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Background Progestogens have been evaluated in numerous trials

and meta-analyses, many of which concluded they were effective.

However, two large trials PROMISE and OPPTIMUM have

recently concluded that progesterone was ineffective. This raises

the possibility that earlier studies and reviews had been biased by

either selective publication or selective choice of outcomes, so

called “P-hacking”.

Objectives To compare the findings all progestogen trials and

systematic reviews with those of trials with pre-registered primary

outcomes which avoided selective outcome reporting.

Search strategy Search of PubMed, the Cochrane Library and trial

registries. Registration PROSPERO CRD42016035303.

Selection criteria Systematic reviews of randomised trials

comparing progestogen with placebo in pregnancy and the

individual trials included in those reviews. The subset of trials

reporting a pre-registered primary outcome were compared with

the totality of trials and reviews.

Data collection and analysis For reviews all outcomes were

included. For individual trials all outcomes reported in the

systematic reviews were included. For the comparison group we

recorded the registered primary outcome from trials that were

either registered before they started, or registered during the

recruitment phase and also double blind.

Main results Nineteen of twenty-nine meta-analyses concluded

that progestogens were effective. Twenty-two trials reported their

pre-registered primary outcomes. There was no effect of

progesterone on primary registered dichotomous outcome RR

1.00 (95% CI 0.94–1.07). Only one of the 22 showed a nominally

statistically significant benefit.

Author’s conclusions When evaluated in registered double-blind

trials with analysis restricted to predefined primary outcomes,

progestational agents in pregnancy are ineffective.

Keywords Miscarriage, outcome switching, P-hacking, pregnancy

loss, preterm birth, progestogen.

Tweetable abstract Progestogens to prevent pregnancy loss, an

example of P-hacking.

Linked article This article is commented on by CM Chung et al,

p. 1016 in this issue. To view this mini commentary visit https://

doi.org/10.1111/1471-0528.14648. This article is also commented

by J van‘t Hooft and KS Khan on page 1017. To view this mini

commentary visit https://doi.org/10.1111/1471-0528.14647.

Please cite this paper as: Prior M, Hibberd R, Asemota N, Thornton JG. Inadvertent P-hacking among trials and systematic reviews of the effect of

progestogens in pregnancy? A systematic review and meta-analysis. BJOG 2017;124:1008–1015.

Introduction

There is increasing concern that many published results of

randomised trials are biased by selective reporting of

trials with positive results, and by researchers, often inad-

vertently, selectively reporting nominally statistically

significant outcomes.1 This latter practice has been called

P-hacking. There are several ways researchers can fall foul

of P-hacking by misreporting the true effect sizes in their

studies. These include monitoring data accrual and stop-

ping a trial if an analysis yields a significant P-value or

using different statistical analyses, data eligibility criteria,
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outcomes and treatment groups before deciding which to

report post-analysis. Double blinding and trial registration

mitigate P-hacking by researchers pre-specifying their

primary outcome and analysis plans, only conducting the

analyses when the trial has ended and the code is broken.2

Systematic reviewers are equally at risk if they fail to

pre-specify their primary outcomes instead choosing to

publish when the data look interesting. They can try to

minimise the problem by including all available trials, and

registering protocols before starting work, but the former

policy risks including more low quality biased trial data

and the latter is difficult in a mature field where the results

of the major trials and reviews are already widely known.2

Meta-analyses are only as good as those data they use,

but their results influence treatment decisions, health pol-

icy and the direction of future research. P-hacking is

important because the publication of false positives leads

to the adoption of treatments which are ineffective to

patients.

Studies of progestogens to prevent pregnancy complica-

tions provide a good setting to measure this effect because

there have been many trials and at least twenty-nine meta-

analyses. The aim of this work was to compare the findings

all progestogen trials and systematic reviews with those of

trials with pre-registered primary outcomes which avoided

selective outcome reporting to explore the impact of P-

hacking.

