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Background In twin pregnancies, the rates of adverse perinatal

outcome and subsequent long-term morbidity are substantial, and

mainly result from preterm birth (PTB).

Objectives To assess the effectiveness of progestogen treatment in

the prevention of neonatal morbidity or PTB in twin pregnancies

using individual participant data meta-analysis (IPDMA).

Search strategy We searched international scientific databases,

trial registration websites, and references of identified articles.

Selection criteria Randomised clinical trials (RCTs) of 17–
hydroxyprogesterone caproate (17Pc) or vaginally administered

natural progesterone, compared with placebo or no treatment.

Data collection and analysis Investigators of identified RCTs were

asked to share their IPD. The primary outcome was a composite

of perinatal mortality and severe neonatal morbidity. Prespecified

subgroup analyses were performed for chorionicity, cervical

length, and prior spontaneous PTB.

Main results Thirteen trials included 3768 women and their 7536

babies. Neither 17Pc nor vaginal progesterone reduced the

incidence of adverse perinatal outcome (17Pc relative risk, RR 1.1;

95% confidence interval, 95% CI 0.97–1.4, vaginal progesterone
RR 0.97; 95% CI 0.77–1.2). In a subgroup of women with a

cervical length of ≤25 mm, vaginal progesterone reduced adverse

perinatal outcome when cervical length was measured at

randomisation (15/56 versus 22/60; RR 0.57; 95% CI 0.47–0.70)
or before 24 weeks of gestation (14/52 versus 21/56; RR 0.56;

95% CI 0.42–0.75).

Authors’ conclusions In unselected women with an uncomplicated

twin gestation, treatment with progestogens (intramuscular 17Pc

or vaginal natural progesterone) does not improve perinatal
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outcome. Vaginal progesterone may be effective in the reduction

of adverse perinatal outcome in women with a cervical length of

≤25 mm; however, further research is warranted to confirm this

finding.

Keywords 17–Hydroxyprogesterone caproate, individual

participant data meta-analysis, preterm birth, twin pregnancy,

vaginal progesterone.
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Introduction

In Europe and the USA about 3% of all pregnancies are

twin pregnancies.1,2 In twin pregnancies, the rates of still-

birth, neonatal death, preterm birth, (very) low birth-

weight, and subsequent long-term morbidity are

substantially higher than in singletons.3 Preterm birth is

the principal factor contributing to these adverse outcomes,

with 50% of twin pregnancies delivering before 37 weeks of

gestation and 9% delivering before 32 weeks of gestation.4

Improving outcomes in twin pregnancies is a goal in mod-

ern obstetrics, but as yet no interventions have been proven

to be of benefit in this group.

Randomised clinical trials (RCTs) have shown that

antenatal progestogen therapy (vaginally administered nat-

ural progesterone and semi-synthetic progestogens such as

intramuscular 17–hydroxyprogesterone caproate, 17Pc)

reduces the rate of preterm delivery in women with sin-

gleton pregnancies who are at high risk because of pre-

term birth in a previous pregnancy,5–8 or because of a

short cervix, measured sonographically, in the current

pregnancy.9–11

There has been extensive international interest in deter-

mining whether the benefits of progestogens extend to

twins: that is, whether these agents reduce the rate of pre-

term birth and thereby reduce perinatal morbidity. Two

aggregated data meta-analyses (ADMA) have examined

published trials of progestogens in twin pregnancies. One

of these did not differentiate between 17Pc and vaginal

progesterone.12 The other had too little information to

investigate relevant subgroups.13 This is a common limita-

tion of ADMA. Individual participant data meta-analysis

(IPDMA) is a more robust design that more easily allows

for subgroup analysis.14,15 A recent IPDMA focused on

women with a short cervix and found that vaginal proges-

terone reduced the rate of early preterm birth and the rate

of composite neonatal morbidity/mortality in singleton

pregnancies.11 Based on the small number of twins in that

analysis, there was a trend towards reduction of early pre-

term birth with progesterone and a significant reduction of

neonatal morbidity/mortality. That meta-analysis did not

include any studies with 17Pc. Moreover, none of the three

previous meta-analyses of the effect of progestogens in

twins included all published studies.11–13

The aim of the current study was to perform an IPDMA

to investigate the effects of progestogens in women with a

twin pregnancy and in prespecified subgroups. Analysis was

performed separately for intramuscular 17Pc and vaginally

administered natural progesterone.

