup analyses showed that the intervention effects significantly differed
between small and large studies. Indeed, the beneficial effects of vaginal progesterone
substantially increased in the meta-analyses of small studies, but they disappeared in the
meta-analyses restricted to large studies. All small studies were conducted at a single center
in low/middle-income countries, and most were not registered. All these characteristics
were individually associated with significantly larger treatment effect estimates of vaginal
progesterone in the subgroup analyses. These findings are in accordance with previous
evidence from meta-epidemiological studies showing that small trials and single-center trials
reported larger beneficial effects of treatment than the large trials and multicenter trials,
respectively.83-91 Interestingly, in 1 of these studies,3 a dose-effect relationship was found:
the smaller the trial size, the larger the difference in treatment effect estimates. Moreover,
there is some evidence indicating that treatment effect estimates are significantly larger in
unregistered than in registered trials, in trials conducted in less developed than in more
developed countries, and in trials that deviated from the intention-to-treat analysis than in
trials that reported the standard approach.92-94

Small-study effects, defined as the tendency of small trials to report larger benefits of
treatment than large trials do, is a well-known critical and challenging issue that may
threaten the validity of the results of a meta-analysis.9® Erroneous conclusions can arise
from a meta-analysis if small-study effects are not properly accounted for. We found clear
evidence of small-study effects in the meta-analyses of the effect of vaginal progesterone
on preterm birth <37 and <34 weeks of gestation. Small-study effects may be a result of
publication bias, true clinical heterogeneity, or low-quality studies reporting inflated effect
sizes.>* Contour-enhanced funnel plots suggested that small-study effects were more likely
to be due to factors other than publication bias. Clinical heterogeneity of patients when small
studies focus on high-risk patients for whom the treatment might be more effective also
does not appear to be a plausible explanation for small-study effects in our meta-analysis
because the frequencies of preterm birth <37 and <34 weeks of gestation in the placebo/no
treatment groups were comparable between the small and large trials (40.5% vs 37.0% for
preterm birth <37 weeks and 17.9% vs 16.8% for preterm birth <34 weeks). Differences

in compliance and daily dose of vaginal progesterone used between the small and large
trials also did not appear to explain small-study effects. Another reason that may explain
small-study effects is the lower methodological quality leading to spuriously inflated effects
in smaller studies. There is strong evidence indicating that trials at high or unclear risk

of bias, mainly those arising from the randomization process and those due to deviations
from the intended interventions, are significantly associated with exaggerated beneficial
intervention effect estimates and increases in between-trial heterogeneity as compared to
trials at low risk of bias.87:96-103 |n our systematic review, 6 of 7 small trials were judged to
be at overall high risk of bias (N=4) or some concerns of bias (N=2).
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In summary, we believed that small-study effects in the meta-analyses of the effect of
vaginal progesterone on preterm birth <37 and <34 weeks of gestation are mainly explained
by the poor methodological quality of most small trials. Regardless of whether publication
bias or lower methodological quality of small trials or a combination of both are the

main cause of small-study effects, they have the same effect on meta-analyses: lead to an
exaggeration of the pooled treatment effect. It has been claimed that in the presence of
small-study effects restriction of analyses to high-quality, large trials might provide more
valid estimates than overall analyses of trials.3 The Cochrane Handbook for Systematic
Reviews of Interventions recommends restricting the primary analysis to studies judged

to be at overall low risk of bias®®:%6 or considering reporting the results of meta-analyses
restricted to the larger, more rigorous studies.>

Comparison with existing literature

In 2021, the EPPPIC group published an IPD meta-analysis that assessed the efficacy

of progestogens (vaginal progesterone, 17a-hydroxyprogesterone caproate [17-OHPC],

and oral progesterone) to prevent preterm birth in asymptomatic high-risk women and
reported that vaginal progesterone was associated with a significant reduction in the risk of
preterm birth <34 weeks of gestation in singleton pregnancies.*2 There were no significant
differences between the vaginal progesterone and placebo/no treatment groups in the risk of
the remaining primary outcomes (preterm birth <37 and <28 weeks of gestation, perinatal
death, serious neonatal complications, and maternal complications). The main shortcoming
of this IPD meta-analysis was that it grouped together women with a history of spontaneous
preterm birth, short cervix, congenital uterine anomalies, uterine leiomyomas, pregnancy
after assisted reproductive technologies, or a positive fetal fibronectin test combined with
other clinical risk factors into a single category. This limitation was highlighted by the U.S.
Food and Drug Administration’s (FDA) Center for Drug Evaluation and Research (CDER)
after the publication of this study as follows: “The EPPPIC meta-analysis grouped together
HPC [hydroxyprogesterone caproate] trials of patients with differences in their risk profiles,
including combining women with a prior PTB [preterm birth] and those without a prior PTB
[preterm birth], and women with and without a short cervix. Because of this grouping, the
meta-analysis does not provide relevant information regarding Makena’s effectiveness for
its approved use”.194 The same applies for the use of vaginal progesterone in women with

a history of spontaneous preterm birth. Importantly, this IPD meta-analysis did not address
small-study effects nor did it perform sensitivity analyses according to risk of bias despite
the fact that 3 included trials’478.105 that compared vaginal progesterone vs placebo/no
treatment were judged to be at high risk of bias in at least one domain.

