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ABSTRACT

Background

Miscarriage, defined as the spontaneous loss of a pregnancy before 24 weeks’ gestation, is common with approximately 25% of women
experiencing a miscarriage in their lifetime, and 15% to 20% of pregnancies ending in a miscarriage. Progesterone has animportantrole in
maintaining a pregnancy, and supplementation with different progestogens in early pregnancy has been attempted to rescue a pregnancy
in women with early pregnancy bleeding (threatened miscarriage), and to prevent miscarriages in asymptomatic women who have a
history of three or more previous miscarriages (recurrent miscarriage).

Objectives

To estimate the relative effectiveness and safety profiles for the different progestogen treatments for threatened and recurrent miscarriage,
and provide rankings of the available treatments according to their effectiveness, safety, and side-effect profile.

Search methods

We searched the following databases up to 15 December 2020: Cochrane Central Register of Controlled Trials, Ovid MEDLINE(R),
ClinicalTrials.gov and the WHO International Clinical Trials Registry Platform (ICTRP), and reference lists of retrieved studies.

Selection criteria

We included all randomised controlled trials assessing the effectiveness or safety of progestogen treatment for the prevention of
miscarriage. Cluster-randomised trials were eligible for inclusion. Randomised trials published only as abstracts were eligible if sufficient
information could be retrieved. We excluded quasi- and non-randomised trials.

Data collection and analysis

At least two review authors independently assessed the trials for inclusion and risk of bias, extracted data and checked them for
accuracy. We performed pairwise meta-analyses and indirect comparisons, where possible, to determine the relative effects of all available
treatments, but due to the limited number of included studies only direct or indirect comparisons were possible. We estimated the relative
effects for the primary outcome of live birth and the secondary outcomes including miscarriage (< 24 weeks of gestation), preterm birth (<
37 weeks of gestation), stillbirth, ectopic pregnancy, congenital abnormalities, and adverse drug events. Relative effects for all outcomes
are reported separately by the type of miscarriage (threatened and recurrent miscarriage). We used the GRADE approach to assess the
certainty of evidence.
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Main results

Our meta-analysis included seven randomised trials involving 5,682 women, and all provided data for meta-analysis. All trials were
conducted in hospital settings. Across seven trials (14 treatment arms), the following treatments were used: three arms (21%) used vaginal
micronized progesterone; three arms (21%) used dydrogesterone; one arm (7%) used oral micronized progesterone; one arm (7%) used
17-a-hydroxyprogesterone, and six arms (43%) used placebo.

Women with threatened miscarriage

Based on the relative effects from the pairwise meta-analysis, vaginal micronized progesterone (two trials, 4090 women, risk ratio (RR)
1.03, 95% confidence interval (Cl) 1.00 to 1.07, high-certainty evidence), and dydrogesterone (one trial, 406 women, RR 0.98,95% Cl 0.89 to
1.07, moderate-certainty evidence) probably make little or no difference to the live birth rate when compared with placebo for women with
threatened miscarriage. No data are available to assess the effectiveness of 17-a-hydroxyprogesterone or oral micronized progesterone
for the outcome of live birth in women with threatened miscarriage.

The pre-specified subgroup analysis by number of previous miscarriages is only possible for vaginal micronized progesterone in women
with threatened miscarriage. In women with no previous miscarriages and early pregnancy bleeding, there is probably little or no
improvement in the live birth rate (RR 0.99,95% CI 0.95 to 1.04, high-certainty evidence) when treated with vaginal micronized progesterone
compared to placebo. However, for women with one or more previous miscarriages and early pregnancy bleeding, vaginal micronized
progesterone increases the live birth rate compared to placebo (RR 1.08, 95% CI 1.02 to 1.15, high-certainty evidence).

Women with recurrent miscarriage

Based on the results from one trial (826 women) vaginal micronized progesterone (RR 1.04, 95% Cl 0.95 to 1.15, high-certainty evidence)
probably makes little or no difference to the live birth rate when compared with placebo for women with recurrent miscarriage. The
evidence for dydrogesterone compared with placebo for women with recurrent miscarriage is of very low-certainty evidence, therefore the
effects remain unclear. No data are available to assess the effectiveness of 17-a-hydroxyprogesterone or oral micronized progesterone for
the outcome of live birth in women with recurrent miscarriage.

Additional outcomes

All progestogen treatments have a wide range of effects on the other pre-specified outcomes (miscarriage (<24 weeks of gestation), preterm
birth (< 37 weeks of gestation), stillbirth, ectopic pregnancy) in comparison to placebo for both threatened and recurrent miscarriage.
Moderate- and low-certainty evidence with a wide range of effects suggests that there is probably no difference in congenital abnormalities
and adverse drug events with vaginal micronized progesterone for threatened (congenital abnormalities RR 1.00, 95% CI 0.68 to 1.46,
moderate-certainty evidence; adverse drug events RR 1.07 95% Cl 0.81 to 1.39, moderate-certainty evidence) or recurrent miscarriage
(congenital abnormalities 0.75, 95% Cl 0.31 to 1.85, low-certainty evidence; adverse drug events RR 1.46, 95% Cl 0.93 to 2.29, moderate-
certainty evidence) compared with placebo. There are limited data and very low-certainty evidence on congenital abnormalities and
adverse drug events for the other progestogens.

Authors' conclusions

The overall available evidence suggests that progestogens probably make little or no difference to live birth rate for women with threatened
or recurrent miscarriage. However, vaginal micronized progesterone may increase the live birth rate for women with a history of one or
more previous miscarriages and early pregnancy bleeding, with likely no difference in adverse events. There is still uncertainty over the
effectiveness and safety of alternative progestogen treatments for threatened and recurrent miscarriage.

PLAIN LANGUAGE SUMMARY

Are progestogen treatments effective in preventing miscarriage?

We set out to find out which progestogen treatment is most effective, safe, and has fewer side-effects for preventing miscarriage in women
with threatened and with recurrent miscarriage, using evidence from randomised controlled trials. We looked at the number of women
who went on to have a live birth, or miscarriage.

What is the issue?

Miscarriage is the most common cause of early pregnancy loss in the first 24 weeks and one of the most common complications in
early pregnancy. An estimated 15% to 20% of pregnancies will end in a miscarriage, with 25% of women experiencing a miscarriage in
their lifetime. Women can be at risk of a miscarriage if they experience early pregnancy bleeding, or if they have a history of previous
miscarriages.

Why is this important?

Progesterone is an important pregnancy hormone that helps to maintain a pregnancy. A variety of different progesterone-like treatments
(known as progestogens) have been used to treat women with early pregnancy bleeding. They are also used to prevent miscarriage in
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women with a history of previous miscarriages. There is uncertainty about the effectiveness, safety, and side-effects of the available
progestogens for preventing miscarriage in these different groups of women. We wanted to find out which, if any, of the treatments is the
most effective and safest. We collected and analysed all the relevant studies to answer this question.

What evidence did we find?

We searched for evidence in December 2020 and identified seven studies involving 5,682 women. All women were managed in hospitals.
Women were diagnosed with early pregnancy bleeding (known as threatened miscarriage), or had a history of three or more previous
miscarriages (known as recurrent miscarriage). Four different progestogen treatments were used: vaginal micronized progesterone, oral
dydrogesterone, oral micronized progesterone and 17-a-hydroxyprogesterone injected into muscle. In six of the studies the treatments
were compared to inactive placebo.

Three studies involved 4496 women with threatened miscarriage, some of whom had previously experienced a miscarriage. Overall,
vaginal micronized progesterone (high-quality evidence) and oral dydrogesterone (moderate-quality evidence) made little difference to
the number of women who went on to have a live birth when compared with placebo. We further studied the women who had experienced
a previous miscarriage, were now presenting with a threatened miscarriage, and were given vaginal micronized progesterone or placebo.
For women with one or more previous miscarriages, vaginal micronized progesterone increased the live birth rate compared to placebo
(high-quality evidence). Those women who had no previous miscarriages, but were now presenting with early pregnancy bleeding showed
no improvement in live birth rate (high-certainty evidence).

For women with recurrent miscarriage, we based our findings on one study involving 826 women. Overall, vaginal micronized progesterone
made little difference to the live birth rate when compared with placebo. The evidence for dydrogesterone compared with placebo for
women with recurrent miscarriage is of very low-certainty evidence, therefore the effects remain unclear. No data are available to assess
the effectiveness of 17-a-hydroxyprogesterone or oral micronized progesterone for the outcome of live birth in women with recurrent
miscarriage.

From the available data, there are likely no differences in adverse events associated with vaginal micronized progesterone. There was no
difference in birth defects and side effects with vaginal micronized progesterone when compared with placebo. There was not enough
information about safety and birth defects for us to analyse for all the other treatments.

What does this mean?

The overall available evidence suggests that progestogens probably make little or no difference to live birth rate for women with threatened
orrecurrent miscarriage. Vaginal micronized progesterone may increase the live birth rate forwomen who are experiencing early pregnancy
bleeding and have a history of one or more previous miscarriages, with likely no difference in adverse events. There is still uncertainty over
the effectiveness and safety of alternative progestogen treatments for threatened and recurrent miscarriage.

Progestogens for preventing miscarriage: a network meta-analysis (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Live birth

Patient or population: women with threatened miscarriage or a history of recurrent miscarriage

Interventions: multiple progestogens (vaginal micronized progesterone, oral micronized progesterone, dydrogesterone and 17-a-hydroxyprogesterone)
Comparison: placebo and dydrogesterone

Outcome: live birth

Settings: hospitals
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Treatment Direct evidence Indirect evidence Anticipated absolute effects for direct estimate
RR (95% Cl) Certainty RR (95% Cl) Certainty Risk with inter- Risk with com-  Risk difference with
vention parator intervention
Threatened miscarriage
Vaginal micronized progesterone  1.03[1.00, el ) Unavailable - 761 per 1000 (vagi- 725 per 1000 36 more per 1000
versus placebo 1.07] nal micronized (placebo)
HIGH progesterone) (from 36 fewer to 123
more)
Subgroup analysis: number of previous miscarriages
No previous miscarriages and early ~ 0.99[0.95, DPDD Unavailable - 739 per 1000 (vagi- 747 per 1000 7 fewer per 1000
pregnancy bleeding 1.04] nal micronized (placebo)
HIGH progesterone) (from 37 fewer to 30
more)
One or more previous miscarriages ~ 1.08 [1.02, SODD Unavailable - 755 per 1000 (vagi- 699 per 1000 56 more per 1000
and early pregnancy bleeding 1.14] nal micronized (placebo)
HIGH progesterone) (from 14 more to 105
more)
Dydrogesterone versus placebo 0.98[0.89, B30 Unavailable - 816 per 1000 (dy- 833 per 1000 17 fewer per 1000
1.07] drogesterone) (placebo)
MODERATE? (from 92 fewer to 58

more)
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17-a-hydroxyprogesterone ver- Unavailable - Unavailable - See comment* See comment™  See comment***
sus placebo
Oral micronized progesterone Unavailable - Unavailable - See comment* See comment™  See comment***
versus placebo
Vaginal micronized progesterone  Unavailable - 1.07[0.93, SO0 See comment* See comment**  See comment***
versus dydrogesterone 1.23]
MODERATED

Recurrent miscarriage
Vaginal micronized progesterone  1.04[0.94, OODD Unavailable - 659 per 1000 (vagi- 633 per 1000 25 more per 1000
versus placebo 1.15] nal micronized (placebo)

HIGH progesterone) (from 38 fewer to 95

more)
Dydrogesterone versus placebo 1.00[0.23, elele) Unavailable - 850 per 1000 (dy- 850 per 1000 0 fewer per 1000
4.37] drogesterone) (placebo)
VERY LOW¢ (from 195 fewer to
255 more)
Vaginal micronized progesterone  Unavailable - 1.04[0.79, elcle] See comment* See comment**  See comment***
versus dydrogesterone 1.38]
VERY LOowd

17-a-hydroxyprogesterone ver- Unavailable - Unavailable - See comment* See comment**  See comment***
sus placebo
Oral micronized progesterone Unavailable - Unavailable - See comment* See comment**  See comment***

versus dydrogesterone

*No included studies or there are no events in included studies to estimate the baseline risk.

**Absolute risk with intervention cannot be estimated in the absence of absolute risk with the comparator.

***Risk difference cannot be estimated in the absence of absolute risks with intervention and the comparator.

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.
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Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

ad Direct evidence downgraded -1 due to serious limitations in study design.
b Indirect evidence -1 due to serious limitations in study design.

¢Direct evidence downgraded -1 due to serious limitations in study design (unclear random sequence generation and allocation concealment) and -2 due to and severe imprecision

(wide 95% Cls and small number of events).

d Indirect evidence downgraded -1 due to serious limitations in study design (unclear random sequence generation and allocation concealment) and -2 due to and severe

imprecision (wide 95% Cls and small number of events).

