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Abstract

OBJECTIVE—To determine whether the use of vaginal progesterone in asymptomatic women
with a sonographic short cervix in the mid-trimester reduces the risk of preterm birth and improves
neonatal morbidity and mortality.

STUDY DESIGN—Individual patient data meta-analysis of randomized controlled trials.

RESULTS—Five trials of high quality were included with a total of 775 women and 827 infants.
Treatment with vaginal progesterone was associated with a significant reduction in the rate of
preterm birth <33 weeks (RR 0.58, 95% CI 0.42-0.80), <35 weeks (RR 0.69, 95% CI 0.55-0.88)
and <28 weeks (RR 0.50, 95% CI 0.30-0.81), respiratory distress syndrome (RR 0.48, 95% CI
0.30-0.76), composite neonatal morbidity and mortality (RR 0.57, 95% CI 0.40-0.81), birth
weight <1500 g (RR 0.55, 95% CI 0.38-0.80), admission to NICU (RR 0.75, 95% CI 0.59-0.94),
and requirement for mechanical ventilation (RR 0.66, 95% CI 0.44-0.98). There were no
significant differences between the vaginal progesterone and placebo groups in the rate of adverse
maternal events or congenital anomalies.

CONCLUSION—YVaginal progesterone administration to asymptomatic women with a
sonographic short cervix reduces the risk of preterm birth and neonatal morbidity and mortality.

Keywords

prematurity; uterine cervix; transvaginal ultrasound; respiratory distress syndrome; admission to
neonatal intensive care unit; mechanical ventilation; birth weight <1500 g; preterm birth;
progestin; 170HP-C; 170HP; 17-alpha hydroxyprogesterone caproate

INTRODUCTION

Preterm birth is the leading cause of perinatal morbidity and mortality worldwide! and
contributes to approximately 70% of neonatal mortality and approximately half of long-term
neurodevelopmental disabilities.? A recent systematic review has estimated that 12.9 million
births, or 9.6% of all births worldwide, were preterm, of which approximately 11.9 million
(92.3%) were in Africa, Asia, Latin America and the Caribbean.3 During the last 25 years,
the preterm birth rate in the United States increased 36%, from 9.4% in 1981 to 12.8% in
2006.4 This increase has been attributed to a higher frequency of “indicated” preterm births
in singleton gestations and preterm delivery in multiple gestations resulting, in part, from the
use of assisted reproductive technologies.>15

Spontaneous preterm labor/delivery is considered to be one of the “great obstetrical
syndromes”,16: 17 a term which emphasizes that obstetrical disorders with a similar
phenotype are caused by multiple pathologic processes,® have a long subclinical phase and
may result from complex gene-environment interactions.19-22

Progesterone is considered a key hormone for pregnancy maintenance, and a decline of
progesterone action is implicated in the onset of parturition.23-26 |f such decline occurs in
the midtrimester, cervical shortening may occur, and this would predispose to preterm
delivery. Therefore, an untimely decline in progesterone action has been proposed as a
mechanism of disease in the “preterm parturition syndrome”.2’
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A blockade of progesterone action can lead to the clinical, biochemical and morphologic
changes associated with cervical ripening.28-7778-101 A short cervix detected with
ultrasound is a powerful predictor of preterm birth in women with singleton and twin
gestations.2”: 102-109 The shorter the sonographic cervical length, the higher the risk of
spontaneous preterm birth,102-105,110-123

Administration of vaginal progesterone was proposed for the prevention of preterm birth in
women with a sonographic short cervix in the mid-trimester based on its biologic effects on
the cervix, myometrium, and chorioamniotic membranes.124-130 |n 2007, Fonseca et al., on
behalf of the Fetal Medicine Foundation of the United Kingdom, reported that the
administration of vaginal progesterone in women with a cervical length <15 mm was
associated with a significant 44% reduction in the rate of spontaneous preterm birth before
34 weeks of gestation.131 Similar findings were reported by DeFranco et al. in a secondary
analysis of a randomized clinical trial of vaginal progesterone in women with a prior history
of preterm birth in which the cervix was measured.132 Hassan et al.133 reported the largest
randomized clinical trial to date, indicating that vaginal progesterone, when administered to
women with a cervical length of 10-20 mm, reduces the rate of preterm birth at < 33 weeks,
<28 weeks, and <35 weeks, and this was associated with a significant 61% reduction in the
rate of respiratory distress syndrome (RDS)133, Since the publication of the trial of Hassan
et al., several trials evaluating vaginal progesterone in women at high risk of spontaneous
preterm birth,134-136 including a subset of women with a short cervix, have been published.

Individual patient data (IPD) meta-analysis is a specific type of systematic review in which
the original research data for each participant in a study are sought directly from the
investigators responsible for that trialt37. Such an approach has been considered the gold
standard for summarizing evidence across clinical studies since it offers several advantages,
both statistically and clinically, over conventional meta-analyses, which are based on
published aggregate data.138 These advantages include standardization and updating of
datasets, the ability to verify the quality of the data and the appropriateness of the analyses,
the improvement of consistency across trials (e.g., definition of outcomes), the performance
of subgroup analyses which could effectively identify groups of patients who might benefit
from an intervention, the investigation of interaction between patient-level covariates and
treatment effects, and the performance of time-to-event analyses.13%-141

Using IPD from randomized controlled trials, we performed a meta-analysis to evaluate the
efficacy and safety of vaginal progesterone for the prevention of preterm birth and neonatal
morbidity and mortality in asymptomatic women with a sonographic short cervix in the mid-
trimester. We also sought to determine whether there were clinical benefits associated with
the administration of vaginal progesterone in singleton and twin pregnancies as well as in
other patient subgroups.

MATERIALS AND METHODS

The study was conducted based on a prospectively prepared protocol, and is reported using
the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines for meta-analysis of randomized controlled trials'42 and suggested guidelines for
IPD meta-analysis.141

Literature search

We searched MEDLINE, EMBASE, CINAHL, and LILACS (all from inception to
September 30, 2011), the Cochrane Central Register of Controlled Trials
(http://lwww.mrw.interscience.wiley.com/cochrane/cochrane_clcentral_articles_fs.html)
(1960 to September 30, 2011), I1SI Web of Science (http://www.isiknowledge.com) (1960 to
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September 30, 2011), Research Registers of ongoing trials (www.clinicaltrials.gov,
www.controlled-trials.com, www.centerwatch.com, www.anzctr.org.au,
http://www.nihr.ac.uk, and www.umin.ac.jp/ctr), and Google scholar using a combination of
keywords and text words related to progesterone (“progesterone”, “progestins”,
“progestogen”, “progestagen”, “progestational agent™) and preterm birth (“preterm”,
“premature”). Proceedings of the Society for Maternal-Fetal Medicine and international
meetings on preterm birth, reference lists of identified studies, textbooks, previously
published systematic reviews, and review articles were also searched. Experts in the field

were contacted to identify further studies. No language restriction was used.

Study selection

We included randomized controlled trials in which asymptomatic women with a
sonographic short cervix (cervical length of 25 mm or less) in the midtrimester were
randomly allocated to receive vaginal progesterone or placebo/no treatment for the
prevention of preterm birth. Trials were included if the primary aim of the study was to
prevent preterm birth in women with a short cervix, or if the primary aim was to prevent
preterm birth in women with risk factors other than a short cervix, but outcomes were
available for patients with a pre-randomization cervical length of 25 mm or less. Trials were
excluded if: (1) they were quasi-randomized; (2) they evaluated vaginal progesterone in
women with actual or threatened preterm labor, second trimester bleeding or premature
rupture of membranes; (3) they evaluated the administration of vaginal progesterone in the
first trimester only to prevent miscarriage; or (4) they did not report clinical outcomes.
Although there is no agreement on what is a sonographic short cervix, we chose 25 mm as
the cutoff because such value corresponds approximately to the 10th percentile for cervical
length at mid gestation.193 In addition, this value is the most commonly used in studies
evaluating the predictive accuracy of cervical length for preterm birth,107. 143

Two investigators (R.R. and A.C-A.) independently reviewed all potentially relevant articles
for eligibility. Disagreements regarding trial eligibility were resolved by consensus.