Methods

The review was conducted following the PRISMA state-

ment,3 and the protocol prospectively registered with

PROSPERO CRD42016035303.

Search strategy
We searched PubMed, the Cochrane Library and World

Health Organisation recognised publicly-registered trials

registries4 from inception to August 2016 for terms related

to progestogen, pregnancy and trials (Appendix S1). Two

authors (MP and JT) independently conducted the first

screening of potentially relevant records based on titles and

abstract and then independently performed the final selec-

tion of included trials based on full text evaluation. Cita-

tion tracking was also performed on included studies and

relevant systematic reviews. Consensus between the two

reviewers was used to resolve any disagreement.

Study selection

The total study group
This included all systematic reviews with meta-analyses of

double-blind randomised controlled trials comparing the

efficacy of progestogens versus placebo in pregnancy to

improve any pregnancy outcome. We analysed all out-

comes reported by these systematic reviews. For individual

trials we identified all trials included in at least one meta-

analysis, and analysed all outcomes for which data had

been included in at least one meta-analysis.

The preregistered trial outcome group
We included trials which were prospectively listed in a

World Health Organisation recognised publicly-registered

trials registry with a predefined primary outcome, and

which either achieved their pre-specified sample size, or

were both double blind, and failed to achieve their sample

size for logistical reasons unrelated to the trial result. The

primary outcome had to be included in the trial report.

Trials were excluded if they were not registered or regis-

tered late. There were no restrictions for languages or pub-

lication date.

Data extraction and quality assessment
Two reviewers (MP and JT) independently assessed the

reviews and trials for inclusion. For systematic reviews

three reviewers (MP, RH and NA) extracted all outcomes,

the number of trials used for each meta-analysis, whether

the point estimate favoured progesterone or placebo and if

the 95% confidence interval crossed 1. For RCTs study

characteristic data were extracted by two reviewers (MP,

and JT) (details of participants, intervention, registered pri-

mary outcome with intention to treat analysis and the

number of secondary outcomes) for the included trials.

Two reviewers (MP and JGT) compared each manuscript

with the trial registration and excluded trials that did not

reported the registered primary outcome. For trials with

dichotomous outcomes we extracted the number of partici-

pants and events in the progestogen and control groups.

For trials with a continuous primary outcome we extracted

means, standard deviations, and sample sizes for the pre-

registered primary outcome measure. Consensus was used

to resolve any disagreement.

Data analysis
For trials, we ensured consistency in direction of effect by

converting the primary outcomes. For example, “reaching

24 weeks with a live baby” was converted to “failing to

reach 24 weeks with a live birth”. Summary measures used

were risk ratio and mean difference using a random effects

model. For trials reporting only the median and interquar-

tile range; we assumed that the former equalled the mean

and that the standard deviation was 1.35 times the latter.

RevMan version 5.3. (The Nordic Cochrane Centre, The

Cochrane Collaboration, Copenhagen, Denmark) was used

to generate figures and summaries.
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Results

Study selection
Our search results yielded 3753 records, and after excluding

duplicates we screened 2467 titles and abstracts (Figure 1).

This process finally revealed 194 relevant studies.

Systematic reviews
We identified 29 systematic reviews (Table S1). These

reported results of 93 trials, and 537 outcomes.

Randomised trials
We identified 93 randomised controlled trials. These trials

together reported 1804 outcomes.

Registered trials
We identified about 60 progestogen trials included in one

or more registries. Of these at least 30 were discontinued

or remain unpublished (data not shown). Of the remain-

der three unblinded trials were registered during recruit-

ment.5–7 Four published trials were excluded because they

had been registered after trial completion8–11 and two

because they did not report the registered primary out-

come12,13 (Table S2). One trial registration NCT00830765

was used for two trials.12,13 The first a randomised con-

trolled trial of progestogen for preterm premature rupture

of membranes and the second a trial of progestogen in

women with arrested preterm labour. The primary out-

come was updated in the registry from “the aim is to

compare progesterone to a placebo to ascertain if there is

a reduction in preterm birth among patients receiving the

active drug” to “weeks gestation at birth among patients

receiving the active drug” after the first study had been

published in 2013. Neither paper reported either of the

two registered primary outcomes. Instead they reported

“interval from study entry to delivery” and “delivery before

37 weeks” respectively. There were other inconsistencies

between registry and publication versions. Both trials were

excluded.