Summary of findings 2. Miscarriage (defined as delivery before 24 weeks of gestation)

Patient or population: women with threatened miscarriage or a history of recurrent miscarriage

Interventions: multiple progestogens (vaginal micronized progesterone, oral micronized progesterone, dydrogesterone and 17-a-hydroxyprogesterone)

Comparison: placebo and dydrogesterone
Outcome: miscarriage (defined as delivery before 24 weeks of gestation)

Settings: hospitals

Treatment Direct evidence Indirect evidence Anticipated absolute effects for direct estimate
RR (95% Cl) Certainty RR (95% Cl) Certainty Risk with inter- Risk with Risk difference with
vention comparator intervention
Threatened miscarriage
Vaginal micronized progesterone  0.90[0.80, SDOD Unavailable - 201 per 1000 (vagi- 224 per 1000 22 fewer per 1000
versus placebo 1.01] nal micronized (placebo)
HIGH progesterone) (from 45 fewer to 2
more)
Dydrogesterone versus placebo 0.90[0.55, SDDO Unavailable - 129 per 1000 (dy- 143 per 1000 14 fewer per 1000
1.47] drogesterone) (placebo)
MODERATE®? (from 64 fewer to 67
more)
17-a-hydroxyprogesterone ver- Not reported - Unavailable - See comment* See com- See comment***
sus placebo ment**
by included
studies
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Oral micronized progesterone 0.67[0.25, B0 Unavailable - 102 per 1000 (oral 153 per 1000 50 fewer per 1000
versus dydrogesterone 1.75] micronized proges-  (placebo)
VERY LOWb terone) (from 114 fewer to 114
more)
Oral micronized progesterone Unavailable - 0.74[0.25, B®OOO See comment* See com- See comment***
versus placebo 2.17] VERY LOWC ment**
Vaginal micronized progesterone  Unavailable - 1.00 [0.60, Tl I0) See comment* See com- See comment***
versus dydrogesterone 1.66] ment**
MODERATEd
Vaginal micronized progesterone  Unavailable - 1.22[0.41, ®000 See comment* See com- See comment***
versus oral micronized proges- 3.62] VERY LOWC¢ ment**
terone
Recurrent miscarriage
Vaginal micronized progesterone  0.96 [0.79, LT Unavailable - 321 per 1000 (vagi- 334 per 1000 13 fewer per 1000
versus placebo 1.17] nal micronized (placebo)
HIGH progesterone) (from 70 fewer to 57
more)
Dydrogesterone versus placebo 1.00 [0.23, @000 Unavailable - 150 per 1000 (dy- 150 per 1000 0 fewer per 1000
4.37] VERY LOWe drogesterone) (placebo)
(from 115 fewer to 505
more)
17-a-hydroxyprogesterone ver- 0.85[0.28, ®000 Unavailable - 185 per 1000 (17- 217 per 1000 33 fewer per 1000
sus placebo 2.58] VERY LOWe a-hydroxyproges- (placebo)
terone) (from 157 fewer to 343
more)
Oral micronized progesterone Unavailable - Unavailable - See comment* See com- See comment***
versus dydrogesterone ment**
Vaginal micronized progesterone  Unavailable - 0.96 [0.22, lelele) See comment* See com- See comment***
versus dydrogesterone 4.24] VERY LOWf ment**
Dydrogesterone versus 17-a-hy- Unavailable - 1.18[0.19, lelelo) See comment* See com- See comment***
droxyprogesterone 7.44] VERY LOWF ment**
Vaginal micronized progesterone  Unavailable - 1.13[0.37, lelelo) See comment* See com- See comment***
versus 17-a-hydroxyproges- 3.49] VERY LOWF ment**

terone
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*No included studies or there are no events in included studies to estimate the baseline risk.
**Absolute risk with intervention cannot be estimated in the absence of absolute risk with the comparator.
***Risk difference cannot be estimated in the absence of absolute risks with intervention and the comparator.

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a Direct evidence downgraded -1 due to serious limitations in study design.

b Direct evidence downgraded -1 due to serious limitations in study design (unclear allocation concealment) and -2 due to and severe imprecision (wide 95% Cls and small number
of events).

¢ Indirect evidence downgraded -1 due to serious limitations in study design (unclear allocation concealment) and -2 due to and severe imprecision (wide 95% Cls and small
number of events).

d Indirect evidence downgraded -1 due to serious limitations in study design.

e Direct evidence downgraded -1 due to serious limitations in study design (unclear random sequence generation and allocation concealment) and -2 due to and severe
imprecision (wide 95% Cls and small number of events).

f Indirect evidence downgraded -1 due to serious limitations in study design (unclear random sequence generation and allocation concealment) and -2 due to and severe
imprecision (wide 95% Cls and small number of events).

Summary of findings 3. Preterm birth (defined as birth before 37 weeks of gestation)

Patient or population: women with threatened miscarriage or a history of recurrent miscarriage

Interventions: multiple progestogens (vaginal micronized progesterone, oral micronized progesterone, dydrogesterone and 17-a-hydroxyprogesterone)
Comparison: placebo and dydrogesterone

Outcome: preterm birth (defined as birth before 37 weeks of gestation)

Settings: hospitals

Treatment Direct evidence Indirect evidence Anticipated absolute effects for direct estimate

RR (95% Cl) Certainty RR (95% Cl) Certainty Risk with inter- Risk with com-  Risk difference with
vention parator intervention

Threatened miscarriage
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Vaginal micronized proges- 1.08[0.92, SPPO Unavailable - 166 per 1000 (vagi- 152 per 1000 14 more per 1000
terone versus placebo 1.27] nal micronized (placebo)
MODERATE® progesterone) (fl’om 27 fewer to 68
more)
Dydrogesterone versus placebo  0.87 [0.40, ®B00 Unavailable - 67 per 1000 (dydro- 77 per 1000 10 fewer per 1000
1.88] gesterone) (placebo)
Lowb (from 46 fewer to 68
more)
17-a-hydroxyprogesterone ver-  Unavailable - Unavailable - See comment* See comment**  See comment***
sus placebo
Oral micronized progesterone Unavailable - Unavailable - See comment* See comment**  See comment***
versus dydrogesterone
Vaginal micronized proges- Unavailable - 1.25[0.55, ®®00 See comment* See comment**  See comment***
terone versus dydrogesterone 2.86]
LOwc
Recurrent miscarriage
Vaginal micronized proges- 1.12 [0.67, Tl 10) Unavailable - 103 per 1000 (vagi- 92 per 1000 11 more per 1000
terone versus placebo 1.87] nal micronized (placebo)
MODERATE® progesterone) (from 30 fewer to 80
more)
Dydrogesterone versus placebo  Unavailable - Unavailable - See comment* See comment*™  See comment***
17-a-hydroxyprogesterone ver-  Unavailable - Unavailable - See comment* See comment*™  See comment***
sus placebo
Oral micronized progesterone Unavailable - Unavailable - See comment* See comment™  See comment***

versus dydrogesterone

*No included studies or there are no events in included studies to estimate the baseline risk.

**Absolute risk with intervention cannot be estimated in the absence of absolute risk with the comparator.

***Risk difference cannot be estimated in the absence of absolute risks with intervention and the comparator.

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
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Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a Direct evidence downgraded -1 due to serious imprecision (wide 95% Cls).
b Direct evidence downgraded -1 due to serious limitations in study design and serious imprecision (wide 95% Cls).
¢Indirect evidence downgraded -1 due to serious limitations in study design and serious imprecision (wide 95% Cls).

Summary of findings 4. Stillbirth

Patient or population: women with threatened miscarriage or a history of recurrent miscarriage

Interventions: multiple progestogens (vaginal micronized progesterone, oral micronized progesterone, dydrogesterone and 17-a-hydroxyprogesterone)

Comparison: placebo and dydrogesterone

Outcome: stillbirth

Settings: hospitals

Treatment Direct evidence Indirect evidence Anticipated absolute effects for direct estimate
RR (95% Cl) Certainty RR (95% Cl) Certainty Risk with inter- Risk with com-  Risk difference with
vention parator intervention
Threatened miscarriage
Vaginal micronized progesterone  0.83[0.25, DO Unavailable - 2 per 1000 (vaginal 3 per 1000 1 fewer per 1000
versus placebo 2.71] LOWa micronized proges-  (placebo)
terone) (from 2 fewerto 5
more)
Dydrogesterone versus placebo 0.33[0.01, OO Unavailable - 2 per 1000 (dydro- 5 per 1000 3 fewer per 1000
8.13] VERY LOWb gesterone) (placebo)
(from 5 fewer to 35
more)
17-a-hydroxyprogesterone ver- Unavailable - Unavailable - See comment* See comment™  See comment***
sus placebo
Oral micronized progesterone Unavailable - Unavailable - See comment* See comment**  See comment***

versus dydrogesterone
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Vaginal micronized progesterone  Unavailable - 2.52[0.07, lelelo) See comment* See comment**  See comment***
versus dydrogesterone 88.08]
VERY LOW¢
Recurrent miscarriage
Vaginal micronized progesterone  0.54 [0.05, 300 Unavailable - 3 per 1000 (vaginal 5 per 1000 2 fewer per 1000
versus placebo 5.91] Lowa micronized proges-  (placebo)
terone) (from 4 fewer to 23
more)
Dydrogesterone versus placebo Unavailable - Unavailable - See comment* See comment*™  See comment***
17-a-hydroxyprogesterone ver- Unavailable - Unavailable - See comment* See comment*™  See comment***
sus placebo
Oral micronized progesterone Unavailable - Unavailable - See comment* See comment**  See comment***

versus dydrogesterone

*No included studies or there are no events in included studies to estimate the baseline risk.

**Absolute risk with intervention cannot be estimated in the absence of absolute risk with the comparator.

***Risk difference cannot be estimated in the absence of absolute risks with intervention and the comparator.

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a Direct evidence downgraded -2 due to severe imprecision (wide 95% Cls and number of events less than 30).

b Direct evidence downgraded -1 due to serious limitations in study design and -2 for severe imprecision (wide 95% Cls and number of events less than 30).
¢ Indirect evidence downgraded -1 due to serious limitations in study design and -2 for severe imprecision (wide 95% Cls and number of events less than 30).

Summary of findings 5. Ectopic pregnancy

Patient or population: women with threatened miscarriage or a history of recurrent miscarriage

Interventions: multiple progestogens (vaginal micronized progesterone, oral micronized progesterone, dydrogesterone and 17-a-hydroxyprogesterone)
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Comparison: placebo and dydrogesterone

Outcome: ectopic pregnancy

Settings: hospitals

Treatment

Direct evidence

Indirect evidence

Anticipated absolute effects for direct estimate

RR (95% Cl) Certainty RR (95% ClI) Certainty Risk with interven- Risk with com- Risk difference with in-
tion parator tervention
Threatened miscarriage
Vaginal micronized proges-  0.20[0.01, DO Unavailable - 0 per 1000 (vaginal 1 per 1000 (place- 1 fewer per 1000
terone 4.14] Lowa micronized proges- bo)
terone) (from 1 fewer to 3 more)
Dydrogesterone Unavailable - Unavailable - See comment* See comment** See comment***
17-a-hydroxyprogesterone Unavailable - Unavailable - See comment* See comment™* See comment***
Oral micronized proges- Unavailable - Unavailable - See comment* See comment™* See comment***
terone versus dydroges-
terone
Recurrent miscarriage
Vaginal micronized proges-  0.92 [0.31, P00 Unavailable - 15 per 1000 (vaginal 16 per 1000 2 fewer per 1000
terone 2.72] Lowa micronized proges- (placebo)
terone) (from 4 fewer to 23
more)
Dydrogesterone Unavailable - Unavailable - See comment* See comment** See comment***
17-a-hydroxyprogesterone Unavailable - Unavailable - See comment* See comment** See comment***
Oral micronized proges- Unavailable - Unavailable - See comment* See comment** See comment***

terone versus dydroges-
terone

*No included studies or there are no events in included studies to estimate the baseline risk.

**Absolute risk with intervention cannot be estimated in the absence of absolute risk with the comparator.

***Risk difference cannot be estimated in the absence of absolute risks with intervention and the comparator.
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Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a Direct evidence downgraded -2 due to severe imprecision (wide 95% Cls and number of events less than 30).

Summary of findings 6. Congenital abnormalities

Patient or population: women with threatened miscarriage or a history of recurrent miscarriage

Interventions: multiple progestogens (vaginal micronized progesterone, oral micronized progesterone, dydrogesterone and 17-a-hydroxyprogesterone)
Comparison: placebo and dydrogesterone

Outcome: congenital abnormalities

Settings: hospitals

Treatment Direct evidence Indirect evidence Anticipated absolute effects for direct estimate
RR (95% ClI) Certainty RR (95% CI) Certainty Risk with interven- Risk with com-  Risk difference with in-
tion parator tervention
Threatened miscarriage
Vaginal micronized proges- 1.00 [0.68, [T T 10) Unavailable - 34 per 1000 (vaginal 34 per 1000 0 fewer per 1000
terone 1.46] micronized proges- (placebo)
MODERATE?Y terone) (from 11 fewerto 16
more)
Dydrogesterone 0.71[0.23, @000 Unavailable - 24 per 1000 (dydro- 34 per 1000 10 fewer per 1000
2.21] gesterone) (placebo)
VERY LOWb (from 27 fewer to 42
more)
17-a-hydroxyprogesterone Unavailable - aUnavailable - See comment* See comment**  See comment***
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Oral micronized proges- Unavailable - Unavailable - See comment* See comment*™  See comment***
terone versus dydroges-
terone
Vaginal micronized prog- Unavailable - 1.41[0.43, OO See comment* See comment*™  See comment***
esterone versus dydroges- 4.65]
terone VERY LOWC¢
Recurrent miscarriage
Vaginal micronized proges- 0.75[0.31, DO Unavailable - 30 per 1000 (vaginal 40 per 1000 10 fewer per 1000
terone 1.85] micronized proges- (placebo)

Lowd terone) (from 27 fewer to 34

more)

Dydrogesterone Unavailable - Unavailable - See comment* See comment**  See comment***
17-a-hydroxyprogesterone Unavailable - Unavailable - See comment* See comment**  See comment***
Oral micronized proges- Unavailable - Unavailable - See comment* See comment**  See comment***
terone versus dydroges-
terone

*No included studies or there are no events in included studies to estimate the baseline risk.