Data collection

We contacted corresponding authors to request access to the data. Authors were asked to
supply anonymized data (without identifiers) about patient baseline characteristics,
experimental intervention, control intervention, co-interventions, and prespecified outcome
measures for every randomly assigned subject and were invited to become part of the
collaborative group with joint authorship of the final publication. Data provided by the
investigators were merged into a master database specifically constructed for the review.
Data were checked for missing information, errors, and inconsistencies by cross-referencing
the publications of the original trials. Quality and integrity of the randomization processes
were assessed by reviewing the chronological randomization sequence and pattern of
assignment, as well as the balance of baseline characteristics across treatment groups.
Inconsistencies or missing data were discussed with the authors and corrections were made
when deemed necessary.

Outcome measures

We chose primary and secondary outcomes to be most representative of the clinically
important measures of effectiveness for the infants. The prespecified primary outcome
measure was preterm birth before 33 weeks of gestation. Secondary outcome measures
included preterm birth before 37, 36, 35, 34, 30 and 28 weeks of gestation, spontaneous
preterm birth before 33 and 34 weeks of gestation, RDS, necrotizing enterocolitis,
intraventricular hemorrhage (all grades), proven neonatal sepsis, retinopathy of prematurity,
bronchopulmonary dysplasia, periventricular leukomalacia, fetal death, neonatal death,
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perinatal mortality, a composite neonatal morbidity and mortality outcome (defined as the
occurrence of any of the following events: respiratory distress syndrome, intraventricular
hemorrhage, necrotizing enterocolitis, proven neonatal sepsis, or neonatal death), Apgar
score <7 at 5 minutes, birth weight <1500 g and <2500 g, admission to the neonatal
intensive care unit (NICU), use of mechanical ventilation, congenital anomaly, any maternal
adverse event, vaginal discharge, vaginal pruritus, discontinuation of treatment because of
adverse events, threatened preterm labor, and neurodevelopmental disability at 18-24

months of age. Neonatal morbidities were defined as in the original
studly. 131, 133, 134,136, 144

Assessment of risk of bias

We assessed the risk of bias using the criteria recently outlined in the Cochrane Handbook
for Systematic Reviews of Interventions.137 Seven domains related to risk of bias were
assessed in each included trial since there is evidence that these issues are associated with
biased estimates of treatment effect: 1) random sequence generation; 2) allocation
concealment; 3) blinding of participants and personnel; 4) blinding of outcome assessment;
5) incomplete outcome data; 6) selective reporting; and 7) other bias. Review authors’
judgments were categorized as “low risk” of bias, “high risk” of bias or “unclear risk” of
bias. The assessments considered the risk of materialbias rather than any bias. “Material
bias” is defined as a bias of sufficient magnitude to have a notable impact on the results or
conclusions of the trial. The risk of bias in each trial included was assessed individually by
two reviewers (R.R. and A.C-A). In addition, methods of random sequence generation,
allocation concealment, and blinding were confirmed with corresponding authors of the
trials. Any differences of opinion regarding assessment of risk of bias were resolved by
discussion.

Statistical analysis

Statistical analyses were based on an intent-to-treat basis and included all randomized
women and their fetuses/infants. For baseline data, maternal outcomes, and gestational age
at birth-related outcomes, the unit of analysis was the pregnancy whereas for neonatal
outcomes, the unit of analysis was the neonate. To assess safety of vaginal progesterone, all
patients exposed to progesterone were included. This included all studies and patients, even
those in which the cervical length was not measured. Individual patient data were combined
in a two stage approach in which outcomes were analyzed in their original trial and then
summary statistics combined using standard summary data meta-analysis techniques to give
an overall measure of effect (summary relative risk [RR] with 95% confidence interval
[C1]).145 Heterogeneity of the results among studies was tested with the quantity /2, which
describes the percentage of total variation across studies that is due to heterogeneity rather
than chance.146 A value of 0% indicates no observed heterogeneity, whereas /2 values of
50% or more indicate a substantial level of heterogeneity.146 We planned to use a fixed-
effects model if substantial statistical heterogeneity was not present. Random-effects models
were also used to test the robustness of results. The number needed to treat (NNT) for
benefit or harm with their 95% ClIs were calculated for outcomes for which there was a
statistically significant reduction or increase in risk difference based on control event rates in
the included trials.1#” Publication and related biases were assessed visually by examining
the symmetry of funnel plots and statistically by using the Egger test.148 A p-value <0.1 was
considered to indicate significant asymmetry.

Access to data from individual patients also allowed the performance of subgroup analyses
to examine whether the administration of vaginal progesterone was more effective in some
subgroups than in others. Specifically, we assessed the effects of vaginal progesterone in

singleton and twin gestations separately. Also, to explore treatment effects by other patient
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characteristics, subgroup analyses were prespecified on the basis of cervical length (<10,
10-20, and 21-25 mm), obstetric history (no previous spontaneous preterm birth and at least
one previous spontaneous preterm birth before 37 weeks), maternal age (<20, 20-34, and
>35 years), race/ethnicity (Caucasian, Black, Asian, and Other), and body mass index
(<18.5, 18.5-24.9, 25.0-29.9, =30 kg/m?). To explore effects by trial characteristics,
prespecified subgroup analyses were planned by daily dose of vaginal progesterone (90-100
vs 200 mg). Definitions and subgroup analyses were designed before any data were obtained
or analyzed. Treatment effects in these subgroups were assessed by simple logistic
regression models (which included a subgroup-allocated treatment interaction term), with
adjustment for between-trial outcome differences. Adjustment for predictive baseline
characteristics, even when largely balanced, can lead to different estimates of the treatment
effect.149 Therefore, more extensive multivariable logistic regression models were employed
to estimate adjusted treatment effects. In twin pregnancy subgroup there is a potential for
non-independent data to influence the analysis. Thus, for adverse perinatal outcomes in
twins, we used not only analytical methods assuming independence between babies but also
methods recommended for analysis of cluster randomized trials which adjust the analyses to
take account of non-independence of babies from twin gestations.137- 150 We planned
sensitivity analyses to test the robustness of the results by excluding trials with any risk of
bias and including only studies whose primary aim was to assess the effects of vaginal
progesterone in women with a short cervix. Subgroup and sensitivity analyses were only
performed for the primary outcome “preterm birth before 33 weeks of gestation” and for the
secondary outcome “composite of significant neonatal morbidity and mortality”. Analyses
were performed with the Review Manager (RevMan) version 5.1 (The Nordic Cochrane
Centre, Denmark), and SAS version 9.2 (SAS Institute, Cary, USA) software.

Informed consent was provided by the patients upon enrollment in the each of the original
trials. In this study, the data were not used for any other purpose other than those of the
original trial, and no new data were collected. Therefore, informed consent specifically for
this project was not considered necessary. This study was exempted for review by the
Human Investigations Committee of Wayne State University. No patient identifiers were
provided by any investigator.

Study selection, details, and quality

The searches yielded 2,611 citations, of which 10 were considered for potential inclusion
(Figure 1). Five studies were excluded.125 151-154 Three of these studies evaluated vaginal
progesterone in women at high risk for preterm birth (previous preterm birth, 125 152 yterine
malformation,12° cervical insufficiency!25 and twins%3) but none of them measured or
collected data on cervical length. Two of these studies2% 152 reported that prophylactic
administration of vaginal progesterone reduced the risk of preterm birth in women with a
previous preterm birth whereas the study by Norman et al. found that vaginal progesterone
did not reduce the risk of the composite outcome delivery or fetal death before 34 weeks of
gestation in women with twin gestation. The two remaining studies evaluated vaginal
progesterone as an adjunct tocolytic therapy after threatened preterm labor.151. 154 Five
studies, which provided data for 775 women (723 [93.3%] with singleton pregnancies and
52 [6.7%] with twin pregnancies) and 827 fetuses/infants (723 [87.4%] from singleton

pregnancies and 104 [12.6%] from twin pregnancies), met the inclusion
criteria, 131, 133, 134, 136, 144

The main characteristics of studies included in this IPD meta-analysis are shown in Table 1.
All studies were double-blind, placebo-controlled trials, of which four were multicentric,
conducted in several centers from both developed and developing countries. Two trials were

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 10.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

ROMERO et al.