Methods

The reporting of the IPDMA was performed according to

the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines.16 The study was con-

ducted based on a previously published protocol.17

Trial search and selection strategy
Trials were identified by searching the electronic databases

Cochrane Central Register of Controlled Trials (CEN-

TRAL), PubMed, MEDLINE, Embase, ClinicalTrials.gov,

and controlled-trials.com (all from inception until

1 March 2013). We used the following search strategy: pre-

term birth AND (progesterone OR 17–hydroxyprogesterone
caproate OR progestogen OR 17P) AND (pregnancy multi-

ple OR pregnancy multifetal OR pregnancy twin) AND

(randomised controlled trial OR randomized controlled

trial OR randomised trial OR randomized trial) AND

human. The principal investigators, regarded as experts in

their field, were contacted to identify further studies. No

language restrictions were used.

We included RCTs that investigated the effectiveness of

vaginally administered progesterone or intramuscular

17Pc, each versus placebo or non-intervention in the sec-

ond or third trimester in women with a twin pregnancy,

in the reduction of either preterm birth or adverse perina-

tal outcome. Trials that investigated the effectiveness in

specific subgroups (e.g. women with a short cervix) were
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also eligible for inclusion. Two investigators (ES and SS)

independently reviewed the identified papers for eligibility.

Any disagreement was solved by a third reviewer

(BWJM).

The risk of bias was assessed by two independent review-

ers (ES and SS) using a risk-of-bias tool developed by the

Cochrane collaboration, which contains specific items that

assess random sequence allocation bias, allocation conceal-

ment, incomplete outcome data, selective reporting, other

bias, blinding of participants and personnel, and blinding

of outcome assessment.18 According to the Cochrane

Handbook, each item of bias was scored as low, high, or

unclear. All the items were scored twice, once based on the

published paper or protocol and once by the principal

investigator of the included study.

The principal investigators of all eligible RCTs were con-

tacted to participate and were requested to provide individ-

ual participant data. The principal investigators had the

choice to either complete an EXCEL or SPSS data sheet or to

send their data accompanied by a document clearly stating

the definitions used. The data collected included relevant

baseline characteristics and outcomes of interest, described

in the following subsection. Data quality was assessed by

comparison of the numbers published and the data shared

by the principal investigator. In case of discrepancies the

principal investigator was contacted and corrections were

made if necessary. If any questions were raised, the authors

were contacted for clarification.

Outcomes and subgroups
The primary outcome of this IPDMA was a composite of

adverse perinatal outcome and was defined differently for

17Pc and vaginal progesterone, based on the availability of

different components of perinatal outcome in the individual

studies. In the 17Pc analysis, the composite outcome

included perinatal death, defined as intrauterine fetal death

(IUFD) at any gestational age or neonatal death before dis-

charge from the hospital, or significant neonatal morbidity,

defined as one or more of the following: respiratory distress

syndrome (RDS), requiring oxygen for ≥24 hours; broncho-

pulmonary dysplasia (BPD); intraventricular haemorrhage

(IVH), grades III or IV; necrotising enterocolitis (NEC),

grade II or more; or culture-proven sepsis. In the vaginal

progestogen analysis the composite outcome included peri-

natal death, RDS, IVH, and NEC. Secondary outcomes

included the individual neonatal morbidities listed above,

IUFD, or preterm birth at <37, <35, <32, and <28 weeks of

gestation, as well as time to delivery or death.

Secondary objectives were to assess the effect of progest-

ogens in different prespecified subgroups, which were based

on the results of included studies or previous studies.