This left 22 randomised controlled trials with primary

outcomes which were judged not to be at risk of

P-hacking. (Table 1). The full list of unregistered trials

identified is shown in Appendix S2.

We identified one trial via PubMed registered with the

Iranian Registry of Clinical Trials.14 We converted Persian

calendar dates on the registry to Gregorian so they could

be compared with the Gregorian dates in the published

manuscript.

Study characteristics
Nineteen of twenty-nine meta-analyses concluded that pro-

gestogens were effective for a variety of indications

(Table S1).

Overall the 29 meta-analyses (MA) reported 537 MA

outcomes together with 95% confidence intervals (CI). Of

these 372 favoured progestogen, 154 favoured control and

3 had an exact RR of 1. Of the MA outcomes which

favoured progestogen 113 (30%) had a CI which excluded

1, i.e. were nominally statistically significant. Of the MA

outcomes which favoured control, 145 (94%) had a CI

which included 1.

The unregistered and late registered trials had 1782 out-

comes reported in the various systematic reviews. Of these

618 favoured progestogen, 378 favoured control and 32

had an exact RR of 1. Of the individual trial outcomes

which favoured progestogen 116 (19%) had a CI which

excluded 1, i.e. were nominally statistically significant. Of

the individual trial outcomes which favoured control, 366

(97%) had a CI which included 1 (Table S3).

Of the twenty-two included trials, 8113 participants were

randomised. Nineteen trials reported data from 7125 patients

evaluated the efficacy of progestogens in preventing or treat-

ing preterm birth14–32 two trials (162 patients) studied the

efficacy of progestogen in preterm pre labour rupture of

membranes33,34 and one trial (826 patients) investigated the

efficacy of progestogen in preventing recurrent miscarriage.35

The route of progestogen administration was equally

divided, with eleven studies using intramuscular injection

and eleven by the vaginal route. Twelve trials were prospec-

tively registered before enrolment of the first participant.

Thirteen trials were registered after the first patient had been

recruited, nonetheless all of these studies were double blind

and registered before unblinding after either achieving their

sample size or stopped for an unrelated reason.

Nineteen included trials reported a dichotomous primary

outcome. Three studies reported continuous primary out-

comes of either interval from inclusion until delivery25,27

or gestational age at birth.28

Synthesis of results
In our meta-analysis, restricted to trials reporting predefined

primary registered outcomes there was no effect ofFigure 1. Study selection process.
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progestogen on. For dichotomous outcome RR 1.00 (95% CI

0.94–1.07) and continuous outcome RR �1.39 (95% CI

�7.47 to 4.69). This was also the case when grouping trials by

indication or when combining indications (Figures 2 and 3).

The number of secondary outcomes reported by each

trial ranged from 2 to 103. These included outcomes relat-

ing to pregnancy, gestation at delivery, birthweight, mater-

nal and neonatal morbidity.