Page 7

specifically designed to evaluate the administration of vaginal progesterone in women with a
sonographic short cervix,131: 133 one evaluated the use of vaginal progesterone in women
with a history of spontaneous preterm birth ,144 another evaluated vaginal progesterone in
women with a twin gestation,134 and the remainder evaluated the use of progesterone in
women with a prior spontaneous preterm birth, uterine malformations or twin gestation.36
Two of these studies34 144 reported data of planned secondary analyses for women with a
short cervix in additional reports.132: 135 Data from trials by O’Brien et al 144 Cetingoz et
al,136 and Rode et al'34 relevant to women with cervical length of 25 mm or less before
randomization were provided by the authors for inclusion in this review. The two

trials131: 133 gpecifically designed to evaluate the use of vaginal progesterone in women with
a short cervix screened a total of 56,711 women, of which 1146 (2.0%) had a short cervix.
Seven hundred fifteen of these women (62.4%) were randomized of which 708 with their
732 infants provided data for the meta-analysis (~90% of total sample size of the IPD meta-
analysis).

The other three studies provided data for 67 women and 95 infants. Two studies used
vaginal progesterone capsules or pessaries 200 mg/day,31: 134 two used vaginal
progesterone gel 90 mg/day,132 133 and the other used vaginal progesterone suppositories
100 mg/day.136 The treatment was initiated at 24 weeks of gestation in two trials,131. 136
between 20 and 23 weeks of gestation in two trials,133: 134 and between 18 and 22 weeks of
gestation in one trial.1#4 Three studies31: 134. 136 reported that participating women received
study medication from enrollment until 34 weeks of gestation, and twol33: 144 from
enrollment until 36 6/7 weeks of gestation. In three studies, 131 133.134 ceryical cerclage was
allowed after randomization. In the study by Cetingoz et al.136 cervical cerclage was not
performed in any women. The primary outcome was preterm birth <33 weeks of gestation
for two trials, 133 144 <34 weeks for one trial 134 <37 weeks for one trial,136 and spontaneous
preterm birth <34 weeks for the remaining study.131

All of the five studies included in this IPD meta-analysis had high methodologic quality and
were considered to be at low risk of bias (Figure 2). One study did not report the method of
random sequence generation in the manuscript but acknowledged upon request using a table
of random numbers.131 All 5 studies had adequate allocation concealment and used identical
placebo to blind patients and clinical staff to treatment allocation. There was blinding of
outcome assessment and adequate handling of incomplete outcome data in all studies. One
study did not report several secondary neonatal outcomes of interest to the present study but
they were provided to the investigators (R.R. and A.C-A) with the database and entered into
the meta-analyses.136 Overall, there was no obvious risk of other biases for the 5 trials.

Primary outcome

Treatment with vaginal progesterone in patients with a short cervix was associated with a
significant reduction in the risk of preterm birth before 33 weeks of gestation (12.4% vs
22.0%; RR 0.58, 95% CI 0.42-0.80; 2=0%; 775 women) (Figure 3). The number of patients
with a short cervix who needed to be treated with vaginal progesterone rather than with
placebo to prevent one case of preterm birth before 33 weeks of gestation was 11 (95% ClI,
8-23).

Secondary outcomes

Patients allocated to receive vaginal progesterone had a significantly lower risk of preterm
birth < 35 weeks (20.4% vs 30.5%; RR 0.69, 95% CI 0.55-0.88; 2=0%; NNT for benefit
11, 95% CI 7-27), < 34 weeks (16.0% vs 27.1%; RR 0.61, 95% CI 0.47-0.81; 2=0%; NNT
for benefit 9, 95% CI 7-19), < 30 weeks (7.5% vs 13.2%; RR 0.58, 95% CI 0.38-0.89;
P=0%; NNT for benefit 18, 95% CI 12-69), and < 28 weeks of gestation (5.4% vs 11.1%;
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RR 0.50, 95% CI 0.30-0.81; 2=0%; NNT for benefit 18, 95% CI 13-47) compared to those
who were allocated to placebo (Table 2). Moreover, vaginal progesterone administration
was associated with a significantly reduced risk of spontaneous preterm birth before 33 and
34 weeks of gestation. The reduction in the risk of preterm birth < 36 weeks of gestation was
marginally significant (RR 0.82, 95% CI 0.67-1.00). Treatment with vaginal progesterone
was associated with an overall non-significant reduction in the risk of perinatal mortality
(3.4% vs 5.3%; RR 0.63, 95% CI 0.34-1.18; 2=41%). This reduction was mainly due to a
reduction in neonatal death (1.9% vs 3.6%; RR 0.55, 95% Cl 0.26-1.19; £2=43%), rather
than fetal death (1.5% vs 1.7%; RR 0.82, 95% Cl 0.28-2.42; £=0%).

Infants whose mothers received vaginal progesterone had also a significantly lower risk of
respiratory distress syndrome (6.1% vs 12.5%; RR 0.48, 95% CI 0.30-0.76; 2=0%; NNT
for benefit 15, 95% CI 11-33), composite neonatal morbidity and mortality (9.7% vs 17.3%;
RR 0.57, 95% CI 0.40-0.81; 2=0%; NNT for benefit 13, 95% CI 10-30), birth weight
<1500 g (8.8% vs 16.5%; RR 0.55, 95% CI 0.38-0.80; 2=6%; NNT for benefit 13, 95% ClI
10-30), admission to NICU (20.7% vs 29.1%; RR 0.75, 95% CI 0.59-0.94; 2=0%; NNT for
benefit 14, 95% CI 8-57), and mechanical ventilation (8.5% vs 12.3%; RR 0.66, 95% CI
0.44-0.98; 2=0%; NNT for benefit 24, 95% CI 15-408) than infants whose mothers
received placebo.

There was no evidence of an effect of vaginal progesterone on necrotizing enterocolitis,
intraventricular hemorrhage, proven neonatal sepsis, retinopathy of prematurity,
bronchopulmonary dysplasia, periventricular leukomalacia, Apgar score less than 7 at 5
minutes, birth weight <2500 g, and threatened preterm labor.

In addition, the rates of maternal adverse effects, discontinuation of treatment because of
adverse effects, and congenital anomalies did not differ significantly between the vaginal
progesterone and the placebo groups. One study?34 reported that the mean ASQ (Ages and
Stages Questionnaire) scores (a tool that measures neurodevelopmental disability) at 18
months of age were 193+42.6 for infants in the progesterone group and 194+40.6 for infants
in the placebo group (p=0.89).

Effect of vaginal progesterone in singleton and twin gestations

Table 3 shows the effect of vaginal progesterone on the risk of adverse pregnancy and
perinatal outcome in singleton and twin gestations separately. There was no evidence that
women with singleton pregnancies benefit more or less from the use of vaginal progesterone
than women with twin pregnancies (all p for interaction >0.10).

Among singleton gestations, the administration of vaginal progesterone was associated with
a statistically significant reduction in the risk of preterm birth before 33, 35 and 28 weeks of
gestation, respiratory distress syndrome, composite neonatal morbidity and mortality, Apgar
score less than 7 at five minutes, birth weight <1500 g, and admission to the NICU. Among
twin gestations, although the administration of progesterone did not reduce significantly the
risk of preterm birth before 33 weeks of gestation (RR 0.70, 95% CI 0.34-1.44), it
significantly decreased the risk of composite neonatal morbidity and mortality (RR 0.52,
95% CI 0.29-0.93). There were no significant differences in other outcome measures among
vaginal progesterone and placebo groups. The results of the effect of vaginal progesterone
on adverse perinatal outcomes in twins from assuming independence and the cluster trial
methods were very similar, with slightly wider confidence intervals when cluster methods
was used (data not shown). Remarkably, the beneficial effect of vaginal progesterone on
composite neonatal morbidity and mortality in twins remained statistically significant (RR
0.56, 95% CI 0.30-0.97).