1 Chorionicity, as assessed by ultrasonography and defined

as mono- or dichorionic.19,20

2 Cervical length at randomisation of ≤25 mm (yes/

no).9,11

3 Cervical length before 24 weeks of gestation ≤25 mm

(yes/no).9,11

4 Prior spontaneous preterm birth <37 weeks of gestation

(yes/no).5–8

The subgroup effects were investigated for the primary

outcome, adverse perinatal outcome, and time to delivery

or death. Dosage of vaginal progesterone was not prespeci-

fied as a separate subgroup analysis, as there is sufficient

evidence that dosage does not affect results in twin preg-

nancies.21,22

Analysis
All analyses were performed on an intention-to-treat basis

for 17Pc and vaginal progesterone, as compared with con-

trol, separately.

The effectiveness of progestogen treatment was estimated

using mixed models for binomial outcomes with a log link,

thus resulting in risk ratios (RRs) with 95% confidence

intervals (95% CIs). A random intercept (to account for

differences in prevalence between studies) and a random

slope (to account for differences in treatment effect

between studies) was included in these models. In the

analysis on child level, we incorporated a compound sym-

metric residual error variance to account for the clustering

of children with one shared mother.23

Heterogeneity across trials was assessed using the I2 mea-

sure and the values were interpreted as follows: 0% indi-

cates no observed heterogeneity; 25, 50, and 75% indicate

low, moderate, and high heterogeneity, respectively.24 The

number needed to treat (NNT) calculation was planned

when an association was found to be statistically signifi-

cant.

As the interest of the effectiveness of progestogen is

mainly focused on preterm birth and not necessarily on

overall gestational age at delivery, we applied a two-part

model to estimate the effect of progestogen on the com-

bined end point of preterm birth (i.e. birth before 37, 35,

32, and 28 weeks of gestation), and gestational age at

delivery for those who are born preterm.25 A two-part

model combines the probability of preterm birth (esti-

mated by a mixed log-binomial regression model) with the

median gestational at delivery in those with a preterm

birth, estimated using a mixed linear quantile regression

model.26 Confidence intervals were constructed with boot-

strapping (10 000 samples).

Subgroup effects were investigated using an interaction

term between the subgroup of interest and treatment in the

regression model. When the interaction was found to be

statistically significant (P < 0.05), a stratified analysis was

performed to investigate the effect of progestogen treat-

ment in different strata of the subgroups.
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Two post-hoc sensitivity analyses were performed: one in

which we excluded all non-blinded studies, and one in which

studies that included <100 participants were excluded. Statis-
tical analyses were performed using R 2.15.2 (The R Founda-

tion for Statistical Computing, Vienna, Austria) and SAS 9.2

(SAS Institute Inc., Cary, NC, USA, 2010).

Results

Included studies
Thirty-nine studies were identified through database search-

ing (Figure 1). Thirteen studies met all of the inclusion cri-

teria (Figure 1; Table 1; Appendix S1).5,9,19,20,22,27–34 The

other studies identified from the literature search (n = 20)

did not investigate twins, described a study protocol, or were

not expecting to complete the study within the next year.35

Data sets containing IPD were obtained for all 13 RCTs. All

studies had institutional review board approval and

informed consent from all participants.

The studies randomised women to either 17Pc20,28–31,33

or vaginal progesterone,5,9,19,22,27,32,34 each versus placebo

or non-intervention. The characteristics of the 17Pc and

vaginal progesterone included in this IPDMA are shown in

Table 1. Eleven studies were placebo-controlled dou-

ble-blind RCTs,5,9,19,20,22,28–32,34 one was an open-label trial

of 17Pc versus no treatment,33 and one was a placebo-con-

trolled trial in which participants were not blinded to their

treatment (Figure 2).27

In general, all studies enrolled twin pregnancies with a

gestational age between 16+0 and 23+6 weeks of gestation at

randomisation. Several studies had additional inclusion cri-

teria: three studies included only women with a dichorionic

twin pregnancy,22,27,29 one vaginal progesterone study

included women with a cervical length of <15 mm at 20–
25 weeks of gestation,9 and one 17Pc study included women

between 20 and 32 weeks of gestation with a cervical length

of ≤25 mm.33 Two trials allowed randomisation of women

who had a prophylactic (history-indicated) cerclage

in situ.29,32 The exclusion criteria of the studies were similar

with most of the studies eliminating twin pregnancies with

suspected major fetal abnormalities, suspected twin-to-twin

transfusion, serious maternal medical disease, cerclage in

place or planned, contraindication to progestogens, or twin

gestations that were the result of intentional fetal reduction

Figure 1. Flow of study identification.
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(Appendix S1). Several studies used stratified randomisation

(e.g. by centre,19,20,29,32 chorionicity,19,30,32 or parity30). One

study was excluded from the analysis of the primary out-

come, i.e. adverse perinatal outcome (but not the other out-

comes), because only two components of the composite were

registered.27 The availability of other data of interest in the

individual studies is listed in Appendix S2.