**Absolute risk with intervention cannot be estimated in the absence of absolute risk with the comparator.

***Risk difference cannot be estimated in the absence of absolute risks with intervention and the comparator.

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect..

a Direct evidence downgraded -1 due to imprecision (wide 95% Cls).

b Direct evidence downgraded -1 due to serious limitations in study design and -2 due to severe imprecision (wide 95% Cls and number of events less than 30).
¢ Indirect evidence downgraded -1 due to serious limitations in study design and -2 due to severe imprecision (wide 95% Cls and number of events less than 30).
d Direct evidence downgraded -2 due to severe imprecision (wide 95% Cls and number of events less than 30).
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Summary of findings 7. Adverse drug events

Patient or population: women with threatened miscarriage or a history of recurrent miscarriage

Interventions: multiple progestogens (vaginal micronized progesterone, oral micronized progesterone, dydrogesterone and 17-a-hydroxyprogesterone)

Comparison: placebo and dydrogesterone

Outcome: adverse drug events

Settings: hospitals

Treatment Direct evidence Indirect evidence Anticipated absolute effects for direct estimate
RR (95% CI) Certainty RR (95% ClI) Certainty Risk with interven- Risk with com-  Risk difference with
tion parator intervention
Threatened miscarriage
Vaginal micronized proges- 1.07 [0.81, O] Unavailable - 52 per 1000 (vaginal 49 per 1000 3 more per 1000
terone 1.39] micronized proges- (placebo)
MODERATE?Y terone) (fl’om 9 fewer to 19
more)
Dydrogesterone 2.00[0.18, lelelo) Unavailable - 10 per 1000 (dydro- 5 per 1000 5 more per 1000
21.88] gesterone) (placebo)
VERY LOWb (from 4 fewer to 103
more)
17-a-hydroxyprogesterone Unavailable - Unavailable - See comment* See comment**  See comment***
Oral micronized progesterone  Not estimable - Not estimable - See comment* See comment**  See comment***
versus dydrogesterone
Vaginal micronized prog- Unavailable - 0.54[0.05, @000 See comment* See comment**  See comment***
esterone versus dydroges- 5.99]
terone VERY LOW¢
Recurrent miscarriage
Vaginal micronized proges- 1.46 [0.93, e letote) Unavailable - 101 per 1000 (vaginal 69 per 1000 32 more per 1000
terone 2.29] micronized proges- (placebo)
MODERATEY terone) (from 5 fewer to 90
more)
Dydrogesterone Not estimable - Unavailable - See comment* See comment*™*  See comment™**
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17-a-hydroxyprogesterone Unavailable - Unavailable - See comment* See comment**  See comment***
Oral micronized progesterone  Not estimable - Not estimable - See comment* See comment™  See comment***
versus dydrogesterone

*No included studies or there are no events in included studies to estimate the baseline risk.
**Absolute risk with intervention cannot be estimated in the absence of absolute risk with the comparator.
***Risk difference cannot be estimated in the absence of absolute risks with intervention and the comparator.

Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

a Direct evidence downgraded -1 due to serious imprecision (wide 95% Cls).
b Direct evidence downgraded -1 due to serious limitations in study design and -2 due to severe imprecision (wide 95% Cls and number of events less than 30).
¢ Indirect evidence downgraded -1 due to serious limitations in study design and -2 due to severe imprecision (wide 95% Cls and number of events less than 30).
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BACKGROUND

Description of the condition

Miscarriage is generally defined as the spontaneous loss of a
pregnancy before 24 weeks’ gestation (Shiers 2003). Approximately
15% of pregnancies end in a miscarriage (Adolfsson 2006;
Linnakaari 2019; Magnus 2019; Maconochie 2007; Rossen 2018),
and 25% of women experience a miscarriage in their lifetime
(Alberman 1992). Miscarriage is most likely to happen during
the first 12 weeks of pregnancy; the rate of pregnancy loss
drops considerably after 14 weeks of gestation (Alberman 1992).
Miscarriage can sometimes lead to haemorrhage and infection,
and it can be an important cause of morbidity and even
mortality, particularly in low-income countries (Cantwell 2011).
The psychological impact of miscarriage is substantial, and can
include anxiety, depression and post-traumatic stress disorder
(Farren 2019; Murphy 2012).

Description of the intervention

Progestogens are a class of steroid hormones that bind to and
activate the progesterone receptor (Evans 1988). Progesterone
is the most important progestogen in the body, with an
important role in maintaining pregnancy (Stephenson 2002).
The physiological importance of progesterone in pregnancy
has prompted researchers, physicians, and patients to consider
progesterone supplementation during early pregnancy to prevent
miscarriages. Progesterone supplementation in early pregnancy
has been attempted in two contexts: firstly, to rescue a pregnancy
in women who have started to bleed during early pregnancy
(threatened miscarriage) (Sotiriadis 2004); and secondly, to prevent
miscarriages in asymptomatic women who have a history of
recurrent miscarriages (three or more previous pregnancy losses)
(Bender Atik 2018). A range of different natural progesterones and
synthetic progestogens have been tested in early pregnancy, as
follows.

« Micronized vaginal progesterone

« Micronized oral progesterone

« Oral dydrogesterone

« Oral medroxyprogesterone

« Oral progesterone 3-cyclopentyl enol ether
« Intramuscular 17-OH progesterone

How the intervention might work

Progesterone in early conception is vital for a successful pregnancy:
it stimulates endometrial differentiation and uterine growth
(Okada 2018), modulates strong immunomodulatory effects
(Polikarpova 2019), and inhibits myometrial contractions (Corner
1953). A deficiency in progesterone in early pregnancy has long
been purported to be a cause of miscarriage (Palomba 2015), and
numerous randomised controlled trials of different progestogens
have been conducted to test this hypothesis. These trials have
attempted progestogen supplementation to increase endometrial
tissue concentrations during the first trimester of pregnancy in
women who present with clinical signs of threatened miscarriage
or with a history of recurrent miscarriage.

The type and route of administration for progestogens in early
pregnancy support has long been a subject of contention.
Some studies have used micronized progesterone, which has

an identical molecular structure to natural progesterone. Others
have used various progestogens which have a different molecular
structure to natural progesterone, but are still able to exert
progestogenic activity. Oral administration results in extensive
first-pass metabolism in the liver, which limits its efficacy.
Administration of progesterone by intramuscular injection or
the vaginal route avoids first-pass metabolism and achieves
higher concentrations in endometrial tissue, and for this reason
intramuscular and vaginal routes are the primary routes of
progestogen administration (Paulson 2014).

Why it is important to do this review

Two separate Cochrane Reviews have compared the different
treatments in women with either threatened (Wahabi 2018) or
recurrent miscarriage (Haas 2019). They used standard pairwise
meta-analyses, which can only compare a treatment with another
treatment or a non-active control; such pairwise meta-analyses rely
on head-to-head comparison trials (direct evidence). In the absence
of head-to-head trials for some of the comparisons, significant
uncertainty may remain about which is the most effective drug
amongst multiple options.

A network meta-analysis allows for comparisons and conclusions
about which treatment is most effective amongst multiple options.
A network meta-analysis simultaneously pools all the available
direct and indirect evidence on relative treatment effects, to
achieve a single coherent analysis. Indirect evidence is obtained
by inferring the relative effectiveness of two competing treatments
through a common comparator. Thus, a network meta-analysis
produces estimates of the relative effects of each treatment
compared with every other treatment in a network (even though
some pairs may not have been directly compared), and has the
potential to reduce the uncertainty in treatment effect estimates
(Caldwell 2005). It also allows for the calculation of the probability
that each treatment is the best for any given outcome. Network
meta-analysis can additionally be used to identify gaps in the
evidence base.

OBJECTIVES

To estimate the relative effectiveness and safety profiles for the
different progestogen treatments for threatened and recurrent
miscarriage, and to provide rankings of the available treatments
according to their effectiveness, safety, and side-effect profile.

METHODS

Criteria for considering studies for this review
Types of studies

All randomised controlled trials or cluster-randomised trials
comparing the effectiveness of progestogen treatment for the
prevention of miscarriage were eligible for inclusion. Quasi-
randomised, non-randomised and cross-over trials were excluded.
Randomised trials published only as abstracts were eligible only if
sufficient information could be retrieved.

Types of participants

This review included trials involving women at risk of miscarriage
(e.g. threatened miscarriage, defined as early vaginal bleeding
during the first trimester [12 weeks] of pregnancy; or history of
recurrent miscarriage, as defined by the trialists). Threatened and
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recurrent miscarriage are two separate clinical populations, with
their own distinct clinical treatment pathways, therefore the two
populations were analysed separately in this review. The review
considered studies conducted in all settings.

Types of interventions

We considered trials of progestogens for prevention of
miscarriage, compared with another type of progestogen,
placebo, or no treatment. The progestogens eligible for inclusion
included vaginal micronized progesterone, oral micronized
progesterone, dydrogesterone, and 17-OH progesterone. Although
medroxyprogesterone and progesterone 3-cyclopentyl enol ether
have been studied in the past, they have not been trialled or used
for this indication for over 50 years and were therefore not included
in this review. We included studies where treatment was initiated at
any time during the first trimester of pregnancy. For the purposes
of this review, we made the assumption that any participant that
met the inclusion criteria was, in principle, equally likely to be
randomised to any of the eligible interventions. Different dosages,
regimens or routes of the same treatment were considered as the
same node in the network. Studies comparing different dosages,
regimens or routes were eligible for inclusion.

Types of outcome measures

We estimated the relative effects and rankings of the progestogens
according to the following primary and secondary outcomes.

Primary outcomes

« Livebirth

Secondary outcomes

« Miscarriage (defined as delivery before 24 weeks of gestation)
« Preterm birth (defined as birth before 37 weeks of gestation)
« Stillbirth

« Ectopic pregnancy

« Congenital abnormalities

« Adverse drug events

Search methods for identification of studies

This Methods section is based on a standard template used by
Cochrane Pregnancy and Childbirth and the protocol adaption
for multiple interventions suggested by Chaimani and colleagues
(Chaimani 2017).

We attempted to identify all relevant studies, regardless of
language or publication status (published, unpublished, in press, or
ongoing).

Electronic searches

We searched the following databases up to 15 December 2020,
using the search terms described in Appendix 1.

« Cochrane Central Register of Controlled Trials, Issue 12 of 12,
December 2020

« Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions(R) from 1946
« ClinicalTrials.gov

« WHO International Clinical Trials Registry (ICTRP) Platform
(www.who.int/trialsearch)

The search methods used are detailed in Appendix 1.

Searching other resources

We retrieved additional relevant references cited in papers
identified through the above search strategy. We searched for the
full texts of studies identified as abstracts. We sought information
from primary authors to investigate whether these studies met the
eligibility criteria, and to obtain outcome and study data. Where
this was not possible, abstracts were only included where we could
extract sufficient information to satisfy our eligibility criteria and
if the study authors report the outcomes of interest. We searched
for all possible comparisons formed by the drugs of interest, which
included comparisons to placebo or no treatment. We did not apply
any language or date restrictions to the searches.

Data collection and analysis
Selection of studies

Two review authors retrieved and independently assessed for
inclusion all the potential studies identified as a result of the search
strategy (AJD, MP, AP). We resolved any disagreement through
discussion or, if required, through consultation with a third person
(IDG). Citations and abstracts were screened for inclusion, and
if eligibility was unclear, authors were contacted for clarification
where possible.

Screening eligible studies for scientific integrity/trustworthiness

All studies meeting our inclusion criteria were evaluated by two
review authors against predefined criteria to select studies that,
based on available information, were deemed to be sufficiently
trustworthy to be included in the analysis. These criteria have
been developed by Cochrane Pregnancy and Childbirth, and are as
follows.

Research governance
« No prospective trial registration for studies published after 2010
without plausible explanation

« When requested, trial authors refuse to provide/share the
protocol and/or ethics approval letter

« Trial authors refuse to engage in communication with the
Cochrane Review authors

« Trial authors refuse to provide individual patient data (IPD) data
upon request with no justifiable reason

Baseline characteristics

« Characteristics of the study participants being too similar
(distribution of mean (standard deviation (SD)) excessively
narrow or excessively wide, as noted by Carlisle 2017).

Feasibility

« Implausible numbers (e.g. 500 women with severe cholestasis of
pregnancy recruited in 12 months)

+ (Closeto) zero losses to follow-up without plausible explanation

Results
o Implausible results (e.g. massive risk reduction for main
outcomes with small sample size)

« Unexpectedly even numbers of women ‘randomised’ including
a mismatch between the numbers and the methods, e.g. if the
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study authors state no blocking was used but still end up with
equal numbers, or they state that blocks of four were used but
the final numbers differ by six

Where a study was classified as being at ‘high risk’ for one or more
of the above criteria, we attempted to contact the study authors to

address any possible lack of information and concerns. If adequate
information remained unavailable, the study was categorised as
‘awaiting classification’, and the concerns and communications
with the author (or lack thereof) were described in detail. The
process is described fully in Figure 1.

Figure 1. Process for using the Cochrane Pregnancy and Childbirth criteria for assessing the trustworthiness of a

study
Search results
) Yes ‘ No/possibly yes
Yes O vocs the study meet e
Potentially your inelusion criteria? Excluded study
included study ‘
‘ More info needed?
Apply criteria for o } | Study complete but
trustworthiness High risk Studies awaiting Contact trial author awaiting results?
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' R ELE DT Yes Reply received? Study not finished?
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Send reminder and
copy author
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If there are still
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Reply received? b classification or excluded
Reasons and - study
2 weeks
communications with e ( ) reasons and lack of
authors described in communication stated in
detail using neutral neutral language
R (pre-specified in protocol)
methods)
Abstracts Assessment of risk of bias in included studies

Data from abstracts were only included if, in addition to the
trustworthiness assessment, the study authors confirmed in
writing that the data included in the review have come from
the final analysis and will not change. If such information
was not available or provided, the study was kept in ‘awaiting
classification’ (as above).

Data extraction and management

We designed a form to extract data. For eligible studies, at least two
independent review authors extracted the data using the agreed
form (AJD, MP, AP). We resolved discrepancies through discussion,
or, if required, through consultation with a third person (IDG).
For dichotomous outcomes, for each trial group, the number of
patients with the event and the number analysed and randomised
was extracted. We entered data into Review Manager 5 software
(Review Manager 2014) and checked them for accuracy.