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 10.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

ROMERO et al.

Page 9

Importantly, vaginal progesterone was associated with a significant reduction in the risk of
preterm birth < 33 weeks of gestation in both women with a singleton gestation with no
previous preterm birth (RR 0.60, 95% CI 0.39-0.92) as well as in women with a singleton
gestation and at least one previous spontaneous preterm birth before 37 weeks of gestation
(RR 0.54, 95% CI 0.30-0.98). Moreover, vaginal progesterone decreased significantly the
risk of composite neonatal morbidity and mortality in women with a singleton gestation and
at least one previous spontaneous preterm birth before 37 weeks of gestation (RR 0.41; 95%
Cl1 0.17-0.98), and in women with a twin gestation and no previous preterm birth (RR 0.52;
95% CI 0.29-0.93).

Subgroup and sensitivity analyses

Subgroup analyses of the effect of vaginal progesterone on primary outcomes are presented
in Table 4. There was no evidence that women in any one of the prespecified subgroups
according to patient characteristics benefit more or less from the use of vaginal progesterone
than those in any other subgroup (all p for interaction >0.30). However, the use of vaginal
progesterone was associated with a statistically significant reduction in the risk of preterm
birth < 33 weeks and composite neonatal morbidity and mortality in both women with no
previous spontaneous preterm birth and women with at least one previous spontaneous
preterm birth < 37 weeks of gestation, women with a cervical length between 10 and 20 mm,
women aged 20 to 34 years, and Caucasian women.

No significant differences were noted for preterm birth before 33 weeks of gestation and
composite neonatal morbidity and mortality between subgroups based on daily dose of
progesterone. A significant decrease in the risk of preterm birth < 33 weeks of gestation and
composite neonatal morbidity and mortality was found in women that received either 90—
100 mg or 200 mg per day of vaginal progesterone.

The effect of vaginal progesterone on the risk of preterm birth < 33 weeks of gestation and
composite neonatal morbidity/mortality did not change when sensitivity analysis was limited
to the two trials31: 133 whose primary aim was to evaluate the effect of vaginal progesterone
in women with a short cervix (pooled RR 0.57, 95% CI 0.40-0.80 for preterm birth < 33
weeks and pooled RR 0.54, 95% CI 0.35-0.82 for composite neonatal morbidity/mortality).
In addition, the results of the meta-analyses did not change significantly when random-
effects models were used for preterm birth < 33 weeks (RR 0.59, 95% CI 0.43-0.81) or for
composite neonatal morbidity/mortality (RR 0.59, 95% CI 0.41-0.83). Sensitivity analyses
based on trial quality were not performed because all trials were considered at low risk of
biases. All funnel plots showed no asymmetry, either visually or in terms of statistical
significance (P>.10 for all, by Egger test).

COMMENT
Principal findings of this study

Vaginal progesterone administration to asymptomatic women with a sonographic short
cervix in the mid-trimester was associated with: 1) a 42% significant reduction in the rate of
preterm birth <33 weeks (primary outcome); 2) a significant reduction in the risk of preterm
birth <35 weeks, <34, <30 weeks and <28 weeks and a marginally significant reduction in
the rate of preterm birth <36 weeks; 3) a significant reduction in the risk of spontaneous
preterm birth <33 weeks and <34 weeks; 4) a significantly lower rate of respiratory distress
syndrome (6.1% vs 12.5% in the placebo group); 5) a 43% significant decrease in composite
neonatal morbidity and mortality; 6) a significantly lower rate of admission to NICU (20.7%
vs 29.1%) and use of mechanical ventilation (8.5% vs 12.3%); 7) a significantly lower rate
of neonates with a birthweight <1500g (8.8% vs 16.5%); 8) a non-significant difference in
the rate of maternal adverse events (13.8% vs 13.4%), discontinuation of therapy because of
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adverse events (2.6% vs 2.6%), congenital anomalies (1.5% vs 1.7%), and
neurodevelopmental disability at 18 months of age (3.8% vs 3.7%); 9) most results remained
significant when the analyses were restricted to patients with a singleton gestation; 10) in
patients with a twin gestation, there was a non-significant trend towards reduction of the rate
of preterm birth <33 weeks of gestation. However, in twins, there was a significant reduction
in the risk of composite neonatal morbidity/mortality (pooled RR, 0.52; 95% CI, 0.29-0.93);
11) importantly, the reduction in the rates of preterm birth <33 weeks of gestation and
composite neonatal morbidity and mortality was observed in both women with no previous
spontaneous preterm birth and women with a history of spontaneous preterm birth; and 12)
there was no difference in efficacy when a dose of either 90-100 mg/day or 200 mg/day of
vaginal progesterone was used.

The major effect of progesterone was to reduce the rate of early preterm birth; however, our
results indicate that a fraction of late preterm births (34 to 36 6/7 weeks) can also be
prevented with the administration of vaginal progesterone. Further studies are required to
explore the reasons for the differential effect in early versus late preterm births. One
possibility is that progesterone was stopped at 36 6/7 weeks of gestation in the largest trial,
but at 34 weeks of gestation in the trial of Fonseca et al.131 Nonetheless, the importance of
preventing early preterm birth stems from their disproportionate contribution to serious
perinatal morbidity and long-term neurodevelopmental disability.

A decrease in the rate of preterm birth has been considered a surrogate endpoint for neonatal
morbidity and mortality, and indeed, in some trials, a reduction in the rate of preterm birth
has not been accompanied by a demonstrable reduction in the frequency of neonatal morbid
events. It has been argued that a preventive strategy for preterm birth should accomplish
both a reduction in preterm birth and neonatal morbidity. Hassan et al.133 demonstrated that
the significant reduction in the rate of preterm birth at <33 weeks was associated with a
significant reduction in the rate of respiratory distress syndrome by 61%, whereas Fonseca
et al.131 reported a non significant reduction in the risk of respiratory distress syndrome by
41%. However, in this IPD, we found that vaginal progesterone significantly decreased the
risk of respiratory distress syndrome by 52%.

There was no significant difference in the risk of adverse maternal events, discontinuation of
treatment because of adverse events, and congenital anomalies between vaginal
progesterone and placebo groups. Only one study in twin gestations!3* has examined
developmental and socio-emotional scores at 18 months of age, and has found that there is
no difference between infants exposed to vaginal progesterone and those exposed to
placebo. These results are consistent with those of an unpublished observation in a trial of
singleton gestations exposed to vaginal progesterone.155

Subgroup analyses

Subgroup analyses do not indicate that vaginal progesterone has differential efficacy in the
main clinical subgroups of clinical interest. For example, patients with a short cervix without
a history of a previous preterm birth and those with a history seem to benefit from vaginal
progesterone for the reduction of preterm birth. On the other hand, there was some
suggestion that patients with a singleton gestation, cervical length between 10 and 20 mm,
history of a previous preterm birth, aged 20-34 years, Caucasian, and body mass index >30
kg/m2 might derive a larger benefit from the use of vaginal progesterone than those with
other characteristics. Although such analysis was pre-specified, subgroup analyses should,
of course, be interpreted cautiously.

An important question is the range of cervical length at which progesterone is effective.
Fonseca et al.131 noted that vaginal progesterone reduced the rate of spontaneous preterm
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delivery at <34 weeks of gestation by only 15% in women with a cervical length of 1-5mm
and 25% in patients with a cervical length of 6-10mm, but the effect size was 75% in
patients with a cervical length between 11-15mm. One explanation for this observation is
that women with a very short cervix are more likely to have intra-amniotic inflammation and
less likely to respond to progesterone.136: 157 These observations were the basis for
excluding patients with a cervical length of <10mm in the study reported by Hassan et al. A
subgroup analysis of this IPD meta-analysis suggests that progesterone might be less
effective when used in patients with a cervical length of <10mm. However, it should be
noted that there was no statistically significant differential effect according to cervical length
(interaction p value of 0.32 for preterm birth <33 weeks of gestation and 0.93 for composite
neonatal morbidity/mortality).