Recently, a network meta-analysis compared the efficacy of several interventions to prevent
preterm birth in high-risk women with a singleton gestation and reported that vaginal
progesterone appeared to be the most effective in decreasing the risk of preterm birth.106
Unfortunately, this study also inappropriately combined patients with several risk factors for
preterm birth (history of spontaneous preterm birth, midtrimester loss, cervical insufficiency
due to cervical surgery, uterine anomalies, and short cervix) into a single group. This
limitation seriously threatens the reliability and validity of this network meta-analysis, which
requires that the different sets of randomized controlled trials are similar, on average, in
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all important factors other than the intervention comparison being made.197 Moreover, this
study included a quasi-randomized trial,88 which was excluded from our meta-analysis, and
did not assess small-study effects.

There are several reasons why meta-analyses evaluating the efficacy of any proposed
intervention to prevent preterm birth in high-risk populations should not group women

with different risk factors into a single category: (1) preterm birth is a complex syndrome
caused by multiple etiological factors with different mechanisms of disease and significant
individual heterogeneity.15-22 This is the rationale for assessing separately the proposed
interventions to prevent preterm birth in multiple gestations; (2) the groups of patients

with a sonographic short cervix and those with a history of spontaneous preterm birth do
not overlap in clinical practice. In the IPD meta-analysis by Romero et al,198 only 29%

of women with a short cervix (cervical length <25 mm) had a history of spontaneous
preterm birth, whereas in the trial by O’Brien et al’3 only 5.1% of women with a history of
spontaneous preterm birth had a short cervix (cervical length <25 mm). In the PROLONG
trial, 199 which assessed 17-OHPC to prevent recurrent preterm birth, only 1.4% of women
with a history of spontaneous preterm birth had a short cervix (cervical length <25 mm); and
(3) the risks for preterm birth and adverse perinatal outcomes substantially differ between
patients with a short cervix and those with a history of spontaneous preterm birth. For
example, in the IPD meta-analysis by Romero et al108 the frequencies of preterm birth <34
weeks of gestation and perinatal death among women with a midtrimester sonographic short
cervix in the placebo group were 26.5% and 4.8%, respectively, in comparison to 17.0%
and 3.0%, respectively, among women with a history of spontaneous preterm birth in the
placebo/no treatment group of our current meta-analysis.

Strengths and limitations

The major strengths of this study are the rigorous methodology used in its conduct and

the strict adherence to the updated Cochrane’s guidelines.*3 Taken together, they comprise
the inclusion of a larger number of studies assessing vaginal progesterone vs placebo/no
treatment in women with a history of spontaneous preterm birth (N=10) in comparison to
those included in the EPPPIC meta-analysis®? (N=5); the risk of bias assessment that was
based on the Cochrane RoB 2 tool;*> the thorough investigation of sources of heterogeneity
and causes of small-study effects; the calculation of 95% prediction intervals and adjusted
treatment effect estimates for small-study effects; and the careful assessment of quality of
evidence, among others.

Our study has some limitations: (1) various trials, mainly the small ones, did not report
results for several adverse maternal and perinatal outcomes that were assessed in our
systematic review, which could lead to changes in the results of some meta-analyses;

(2) given a lack of data, we were unable to perform the prespecified subgroup analyses
according to the number of previous spontaneous preterm births and the gestational age

of previous spontaneous preterm birth; (3) the studies by Da Fonseca et al’2 and Akbhari
et al,”® which also included women with uterine malformations, cervical insufficiency,

and previous cerclage, did not report results separately for the women with a history of
spontaneous preterm birth. However, participants with these risk factors accounted for only
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6% of the total number of women who were recruited in these trials; (4) only 2 trials
reported data on the long-term effects of prenatal exposure to vaginal progesterone; and (5)
some authors have suggested that the Trim and Fill method does not perform well when the
between-study heterogeneity is large.110.111 Hence, the adjusted estimates for small-study
effects should be taken with some caution.

Conclusions and implications

After examining the conflicting results between small and large trials on the efficacy of
vaginal progesterone to prevent recurrent preterm birth in women with a singleton gestation
and a history of spontaneous preterm birth, we concluded that there is no convincing
evidence supporting its use in these patients. Evidence strongly suggests that the claimed
beneficial effects of vaginal progesterone are attributable to methodological limitations in
most of the included small trials. Our results do not support the ACOG current guideline’s*!
recommendation of offering vaginal progesterone to patients with a singleton gestation

and a history of spontaneous preterm birth. On the other hand, the FDA’s comprehensive
analysis!12 of the PROLONG triall09 also does not support ACOG’s*! and SMFM’s113
recommendation to offer 17-OHPC to these patients because this intervention did not
demonstrate a statistically significant treatment benefit vs. placebo on preterm birth <37,
<35 and <32 weeks of gestation, and a neonatal morbidity composite index. In addition, the
FDA’s analysis!12 did not find relevant differences in the treatment effect when analyzed
by race (Black vs non-Black), region (US vs non-US), history of spontaneous preterm

birth (1 previous spontaneous preterm birth vs >1 previous spontaneous preterm birth),

and “composite” risk level (no risk factor vs > 1 risk factor vs = 2 risk factors). Findings
from our study along with those from the FDA’s analysis'2f and recent observational
studies!14-118 suggest that ACOG’s and SMFM’s guidelines#1:113 should be revised.