Two review authors independently assessed the risk of bias for
each study (AJD, MP, AP), using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
We resolved any disagreement by discussion or, if required, by
involving a third assessor (IDG).

(1) Random sequence generation (checking for possible
selection bias)

We have described for each included study the method used to
generate the allocation sequence in sufficient detail to allow an
assessment of whether it should produce comparable groups. We
assessed the method as being at:

« low risk of bias (any truly random process, e.g. random number
table; computer random number generator);

« unclear risk of bias
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(2) Allocation concealment (checking for possible selection bias)

We have described for each included study the method used
to conceal allocation to interventions prior to assignment and
assessed whetherintervention allocation could have been foreseen
in advance of or during recruitment, or changed after assignment.
We assessed the methods as being at:

« low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes

« high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth); or

« unclear risk of bias

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

We have described for each included study the methods used, if
any, to blind study participants and personnel from knowledge
of which intervention a participant received. We considered that
studies are at low risk of bias if they were blinded, or if we
judged that the lack of blinding would be unlikely to affect results.
We assessed blinding separately for each primary outcome. We
assessed the methods as being at:

« low, high, or unclear risk of bias for participants; or
« low, high, or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

We have described for each included study the methods
used, if any, to blind outcome assessors from knowledge of
which intervention a participant received. We assessed blinding
separately for different outcomes or classes of outcomes. We
assessed methods used to blind outcome assessment as being at:

« low, high, or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature, and handling of incomplete
outcome data)

We have described for each included study — and for each outcome
or class of outcomes — the completeness of data, including
attrition and exclusions from the analysis. We have stated whether
attrition and exclusions were reported and the numbers included
in the analysis at each stage (compared with the total randomised
participants), reasons for attrition or exclusion where reported, and
whether missing data were balanced across groups or were related
to outcomes. Where sufficient information is reported, or could be
supplied by the trial authors, we have re-included missing data in
the analyses which we undertook. We assessed methods as being
at:

« low risk of bias (e.g. no missing outcome data; missing outcome
data are balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing data
are imbalanced across groups; ‘as treated’ analysis was done
with substantial departure of intervention received from that
assigned at randomisation); or

« unclear risk of bias.

(5) Selective reporting (checking for reporting bias)

We have described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.
We assessed the methods as being at:

« low risk of bias (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

« high risk of bias (where not all the study’s pre-specified
outcomes have been reported; one or more reported primary
outcomes were not pre-specified; outcomes of interest are
reported incompletely and so cannot be used; or the study
fails to include results of a key outcome that would have been
expected to have been reported); or

« unclear risk of bias.

(6) Other bias (checking for bias due to problems not covered by
(1) to (5) above)

We have described for each included study any important concerns
we had about other possible sources of bias. We assessed whether
each study was free of other problems that could put it at risk of
bias, and judged each study to be at:

« low risk of other bias;
« high risk of other bias; or
« unclear risk of other bias.

(7) Overall risk of bias

We have made explicit judgements about whether studies are at
high risk of bias, according to the criteria given in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
With reference to (1) to (6) above, we assessed the likely magnitude
and direction of the bias and whether we consider it is likely to
impact on the findings. Studies are ranked as 'low risk of bias’ if
they are double-blinded, and have allocation concealment with
less than 10% loss to follow-up. Studies with assessor blinding and
less than 10% loss to follow-up are ranked 'intermediate risk of
bias’ Studies with no blinding or more than 10% loss to follow-
up are ranked as 'high risk of bias' We have explored the impact
of the level of bias through undertaking sensitivity analyses; see
Sensitivity analysis.

Measures of treatment effect

We have presented results as summary risk ratio with 95%
confidence intervals (Cls).

Relative treatment effects

We summarised the relative treatment effects of dichotomous
outcomes with risk ratios (RRs).

Relative treatment ranking

We planned to estimate cumulative probabilities for each
progestogen being at each possible rank and obtain a treatment
hierarchy using the surface under the cumulative ranking curve
(SUCRA); the larger the SUCRA the higher its rank among all
available options (Salanti 2011). Uncertainty intervals (95% Cls)
around the ranking of each treatment were to be reported and
considered when interpreting the results. We intended to evaluate
each outcome to determine confidence in the output of the
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network meta-analysis, as described by Salanti and colleagues
(Salanti 2014). However, due to the paucity of eligible trials and
the differences in risk of bias between the studies, we decided
not to estimate the cumulative probabilities of each progestogen
treatment being at each possible rank and obtain a treatment
hierarchy.

Unit of analysis issues
Cluster-randomised trials

We planned to include cluster-randomised trials in the analyses
along with individually-randomised trials. We planned to adjust
their sample sizes using the methods described in the Handbook
(Higgins 2011), using an estimate of the intracluster correlation
coefficient (ICC) derived from the trial (if possible), from a
similar trial, or from a study of a similar population. If we had
used ICCs from other sources, we planned to report this and
conduct sensitivity analyses to investigate the effect of variation
in the ICC. If we had identified both cluster-randomised trials
and individually-randomised trials, we planned to synthesise the
relevantinformation. In cluster-randomised trials; particular biases
to consider include:

« recruitment bias;

« baseline imbalance;

« loss of clusters;

s incorrect analysis; and

« comparability with individually-randomised trials.

We would have considered it reasonable to combine the results
from both cluster-randomised trials and individually-randomised
trials if there was little heterogeneity between the study designs
and the interaction between the effect of intervention and the
choice of randomisation unit was considered to be unlikely. We
planned to also acknowledge heterogeneity in the randomisation
unit and perform a sensitivity analysis to investigate the effects
of the randomisation unit. However, there were no cluster-
randomised trials included in this review.

Multi-arm trials

We planned to include multi-arm trials to account for the
correlation between the effect sizes in the network meta-
analysis. Multi-arm studies would have been treated as multiple
independent comparisons in pairwise meta-analyses. Multi-arm
trials that compare different dosages, regimens or routes of one
drug, but also compare those versus another drug, were eligible for
inclusion. We planned to merge the intervention arms of different
dosages, regimens or routes of the same drug together for the
global analysis of all outcomes and to treat them as separate
independent comparisons only for the relevant subgroup analysis
according to dosage, regimen and route of drug administration.
However, there were no multi-arm trials included in this review.

Dealing with missing data

For included studies we noted the levels of attrition (see also
'Incomplete outcome data' in Assessment of risk of bias in included
studies).

For all outcomes, we carried out analyses, as far as possible,
on an intention-to-treat basis, i.e. we attempted to include all
participants randomised to each group in the analyses, and all
participants were analysed in the group to which they were

allocated, regardless of whether or not they received the allocated
intervention.

We used the number randomised minus any participants whose
outcomes were known to be missing as the denominator for each
outcome in each trial.

Assessment of heterogeneity

To evaluate the presence of clinical heterogeneity, we described
the study population characteristics across all included trials. We
assessed the presence of clinical heterogeneity by comparing these
characteristics.

Assessment of transitivity across treatment comparisons

We considered that the assumption of intransitivity for the indirect
evidenceis likely to hold given that: the common treatment used to
compare different progestogens indirectly is likely to be similar in
different trials (e.g. progestogens are administered in a similar way
in studies of oral progestogens versus intramuscular progestogens
asitisin studies of oral progestogens versus placebo); and pairwise
comparisons are unlikely to differ in respect of the distribution
of effect modifiers (e.g. all trial designs and characteristics are
similar).

Assessment of reporting biases

We were not able to assess for reporting bias in view of the limited
number of included trials.

Data synthesis
Methods for direct treatment comparisons

We performed standard pairwise meta-analyses using fixed-effect
models for every treatment comparison. Treatment of threatened
miscarriage and recurrent miscarriage was analysed separately,
due to the known aetiology of these two patient populations.

Methods for indirect treatment comparisons

We extracted the sample size and number of outcome events per
trialarm, to be used in the STATA network suite of commands (White
2015). Once extracted, we set up the data using the augmented
format, where all treatments are compared with a reference
treatment, and studies without the reference treatment have a
reference treatment arm created with a small amount of data
(White 2011). The augmentation process using arm-based values
calculated the risk estimates of the comparisons with reference
treatment and their variances and covariances (White 2015). We
then generated network diagrams to determine if a network meta-
analysis is feasible. We would have performed network meta-
analysis within a frequentist framework using multivariate random-
effects meta-analysis estimated by restricted maximum likelihood.
All analyses were planned using Stata statistical software, release
15 (StataCorp, College Station, TX). We would have used the
network suite of Stata commands designed for this purpose
(White 2015), and other STATA commands for visualising and
reporting results in network meta-analysis (Chaimani 2015). Since
only indirect comparisons were possible, we used the method
described by Butcher to produce indirect comparisons for the
most relevant agents and outcomes (oral micronized progesterone
versus placebo) (Butcher 1997). The indirect comparisons were
estimated using Excel as described by Tobias (Tobias 2014).
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Subgroup analysis and investigation of heterogeneity
Assumptions when estimating heterogeneity

In standard pairwise meta-analyses we estimated the
heterogeneity for each comparison. In network meta-analyses we
would assume a common estimate for heterogeneity across the
different comparisons.

Measures and tests for heterogeneity

We assessed statistically the presence of heterogeneity within each
pairwise comparison using the l2 statistic and its 95% CI that
measures the percentage of variability that cannot be attributed to
random error. The certainty of the evidence was downgraded for
inconsistency where |2 = 60%. For the network analysis, we planned
to assess statistically the presence of heterogeneity in the entire
network based on the magnitude of the heterogeneity variance
parameter (T2) estimated from the multivariate meta-analysis
model. We planned to compare the magnitude of the heterogeneity
variance with empirical distributions for dichotomous variables
(Rhodes 2015; Turner 2012).

Assessment of statistical inconsistency

The statistical agreement between various sources of evidence in a
network of interventions were to be evaluated by global and local
approaches, in tandem with the evaluation of clinical homogeneity.

Local approaches for evaluation of inconsistency

To evaluate the presence of inconsistency locally we planned to use
the node-splitting approach. The node-splitting technique allows
two distinct components: direct evidence from direct comparisons
or multi-arm trials, and indirect evidence based on the remaining
information (Dias 2010). The technique would have been applied to
all comparisons in the network and would have enabled generation
of graphics clearly showing the difference between combined
information, direct, and indirect comparisons.

Global approaches for evaluation of inconsistency

To evaluate consistency in the entire network simultaneously
we planned to use the 'design by treatment’ interaction model,
as described in Higgins 2011, which was to be implemented in
STATA. This method accounts for different sources of inconsistency
that can occur when studies with different designs (e.g. two-arm
trials versus three-arm trials) give different results, as well as for
disagreement between direct and indirect evidence. Using this
approach, we planned to infer the presence of inconsistency from
any source in the entire network based on a Chi? test.

Subgroup analysis

A subgroup analysis for the primary outcome was performed in
the threatened miscarriage population by the number of previous
miscarriages (no previous miscarriages and one or more previous
miscarriages). A subgroup analysis by maternal age (< 35, =
35 years) was performed in both the threatened and recurrent
miscarriage populations.

Sensitivity analysis

For the primary outcome we planned to perform sensitivity
analyses by evaluating the relative effects and assessment of model
fit for the following:

« overall quality of the studies (restricted to low risk of overall bias
studies);

« randomisation unit (restricted to individually-randomised trials)
« use of placebo (restricted to placebo-controlled trials and
removing studies with no treatment arms).

For the purpose of the sensitivity analysis, studies were ranked as
having overall ’low risk of bias’ if they were double-blinded, and
had allocation concealment with less than 10% loss to follow-up.
Studies with assessor blinding and less than 10% loss to follow-
up were to be ranked ’intermediate risk of bias’ Studies with no
blinding or more than 10% loss to follow-up were to be ranked as
’high risk of bias’ We planned to assess differences by evaluating
the relative effects and assessment of model fit.

Summary of findings and assessment of the certainty of the
evidence

Each 'Summary of findings' table describes key features of the
evidence relating to a single outcome, and there is one table
for each of our most important outcomes in accordance with
the GRADE approach. These include the outcome of live birth,
miscarriage (< 24 weeks of gestation), preterm birth (< 37 weeks of
gestation), stillbirth, ectopic pregnancy, congenital abnormalities,
and adverse drug events. We used the GRADE working group's
approach (Brignardello-Petersen 2018; Puhan 2014) for rating the
certainty of the analysis effect estimates for all the comparisons and
all outcomes.

We assessed the certainty of the direct evidence, and rated
the evidence using the standard GRADE approach based on
assessment of study design limitations, inconsistency, imprecision,
indirectness and publication bias (Higgins 2011). On the network
diagram for all the comparisons and all outcomes we display
the GRADE assessment of the direct evidence. We also rated the
certainty of the indirect evidence, where available, based on the
lower of the certainty ratings of the two arms forming the dominant
“first-order' loop in the network diagram for a specific outcome
(Brignardello-Petersen 2018; Puhan 2014).

The certainty of evidence for each outcome was rated as ‘high,
‘moderate’, ‘low’ or ‘very low' in accordance with the GRADE
approach: high certainty: we are very confident that the true effect
lies close to that of the estimate of the effect; moderate certainty:
we are moderately confident in the effect estimate. The true effect
is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different; ow certainty: our
confidence in the effect estimate is limited. The true effect may
be substantially different from the estimate of the effect; and very
low-certainty evidence: we have very little confidence in the effect
estimate. The true effect is likely to be substantially different from
the estimate of effect.

RESULTS

Description of studies
Results of the search

The results of the search strategy are summarised in the PRISMA
(Preferred reporting Items for Systematic Reviews and Meta-
Analysis) flow diagram (Figure 2).
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Figure 2. Study flow diagram.
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Our search strategy retrieved in total 1151 trial reports, from which
1066 were screened and excluded as they were not within the
scope of this review. From the 85 reports remaining (71 studies),
we examined the full text and included in the final analysis seven
trials from 19 reports (for details see Characteristics of included
studies). Forty-one studies (43 reports) were excluded because they
did not meet the inclusion criteria (for details see Characteristics
of excluded studies), 10 studies were listed as ongoing (for details
see Characteristics of ongoing studies) and 13 studies are awaiting
classification following assessment using the Cochrane Pregnancy
and Childbirth criteria for assessing the trustworthiness of a study
(for details see Characteristics of studies awaiting classification).