Fonseca et al.13! and Hassan et al.133 reported that vaginal progesterone was associated with
a non-statistically significant reduction in the rate of spontaneous preterm birth <34 weeks
and preterm birth <33 weeks, respectively, in patients with a short cervix and history of a
previous spontaneous preterm birth. Some have interpreted such findings as suggesting that
vaginal progesterone does not reduce the rate of preterm birth in women with a prior history
of preterm birth. This is an incorrect interpretation of the results of the trials, because the
number of patients with a prior preterm birth in each individual trial was small. Indeed,
patients with a prior history of preterm birth before 37 weeks of gestation represented only
15% and 21% of those enrolled in the trials of Fonseca et al3! and Hassan et al,133
respectively. Moreover, the primary hypothesis of both trials was to test whether vaginal
progesterone would reduce the rate of preterm birth in women with a short cervix, and not in
a particular subgroup. The inclusion of patients with a previous history was not a central
issue in the design of these trials. However, this IPD meta-analysis sheds light on this
question because with the increased statistical power afforded by the larger sample size, we
were able to demonstrate that patients with a short cervix and a history of prior preterm birth
benefit to the same extent as patients with a short cervix and without a history of preterm
birth. There is not a biological explanation of why patients with a prior history would not
benefit from progesterone administration if they have a short cervix.

The results reported herein have practical implications because they extend the indication of
vaginal progesterone to women with a prior history of spontaneous preterm birth with a
short cervix. Some have claimed that 17-alpha hydroxyprogesterone caproate is the only
therapeutic intervention effective in reducing the rate of preterm birth in women with a prior
history58 — such conclusion is contradicted by the results of this IPD meta-analysis. In
addition, a recent meta-analysis reported that, compared with no cervical cerclage, cervical
cerclage significantly reduces the risk of preterm birth before 35 weeks of gestation by 30%
(RR 0.70, 95% CI 0.55-0.89) and composite perinatal morbidity and mortality by 36% (RR
0.64, 95% CI 0.45-0.91) in women with a singleton gestation, previous spontaneous preterm
birth, and cervical length less than 25 mm.159 In the present IPD meta-analysis, vaginal
progesterone significantly decreased the risk of preterm birth before 33 weeks of gestation
by 46% (RR 0.54, 95% CI 0.30-0.98) in patients with a singleton gestation, prior preterm
birth and a sonographic short cervix. Thereby, it appears that administration of vaginal
progesterone could be an alternative treatment to cervical cerclage in patients with a
singleton pregnancy, short cervix, and history of a previous spontaneous preterm birth for
preventing preterm birth and neonatal morbidity and mortality. It is noteworthy that
progesterone administration is not associated with the risk of anesthesia, the surgical
procedure per se, or the some of the complications attributed to cerclage (i.e. rupture of
membranes).160-169

The role of progestins in women with a twin gestation has been controversial. Several
randomized clinical trials have evaluated the effects of 17a-hydroxyprogesterone caproate
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for the prevention of preterm birth in twin gestations, and the results have been uniformly
negative.126: 170-172 However, the excess rate of preterm birth of twin gestations is due to
multiple causes and not only spontaneous preterm labor. In both singleton gestations and
multiples, preterm labor is a syndrome, and therefore, it is unrealistic to expect that one
treatment will reduce the rate of preterm birth in all cases.1”3 Thus, we explored the
hypothesis that vaginal progesterone may benefit women with twin gestations and a short
cervix. This IPD meta-analyses indicated that there was a 30% non-significant reduction in
the rate of preterm birth <33 weeks of gestation (30.4% vs 44.8%; RR 0.70, 95% CI 0.34—
1.44). However, vaginal progesterone led to a significant reduction in composite neonatal
morbidity and mortality (23.9% vs 39.7%; RR 0.52, 95% CI 0.29-0.93). We believe that a
randomized controlled trial is urgently needed to explore whether women with dichorionic
twin gestations and a short cervix may benefit from vaginal progesterone.

Randomized controlled trials included in the IPD meta-analysis have used three different
doses and formulations of vaginal progesterone: progesterone gel with 90mg, progesterone
suppositories with 100mg and progesterone suppositories with 200mg. To explore whether
the dose altered the effectiveness of treatment, we conducted a subgroup analysis comparing
patients allocated to receive 90-100mg/day versus those who received 200 mg/day. Both
doses were associated with a statistically significant reduction in the rates of preterm birth
<33 weeks and composite neonatal morbidity and mortality. It is important to note that the
only primary trial that showed a reduction in preterm birth, RDS and composite morbidity
was that of Hassan et al, which used 90 mg daily. This represents level 1 evidence of
effectiveness. The findings of this IPD meta-analysis favor the use of a daily vaginal
administration of 90 mg of progesterone because it is the lowest dose that reduced the risk of
preterm birth <33 weeks and neonatal morbidity and mortality. Patients that used 90 mg/day
of vaginal progesterone received it in a gel, whereas patients that used either 100 or 200 mg/
day of vaginal progesterone received it in a suppository. It is known that these suppositories
melt in the vagina and there is often loss of the product over the course of a day. The gel is
administered as a bioadhesive preparation applied against the vaginal wall, and, therefore, it
is less likely to lead to loss of the active compound.

Strengths and limitations

The reliability and robustness of our results are supported by: 1) the access to data from
individual patients which enabled a more rigorous analysis than is possible from published
data. The collection of data from individual patients allowed us to use previously unreported
data, improve the assessment of study quality, standardize outcome measures, undertake
intention-to-treat analysis, and use optimal analytical methods. Subgroup and multivariable
analyses would not have been possible without the collection of individual data; 2) the use
of the most rigorous methodology for performing a systematic review and IPD meta-
analysis of randomized controlled trials; 3) the retrieval of data for most patients with a
sonographic short cervix included in randomized controlled trials of vaginal progesterone.
We obtained data for 775 patients with a sonographic cervical length <25 mm from 5
studies. Data for approximately 30 women with a cervical length <25 mm from 3 studies
that did not measure or collect data on cervical length were not available for our meta-
analyses. Thus, we were able to retrieve individual data from at least 96% of patients with a
sonographic short cervix that were randomized to receive vaginal progesterone or placebo.
Since a large proportion of data were obtained, we are confident of the results of this study;
4) the high methodological quality of all trials included in the review; 5) the evidence of
clinical and statistical homogeneity in the results for the primary outcome and for most of
the secondary outcomes evaluated; 6) the performance of subgroup analyses according to
patient characteristics at trial entry and trial characteristics; and 7) the sensitivity analyses
that upheld our main results.
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Our study has some limitations. First, some subgroup analyses were based on small numbers
of patients. As a result, the analysis was limited in its power to estimate effect size within
these subgroups and to detect differences, if any exist, among patients in predetermined
subgroups. Second, three trials evaluated the effect of vaginal progesterone in women at
high risk for preterm delivery; however, the investigators did not measure the cervix or the
data was not collected. However, it is unlikely that the overall estimate of effect size in our
study would change with the inclusion of the approximately 30 patients with a short cervix
from such studies. Third, to date, only one study’34 has reported on the neurodevelopmental
outcomes of children at 18 months of age. Another unpublished report suggests that there is
no evidence of adverse outcome at 18 months of age (O’Brien J and Romero R, personal
communication). Collectively, these observations would be consistent with the long-
standing view that the administration of progesterone during pregnancy is safe. Such a view
is derived from studies in which progesterone is used in the first trimester of pregnancy of
patients undergoing assisted reproductive technologies.