One study found that progestogens (vaginal progester-

one) significantly reduced the rate of preterm delivery

before 37 weeks of gestation,5 and one study found that

that progestogens (17Pc) reduced composite neonatal mor-

bidity,31 results that were not repeated in the other 11 tri-

als. Four out of six 17Pc studies and one out of seven

vaginal progesterone studies showed that progestogens were

Table 1. Overview of the studies investigating progestogen treatment included in the IPDMA

Type of

progestogen

Study Type of study n Inclusion criteria Dosage

17Pc, weekly Rouse20 Placebo-controlled double-blind

RCT, multicentre

661 Women carrying twins with

a gestational age of 16+0–20+3 weeks

250 mg

Lim30 Placebo-controlled double-blind

RCT, multicentre

650 Women with a twin pregnancy and

a gestational age between 15 and

19 weeks, with chorionicity

assessed by ultrasonography

250 mg

Nassar31 Placebo-controlled double-blind

RCT, single centre

286 Viable twin pregnancy between 16

and 20 weeks of gestation

250 mg

Combs29 Placebo-controlled double-blind

RCT, multicentre

240 Women with a dichorionic diamniotic

twin pregnancy at 15–23 weeks of

gestation with an ultrasound

examination showing no major

fetal anomalies

250 mg

Senat33 Open-label RCT, single centre 165 Women carrying twins with cervical

length of ≤25 mm between 20 and

32 weeks of gestation

500 mg

Briery28 Placebo-controlled double-blind

RCT, single centre

30 Twin pregnancy between 20 and

30 weeks of gestation with intact

membranes

250 mg

Vaginal, daily Rode32 Placebo-controlled double-blind

RCT, multicentre

677 Women with a live, diamniotic twin

pregnancy and with chorionicity

assessed by ultrasound before

16 weeks of gestation

200–mg pessaries

Norman19 Placebo-controlled double-blind

RCT, multicentre

500 Women carrying twins with gestation

and chorionicity established by scan

before 20 weeks of gestation

90 mg of gel

Serra22 Placebo-controlled double-blind

RCT, multicentre

290 Dichorionic diamniotic twin pregnant

women

19 or 29 200–mg pessaries

Aboulghar27 Placebo-controlled RCT, single centre 92 Nulliparous women who conceived

after IVF or ICSI with a dichorionic

twin between 18 and 24 weeks

of gestation

29 200–mg suppositories

Wood34 Placebo-controlled double-blind

RCT, single centre

81 Women with a multifetal pregnancy

between 16+0 and 20+6 weeks of

gestation and ultrasound-confirmed

minimum of two live fetuses

90 mg of gel

Cetingoz5 Placebo-controlled double-blind

RCT, single centre

67 Women carrying twins 100–mg suppositories

Fonseca9 Placebo-controlled double-blind

RCT, multicentre

24 Women carrying twins who were

undergoing routine ultrasonography

at 20–25 weeks of gestation and had

a cervical length of <15 mm

200–mg capsules

ICSI, intracytoplasmatic sperm injection; IVF, in vitro fertilisation.
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associated with a non-significant increase in preterm

births.19,20,28–30 Furthermore, one (17Pc) study found a sig-

nificant decrease in median gestational age at delivery,29 and

two (vaginal progesterone) studies showed a non-significant

reduction in preterm birth in the progestogen group.9,32 In

addition, two studies (one 17Pc, one vaginal progesterone)

showed a non-significant increase in IUFD.19,20

The overall quality of the included studies was good. A

summary of the risk of bias assessment can be found in

Figure 2. Selective outcome reporting was assessed but not

considered an issue because IPDMA relies on IPD rather

than reported outcomes.