We contacted the authors of one of the included trials for additional
data and clarifications. We have also contacted the authors of
two of the ongoing trials which are reported to have finished
recruitment to obtain data, but no additional information was
made available to us (ACTRN12611000405910; NCT02145767).

Screening eligible studies for trustworthiness

Fromthe 20 studies that were eligible for this review, we judged that
13 did not meet our criteria for trustworthiness for the following
reasons.

« Six studies published since 2010 demonstrated no evidence
of prospective registration (Abrar 2017; Ghosh 2014; Palagiano
2004; Pandian 2009; Turgal 2017; Yassaee 2014).

« Two studies were published only as abstracts and we have not
been able to confirm with the trial authors that the data were
from the final analyses (Vincze 2006, Yadav 2015).

« Two studies were retrospectively registered and the authors
provided no reason to explain this when contacted (Agarwal
2016, Alimohamadi 2013).

« Two studies had concerns about randomisation processes
(Czajkowski 2007; Omar 2005).

« Onestudyhadimplausible results with a large risk reduction and
arelatively small sample size, and the authors did not provide a
justifiable reason for not sharing the individual participant data
from the trial (Kumar 2014).

In all cases we made every effort to contact the authors - see
Characteristics of studies awaiting classification.

Included studies

This review includes seven two-arm randomised trials, published
between 1963 and 2020, involving 5,682 women. All studies were

reported in English and were conducted in hospital settings across
five countries: Australia, Germany, Hong Kong, United Kingdom,
and Singapore. The included trials included a median of 141
participants (interquartile range (IQR) 53, 621). Two studies were
funded by the NIHR Health Technology Assessment programme,
UK (Coomarasamy 2015; Coomarasamy 2019), one study was
funded by Health and Medical Research Fund, Hong Kong Special
Administrative Region (Chan 2020), one study was funded by Khoo
Student Research Award and Pitch for Grant Award, Singapore
(Siew 2018), one study was funded by Schering AG (Shearman 1963)
and two studies did not report a source of funding (Gerhard 1987,
MacDonald 1972). None of the studies reported any declarations of
interest.

Across all seven trials (14 trial treatment arms) the following
progestogens were used:

« three arms (21%) used vaginal micronized progesterone;
« three arms (21%) used dydrogesterone;

« onearm (7%) used oral micronized progesterone;

« onearm (7%) used 17-a-hydroxyprogesterone;

« sixarms (43%) used a matched placebo.

Four studies were conducted on the threatened miscarriage
population (Chan 2020; Coomarasamy 2019; Gerhard 1987; Siew
2018), and three studies in the recurrent miscarriage population
(Coomarasamy 2015; MacDonald 1972; Shearman 1963). All studies
contributed to the outcome of live birth, with the exception of
Shearman 1963 and Siew 2018.

Excluded studies

We excluded 41 trials (for detail see Characteristics of excluded
studies). Twenty-six of the excluded studies had ineligible designs,
12 studies investigated ineligible interventions, two studies were
terminated early due to difficulty with recruitment and therefore
no data are available for analysis, and one study has been formally
withdrawn by the journal following an investigation.

Risk of bias in included studies

We present summaries of the risk of bias of the included studies
for each domain assessed across all studies (Figure 3) and for each
included study (Figure 4).
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Figure 3. 'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 4. 'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Four trials (57%) used an adequate method to generate the random
sequence and were judged to be at low risk of bias for this domain
(Chan 2020; Coomarasamy 2015; Coomarasamy 2019; Siew 2018).
The remaining three trials (43%) did not provide enough relevant
details and thus were judged to be at unclear risk (Gerhard 1987,
MacDonald 1972; Shearman 1963).

Three trials (43%) reported adequate methods for allocation
concealment and were found to be at low risk of bias (Chan 2020;
Coomarasamy 2015; Coomarasamy 2019). Three more trials (43%)
did not provide enough information on methods to conceal the
allocated interventions and were judged to be at unclear risk for
this domain (Gerhard 1987; MacDonald 1972; Shearman 1963).
In one trial (14%) authors reported the use of small blocked
randomisation, which may have enabled personnel to predict the
assignments. Therefore, this trial was judged to have an unclear risk
for allocation concealment (Siew 2018).

Blinding

In total, six out of the seven included trials (86%) reported
adequate methods for blinding both participants and personnel
to treatment allocation and were judged to be at a low risk of
performance bias. One trial (14%) was an open-label, randomised
controlled trial in which study participants and caregivers were
not masked to treatment allocations. This study was judged to
be a high risk of performance bias (Siew 2018). However, all trials
reported adequate methods for blinding outcome assessors and
were judged to be at a low risk of detection bias.

Incomplete outcome data

Six trials (86%) were judged to be at a low risk of attrition bias, since
missing data were balanced across study arms and did not exceed
10%. One trial (14%) reported an attrition rate greater than 10%
and was judged to be a high risk for incomplete outcome (Gerhard
1987).

Selective reporting

Only two out of the seven included trials (28%) pre-specified all
outcomes of interest in prospectively registered, publicly available
protocols and were judged to be at a low risk of reporting bias
(Coomarasamy 2015; Coomarasamy 2019). One trial (14%) reported
all outcomes as specified in the published protocol, which was,
however, retrospectively registered. This trial was judged to be atan
unclear risk of bias (Siew 2018). In one prospectively registered trial
(14%), authors did not report results for one of the pre-specified
secondary outcomes, and thus this trial was judged to be at high

risk of reporting bias (Chan 2020). For the remaining three trials
(43%), the protocol was unavailable for verification, and these were
found to be at unclear risk of bias (Gerhard 1987; MacDonald 1972;
Shearman 1963).

Other potential sources of bias

Twotrials (Gerhard 1987; MacDonald 1972) were assessed as having
anunlear risk of other bias because sources of trial funding were not
reported. All other included trials had no other potential sources of
bias and were assessed as low risk of other bias.

Overall risk of bias

All seven were judged to have a low overall risk of bias, therefore a
sensitivity analysis was not performed.

Effects of interventions

See: Summary of findings 1 Live birth; Summary of findings
2 Miscarriage (defined as delivery before 24 weeks of gestation);
Summary of findings 3 Preterm birth (defined as birth before 37
weeks of gestation); Summary of findings 4 Stillbirth; Summary of
findings 5 Ectopic pregnancy; Summary of findings 6 Congenital
abnormalities; Summary of findings 7 Adverse drug events

All the analyses presented in the Data and analyses section relate
to the 'direct evidence' and were used to grade the certainty of
the generated evidence. The analyses for the only possible indirect
comparison of oral micronized progesterone versus placebo are
described narratively and are included in the 'Summary of findings'
tables, where available. For each outcome we analysed the
evidence for threatened and recurrent miscarriage separately,
and presented the network diagrams displaying the available
comparisons and the grading of the direct evidence.

Threatened miscarriage
Primary outcome
Live birth

The network diagram for live birth in women with threatened
miscarriage is presented in Figure 5. There were two available
comparisons for this outcome. Vaginal micronized progesterone
compared with placebo (2 trials,4090 women), and dydrogesterone
compared with placebo (1 trial, 406 women). Based on the relative
effects from the pairwise meta-analysis, the administration of
vaginal micronized progesterone makes little or no difference to
live birth rate when compared with placebo (risk ratio (RR) 1.03,
95% confidence interval (Cl) 1.00 to 1.07, high-certainty evidence,
Summary of findings 1).
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Figure 5. Network diagram for the outcome of live birth in women with threatened miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence.
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Vaginal micronized progesterone

A subgroup analysis by number of previous miscarriages was
only possible for vaginal micronized progesterone in women with
threatened miscarriage. In women with no previous miscarriages
and early pregnancy bleeding, there is probably no improvementin
live birth rate when treated with vaginal micronized progesterone
compared to placebo (RR 0.99, 95% Cl 0.95 to 1.04, high-certainty
evidence, Summary of findings 1). However, for women with one or
more previous miscarriages and early pregnancy bleeding, vaginal
micronized progesterone increases the live birth rate compared
to placebo (RR 1.08, 95% CI 1.02 to 1.14, high-certainty evidence,
Summary of findings 1). For the comparison of vaginal micronized
progesterone against placebo, the subgroup analysis by maternal
age did not reveal any substantial differences (Analysis 1.9).

For the second comparison, we found that dydrogesterone
probably makes little or no difference to live birth rate when
compared with placebo (RR 0.98, 95% Cl 0.89 to 1.07, moderate-
certainty evidence, Summary of findings 1). Subgroup analyses
by number of previous miscarriages and maternal age were
not possible from the evidence for dydrogesterone treatment of

® Dydrogesterone

threatened miscarriage. An indirect comparison found that vaginal
micronized progesterone probably makes little or no difference to
live birth rate when compared with dydrogesterone in women with
threatened miscarriage (RR 1.07, 95% Cl 0.93 to 1.23, moderate-
certainty evidence, Summary of findings 1).

Secondary outcomes
Miscarriage (defined as delivery before 24 weeks of gestation)

The network diagram for miscarriage in women with threatened
miscarriage is presented in Figure 6. There were three available
comparisons for this outcome. Vaginal micronized progesterone
compared with placebo (2 trials, 4090 women), dydrogesterone
compared with placebo (1 trial, 406 women), and oral micronized
progesterone compared with dydrogesterone (1 study, 118
women). Based on the relative effects from the pairwise meta-
analysis, we cannot rule out a substantial reduction in the
miscarriage rate with vaginal micronized progesterone compared
to placebo (RR 0.90, 95% Cl 0.80 to 1.01, high-certainty evidence,
Summary of findings 2).
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Figure 6. Network diagram for the outcome of miscarriage in women with threatened miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence, orange for
low-certainty evidence, and red for very low-certainty evidence.
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We found that dydrogesterone is compatible with a wide range
of treatment effects for miscarriage compared with placebo
(RR 0.90, 95% CI 0.55 to 1.47, moderate-certainty evidence,
Summary of findings 2). An indirect comparison found that
vaginal micronized progesterone probably makes little or no
difference to miscarriage rate when compared with dydrogesterone
in women with threatened miscarriage (RR 1.00, 95% Cl 0.60
to 1.66, moderate-certainty evidence, Summary of findings 2).
For the direct comparison between oral micronized progesterone
and dydrogesterone, and the indirect comparison of oral
micronized progesterone against placebo and vaginal micronized
progesterone versus oral micronized progesterone, the generated
evidence was of very low-certainty evidence. Therefore, these
effects remain unclear (Summary of findings 2).
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Preterm birth (defined as birth before 37 weeks of gestation)

The network diagram for preterm birth in women with
threatened miscarriage is presented in Figure 7. There were two
available comparisons for this outcome. Both vaginal micronized
progesterone (2 trials, 3154 women), and dydrogesterone (1 trial,
334 women) were compared with placebo. Vaginal micronized
progesterone (RR 1.08, 95% CI 0.92 to 1.27, moderate-certainty
evidence, Summary of findings 3) and dydrogesterone (RR 0.87,
95% Cl 0.40 to 1.88, low-certainty evidence, Summary of findings
3) are compatible with a wide range of treatment effects for the
outcome of preterm birth when compared with placebo. An indirect
comparison found that vaginal micronized progesterone is also
compatible with a wide range of treatment effects to this outcome
when compared with dydrogesterone in women with threatened
miscarriage (RR 1.25, 95% CI 0.55 to 2.86, low-certainty evidence,
Summary of findings 3).
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Figure 7. Network diagram for the outcome of preterm birth in women with threatened miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence, and orange

for low-certainty evidence.
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stillbirth

The network diagram for stillbirth in women with threatened
miscarriage is presented in Figure 8. Vaginal micronized
progesterone was compared with placebo (1 trial, 4038 women),
and dydrogesterone was also compared with placebo (1 trial,
406 women). Based on the results from the single study, for
the outcome of stillbirth, vaginal micronized progesterone is
compatible with a wide range of effects, when compared to placebo

1/334

® Dydrogesterone

(RR 0.83, 95% Cl 0.25, 2.71, low-certainty evidence, Summary of
findings 4). For the comparison of dydrogesterone against placebo,
the generated evidence was of very low-certainty evidence, and
thus these effects remain unclear (Summary of findings 4). For
the indirect comparison of vaginal micronized progesterone versus
dydrogesterone, the generated evidence was of very low-certainty
evidence. Therefore, these effects remain unclear (Summary of
findings 4).
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Figure 8. Network diagram for the outcome of stillbirth in women with threatened miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence, and red for
very low-certainty evidence.
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Ectopic pregnancy compared with placebo (1 trial, 4038 women). Based on the relative

effects from the single study, for the outcome of ectopic pregnancy,
vaginal micronized progesterone is compatible with a wide range
of effects, when compared to placebo (RR 0.20, 95% Cl 0.01 to 4.14,
low-certainty evidence, Summary of findings 5).

The network diagram for ectopic pregnancy in threatened
miscarriage is presented in Figure 9. There was only one available
comparison for this outcome. Vaginal micronized progesterone was
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Figure 9. Network diagram for the outcome of ectopic pregnancy in women with threatened miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional

to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence.