Table 1. Registered trials reporting pre-specified primary outcomes

Population Progestogen

used

Registered primary outcome Reported primary outcome

Awwad, 201529

NCT00141908

PTB (twins) 17-OHP The frequency of delivery prior to

completed 37 weeks of gestation

(259 days)

Prolongs gestation beyond 37 weeks

of gestation

Caritis, 200930

NCT00099164

PTB Prevention

(Triplets)

17-OHP Delivery prior to 35 weeks 0 days gestation Delivery or fetal loss prior to

35 weeks

Combs, 201032

NCT00163020

PTB (triplets) 17-OHP A composite for neonatal morbidity A composite for neonatal morbidity

Combs, 201134

NCT01119963

PPROM 17-OHP Interval from PROM until delivery of

34 weeks 0 days, whichever comes first

The rate of continuing the

pregnancy until 34.0 weeks of

gestation

Combs, 201533

NCT01119963

PPROM 17-OHP Interval from PROM until delivery of

34 weeks 0 days, whichever comes first

The rate of continuing the

pregnancy until 34.0 weeks of

gestation

Coomarasamy, 201535

ISRCTN92644181

Recurrent

miscarriage

Vaginal Live births beyond 24 weeks Live birth after 24 weeks of

gestation

Grobman, 201216

NCT00439374

PTB 17-OHP Delivery prior to 37 weeks Delivery prior to 37 weeks 0 days of

gestation

Hassan, 201119

NCT00615550

PTB Vaginal Number of participants with birth ≤32

6/7 weeks’ gestation

Preterm birth before 33 weeks of

gestation

Lim, 201120

ISRCTN40512715

PTB 17-OHP Composite neonatal morbidity Composite adverse neonatal

outcome

Martinez de Tejada, 201518

NCT00536003

PTB Vaginal Preterm birth before 37 weeks of gestation Delivery before 37 weeks of

gestation

Norman, 200917

ISRCTN35782581

PTB (twins) Vaginal Proportion of women in each group

delivering before 34 weeks’ gestation

Delivery or intrauterine death before

34 weeks’ gestation

Norman, 201615

ISRCTN14568373

PTB Vaginal Delivery <34 weeks of gestation Fetal death or birth before

34 weeks’ gestation

O’Brien, 200721

NCT00086177

PTB Vaginal Frequency of delivery ≤32 weeks Preterm birth at ≤32 weeks of

gestation

Palacio, 201322

NCT00646802

PTB Vaginal Proportion of deliveries before week 34 of

gestation

Preterm delivery before 34.0

pregnancy weeks

Rode, 201123

NCT00329914

PTB (twins) Vaginal The incidence of delivery at <34 weeks’

gestation

Delivery before 34 weeks’ gestation

Rouse, 200724

NCT00099164

PTB (twins) 17-OHP Delivery prior to 35 weeks 0 days of

gestation

Delivery or fetal death before

35 weeks of gestation

Senat, 201325

NCT00331695

PTB 17-OHP Interval between inclusion and delivery Time from randomisation to delivery

Serra, 201331

NCT00480402

PTB Vaginal ‘Preterm birth rate (<37 weeks)’ ‘Preterm birth rate (<37 weeks of

gestation)’

Sharami, 201014

IRCT138706051096N1

PTB Vaginal Preterm delivery before 37 weeks of

gestation

Preterm birth before 37 weeks

Tan, 201226

ISRCTN22145023

PTB 17-OHP Delivery within 48 hours Delivery within 48 hours of trial

entry

Winer, 201527

NCT00331695

PTB 17-OHP Interval between inclusion and delivery Time from randomisation to delivery

Wood, 201228

NCT00343265

PTB Vaginal Gestational age Gestational age at delivery

17-OHP, intramuscular 17a-hydroxyprogesterone; PTB, preterm birth.
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Figure 2. Progesterone versus placebo: primary registered dichotomous outcome.

Figure 3. Progesterone versus placebo: primary registered continuous outcome.
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Discussion

Main findings
When evaluated in registered double-blind trials with anal-

ysis restricted to predefined primary outcomes, progesta-

tional agents in pregnancy are ineffective for all indications

they have been tested for. One trial appeared to show a

marginally significant result according to conventional tests

of significance.19 This could well be a chance effect, on

average one out of 20 perfectly conducted randomised tri-

als will show an effect at the conventional P = 0.05 level of

statistical significance. We also found the two well known

trials by Meis et al.36 and Fonseca et al.10 were unregistered

and registered late respectively.