In this IPDMA we included individual data of 3768

women with a twin pregnancy, of which 2006 women were

allocated to progestogen treatment (1089 to 17Pc and 917 to

vaginal progesterone) and 1762 were allocated to control.

The baseline characteristics of the women administered 17Pc

or placebo and vaginal progesterone or placebo are presented

separately in Table 2. Baseline characteristics for the proges-

togen-treatment groups and their control groups were com-

parable, although assisted conception occurred more often in

those treated with 17Pc, whereas in the vaginal progesterone

studies women in the control group drank more alcohol.

17Pc

Overall effects of 17Pc treatment
The overall effects of treatment with 17Pc are depicted in

Appendix S5. The primary outcome, i.e. adverse perinatal

outcome, occurred in 423 (20%) children in the 17Pc

group and 318 (17%) children in the control group

(RR 1.2; 95% CI 0.87–1.5). The rates of the individual

components of the composite outcome did not differ sig-

nificantly between the two groups, although it should be

noted that there was a trend towards an increased risk for

the majority of adverse perinatal and neonatal outcomes in

those treated with 17Pc.

For IUFD or delivery before 37, 35, 32, and 28 weeks of

gestation, and the other secondary outcomes no substantial

differences were found between 17Pc treatment and con-

trol. All results were similar when corrected for stratified

randomisation.

Heterogeneity amongst studies was low for retinopathy

of prematurity (ROP), moderate for RDS and a delivery

or death before 35 weeks of gestation, and moderate to

high for adverse perinatal outcome, perinatal death, sepsis,

and delivery or death before 32 weeks of gestation

1 study not yet published, but judgment based on study protocol
2 participants not blinded for allocation
3 unclear from paper/protocol but risk of bias judged as low by the principal investigator
4 neonatal morbidity not presented
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(Appendix S5). For all other outcomes no heterogeneity

was observed.

There was one study in which participants and clinicians

were not blinded to treatment.33 Exclusion of all participants

from this particular trial did not lead to different results

(data not shown). The second sensitivity analysis focused on

the analysis of IPD from studies that included 100+ partici-

pants,20,29–31,33 and showed similar results to the main IP-

DMA (data not shown).

Subgroup analyses in 17Pc treatment
17–Hydroxyprogesterone caproate (17Pc) had a statistically

significant interaction with the following subgroups:

women with a cervical length at randomisation of ≤25 mm

(P = 0.0098), and those with a cervical length of ≤25 mm

before 24 weeks of gestation (P = 0.0027). Stratified sub-

group analyses for adverse perinatal outcome according to

cervical length indicated no benefit of 17Pc over control in

women with a cervical length of ≤25 mm, either at ran-

domisation or before 24 weeks of gestation (Appendix S3).

Instead, 17Pc led to an increase in adverse perinatal out-

come in women with a cervical length of >25 mm at ran-

domisation (14/78 versus 8/88; RR 2.1; 95% CI 1.9–2.2)
and before 24 weeks of gestation (82/518 versus 60/512;

RR 1.4; 95% CI 1.26–1.5). Cervical length measurements

were available from four studies.28–30,33 17Pc did not have

a significant effect on adverse perinatal outcome, time to

delivery, or death when subgroup analysis was performed

according to chorionicity (P = 0.32) and prior spontaneous

preterm birth <37 weeks of gestation (P = 0.52).

Vaginal progesterone

Overall effects of vaginal progesterone treatment
The overall effects of vaginal progesterone treatment are

shown in Appendix S6. Adverse perinatal outcome

occurred in 219 (13%) children in the vaginal progesterone

group and in 201 (13%) children in the control group

(RR 0.96; 95% CI 0.83–1.1). The rates of the individual

components of the composite outcome did not differ sig-

nificantly between both groups. Women treated with vagi-

nal progesterone had a lower gestational age at delivery

when delivered before 28 weeks of gestation than those in

the control group (median difference �1.6 weeks of gesta-

tion; 95% CI �2.7 to �0.43 weeks of gestation); however,

the combined end point based on the proportion of deliv-

ery or death before 28 weeks of gestation and the differ-

ence in gestational age at delivery or death for those who

were preterm was similar for the two groups (median dif-

ference 0.049; 95% CI �0.034 to 0.10). For delivery before

37, 35, 32, and 28 weeks of gestation, and the other sec-

ondary outcomes, no substantial differences were found

between vaginal progesterone treatment and control. All

results were similar when corrected for stratified randomi-

sation.