Previously, we reported that vaginal progesterone administered to women with a singleton
gestation and a midtrimester sonographic short cervix significantly reduces the risk of
preterm birth and improves perinatal outcomes.1%8 The beneficial effects of vaginal
progesterone were demonstrated in women with or without a history of spontaneous preterm
birth.108.119.120 |n symmary, vaginal progesterone should be offered to patients with a
singleton gestation and a history of spontaneous preterm birth only if they are diagnosed
with a sonographic short cervix (cervical length <25 mm) in the midtrimester.
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Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance

Why was the study conducted?

Some professional organizations recommend offering vaginal progesterone to women
with a singleton gestation and a history of spontaneous preterm birth despite conflicting
evidence about its efficacy.

Key findings

Meta-analyses including data from 10 trials showed that vaginal progesterone reduced the
risk of preterm birth <37 and <34 weeks of gestation and admission to the neonatal
intensive care unit. However, subgroup analyses revealed that this intervention was
beneficial only in small (N=7), but not in large (N=3), trials. Sensitivity analyses
restricted to studies at low risk of bias and adjustment for small-study effects both
resulted in a markedly reduced and non-significant effect of vaginal progesterone on
preterm birth <37 and <34 weeks of gestation.

What does this study add to what is known?

There is no convincing evidence supporting the use of vaginal progesterone to prevent
recurrent preterm birth in singleton gestations with a history of spontaneous preterm
birth.
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Risk of bias for each included study
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95% Prediction interval

Vaginal Placebo/no
Relative risk progesterone treatment Weight Weight Relative risk

Study 95% Cl n/IN n/N (random, %) (fixed, %) (95% Cl)

Da Fonseca 2003 —a— 10/72 20/70 7.5% 3.6% 0.49 (0.25 - 0.96)
O'Brien 2007 —.— 135/309 132/302 16.2% 23.7% 1.00 (0.83 - 1.20)
Majhi 2009 L 6/50 19/50 5.9% 3.4% 0.32 (0.14 - 0.72)
Akbari 2009 = 8/69 23/72 6.9% 4.0% 0.36 (0.17 - 0.76)
Cetingoz 2011 — 9/37 17/34 7.8% 3.1% 0.49 (0.25 - 0.94)
Modi 2014 L ) 6/41 14/40 5.7% 2.5% 0.42 (0.18 - 0.98)
Azargoon 2016 —— 10/28 19/25 9.5% 3.6% 0.47 (0.27 - 0.81)
Norman 2016 152/457 153/455 16.1% 27.2% 0.99 (0.82 - 1.19)
Crowther 2017 134/390 138/385 16.0% 24.6% 0.96 (0.79 - 1.16)
Abdou 2018 — e 10/45 24/45 8.5% 4.3% 0.42 (0.23 - 0.77)
Pooled (Random-effects model) + 480/1498 559/1478 100.0% 0.64 (0.50 - 0.81)
Pooled (Fixed-effect model) ‘ 100.0% 0.85 (0.77 - 0.93)

Test for heterogeneity: F= 75%
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Favors vaginal Favors placebo/
progesterone no treatment

Figure 2:

Effect of vaginal progesterone on preterm birth <37 weeks of gestation
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95% Prediction interval

Test for heterogeneity: F= 66%

Vaginal Placebo/no
Relative risk progesterone treatment Weight Weight Relative risk

Study 95% CI niN niN (random, %) (fixed, %) (95% CI)

Da Fonseca 2003 = 2/72 13170 5.7% 5.4% 0.15 (0.04 - 0.64)
O'Brien 2007 —.— 49/309 54/302 21.9% 22.2% 0.89 (0.62 - 1.26)
Majhi 2009 = 2/50 3/50 4.2% 1.2% 0.67 (0.12 - 3.82)
Akbari 2009 L 2/69 16/72 5.8% 6.4% 0.13 (0.03 - 0.55)
Cetingoz 2011 L 2/37 9/34 5.7% 3.8% 0.20 (0.05 - 0.88)
Modi 2014 0/41 0/40 0.0% 0.0% Not estimable
Azargoon 2016 B e e 5/28 11/25 10.9% 4.7% 0.41(0.16 — 1.01)
Norman 2016 70/457 761455 23.1% 31.0% 0.92 (0.68 - 1.23)
Crowther 2017 1 64/390 62/385 22.6% 25.4% 1.02(0.74 - 1.40)
Pooled (Random-effects model) + 196/1453 244/1433 100.0% 0.62(0.42-0.92)
Pooled (Fixed-effect model) ’ 100.0% 0.79 (0.67 - 0.94)

(0.23 - 1.68)
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Figure 3:

Effect of vaginal progesterone on preterm birth <34 weeks of gestation
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