Another limitation is that neonatal morbidity was not collected consistently across the
studies. For example, the study of Hassan et al.133 collected information about
bronchopulmonary dysplasia, but the study of Fonseca et al.131 did not. Similarly, some
studies did not collect information about the grade of intraventricular hemorrhage 134 136

Cost-effectiveness of the intervention

Thus far, two studies have evaluated the cost-effectiveness of routine transvaginal cervical
length measurement and treatment with vaginal progesterone to prevent preterm birth and
resultant neonatal morbidity and mortality. In 2010, Cahill et al.1”* reported that a strategy
of universal cervical length screening at the time of the routine fetal anatomy sonogram to
identify women with a cervical length of <15 mm and subsequent treatment with vaginal
progesterone was the most cost-effective strategy and was the dominant choice over the
following 3 alternatives: cervical length screening for women at increased risk for preterm
birth and treatment with vaginal progesterone; risk-based treatment with 17a.-
hydroxyprogesterone caproate without screening; and no screening or treatment. These
investigators calculated that universal screening of cervical length and treatment with
vaginal progesterone would be the most effective of the different approaches considered in
this study. Recently, Werner et al.17> performed a decision analysis model to compare the
cost-effectiveness of two strategies, no routine cervical length screening and single routine
transvaginal cervical length measurement at 18—-24 weeks of gestation followed by treatment
with vaginal progesterone if cervical length <15 mm. This study showed that routine
cervical length screening/use of vaginal progesterone was the dominant strategy when
compared to routine care. For every 100,000 women screened, 22 cases of neonatal death or
long-term neurologic deficits could be prevented, and approximately 19 million dollars
could potentially be saved. In conclusion, it appears that universal cervical length screening
and treatment with vaginal progesterone is a cost-effective strategy to prevent preterm birth
and resultant neonatal morbidity and mortality.

Implications for practice

The present IPD meta-analysis provides compelling evidence of the benefit of vaginal
progesterone to prevent preterm birth and neonatal morbidity/mortality in women with a
short cervix. Importantly, there was no evidence of demonstrable risk. This intervention
appears to be more effective in patients with a singleton pregnancy and a cervical length
between 10 and 20 mm. However, this IPD meta-analysis suggests that vaginal progesterone
is effective in women with a prior history of preterm birth and a short cervix. Therefore, we
recommend that transvaginal sonographic measurement of cervical length be performed in
all pregnant women, mainly those with a singleton pregnancy, at 19 to 24 weeks of
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station. Vaginal progesterone at a dose of 90 mg/day should be considered for use in

patients with a short cervix, mainly those with a cervical length between 10 and 20 mm,
from 20 to 36 6/7 weeks of gestation.

Implications for research

In

time, randomized controlled trials are needed to allow better assessment of the efficacy of

vaginal progesterone for preventing preterm birth and resultant neonatal morbidity and
mortality in women with twin gestations and a short cervix, and women with singleton

ge

stations and a cervical length below 10 mm. Given the high frequency of intra-amniotic

inflammation in this particular subgroup of patients, it is possible that prevention of preterm
birth requires the assessment of the presence of intra-amniotic infection/inflammation, and
that treatment may require anti-microbial and anti-inflammatory agents.19 176 In addition,
further information is required about longer-term childhood outcomes.
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Records identified through
database searching (n=2611)

Additional records identified
through other sources (n=0)

v

y

Records after duplicates removed (n=1875)

y

Records screened (n=1875)

'

Records excluded (n=1865)

y

Full-text articles assessed
for eligibility (n=10)

A 4

Full-text articles excluded (n=5)

3 Cervical length was not measured
or collected before randomization

2 Vaginal progesterone was used as
tocolytic therapy after threatened
preterm labor

Studies included in qualitative synthesis (n=5)

Studies included in meta-analysis (n=5)

Figure 1.
Flow of study identification
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Vaginal
Relative risk (fixed) progesterone Placebo Weight Relative risk
Study (95% CI) n/N n/N (%) (95% ClI)
Fonseca 2007 l 22/125 38/125 45.4 0.58 (0.36-0.92)
O'Brien 2007 112 4/19 3.7 0.40 (0.05-3.13)
Rode 2011 317 5/14 4.0 1.20 (0.40-3.63)
Hassan 2011 l 21/235 36/223 441 0.55 (0.33-0.92)
Cetingoz 2011 1/9 2/6 2.9 0.33 (0.04-2.91)
Combined ‘ 48/388 85/387 100.0 0.58 (0.42-0.80)
Heterogeneity: = 0%
[ T T T T 1
0.01 0.1 0.2 0.5 2 5
Favors vaginal progesterone Favors placebo
Figure 3.

Effect of vaginal progesterone on preterm birth before 33 weeks of gestation

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 10.




Page 27

ROMERO et al.

SEE
¥€> YuIq wisidid

SEE
€€> YuIq wisiaid

SYEEI
16> YuIg wisiald

SEE
€€> YuIq wisiaid

Syjeam
¥E> yuig wiseld
snosuejuods

2 bue [99'87]
dnoub suousiseboud
leuiBen ui

2) 8be[2130 [e2INIRD

(dnoib

ogadeld ur [96.°2)

9 pue [06¢ ] dnoib
auoJalsabold Jeuiben
u1 oT) abejausd
1e21A82 Aouabiawg

ON

ON

(dnoJb ogadeld ul
[%0°0] 0 pue [9%68°0]
dnouib auoissaboid
JeuiBen ui

T) 8be[2132 [e2INIBD

—0g wouy 0gade|d uo
(Rep/Bw 00z) Asessad
auo.alsaboud Jeutbep

sy

Palinda0 JaABYIIYM
‘K1anijap wuelald

10 SaueIqIBW

10 a1ndnu ‘uoneisab
40 $Xj89M //9 9€ 01
€2-0z woJj ogaded
Jo (Aep/Bw 0g) 196
auoualsabold euibes

‘uolnyelsab

10 S489M Y€ 01 y¢
wo.y ogade|d Jo (Aep
/6w 00T) Atonsoddns
auoualsabold euibep

sy

Palinda0 JaABYIIYM
‘K1anijap wuelald

10 SaueIquIBW

10 a1mdnu ‘uoneisab
0 $Xj88M 2/0 LE 01
22-8T woJj ogaoed
Jo (Aep/buw 0g) 196
auoualsabold euiben

uoneisab

JO S}9am //9 €€

01 g wouy 0gade|d Jo
(Aep/Bw 0og) a|nsdea
auoualsabold euibep

‘uonjelsed
10 SY{99M 9T 8103 punosen|n Aq passasse A1191U0LIOYD

8T an pue AoueuBaid UM D1IOIUWRIP B YIIM USWOM :UoISnjou|

“SI}IUOIUWEOLIOYD [ed1UI]d pajdadsns

10 umouy| ‘Buipaalq [eulfeA ‘uolrewlojfew djworeue
aupsIN ‘AljewIouUqe [EWOSOWOIYD UMOUY 10 Ajewoue
le19} Jofew ‘Juswiyesat) ay) Jo uolyenjeas Jo uoiredioned
ApNIS UM 8J134J13)ul PJNOM Jey3 SUOIHPUOD [ed1pawl J1U0JYD
‘sy@am Inoy snoinald ayy uiylim uawieal) uabolsabold
U893l 10 JUaLIND ‘auoiaisaboid 03 uonoeal o1bis| e
‘UoIye|Ip [eaIAIBI 3Inde ‘abe[aJad pauueld :UoISN|OX3
*Joqe| wua1aid Jo swordwAs 10 subis Inoyum

pue ‘ww gz pue QT usamiaq yibus| [eaiAIad o1ydelBouos
[euiBeAsuel] ‘s3a9M //9 €2 pUe //0 6T Usamiaq abe
Jeuoneisab ‘Aoueubaid uolsBuls e Yiim uswom :uoisnjou|

gceleee §€¢/See

saljewoue [e19)
snollas ‘abe]ouad [ealA1e0 pauueld 1o aoejd-ul uoIsn|jox3
*AourubBald UM 10 UOITRLWIO[BW BULIBIN ‘YuiIq wualeld

8/9 v1/6 snoaueIU0ds SNOIABId SUO 1S3] © YIIM USLIOM :UOISN|oU]

‘uonyelsah

Je18413NW JO ‘IBPJOSIP [ELWOSOWOIYI J0 Afewoue |e1ay
Jofew ‘Ajewioue 1onp ueLIs||NIA ‘9SeasIp d1|0qUIa0quIoIy}
10 uo1a1dsns Jo A1oisiy ‘AoueuBijew 1oe4) [eyuab Jo isealq
10 uol11dsns 1o A101s1y ‘einaid ejuadeld ‘syuabe [elinnue
a|dnjnw Buninbai pue giwy/s|[8d 0GE> JO UN0D FAD ©
UM UOII3JUI AIH ‘18PIOSIP IBAI] 8A1IR ‘Sn)IjjaW S3laqelp
PaJ10uUo2UN ‘aiNjIB) [eUBS ‘ainjie) Leay aAnSabu0d
21U0JY2 10 3)1n2k JO AI0ISIY ‘1USWI|0IUS JO S 8L}