Heterogeneity amongst studies was low for BPD, and for

delivery or death before 37 and 32 weeks of gestation

(Appendix S6). For all other outcomes no heterogeneity

was observed.

There was one study in which participants were not blinded

to the treatment.27 Exclusion of the participants of this study

did not lead to different results (data not shown). An analysis

on IPD from studies that included 100+ participants only did

not alter the presented results (data not shown).19,22,32

Subgroup analyses in vaginal progesterone treatment
Vaginal progesterone had a statistically significant interac-

tion with the following subgroups: women with a cervical

length of ≤25 mm at randomisation (P = 0.0060); women

with a cervical length of ≤25 mm before 24 weeks of gesta-

tion (P = 0.0055), and women with a prior spontaneous

preterm birth <37 weeks of gestation (P = 0.0013).

Stratified subgroup analyses for adverse perinatal out-

come according to cervical length indicated a benefit of

vaginal progesterone over control in women with a cervi-

cal length of ≤25 mm at randomisation (15/56 versus 22/

60; RR 0.57; 95% CI 0.47–0.70; NNT 10) and before

24 weeks of gestation (14/52 versus 21/56; RR 0.56;

95% CI 0.42–0.75; NNT 9.5, Appendix S4). No difference

between vaginal progesterone and controls was found for

women with a cervical length of >25 mm at randomisa-

tion or before 24 weeks of gestation. Cervical length mea-

surements were available from five studies,5,9,22,27,32 of

which four had data on women with a cervical length of

≤25 mm.5,9,22,32

Stratified subgroup analysis according to prior preterm

birth <37 weeks of gestation showed no difference in

adverse perinatal outcome when comparing the vaginal

progesterone group with controls in those with a prior pre-

term birth (12/48 versus 9/42; RR 2.0; 95% CI 0.93–4.2)
and in those without a previous preterm birth (187/1566

versus 160/1372; RR 1.02; 95% CI 0.96–1.09).
Vaginal progesterone did not have a significant effect on

adverse perinatal outcome, time to delivery, or death when

subgroup analysis was performed according to chorionicity

(P = 0.46).

Discussion

Main findings
This meta-analysis based on individual participant data

from 13 RCTs of progestogen treatment for the prevention

of preterm birth in unselected women with an uncompli-

cated twin pregnancy shows that progestogen treatment,

regardless of type, did not reduce the risk of adverse peri-

natal outcome, compared with control; however, in a
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subgroup of women with a short cervical length, vaginal

progesterone treatment was beneficial.

Interpretation
A recent study investigating the relationship between 17Pc

concentration and gestational age at delivery showed that

17Pc may reduce gestational age at delivery.36 This result

could not be repeated in this study; however, given the

general trend of increased incidence of adverse perinatal

outcomes, the increased incidence of adverse perinatal

outcomes in a subgroup of women with a cervical length

>25 mm, and the ineffectiveness to prolong pregnancy,

we conclude that 17Pc is contraindicated in twin preg-

nancies.

Two recent meta-analyses suggested that women with a

twin pregnancy and a short cervical length might benefit

from treatment with vaginal progesterone.12,13 In our IP-

DMA we found similar results. The effect estimate was sim-

ilar to that previously found in an IPDMA in singletons

(RR 0.57; 95% CI 0.40–0.81) and twins (RR 0.56; 95% CI

0.30–0.97) versus twin pregnancies with a cervical length of

≤25 mm at randomisation (RR 0.57; 95% CI 0.47–0.70)
and before 24 weeks of gestation (RR 0.56; 95% CI 0.42–
0.75).11 The narrower confidence interval in our study may

be attributable to our inclusion of a more recent study that

was not included in the earlier meta-analysis.22 The poten-

tial effectiveness of vaginal progesterone in twin pregnancy

with short cervix may have biological plausibility, as short

cervix might be an early sign of the onset of parturition.