It was disappointing that we identified more systematic

reviews of this drug in pregnancy (n = 29) than prospec-

tively registered trials (n = 22). We hope readers will for-

give us adding to the former number and that in future

more research effort will be spent on well conducted pri-

mary research.

Strengths and limitations
The strength of this study is our restriction to those trials

conducted with the highest methodological rigour.

Although we may have missed some unregistered trials it is

unlikely we missed any registered ones; by definition trials

not found by our search of trial registries were unregis-

tered. The limitations are that including different clinical

conditions, gestations at treatment and outcomes, albeit all

treated with the same drug, is of more methodological than

clinical significance. Nonetheless, we did not extract all

reported outcomes from these trials. We only report those

outcomes which made it into a systematic review.

Some readers may question our combining trials testing

the effect of progestogen in different settings. The included

studies are heterogeneous in terms of indication, clinical

characteristics, inclusion criteria, primary outcomes all of

which can affect the results of this systematic review. We

agree that this may not be biologically or scientifically plausi-

ble, but we did so because our aim is primarily methodologi-

cal. We have shown that when opportunity for P-hacking is

removed, with one exception which would be expected by

chance, progestogen trials in pregnancy give negative results.

The International Committee of Medical Journal Editors

(ICMJE) recommends that all medical journal editors

require, registration of clinical trials in a public trials reg-

istry at or before the time of first patient enrolment as a

condition of consideration for publication. Nonetheless, we

also included trials registered during the recruitment phase.

We reasoned that for a double blind trial, providing the

blinding code had not been broken, this gave no opportu-

nity for selective choice of outcome.

Interpretation
We chose not to present secondary outcomes and those

from non-registered trials as the list would be too long.

However, among 29 previous meta-analyses (Table S1), 19

concluded that progestogens are effective and a further

review stated that it may be effective with a need for cau-

tion. Only seven reviews concluded that progestogen was

ineffective. It is possible these conflicting findings are due

to population differences or progestogen preparation.

However, we believe the most likely reason for the differ-

ence is that many non-registered clinical trials silently

switched outcomes. Without prospective trial registration

it is impossible to prove this for any individual trial. The

Centre for Evidenced-based Medicine Outcome Monitor-

ing Project (COMPare) has been monitoring clinical trials

for switched outcomes in the top five medical journals

(NEJM, JAMA, The Lancet, Annals of Internal Medicine,

BMJ) since October 2015. To date, comparing 67 trials

with their protocol or registry they have found 300 out-

comes were not reported and 357 outcomes silently

added.37

Our suggestion that progestogens are ineffective for pre-

venting pre-term birth in general is likely to be widely

accepted in light of the recent negative results from the

high quality prospectively registered OPPTIMUM trial.15

However, those who are tempted to suggest that progesto-

gens work in singletons but not twins, that some types of

progestogen work while others don’t, that it works for pre-

vention but not treatment, or in specific subgroups such as

women with a short cervix, should think again. The evi-

dence does not justify clinical use of progestogen, and we

doubt it even justifies any more trials.

The exception is progestogen treatment for luteal phase

support in assisted reproduction treatment. Despite all

published systematic reviews suggesting that this is effective

the evidence comes entirely from unregistered trials. A well

conducted registered trial of progestogens for this indica-

tion is needed.

Conclusions

We believe by limiting meta-analyses to trials which can-

not be P-hacked we have shown that selective outcome

reporting is present in obstetrics and gynaecology. P-hack-

ing is an important researcher-driven source of bias and

through data driven meta-analyses its effects go beyond

the interpretation of the original studies. Indeed the UK

National Institute for Health and Care Excellence recom-

mends progesterone for women with a short cervix at risk

of preterm birth.38 Clinicians and policy makers should be

aware of this source of bias when making treatment

decisions.