Vaginal micronized progesterone &

Congenital abnormalities

The network diagram for congenital abnormalities in women with
threatened miscarriage is presented in Figure 10. There were
two available comparisons for this outcome. Vaginal micronized
progesterone was compared with placebo (1 trial, 3085 women),
and dydrogesterone was also compared with placebo (1 trial,
406 women). Based on the results from the single study, vaginal
micronized progesterone probably makes no difference to the
congenital abnormality rate in comparison to placebo, but the Cls

®Placebo

are wide and compatible with a wide range of effects (RR 1.00,
95% CI 0.68 to 1.46, moderate-certainty evidence, Summary of
findings 6). For the second comparison, the generated evidence
was of very low-certainty evidence, and thus the relative effects
of dydrogesterone compared to placebo remain unclear (Summary
of findings 6). For the indirect comparison of vaginal micronized
progesterone versus dydrogesterone, the generated evidence was
of very low-certainty evidence. Therefore, these effects remain
unclear (Summary of findings 6).
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Figure 10. Network diagram for the outcome of congenital abnormalities in women with threatened miscarriage.
The nodes represent an intervention and their size is proportional to the number of trials comparing this
intervention to any other. The lines connecting each pair of interventions represent a direct comparison and are
drawn proportional to the number of trials making each direct comparison. Numbers on the lines represent the
number of trials and participants for each comparison. The colour of the line is light green for moderate-certainty

evidence, and red for very low-certainty evidence.
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Adverse drug events

The network diagram for adverse drug events in women with
threatened miscarriage is presented in Figure 11. There were
two available comparisons for this outcome. Vaginal micronized
progesterone was compared with placebo (1 trial, 4038 women),
and dydrogesterone was also compared with placebo (1 trial,
406 women). Based on the results from the single study, vaginal
micronized progesterone probably makes little or no difference

Dydrogesterone

to this outcome in comparison to placebo (RR 1.07, 95% ClI
0.81 to 1.39, moderate-certainty evidence, Summary of findings
7). For the comparison of dydrogesterone against placebo, the
generated evidence was of very low-certainty evidence. Therefore,
these effects remain unclear (Summary of findings 7). For the
indirect comparison of vaginal micronized progesterone versus
dydrogesterone, the generated evidence was of very low-certainty
evidence. Therefore, these effects remain unclear (Summary of
findings 7).
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Figure 11. Network diagram for the outcome of adverse drug events in women with threatened miscarriage. The
nodes represent an intervention and their size is proportional to the number of trials comparing this intervention to
any other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence, and red for

very low-certainty evidence.
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Recurrent miscarriage
Primary outcome
Live birth

The network diagram for live birth in women with recurrent
miscarriage is presented in Figure 12. There were two available
comparisons for this outcome. Vaginal micronized progesterone
compared with placebo (1 trial, 826 women), and dydrogesterone
compared with placebo (1 trial, 40 women). Based on the relative
effects from the single study, vaginal micronized progesterone
probably makes little or no difference in live birth rate in
comparison to placebo (RR 1.04, 95% Cl 0.94 to 1.15, high-certainty

Dydrogesterone

evidence, Summary of findings 1). A subgroup analysis for vaginal
micronized progesterone by maternal age demonstrated that
there is probably no difference in effectiveness when compared
to the pooled analysis: women aged < 35 years (RR 1.04, 95%
Cl 0.92 to 1.18, high-certainty evidence), women aged = 35
years (RR 1.04, 95% Cl 0.87 to 1.25, high-certainty evidence).
For the direct comparison of dydrogesterone with placebo, the
generated evidence was of very low-certainty evidence, therefore
the effects remain unclear (Summary of findings 1). For the
indirect comparison of vaginal micronized progesterone with
dydrogesterone, the generated evidence was of very low-certainty
evidence. Therefore, these effects remain unclear (Summary of
findings 1).
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Figure 12. Network diagram for the outcome of live birth in women with recurrent miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence, and red for

very low-certainty evidence.
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Secondary outcomes
Miscarriage (defined as delivery before 24 weeks of gestation)

The network diagram for miscarriage in women with recurrent
miscarriage is presented in Figure 13. There were three
available comparisons for this outcome. Vaginal micronized
progesterone was compared with placebo (1 trial, 826 women),
dydrogesterone was compared with placebo (1 trial, 40 women)
and 17-a-hydroxyprogesterone was compared with placebo (1
study, 50 women). Based on the relative effects from the
single study, vaginal micronized progesterone probably makes

1/40

Dydrogesterone

little or no difference to the miscarriage rate in comparison
to placebo (RR 0.96, 95% CI 0.79 to 1.17, high-certainty
evidence, Summary of findings 2). For the direct comparisons
of dydrogesterone with placebo and 17-a-hydroxyprogesterone
with placebo, and the indirect comparisons of vaginal micronized
progesterone with dydrogesterone, dydrogesterone with 17-a-
hydroxyprogesterone and vaginal micronized progesterone with
17-a-hydroxyprogesterone the generated evidence was of very low-
certainty evidence, therefore the effects remain unclear (Summary
of findings 2).
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Figure 13. Network diagram for the outcome of miscarriage in women with recurrent miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence, orange for
low-certainty evidence, and red for very low-certainty evidence.
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Vaginal micronized progesterone
Preterm birth (defined as birth before 37 weeks of gestation) compared with placebo (1 trial, 533 women). Based on the relative

effects from the single study, vaginal micronized progesterone is
compatible with a wide range of treatment effects for preterm birth
in comparison to placebo (RR 1.12, 95% CI 0.67 to 1.87, moderate-
certainty evidence, Summary of findings 3).

The network diagram for preterm birth in recurrent miscarriage
is presented in Figure 14. There was one available comparison
for this outcome where vaginal micronized progesterone was
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Figure 14. Network diagram for the outcome of preterm birth in women with recurrent miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence.
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stillbirth with placebo (1 trial, 826 women). Based on the relative effects from

the single study, vaginal micronized progesterone is compatible
with a wide range of treatment effects for stillbirth in comparison
to placebo (RR 0.54, 95% Cl 0.05 to 5.91, low-certainty evidence,
Summary of findings 4).

The network diagram for stillbirth in recurrent miscarriage is
presented in Figure 15. There was one available comparison for this
outcome where vaginal micronized progesterone was compared
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Figure 15. Network diagram for the outcome of stillbirth in women with recurrent miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence.
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Ectopic pregnancy Based on the relative effects from the single study, vaginal

micronized progesterone is compatible with a wide range of
treatment effects for ectopic pregnancy in comparison to placebo
(RR 0.92, 95% CI 0.31 to 2.72, low-certainty evidence, Summary of
findings 5).

The network diagram for ectopic pregnancy in recurrent
miscarriage is presented in Figure 16. There was one
available comparison for this outcome where vaginal micronized
progesterone was compared with placebo (1 trial, 826 women).
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Figure 16. Network diagram for the outcome of ectopic pregnancy in women with recurrent miscarriage. The nodes
represent an intervention and their size is proportional to the number of trials comparing this intervention to any
other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional

to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence.
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Congenital abnormalities progesterone was compared with placebo (1 trial, 542 women).

Based on the relative effects from the single study, vaginal
micronized progesterone may make little to no difference to the
congenital abnormality ratein comparison to placebo (RR0.75,95%
C10.31 to 1.85, low-certainty evidence, Summary of findings 6).

The network diagram for congenital abnormalities in recurrent
miscarriage is presented in Figure 17. There was one
available comparison for this outcome where vaginal micronized

Progestogens for preventing miscarriage: a network meta-analysis (Review) 39
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Figure 17. Network diagram for the outcome of congenital abnormalities in women with recurrent miscarriage. The
nodes represent an intervention and their size is proportional to the number of trials comparing this intervention to
any other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence.

Vaginal micronized progesterone

Adverse drug events

The network diagram for adverse drug events in recurrent
miscarriage is presented in Figure 18. There was one
available comparison for this outcome where vaginal micronized
progesterone was compared with placebo (1 trial, 836 women).

®Placebo

Based on the relative effects from the single study, vaginal
micronized progesterone is compatible with a wide range of
treatment effects for adverse drug events in comparison to placebo
(RR 1.46, 95% Cl 0.93 to 2.29, moderate-certainty evidence,
Summary of findings 7).
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Figure 18. Network diagram for the outcome of adverse drug events in women with recurrent miscarriage. The
nodes represent an intervention and their size is proportional to the number of trials comparing this intervention to
any other. The lines connecting each pair of interventions represent a direct comparison and are drawn proportional
to the number of trials making each direct comparison. Numbers on the lines represent the number of trials and
participants for each comparison. The colour of the line is light green for moderate-certainty evidence.

Vaginal micronized progesterone &

Statistical inconsistency and heterogeneity

Assessment of statistical inconsistency was not possible due to
an absence of closed loops with the network. The pairwise meta-
analyses of two studies for the threatened miscarriage population
comparing vaginal micronized progesterone and placebo showed
low levels of heterogeneity: live birth, 12 =24%; miscarriage, 12 = 0%;
preterm birth, 12=1%. All other comparisons and interventions only
included one study.

DISCUSSION

Summary of main results

In summary, we reviewed seven trials, involving 5682 women in
five countries. All trials were conducted in hospital settings and
randomised women with threatened miscarriage in their current
pregnancy, or a history of recurrent miscarriage. The following
agents were used in the trial: vaginal micronized progesterone;
dydrogesterone; oral micronized progesterone, and 17-a-
hydroxyprogesterone. It was not possible to perform a network
meta-analysis and rank the available progestogens, because of
the limited number of trials. Indirect comparison were possible
for vaginal micronized progesterone versus dydrogesterone
with the common comparator being placebo; oral micronized

®Placebo

progesterone versus placebo with the common comparator
being dydrogesterone; vaginal micronized progesterone versus
oral micronized progesterone with the common comparators
being placebo and dydrogesterone; dydrogesterone versus 17-
a-hydroxyprogesterone with the common comparators being
placebo; and vaginal micronized progesterone versus 17-a-
hydroxyprogesterone with the common comparators being
placebo.

The pooled analyses found that the available progestogen
treatments overall make little to no difference in live birth and
miscarriage rates for women with threatened miscarriage. Vaginal
micronized progesterone is the only treatment that shows it may
improve the live birth rates in comparison to placebo; however,
this improvement in live birth is only observed in women with
early pregnancy bleeding and previous history of at least one
miscarriage. There s also evidence of a biological gradient of effect,
with the improvement in live birth rate greatest in women with
three or more previous miscarriages.

For the live birth and miscarriage outcomes, the evidence on
vaginal micronized progesterone versus placebo was of high
certainty, providing confidence that the true effect lies close
to that of the effect estimate. For the other progestogens,
the evidence is of moderate, low or very low-certainty for
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all outcomes, indicating a high degree of uncertainty in the
findings. An indirect comparison between vaginal micronized
progesterone and dydrogesterone, oral micronized progesterone
and placebo, vaginal micronized progesterone and oral micronized
progesterone, dydrogesterone and 17-a-hydroxyprogesterone, and
vaginal micronized progesterone and 17-a-hydroxyprogesterone
could be made, but the available evidence is also of very low-
certainty evidence.

Vaginal micronized progesterone makes little or no difference
to live birth rate when compared with placebo for women with
recurrent miscarriage. The evidence for dydrogesterone compared
with placebo for women with recurrent miscarriage is of very
low certainty, therefore the effects remain unclear. No data are
available to assess the effectiveness of 17-a-hydroxyprogesterone
or oral micronized progesterone for the outcome of live birth in
women with recurrent miscarriage.

All progestogen treatments have a wide range of effects on
the other pre-specified outcomes (miscarriage [< 24 weeks of
gestation], preterm birth [<37 weeks of gestation], stillbirth, ectopic
pregnancy) in comparison to placebo for both threatened and
recurrent miscarriage. Moderate-certainty evidence with a wide
range of effects suggests that probably there is no difference in
congenital abnormalities and adverse drug events with vaginal
micronized progesterone for threatened or recurrent miscarriage
compared with placebo. There are limited data and very low-
certainty evidence on congenital abnormalities and adverse drug
events for the other progestogens.

Overall completeness and applicability of evidence

This review set out to find the most effective progestogen
treatment for the prevention of miscarriage. Seven trials met
the inclusion criteria and reported results for our primary and
secondary outcomes. Two included studies did not report the
primary outcome for this review of live birth (Shearman 1963;
Siew 2018); all studies reported the miscarriage outcome. Trials
recruited women who were pregnant and experiencing early
pregnancy bleeding (threatened miscarriage) or had a history
of three or more previous miscarriages (recurrent miscarriage).
Women with significant co-morbidities were largely excluded from
all trials. The most frequent intervention reported was vaginal
micronized progesterone compared with placebo. The dosage and
route of administration for each progestogen also varied by trial
(Characteristics of included studies). A sensitivity analysis and the
planned network meta-analysis were not performed given the
paucity of trials. Further trials are yet to report, which should allow
for a more complete set of available comparisons in the future (see
Characteristics of ongoing studies).

Quality of the evidence

We applied the appraising method proposed by the GRADE Working
Group. Our confidence in the effect estimates of this review ranged
from very low to high with the majority of the available evidence
being of moderate certainty. See Summary of findings 1, Summary
of findings 2, Summary of findings 3, Summary of findings 4,
Summary of findings 5, Summary of findings 6 and Summary of
findings 7. Downgrading decisions related mainly to limitations
in imprecision and study design. For the primary outcome of
live birth, we have a range in the confidence of where the true
effect estimates might lie, depending on the intervention, ranging

from low to high levels of confidence. Overall, only some of the
comparisons involving vaginal micronized progesterone generated
evidence of high certainty. In all cases, the evidence from the direct
comparison between dydrogesterone and placebo was of low or
very low certainty. The single trial that provided data on the direct
comparison of 17-a-hydroxyprogesterone and placebo is of very
low certainty. For our indirect comparisons of vaginal micronized
progesterone and dydrogesterone, oral micronized progesterone
and placebo, vaginal micronized progesterone and oral micronized
progesterone, dydrogesterone and 17-a-hydroxyprogesterone, and
vaginal micronized progesterone and 17-a-hydroxyprogesterone,
the evidence is of very low certainty. One out of the seven included
trials (Figure 4) comparing two oral active treatments was judged
to be at high risk of bias regarding the blinding of participants and
personnel. One other trial (Figure 4) was judged to be at high risk of
bias regarding incomplete outcome data since the lost to follow-up
rate was greater than 10%.