Nonetheless, these results should be interpreted with cau-

tion because they are derived from a post hoc analysis of

relatively small subgroups, which can lead to spurious con-

clusions. These findings should stimulate further research

on progesterone in twin pregnancies with a short cervix.

Two individual studies previously reported a non-signifi-

cant trend towards a benefit from vaginal progesterone in

monochorionic twin pregnancies.19,32 One study showed

that vaginal progesterone reduced the number of IUFDs or

deliveries before 34 weeks of gestation in monochorionic

twins by 48%, whereas these were increased by 73% in di-

chorionic twins, both compared with the placebo group.19

We did not find a significant interaction between vaginal

progesterone treatment and chorionicity. We conclude that

progestogens are not effective in a subgroup of women

based on chorionicity.

Strengths and limitations

An IPDMA has several distinct advantages over ADMA. IP-

DMA involves the synthesis of individual-level data from

the individual trials, and therefore allows for the verifica-

tion of published results. As IPD are available, an IPDMA

allows for more flexibility regarding the inclusion and

exclusion of individuals,14 and the choice of end points

and subgroups,15,37 compared with ADMA. Furthermore,

an IPDMA allows for more options to perform subgroup

analyses and time-to-event analysis, as it can take account

of the time between the initiation of treatment and the

outcome of interest.38 This is important because most pub-

lished trials have reported a non-significant trend towards

a shorter duration of pregnancy after the use of progesto-

gens in women with twin pregnancies.19,20 A final advan-

tage of IPDMA is that IPD from unpublished studies can

be included in the analysis. It is, however, important to

contact the primary investigators and ask for the study pro-

tocol in order to assess the risk of bias, which is normally

assessed using the published article. Although the results

found in this study are similar to two previous AD-

MAs,12,13 we can be more confident in our findings given

our rigorous approach using IPD.

Other strengths of the study are that this is the largest

meta-analysis so far conducted on the effects of progesto-

gens in twins and that it includes all currently published

studies on this topic, in contrast to previously published

meta-analyses.11–13 Furthermore, our study is strengthened

by the low influence of publication bias. Indeed, publica-

tion bias is a potential problem in meta-analysis, and can

be investigated using funnel plots. Given the low number

of included studies we were not able to reliably construct

funnel plots. Instead, studies were identified through trial

registries, from which we were able to identify continuing

as well as terminated studies. Moreover, most of the trials

included in this IPDMA failed to show a benefit of progest-

ogens, but were included in a formal trials register, and

published according to good practice.

Heterogeneity in the primary outcome between the six

17Pc studies was moderate to high (I2 64%; 95% CI 14–
85%). This heterogeneity is likely to result from the different

directions of the effect of 17Pc in the individual studies. In

the seven vaginal progesterone studies no heterogeneity was

observed for the primary outcome (I2 0%; 95% CI 0–65%).

The sensitivity analyses performed in blinded studies,

and in studies that included 100+ participants, did not lead

to different results than are presented here. This shows the

robustness of the results of our study.

The number of women with missing primary outcome

data was very low (0.0–6.7%). Consequently, it was not

likely that these missing values would influence the final

conclusions. Therefore, a complete case analysis was con-

sidered appropriate.

There are several deviations from our published protocol

that must be discussed.17 First, the cut-off of cervical length

was changed from <25 mm to ≤25 mm to allow for a bet-

ter comparison with another meta-analysis.11 Second, peri-

ventricular leucomalacia and retinopathy of prematurity

were excluded from the composite outcome because this

35ª 2014 Royal College of Obstetricians and Gynaecologists

IPDMA of progestogens in twins



information was not registered in the majority of studies.

We would like to emphasise that both changes were made

before we investigated treatment effects. Furthermore, the

conclusions of our study were similar when using the cut--

off of cervical length as previously published in the proto-

col of this IPDMA.

Conclusion

In conclusion, this IPDMA has shown that in unselected

women with uncomplicated twin pregnancies, treatment

with progestogens does not prolong pregnancy or improve

perinatal outcome. In a subgroup of women with a short

cervical length vaginal progesterone treatment did improve

perinatal outcome.
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