1013ª 2017 Royal College of Obstetricians and Gynaecologists

P-hacking of progesterone trials



Disclosure of interests
None declared. Completed disclosure of interests form

available to view online as supporting information.

Contribution to authorship
Both Matthew Prior and Jim Thornton conducted the liter-

ature searches, designed the figures, study design, data

extraction, data analysis, data interpretation and writing

and redrafting or the manuscript. Rachel Hibberd and

Nicole Asemota extracted data.

Details of ethics approval
Not required.

Funding
None.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Appendix S1. Search strategy.

Appendix S2. Unregistered trials.

Table S1. Systematic reviews of progestational agents in

pregnancy.

Table S2. Excluded registered trials.

Table S3. Summary of outcomes from systematic reviews

and randomised controlled trials. &

References

1 Barch DM, Yarkoni T. Introduction to the special issue on reliability

and replication in cognitive and affective neuroscience research.

Cogn Affect Behav Neurosci 2013;13:687–9.
2 Head ML, Holman L, Lanfear R, Kahn AT, Jennions MD. The extent

and consequences of P-hacking in science. PLoS Biol 2015;13:1–15.
3 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting

items for systematic reviews and meta-analyses: the PRISMA

statement. BMJ 2009;339:b2535.

4 World Health Organization (WHO). World Health Organisation

Primary Registries [Internet]. 2015 [www.who.int/ictrp/network/

primary/en/]. Accessed 14 November 2016.

5 Aboulghar MA, Amin YM, Al-Inany HG, Aboulghar MM, Mourad

LM, Serour GI, et al. Prospective randomized study comparing luteal

phase support for ICSI patients up to the first ultrasound compared

with an additional three weeks. Hum Reprod 2008;23:857–62.
6 Aboulghar MM, Aboulghar MA, Amin YM, Al-Inany HG, Mansour

RT, Serour GI. The use of vaginal natural progesterone for

prevention of preterm birth in IVF/ICSI pregnancies. Reprod Biomed

Online 2012;25:133–8.
7 Rozenberg P, Chauveaud A, Deruelle P, Capelle M, Winer N, Desbri�ere

R, et al. Prevention of preterm delivery after successful tocolysis in

preterm labor by 17 alpha-hydroxyprogesterone caproate: a

randomized controlled trial. Am J Obstet Gynecol 2012;206:206.e1–9.
8 Kohls G, Ruiz F, Mart�ınez M, Hauzman E, de la Fuente G, Pellicer A,

et al. Early progesterone cessation after in vitro fertilization/

intracytoplasmic sperm injection: a randomized, controlled trial.

Fertil Steril 2012;98:858–62.

9 Kyrou D, Fatemi HM, Tournaye H, Devroey P. Luteal phase support

in normo-ovulatory women stimulated with clomiphene citrate for

intrauterine insemination: need or habit? Hum Reprod

2010;25:2501–6.
10 Fonseca E, Celik E, Parra M, Singh M, Nicola€ıtes K. Progesterone

and the risk of preterm birth among women with a short cervix.

N Engl J Med 2007;357:463–9.
11 Glover MM, McKenna DS, Downing CM, Smith DB, Croom CS, Sonek

JD. A randomized trial of micronized progesterone for the prevention

of recurrent preterm birth. Am J Perinatol 2011;28:377–81.
12 Briery CM, Veillon EW, Klauser CK, Martin RW, Magann EF,

Chauhan SP, et al. Women with preterm premature rupture of the

membranes do not benefit from weekly progesterone. Am J Obstet

Gynecol 2011;204:54.e1–5.
13 Briery CM, Klauser CK, Martin RW, Magann EF, Chauhan SP,