1e uoisuaadAy 21u0.yd Jo ssauj|l oLeIydAsd e ‘iaplosip
9INZI3S B 10} JUBLLILAI] JUSW[OIUS 31043 SHS9M {7 UIYIM
auoJalsabold yum juswireal ‘suoualsabold 01 uonoeas
asJanpe Jo A101s1y ‘962180 [eaIAI80 pauueld :uoISnjoX3
*Aoueubald Buipaoaid

Alo1e1pawuwl ayy ul uoielsab Jo sYsam GE pue Oz Ussmiaq
1e yuig wJslaid uoiajbuls snosuejuods Jo AI0lSIy e pue
‘abe Jo sIeak Gy—QT ‘SH9am //9 ZZ pue //0 9T usamiaq abe

6T/6T 2Tzt Jeuoneisab ‘Aoueubaid uolsBuls e Yiim uswom :uoisnjou|

"abe[0J99 [e2IAISD

puk ‘saueiqiaw pasnidni 4o A10ISIY B ‘SUOIIDBIIUOD BULIBIN
JejnBal |njured ‘sanijewlouge [e19) Jofew :uoisnjox3

'$S9] 10 WwW GT Jo Yyibuaj |ea1AI80 d1ydesBouos e

pue Aoueubaid uimy 1o uola|BuIS B YIIM USLIOM :uoIsSn|ou|

8ET/SCT 9€T/9CT

Aoueubaid uimy e YylIm UsWopn

XIAI3D 1IOUS B )M USLIOAA

yuiq wisaid
403is1d Ybiy e uswo

yuiq wisiaid snosuejuods
10 AI01S1Y ® YlM UBLOAN

XIAJ39 LIOUS B )M USLIOAA

eLISNY Sjlewuaq TT0Z ge7'9P0Y

aurenn
"BOLIY YINOS ‘e1ssny ‘Ajer|
‘|oels| ‘elpu] ‘o1jgnday
42929 ‘9[1yD ‘snuejag

Joolgnday ‘saels paNun  TTOZ zey UeSSeH

Aopnl 9002 ger'z0Buned

JopeAjes
13 ‘8a11yD ‘onjgnday
4o8z0 ‘elpu] ‘ealyy

Inos ‘saleis pauun 2002 g7 ‘UsNF.O

309319 ‘[1Zeig

'311UD ‘wiopBury} PaNUN  L00Z ggy ‘BOISUOS

awo21no Arewnid

SUOIJUBAIBIUI-0D

uoljuaAialu]

dnoub ogade|d dnoub suousysaboud [euibep B1I81142 UOISN|IX3/U0ISNjou|

S
10 S3SN18Y/WIW GZS 1D UMM U3WIOM JO ON

uone|ndod 18buel Arewnid

sa113unod Bunedionied Jeak ‘Apms

NIH-PA Author Manuscript

T374avl

NIH-PA Author Manuscript

NIH-PA Author Manuscript

papnjoul Salpn)s Jo sansLialoRIeyD

available in PMC 2012 September 10.

Am J Obstet Gynecol. Author manuscript



Page 28

ROMERO et al.

ENENTENN TR
‘sisealq 1o sjenuab ul Aoueubijew pajoadsns 1o umouy
‘AlI[ewLIoude [e}a} [eWOoSOWO0.Yd JO [ein3anuis Jofew umou
‘Uo1dNPaJ [e18) [BUOIUSIUI ‘BLUOIPUAS UOISN)SURI) UIMI-0)
UM Jo subis yiim 1o 1oy pajeasy saloueubaid ‘saueiquiaw
0 2InydnJ ‘SJpJOSIP 21]0qIB0GUIOIY} PaYRId0SSe
-auouwloy Jo A101s1y ‘|10 Inuead paureIuo JUsLIIeal} aAoe

(dnoib ‘uoireIsab Jo syaam a1 se sinuead Jo auolaisaboid 03 ABJa|je umouy| ‘sieak
ogooe|d ut [9%€+T] 1/9 €€ 01 1/9 €2 81> abe ‘saroueubaid ajdinw Japio Jaybiy :uoisnjox3
awo21no Arewnd SUOIIUBAIBIUI-0D uonuanasul  dnoub ogadeld dnouf auouaysaboud [euibes ®1I31142 UOISN|IX3/U0ISN|ou| uone|ndod 1861 Arewnid saLiunod Bunedionied Jeak ‘Apms
SjuBjUl

10 S3SN18Y/WIW GZS 1D YHM USWIOM JO ON

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 10.



Page 29

ROMERO et al.

0 (L5 T-72°0) 80T LS0T/0S G90T/¥S v smunud jeuibep

€e (ST'1-28'0) 00T L501/8vC S90T/vYe 4 abueyosip [euibep

0 (8€'1-6L0) ¥0O'T G65/08 729/98 € 1UBA3 9SIaAPE [BUJTEW AUy

0 (r7'7-65°0) 68°0 YS6T/vE L96T/0€ L Ajewoue |enuabuod
(80v—ST) v2 0 (86'0-v¥°0) 99'0 9TY/1S TTY/SE S UOITR|1IUBA [BDIUBLIBIA
(L9 v1 0 (¥6'0-65'0) GL'0 9T¥/12T TT7/58 S NDIN 0} UoIssiwpy
0 (80'1-92°0) 160 €T7/29T 0TY/0VT g B 005> brom yuig
(oe-o1) €T 9 (08'0-8£°0) 550 €T/89 0TY/9€ S B 005T> b1em yuig
9T (20'1-2€0) 250 cTvile 807/GT S ulw G 1e /> 8109s Jefdy
(0e-01) €T 0 (18'0-0'0) 250 9Tv/zL TIv/0V S Ayrenow/Aypigiow [eyeuosu sysodwod
134 (8T'1-v€0) £9°0 9TY/Ze TIYVT S yreap [ereutiad

54 (6T°'T-92°0) 550 9Ty/ST T1v/8 S yreap |ejeuosN

0 (ev'z-82°0) 280 9TY/L TT7/9 S yreap [exo-
VN 9|qewnss JON T€C/0 6¥2/0 4 RIOR[RWONNS| JB|NJLIIUBALIR]
VN (6L2-12°0) 9L°0 1€2/5 ey 4 eise|dsAp Areuowindoyduoig

0 (82'6-9'0) 95T 9Tv/E TT%/9 S funewald jo Ayredounsy

€1 (62'1-2€0) ¥9°0 9TY/0C TIY/CT S sisdas [ejeuosu usnoid

0 (S0'2¢-Lz0) L0 91¥/6 TT%/9 S abey110way JejnaLIuaAeIU|

0 (¥9°2-0€'0) 88°0 9T¥/9 TTV/S S Sn1j0o0.B)UB BuIZnoIosN
(ee-11) GT 0 (92'0-0g0) 8Y'0 9TY/2S TTY/SC S awoIpuAs ssaasip Alorelidsay
(8z-8) 21 0 (¥8'0-9'0) 29°0 18€/18 88€/15 S S389M YE> YUIQ Wialaid snosuejuods
(62-6) €T 0 (18'0-0'0) 250 L8EITL 88€/6€ S $}9M €€> YuIQ Wiakead snoauejuods
(Lv—¢€T1) 8T 0 (T8'0-0£°0) 050 L8E/EY 88€/TC S SY0aM 8Z> YUIg Wielsid
(69-21) 8T 0 (68'0-8€°0) 850 L8EITS 88¢/62 S $}89M 0E> YUIq Wialald
(61-1) 6 0 (18'0-L¥'0) T9°0 L8€/S0T 88€/29 S SHBIM pE> YUIQ Waleld
(=D 1t 0 (88'0-550) 69°0 /8€/8TT 88¢/6. S SY0aM GE> YUI] Wisldld
0 (00'T-29'0) 28°0 L8E/9ET 88€/80T S S3¥9aM 9£> YlIg wislald

0 (90'T-62'0) 68°0 L8E/S9T 88E/WYT S SY¥9aM /E> YuIg wislald
(10 %56) (96) zI (1D %G6) >si4 anIe|da pajood  0qadeld  auosaysaboud [euifep  sfely jo oN CliTvalle]

12841 01 Papasu JaquinN

‘ON €101 /SIUBA3 JO 'ON

NIH-PA Author Manuscript

¢?olqel

sainseaw awo9ino Alepuodas uo suoJtsisaboud [eulben Jo 1983

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 10.