Potential biases in the review process

Three review authors have been involved in two of the included
trials. For the purpose of this review, tasks such as assessment for
inclusion/exclusion, trial quality, data extraction, risk of bias and
grade assessment were carried out by other members of the team
who were not directly involved in these two protocols (AP, MP).
For all other trials, all these tasks were carried out by two review
authors independently (AJD, AP) and checked where necessary
by a third independent author (IDG). The literature search was
conducted by a specialist, independent member of the Cochrane
Pregnancy and Childbirth group.

Agreements and disagreements with other studies or
reviews

Our results are consistent with the existing Cochrane Reviews
(Haas 2019; Wahabi 2018); however this review has identified
that for women with one or more previous miscarriages and
early pregnancy bleeding, treatment with vaginal micronized
progesterone is of particular benefit. The review has reclassified
some of the existing trials into trials awaiting classification as more
evidence of trustworthiness is pending from the trial authors.

AUTHORS' CONCLUSIONS

Implications for practice

The results of this review suggest that vaginal micronized
progesterone may be effective in the treatment of threatened
miscarriage for women with a history of one or more previous
miscarriages. The current evidence suggests that no other types of
progestogen are effective at treating women with either threatened
or recurrent miscarriage. There was no difference in congenital
abnormalities and adverse drug events with vaginal micronized
progesterone for threatened or recurrent miscarriage.

Implications for research

A uniform core outcome set would aid future evidence synthesis,
with particular focus on the number of previous miscarriages that
participants have experienced, and establishing a pre-specified
subgroup analysis of this key risk factor. More high-quality data
comparing the different types of progestogens would also be
beneficial since a network meta-analysis was not possible due to a
paucity of trials.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Chan 2020

Study characteristics

Methods

2-arm placebo-controlled randomised trial

Participants

406 women were randomised in a hospital setting in Hong Kong from March 2016 to May 2018. The
population comprised women aged 18 to 40 years of age, presence of intrauterine gestational sac(s)
only if a urine pregnancy test was first positive within the past 2 weeks or presence of intrauterine fe-
tus(es) with positive fetal heart pulsations or presence of intrauterine fetus(es) with crown-rump length
of <7 mm and no fetal pulsation on pelvic scanning; and absence of fever (temperature 38.5° C). Ex-
clusion criteria comprised women that history of recurrent miscarriage defined as 3 or more consec-
utive spontaneous miscarriages; history of known parental chromosomal abnormalities; heavy vagi-
nal bleeding or severe abdominal pain requiring surgical intervention; absence of cardiac pulsation in
a fetal pole with crown-rump length of 7 mm on transvaginal scanning; use of hCG or progestogen for
threatened miscarriage prior to recruitment; or women with current or suspected breast or genital can-
cers, hepatic disease or tumours.

Interventions

40 mg dydrogesterone orally, followed by 30 mg dydrogesterone 3 times a day versus placebo.

Outcomes The study recorded the following outcomes relevant for this review: live birth, miscarriage (<20
weeks)*, preterm birth, stillbirth, congenital abnormalities and adverse drug events.
*different time point to that specified in the protocol (miscarriage defined as < 24 weeks).

Notes Contact with study authors for additional information: yes. Additional data from authors: no. This study
was funded by the Health and Medical Research Fund, HKSAR (reference number 12132341). The au-
thors declare that they have no competing interests.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated in 1:1 ratio in blocks of 10.

tion (selection bias)

Allocation concealment Low risk Used sequentially numbered, sealed, opaque envelopes.

(selection bias)

Blinding of participants Low risk Study participants and caregivers were blinded to treatment allocations.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Assessors were blinded to treatment allocations.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Attrition bias was < 10%.

(attrition bias)

All outcomes

Selective reporting (re- High risk The study report matches the study protocol that was registered prospective-

porting bias) ly (NCT02128685). However, results for 1 of the prespecified outcomes, i.e. pro-
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Chan 2020 (continued)

portion of heavy vaginal bleeding or severe abdominal pain requiring surgical
intervention (< 20 weeks), were not reported.

Other bias

Low risk This study was funded by the Health and Medical Research Fund, HKSAR (refer-

ence number 12132341).

Coomarasamy 2015

Study characteristics

Methods

2-arm placebo-controlled randomised trial

Participants

836 women were randomised in a hospital setting in the UK from June 2010 to October 2013. The pop-
ulation comprised women aged 18-39 years with a history of 3 or more unexplained miscarriages and
conceived naturally within 1 year of being approached about the trial. Exclusion criteria comprised
women that were unable to conceive naturally within 1 year after recruitment; had the antiphospho-
lipid syndrome or other recognized thrombophilic conditions; had uterine cavity abnormalities (as as-
sessed with the use of ultrasonography, hysterosonography, hysterosalpingogram, or hysteroscopy),
an abnormal parental karyotype, or other identifiable cause of recurrent miscarriage such as diabetes,
thyroid disease, or systemic lupus erythematosus (tests were initiated only if clinically indicated); were
currently receiving heparin therapy; or had contraindications to progesterone use.

Interventions

Twice daily vaginal suppositories containing 400 mg of micronized progesterone versus placebo.

Outcomes The study recorded the following outcomes relevant for this review: live birth, miscarriage (< 24 weeks),
preterm birth (< 37 weeks), stillbirth, ectopic pregnancy, congenital abnormalities and adverse drug
events.

Notes Contact with study authors for additional information: no. Additional data from authors: no. Funded by
the United Kingdom NIHR Health Technology Assessment program (project number HTA 08/38/01). The
authors declare no relevant conflicts of interest.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer generated in 1:1 ratio with the use of minimisation.

tion (selection bias)

Allocation concealment Low risk Assignment through secure Internet facility.

(selection bias)

Blinding of participants Low risk Study participants and caregivers were blinded to treatment allocations.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Assessors were blinded to treatment allocations.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Attrition bias was < 10% and balanced across study arms.

(attrition bias)

All outcomes
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Coomarasamy 2015 (Continued)

Selective reporting (re- Low risk The study report matches the study protocol (ISRCTN92644181) that was regis-
porting bias) tered prospectively.
Other bias Low risk Funded by the United Kingdom NIHR Health Technology Assessment program

(project number HTA 08/38/01).

Coomarasamy 2019

Study characteristics

Methods

2-arm placebo-controlled randomised trial

Participants

4153 women were randomised in a hospital setting in the UK from May 2015 to June 2017. The popu-
lation comprised women aged 16 to 39 years of age, if they had completed less than 12 weeks of preg-
nancy, if they presented with vaginal bleeding, and if they had an intrauterine gestational sac that was
visible on ultrasonography. Exclusion criteria comprised women that if at the time of presentation

the fetal crown-rump length was 7 mm or longer with no visible heartbeat; if the gestational sac was

a mean of 25 mm or greater in diameter with no visible fetal pole on ultrasonography; if they had evi-
dence of ectopic pregnancy; if they had life-threatening bleeding; if they had current or recent use of
progesterone supplementation; if they had contraindications to progesterone therapy (i.e. a history of
liver tumours; current genital or breast cancer, severe arterial disease, or acute porphyria; or a histo-
ry during pregnancy of idiopathic jaundice, severe pruritus, or pemphigoid gestationis); or if they were
participating in any other blinded, placebo controlled trials of medicinal products in pregnancy.

Interventions

Twice daily vaginal suppositories containing 400 mg of micronized progesterone versus placebo.

Outcomes The study recorded the following outcomes relevant for this review: live birth, miscarriage (< 24 weeks),
preterm birth (< 37 weeks), stillbirth, ectopic pregnancy, congenital abnormalities and adverse drug
events.

Notes Contact with study authors for additional information: no. Additional data from authors: no. Funded by
the United Kingdom NIHR Health Technology Assessment program (project number HTA 12/167/26).
The authors declare no relevant conflicts of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer generated in 1:1 ratio with the use of minimization.

tion (selection bias)

Allocation concealment Low risk Through a secure, centralised Internet facility.

(selection bias)

Blinding of participants Low risk Study participants and caregivers were blinded to treatment allocations.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Assessors were blinded to treatment allocations.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Attrition bias was < 10% and balanced across study arms.

(attrition bias)
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Coomarasamy 2019 (Continued)

All outcomes

Selective reporting (re-
porting bias)

Low risk The study report matches the study protocol (ISRCTN14163439) that was regis-
tered prospectively.

Other bias

Low risk Funded by the United Kingdom NIHR Health Technology Assessment pro-
gramme (project number HTA 12/167/26).

Gerhard 1987

Study characteristics

Methods

2-arm placebo-controlled randomised trial.

Participants

52 women were randomised in a hospital setting in Germany between 1983 and 1984. The population
comprised women that presented with vaginal bleeding and a closed internal cervical os.

Interventions

1 vaginal suppository twice daily, containing 25 mg progesterone versus placebo.

Outcomes The study recorded the following outcomes relevant for this review: live birth, miscarriage (< 24 weeks)
and preterm birth (< 37 weeks).

Notes Contact with study authors for additional information: no. Additional data from authors: no. Source(s)
of funding were not reported, declarations of interest were not reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Sequence generation was not reported.

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants Low risk Study participants and caregivers were blinded to treatment allocations.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Assessors were blinded to treatment allocations.

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Attrition bias was > 10% balanced across study arms.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk The protocol of the study was unavailable for verification. However, this study

porting bias)

was conducted before protocol registration became mandatory.

Other bias

Unclear risk Source(s) of funding were not reported.

Progestogens for preventing miscarriage: a network meta-analysis (Review) 53
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

MacDonald 1972

Study characteristics

Methods

2-arm placebo-controlled randomised trial.

Participants

40 women were randomised in a hospital setting in the UK (date range not specified). The population
comprised women with a history of 2 or more consecutive previous miscarriages and then subsequent
pregnancy with cervical mucus ferning present.

Interventions

2 x 5 mg tablets of dydrogesterone tablets 3 times daily, increased to 4 tablets 3 times daily if ferning
persisted, no duration specified versus placebo.

Outcomes The study recorded the following outcomes relevant for this review: live birth and miscarriage (< 24
weeks).

Notes Contact with study authors for additional information: no. Additional data from authors: no. Source(s)
of funding were not reported, declarations of interest were not reported.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Sequence generation was not reported.

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants Low risk Study participants and caregivers were blinded to treatment allocations.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Assessors were blinded to treatment allocations.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Data were collected completely from all randomised study participants.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk The protocol of the study was unavailable for verification. However, this study

porting bias) was conducted before protocol registration became mandatory.

Other bias Unclear risk Source(s) of funding were not reported.

Shearman 1963

Study characteristics

Methods

2-arm placebo-controlled randomised trial.

Participants

50 women were randomised in a hospital setting in Australia (date range not specified). The popula-
tion comprised women with a history of 2 or more previous miscarriages. Exclusion criteria comprised
women with persistently normal levels of pregnanediol.
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Shearman 1963 (Continued)

Interventions

Up to 8 weeks' gestation: 250 mL/week IM hydroxyprogesterone; 8-11 weeks' gestation: 375 mL/week
IM of 17-a-hydroxyprogesterone; 12-16 weeks' gestation: 500 mL/week IM of 17-a-hydroxyproges-
terone; 17-20 weeks' gestation: 375 mg/week IM of 17-a-hydroxyprogesterone; 21-24 weeks' gestation:
250 mg/week IM of 17-a-hydroxyprogesterone versus placebo.

Outcomes The study recorded the following outcomes relevant for this review: miscarriage.
Notes Contact with study authors for additional information: no. Additional data from authors: no. The study
was funded by Schering AG. Declarations of interest were not reported.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Sequence generation was not reported.
tion (selection bias)
Allocation concealment Unclear risk Allocation concealment was not reported.
(selection bias)
Blinding of participants Low risk Study participants and caregivers were blinded to treatment allocations.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Assessors were blinded to treatment allocations.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Data were collected completely from all randomised study participants.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk The protocol of the study was unavailable for verification. However, this study
porting bias) was conducted before protocol registration became mandatory.
Other bias Low risk No other bias noted.
Siew 2018
Study characteristics
Methods 2-arm active-controlled randomised trial

Participants

141 women were randomised in a hospital setting in Singapore between January 2014 and February
2017. The population comprised women aged 21 to 45 years with a single intrauterine pregnancy, ges-
tational age of 6-10 weeks, and presented with pregnancy-related vaginal bleeding. Exclusion criteria
comprised women that had previously used a progestogen in the current pregnancy, women with in-
evitable miscarriage, planning to terminate their pregnancy, women who conceived using assisted re-
productive technology, women known to have recurrent miscarriages, and women who have pre-exist-
ing luteal phase deficiency or other forms of diagnosed progesterone deficiency.

Interventions

200 mg oral micronized progesterone twice daily versus 10 mg oral dydrogesterone twice daily.

Outcomes The study recorded the following outcomes relevant for this review: miscarriage (< 16 weeks)*, adverse
drug events.
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Siew 2018 (Continued)

*different time point to that specified in the protocol (miscarriage defined as < 24 weeks).

Notes Contact with study authors for additional information: yes. Additional data from authors: no. Funded
by the Khoo Student Research Award and Pitch for Grant Award. The authors declared no conflicts of
interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "Participants were randomised in blocks of size 4 using a pre-deter-

tion (selection bias) mined randomisation schedule generated by a biostatistician."

Allocation concealment Unclear risk Small block randomisation.

(selection bias)

Blinding of participants High risk Study participants and caregivers were not blinded to treatment allocations.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk This was an open-label study. It is highly unlikely that the outcome was influ-
sessment (detection bias) enced by the lack of blinding.