Morrison JC. The use of 17-hydroxy progesterone in women with

arrested preterm labor: a randomized clinical trial. J Matern

Neonatal Med 2014;27:1892–6.
14 Sharami S, Zahiri Z, Shakiba M, Milani F. Maintenance therapy by

vaginal progesterone after threatened idiopathic preterm labor: a

randomized placebo-controlled double-blind trial. Int J Fertil Steril

2010;4:45–50.
15 Norman JE, Marlow N, Messow C-M, Shennan A, Bennett PR,

Thornton S, et al. Vaginal progesterone prophylaxis for preterm

birth (the OPPTIMUM study): a multicentre, randomised, double-

blind trial. Lancet [Internet] 2016;387:2106–2116 [http://

linkinghub.elsevier.com/retrieve/pii/S0140673616003500]. Accessed

4 March 2016.

16 Grobman WA, Thom EA, Spong CY, Iams JD, Saade GR, Mercer

BM, et al. 17 alpha-hydroxyprogesterone caproate to prevent

prematurity in nulliparas with cervical length less than 30 mm. Am J

Obstet Gynecol 2012;207:390.e1–8.
17 Norman JE, Mackenzie F, Owen P, Mactier H, Hanretty K, Cooper S,

et al. Progesterone for the prevention of preterm birth in twin

pregnancy (STOPPIT): a randomised, double-blind, placebo-

controlled study and meta-analysis. Lancet 2009;373:2034–40.
18 Martinez de Tejada B, Karolinski A, Ocampo MC, Laterra C, H€osli I,

Fern�andez D, et al. Prevention of preterm delivery with vaginal

progesterone in women with preterm labour (4P): randomised

double-blind placebo-controlled trial. BJOG 2015;122:80–91.
19 Hassan SS, Romero R, Vidyadhari D, Fusey S, Baxter JK, Khandelwal

M, et al. Vaginal progesterone reduces the rate of preterm birth in

women with a sonographic short cervix: a multicenter, randomized,

double-blind, placebo-controlled trial. Ultrasound Obstet Gynecol

2011;38:18–31.
20 Lim AC, Schuit E, Bloemenkamp K, Bernardus RE, Duvekot JJ,

Erwich JJHM, et al. 17a-hydroxyprogesterone caproate for the

prevention of adverse neonatal outcome in multiple pregnancies: a

randomized controlled trial. Obstet Gynecol 2011;118:513–20.
21 O’Brien JM, Adair CD, Lewis DF, Hall DR, Defranco EA, Fusey S, et al.

Progesterone vaginal gel for the reduction of recurrent preterm birth:

primary results from a randomized, double-blind, placebo-controlled

trial. Ultrasound Obstet Gynecol 2007;30:687–96.
22 Palacio M, Cobo T, Antol�ın E, Ramirez M, Cabrera F, Mozo de

Rosales F, et al. Vaginal progesterone as maintenance treatment

after an episode of preterm labor (PROMISE Study): a randomized,

double blinded, placebo-controlled trial. Am J Obstet Gynecol

2013;208:S10–1.
23 Rode L, Klein K, Nicolaides KH, Krampl-Bettelheim E, Tabor A,

PREDICT Group. Prevention of preterm delivery in twin gestations

(PREDICT): a multicenter, randomized, placebo-controlled trial on

the effect of vaginal micronized progesterone. Ultrasound Obstet

Gynecol 2011;38:272–80.

1014 ª 2017 Royal College of Obstetricians and Gynaecologists

Prior et al.

http://www.who.int/ictrp/network/primary/en/
http://www.who.int/ictrp/network/primary/en/
http://linkinghub.elsevier.com/retrieve/pii/S0140673616003500
http://linkinghub.elsevier.com/retrieve/pii/S0140673616003500


24 Rouse DJ, Caritis SN, Peaceman AM, Sciscione A, Thom EA, Spong

CY, et al. A trial of 17 alpha-hydroxyprogesterone caproate to

prevent prematurity in twins. N Engl J Med 2007;357:454–61.
25 Senat M-V, Porcher R, Winer N, Vayssi�ere C, Deruelle P, Capelle M,

et al. Prevention of preterm delivery by 17 alpha-

hydroxyprogesterone caproate in asymptomatic twin pregnancies

with a short cervix: a randomized controlled trial. Am J Obstet

Gynecol 2013;208:194.e1–8.
26 Tan PC, King ASJ, Vallikkannu N, Omar SZ. Single dose 17 alpha-

hydroxyprogesterone caproate in preterm labor: a randomized trial.