Page 30

ROMERO et al.

sjulod GTT> 81008 HSV B se um:cmnq

‘Y1eap [ereuoau Jo ‘sisdas |ereuoau uanold ‘sij0201a1us BUIZI0I0BU ‘abkeylIoWwaY Je|noLIUSARIUI ‘LOIPUAS SSansIp Aloyelidsal :sJusns BUIMO||04 U} JO AU JO 82UB1INIJ0 BY) Se paulyed,

"alreuuonsand) sabels pue saby ‘DS ‘a1qeatjdde 10U ‘B [eAISIUI BUSPILUOD YD

abe

VN (€6'T-¥5°0) 20T 881/81 €09/6T T J0 syjuow 8T Je 81098 [BUOOWOIN0S pue [ejuawdolansp Om<mwson_

9T (20'1-890) €8°0 €8E/6ET V8E/STT S Joge| widald pausiealyl

0 (69°'T-T9°0) T0'T T907/8¢ €80T/8¢ S SJUBAD 8SJOAPE JO 8SNBIBQ JUsLILa.)} JO UOIeNUNU0dSI]
(12 %56) (96) 21 (1D 9%S6) >s1 8A1IR|a1 PBjood  0QBdeld  duoteisefiod jeuibep  sjely Jo oN aWo2IN0

Jeal] 0] papasu JaquinN

‘ON €10 /SIUBA3 JO 'ON

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 10.



Page 31

ROMERO et al.

"U1eap |ereuoau 10 ‘sisdas [ereuoau uanoid ‘sijodotsius Buiziolosu ‘ebeyliowsay JejnoLiuaARIul ‘BWO0IPUAS ssaaisip Alojelidsal :Ssjusna Buimo||os 8y 40 Aue JO 99UaLINJI0 U Se nm:cmom

3|qeatdde 10U ‘pV ‘[eAISIUI BOUBPLUOD YD

880 (95'7-0€°0) 89°0 85/8 9L € (TOT-T7'0) G9°0  8SE/EY G9€/82 v uone|UaA [edIUBYIBIA
210 (5€'7-0,°0)860  8S/¥E 9v/92 € (16'0-050) 90 85€//8 G9E/65 4 NDIN 0} UOISSIPY
110 (Se'T-26'0) TT'T  8S/SK 9v/8e € (£07-69°0) 980  SSE/LTT ¥9€/20T 4 6 005> brem yuig
Lr'0 (6€'T-¥€'0) 690 8G/ST /8 € (T8'0-v€'0) 250  SSE/ES ¥9€/82 14 6 00ST> Blam yuiIg
020 (18'2-8¢°0) €0'T 8S/y 1704 € (s6'0-vz0) 8’0  vSe/ET 29E/TT 4 ulw G ye /> 109s Jefidy
690 (€6'0-62°0)250  8S/ET 9w/TT € (16'0-8£°0) 650  8SE/6Y S9€/67 v pAurELow/Aupigiow ereuoau aisoduwiod
060 (z0'z-€2°0) 89°0 8S/y /e € (Te'T-1€'0) ¥9'0  85€E/8T Gog/eT 4 Ureap [ejeultad
690 (c0'z-€2°0) 890 8G/¥ 174 € (6€'T-02°0) €50  8SE/TT S9€/9 ¥ y1eap [eleuosN
A\ 31qew1iss 10N 85/0 9v/0 € (ov'z-820) 280  85€/L S9€/9 4 Upeap [e1od
160 (zzer-s00)zr'T 8510 /T € (69'6-0v'0) TST  8S€/E G9g/S 4 Awnyewaud Jo Ayredounay
0€°0 (29'7-90°0) €€°0 85/9 /T € (rL'T-2€0) 080  8SEMWT GOE/TT 4 sisdas [eyeu0au UsanoId
7.0 (TT0T-0T0) 00T  85/Z 9T € (eT'z-220) 890  85€/L S9¢/5 4 afeyiioway JenoLiuaARAU|
VN 8]qewIise 10N 85/0 9v/0 € (c9z-620)880  85€/9 G9¢/5 1 sn1jod0saua BuiznoiosN
89°0 (60'T-Tz0) 8¥°0  8S/ST /8 € (18'0-L20) Lv'0  8S€/LE GOE/LT 4 awoipuAs ssaasip Alojelidsay
€80 (S8'T-TT°0) 70 62/v €t € (58'0-T€0) TS0 8SE/6E G9€/02 4 $Y93M 8> YIq WisjaId
¥Z0 (9v'1-/60)T6'0  62/8T eeet € (£8'0-15°0) 90 8S€/00T G9€/19 4 $)83M GE> UYMI] WIsleld
880 (€21-890) 160  6T/VT €2ILT € (0T'T-620) 160 8SE/TYT G9g/L2T 4 S{99M LE> YIG WIdkdId
SOW09)N0 AJepuodes

G50 (' 1T-v€'0)0L'0  6T/ET ee/L € (08'0-0v'0) 950  8S€/eL G9E/TY 4 $HBIM €€> UYMI] WIdleId
awooIno Arewlid

anjeA d uonoeaaju| (1D %S6) s 0gadeld auoJalsaboud [euiben  sfeld1 Jo oN (1D %SG6) MSl4 0gadeld  auosalsaboud [eulbes  s[ely Jo ‘ON EllTon)Tle}

aAITe|a. P3jo0d

‘ON |B10] /SJUBAS JO ‘ON

aAIe|a. P3jo0d

‘ON €10 /S1UBA3 JO 'ON

Adueubaad uim L

Adueubsad uois|buls

NIH-PA Author Manuscript

Ajeinid 0y Buiplodge sawodno ereuliad pue Aoueubaid asianpe uo auosisaboid eulben Jo 10013

€9lqelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 10.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

ROMERO et al.

Table 3a

Page 32

Effect of vaginal progesterone on adverse perinatal outcomes in twins according to analytical method used

Outcome

Pooled RR (95% ClI)

Assuming independence between babies

Cluster trial method (non-independence)

Respiratory distress syndrome

0.48 (0.21-1.09)

0.58 (0.25-1.39)

Necrotizing enterocolitis

Not estimable

Not estimable

Intraventricular hemorrhage

1.00 (0.10-10.11)

1.00 (0.05-18.19)

Proven neonatal sepsis

0.33 (0.06-1.67)

0.44 (0.04-4.67)

Retinopathy of prematurity

1.42 (0.05-42.22)

1.36 (0.03-58.74)

Fetal death

Not estimable

Not estimable

Neonatal death

0.68 (0.23-2.02)

0.48 (0.06-3.74)

Perinatal death

0.68 (0.23-2.02)

0.48 (0.06-3.74)

Composite neonatal morbidity/mortality?

0.52(0.29-0.93)

0.56(0.30-0.97)

Apgar score <7 at 5 min

1.03 (0.38-2.81

0.88 (0.16-4.75)

Birth weight <1500 g

0.69 (0.34-1.39

0.73 (0.29-1.83)

Birth weight <2500 g

1.13 (0.91-1.40)

Admission to NICU

0.98 (0.70-1.35

0.89 (0.60-1.31)

Mechanical ventilation

)
)
1.11 (0.92-1.35)
)
)

0.68 (0.30-1.56

0.60 (0.22-1.65)

C/, confidence interval

a. .. . . . . . . .
Defined as the occurrence of any of the following events: respiratory distress syndrome, intraventricular hemorrhage, necrotizing enterocolitis,

proven neonatal sepsis, or neonatal death.
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