Arch Gynecol Obstet 2012;285:585–90.
27 Winer N, Bretelle F, Senat M-V, Bohec C, Deruelle P, Perrotin F,

et al. 17 alpha-hydroxyprogesterone caproate does not prolong

pregnancy or reduce the rate of preterm birth in women at high risk

for preterm delivery and a short cervix: a randomized controlled

trial. Am J Obstet Gynecol 2015;212:485.e1–10.
28 Wood S, Ross S, Tang S, Miller L, Sauve R, Brant R. Vaginal

progesterone to prevent preterm birth in multiple pregnancy: a

randomized controlled trial. J Perinat Med 2012;40:593–9.
29 Awwad J, Usta IM, Ghazeeri G, Yacoub N, Succar J, Hayek S, et al.

A randomised controlled double-blind clinical trial of 17-

hydroxyprogesterone caproate for the prevention of preterm birth in

twin gestation (PROGESTWIN): evidence for reduced neonatal

morbidity. BJOG 2015;122:71–9.
30 Caritis SN, Rouse DJ, Peaceman AM, Sciscione A, Momirova V,

Spong CY, et al. Prevention of preterm birth in triplets using 17

alpha-hydroxyprogesterone caproate: a randomized controlled trial.

Obstet Gynecol 2009;113:285–92.

31 Serra V, Perales A, Meseguer J, Parrilla JJ, Lara C, Bellver J, et al.

Increased doses of vaginal progesterone for the prevention of

preterm birth in twin pregnancies: a randomised controlled double-

blind multicentre trial. BJOG 2013;120:50–7.
32 Combs CA, Garite T, Maurel K, Das A, Porto M. Failure of 17-

hydroxyprogesterone to reduce neonatal morbidity or prolong triplet

pregnancy: a double-blind, randomized clinical trial. Am J Obstet

Gynecol 2010;203:248.e1–9.
33 Combs CA, Garite TJ, Maurel K, Abril D, Das A, Clewell W, et al.

17-Hydroxyprogesterone caproate for preterm rupture of the

membranes: a multicenter, randomized, double-blind, placebo-

controlled trial. Am J Obstet Gynecol 2015;213:364.e1–12.
34 Combs CA, Garite TJ, Maurel K, Mallory K, Edwards RK, Lu G, et al.

17-Hydroxyprogesterone caproate to prolong pregnancy after

preterm rupture of the membranes: early termination of a double-

blind, randomized clinical trial. BMC Res Notes 2011;4:568.

35 Coomarasamy A, Williams H, Truchanowicz E, Seed PT, Small R,

Quenby S, et al. A randomized trial of progesterone in women with

recurrent miscarriages. N Engl J Med 2015;373:2141–8.
36 Meis PJ, Klebanoff M, Thom E, Dombrowski MP, Sibai B, Moawad

AH, et al. Prevention of recurrent preterm delivery by 17

alpha-hydroxyprogesterone caproate. N Engl J Med 2003;348:

2379–85.
37 Goldacre B, Drysdale H, Powell-Smith A, Dale A, Milosevic I, Slade E,

et al. The COMPare trials project [Internet]. 2016 [www.COMPare-

trials.org] Accessed 18 September 2016.

38 National Institute for Health and Care Excellence. Preterm Labour

and Birth. NICE Guidelines (NG25). 2015.

1015ª 2017 Royal College of Obstetricians and Gynaecologists

P-hacking of progesterone trials

http://www.COMPare-trials.org
http://www.COMPare-trials.org