All outcomes

Incomplete outcome data  Low risk Attrition bias was < 10% and balanced across study arms.

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk This study report matches the study protocol (ChiCTR-IOR-17011593) that was

porting bias) registered retrospectively.

Other bias Low risk This study was funded by the Khoo Student Research Award and Pitch for
Grant Award.

hCG: Human chorionic gonadotropin; IM: intramuscular.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Ali 2020 Not eligible population.
Beigi 2016 Trial includes both 1st and 2nd trimester treatment and does not subgroup the effects, therefore

data cannot be included.

Berle 1977 Combination therapy of progesterone and oestrogen was used in this study.

Berle 1980 Quasi-randomised trial, study type which is excluded from this review.

Check 1985 No method of randomisation was used for this trial.

Check 1987 Itis unclear as to whether there was any randomisation. The authors of this review attempted, but

failed, to contact the trial authors.
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Study Reason for exclusion

Check 1987a Itis unclear as to whether there was any randomisation. The authors of this review attempted, but
failed, to contact the trial authors.

Check 1987b Itis unclear as to whether there was any randomisation. The authors of this review attempted, but
failed, to contact the trial authors.

Check 1995 The intervention considered in this trial is progesterone in association with immunotherapy rather
than progesterone alone.

Chi 2019 Progestogen supplementation for luteal phase support.

Clifford 1996

Not an eligible population.

Corrado 2002

Not an eligible population.

Costantino 2016

The intervention is not eligible for inclusion in this review.

Daya 1988

This trial was not a randomised controlled trial.

Devine 2018

Not an eligible population.

El-Zibdeh 2005

Quasi-randomised trial, which are excluded from this review.

El-Zibdeh 2009

Quasi-randomised trial, which are excluded from this review.

EUCTR2016-002777-35-IT

This trial was terminated early due to difficulty in recruitment. Therefore, no data are available for
analysis.

Fuchs 1966

This trial was terminated before the results were of sufficient size to statistically analyse. Therefore,
data are incomplete.

Goldzieher 1964

Trials using medroxyprogesterone are excluded from this review.

Govaerts-Videtzky 1965

No method of randomisation was used for this trial.

Ismail 2018

This publication has been formally withdrawn by the journal.

Johnson 1975

It is not clear from the manuscript when progestogen treatment was commenced. Since the out-
come measure reported in this trial was preterm delivery and not miscarriage, treatment was most
probably commenced in the 2nd trimester.

Klopper 1965 Trials using progesterone 3-cyclopentyl enol ether are excluded from this review.
LeVine 1964 Quasi-randomised trial, which are excluded from this review.
Moller 1966 The intervention is not eligible for inclusion in this review.

Nyboe Andersen 2002

Not an eligible population.

Ozer 2020 Not eligible population.

Porcaro 2015 The intervention is not eligible for inclusion in this review.

Prietl 1992 The active intervention given in this trial was a combination of progestogen and oestrogen.
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Study

Reason for exclusion

Pustotina 2018

Progestogen supplementation in 2nd trimester, therefore excluded from this review.

Rehal 2020

Progestogen supplementation in 2nd trimester, therefore excluded from this review.

Reijnders 1988

The trial population is not eligible for inclusion in this review.

Shu 2002

Intervention group administered Chinese herbal medicine (CHM) plus human chorionic go-
nadotropin and progesterone, compared with multi-vitamin.

Sondergaard 1985

This trial was conducted to ascertain the efficacy of progesterone to prevent preterm birth rather
than miscarriage.

Song 2007 Combination progestogen with vitamin E, therefore excluded from this review.

Souka 1980 Trialincludes both 1st and 2nd trimester treatment and does not subgroup the effects, therefore
data cannot be included.

Swyer 1953 Quasi-randomised trial, which are excluded from this review.

Tognoni 1980

No method of randomisation was used for this trial.

Tomic 2015

Progestogen supplementation for luteal phase support, therefore excluded from this review.

Zhang 2000

Combination progestogen with vitamin E, therefore excluded from this review.

Characteristics of studies awaiting classification [ordered by study ID]

Abrar 2017

Methods

2-arm active-controlled randomised trial.

Participants

98 women were randomised in a hospital setting in Pakistan. The population comprised women
aged 15-45 years with threatened miscarriage in their first trimester (up to 12 weeks of gestation).
Exclusion criteria comprised women with history of trauma during pregnancy or a history of bleed-
ing disorders.

Interventions

10 mg oral progesterone, twice daily for 1 week versus 400 mg vaginal progesterone, once daily for
1 week.

Outcomes The study recorded the following outcomes relevant for this review: miscarriage.
Notes Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.
Agarwal 2016
Methods 2-arm no treatment-controlled randomised trial.

Participants

Women with a history of 2 or more consecutive miscarriages of unknown cause, aged between 21
and 40 years with euthyroid state and normal thyroid function tests. Women with a history of re-
peated miscarriage of known cause will be excluded.

Progestogens for preventing miscarriage: a network meta-analysis (Review) 58
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Agarwal 2016 (Continued)

Interventions 200 mg oral micronized progesterone, given twice daily until 16 weeks of gestation versus no treat-
ment

Outcomes Miscarriage

Notes Evidence of trial documentation and data requested from the corresponding author, but no re-

sponse was received by the time of publication of this review.

Alimohamadi 2013

Methods 2-arm placebo-controlled randomised trial.

Participants 160 women were randomised in a hospital setting in Iran. The population comprised women with
clinical symptoms of threatened abortion (bleeding, spotting, and uterine cramps before the
20th week of pregnancy) and singleton pregnancy. Exclusion criteria comprised women with sys-
temic diseases, maternal hypertension before or during pregnancy, uterine tenderness, genetic
or anatomical defects of the fetus, renal or cardiac diseases, genital tract anomalies of the moth-
er and diabetes and those patients who had used a progestational drug during pregnancy, prior to
being recruited into the study.

Interventions 200 mg vaginal progesterone, twice daily for 1 week versus placebo.
Outcomes The study recorded the following outcomes relevant for this review: miscarriage and preterm birth.
Notes Evidence of trial documentation and data requested from the corresponding author, who replied

but did not answer all of our queries or provide the requested documentation or data. The trial was
retrospectively registered and no explanation for this was provided.

Czajkowski 2007

Methods 2-arm active-controlled randomised trial

Participants 53 women were randomised in a hospital setting in Poland. The population comprised women with
signs and symptoms of threatened abortion (vaginal bleeding usually accompanied by abdominal
pains), live singleton intrauterine pregnancy confirmed by ultrasound examination, and gestation-
al age of 12 weeks. Exclusion criteria comprised women with a history of hypertension, diabetes
mellitus, severe liver disorders (i.e. Rotor syndrome, Dubin-Johnson syndrome, jaundice, or liver
failure), drug or alcohol addiction, uterine anomalies, cervical disease, cerebral apoplexy, and al-
lergy to any component of the drugs that would be administered in the study. Women who had re-
ceived any hormonal drug during the last 3 weeks preceding the study or had participated any oth-
er clinical trial during the last 3 months were also excluded.

Interventions 300 mg micronized vaginal progesterone daily plus oral placebo versus 30 mg of oral dydroges-
terone daily plus vaginal placebo for 6 weeks.

Outcomes The study recorded the following outcomes relevant for this review: miscarriage.

Notes Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.
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Ghosh 2014

Methods

2-arm active-controlled randomised trial, plus a non-intervention control group.

Participants

101 women were randomised in a hospital setting in India. The population comprised women with
3 or more consecutive miscarriages within the first trimester (up to 12 weeks of gestation) followed
by spontaneous conception that was euthyroid, normoprolactinemic. Only women who had not re-
ceived any medication in the last 3 months were considered. Exclusion criteria comprised women
who had a cause for their recurrent miscarriages identified using 1 or more of the following tests:
thyroid-stimulating hormone and antithyroid antibody tests, antiphospholipid antibodies test (an-
ticardiolipin antibodies and lupus anticoagulants immunoglobulin G and M), TORCH (toxoplasmo-
sis, rubella, cytomegalovirus and herpes) tests, paternal and maternal chromosomal analysis, hys-
terosalpingography, and hysteroscopy to rule out uterine defects, abnormal fasting level of homo-
cysteine, exclusion of diabetes mellitus, and estimation of midluteal serum progesterone to ex-
clude luteal phase defect.

Interventions

10 mg oral dydrogesterone, twice daily versus 100 mg micronized vaginal progesterone, thrice
daily. Women without history of recurrent miscarriage in the control group did not receive any
progestogen.

Outcomes The study recorded the following outcomes relevant for this review: miscarriage.
Notes Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.
Kumar 2014
Methods 2-arm placebo-controlled randomised trial, plus a non-intervention control group.

Participants

360 women were randomised in a hospital setting in India. The population comprised women aged
18-35 years with a history of idiopathic, = 3 first-trimester pregnancy losses and currently in the
first trimester with a live pregnancy (preferably 2-8 weeks' gestation). Exclusion criteria comprised
women with a known cause of recurrent miscarriage, women who had taken an injection of hCG or
hydroxyprogesterone.

Interventions

20 mg oral dydrogesterone (taken as 2 x 10 mg tablets) from time of enrolment to 20 weeks versus
placebo. The trial also included an additional control group of women without a history of miscar-
riage who were age-matched, healthy, pregnant women with at least 1 live birth.

Outcomes The study recorded the following outcomes relevant for this review: miscarriage and preterm birth.
Notes Evidence of trial documentation and data requested from the corresponding author, who replied
but did not answer all of our queries or provide the requested data by the time that this review was
published.
Omar 2005
Methods 2-arm no treatment-controlled randomised trial.

Participants

154 women were randomised in a hospital setting in Malaysia. The population comprised women
with mild or moderate vaginal bleeding, no history of loss of conception material, absence of sys-
temicillness or fever, normal size and shape gestation sac at 5 weeks, presence of yolk sac at 5-6
weeks, presence of fetal heart at 7 weeks

and a gestational age less than 13 weeks. Women were excluded from the study if they had either
an empty sac of more than 26 mm or history of recurrent miscarriage.
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Interventions

Dydrogesterone 40 mg stat, followed by 10 mg twice a day until the bleeding stopped versus no
treatment.

Outcomes

The study recorded the following outcomes relevant for this review: miscarriage.

Notes

Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.

Palagiano 2004

Methods

2-arm placebo-controlled randomised trial.

Participants

50 women were randomised in a hospital setting in Italy. The population comprised women with
threatened abortion, an ongoing, viable pregnancy, amenorrhoea between 6 and 12 weeks' ges-
tation, and a closed uterine cervix. Exclusion criteria comprised women with a previous adequate
luteal phase, women who were using hormonal treatment or other drugs affecting uterine contrac-
tility, women with vaginal infection, absence of embryo’s heartbeat, open cervix (> 2 cm measured
by ultrasound), and embryo’s size 1 week more than the corresponding amenorrhoea.

Interventions

90 mg micronized vaginal progesterone once daily for 5 days versus placebo.

Outcomes

The study recorded the following outcomes relevant for this review: miscarriage.

Notes

Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.

Pandian 2009

Methods

2-arm no treatment-controlled randomised trial.

Participants

191 women were randomised in a hospital setting in Malaysia. The population comprised women
with threatened abortion, no systematic illness or fever and no loss of conception tissue. Viability
of the fetus was confirmed by ultrasound. Exclusion criteria comprised women with recurrent mis-
carriage (> 3), heavy bleeding, cervical polyp, multiple gestation, empty sac > 26 mm.

Interventions

40 mg oral dydrogesterone followed by 10 mg twice daily versus conservative treatment with bed
rest only.

Outcomes The study recorded the following outcomes relevant for this review: live birth, miscarriage, preterm
birth and congenital abnormalities.
Notes Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.
Turgal 2017
Methods 2-arm placebo-controlled randomised trial.

Participants

83 women were randomised in a hospital setting in Turkey. The population comprised women with
threatened abortion and with presence singleton pregnancy and live embryo, before 9 weeks of
gestation. Exclusion criteria comprised women with a non-viable fetus, twin pregnancy, presence
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of subchorionic haematoma and history of hypertension, diabetes mellitus, severe hepatic disor-
ders, uterine leiomyoma, congential uterine anomaly and recurrent pregnancy loss.

Interventions

400 mg micronized oral progesterone daily for 4 weeks versus placebo.

Outcomes The study recorded the following outcomes relevant for this review: live birth and miscarriage.
Notes Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.
Vincze 2006
Methods 2-arm active-controlled randomised trial.

Participants

156 women were randomised in a hospital setting. Inclusion and exclusion criteria not specified.

Interventions

Micronized vaginal progesterone versus oral dydrogesterone (doses and duration not specified).

Outcomes Outcomes not specified.
Notes Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.
Yadav 2015
Methods 2-arm no treatment-controlled randomised trial.

Participants

100 women were randomised in a hospital setting in India. The population comprised women with
threatened abortion. No details are provided on exclusion criteria.

Interventions

30 mg oral dydrogesterone daily versus no treatment.

Outcomes The study recorded the following outcomes relevant for this review: miscarriage.
Notes Evidence of trial documentation and data requested from the corresponding author, but no re-
sponse was received by the time of publication of this review.
Yassaee 2014
Methods 2-arm no treatment-controlled randomised trial.

Participants

60 women were randomised in a hospital setting in Iran. The population comprised pregnant
women with threatened abortion. The presence of singleton pregnancy and detection of fetal heart
activity, besides gestational age of <20 weeks, was verified by ultrasound. Exclusion criteria com-
prised women that had reaction to Cyclogest, repeated abortions, multiple gestation, absence of
fetus or fetal heart tone, uterine anomaly or fetal anomaly.

Interventions

400 mg micronized vaginal progesterone daily until their bleeding stopped in less that 1 week ver-
sus no treatment.

Outcomes

The study recorded the following outcomes relevant for this review: live birth and miscarriage.
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Yassaee 2014 (Continued)

Notes Evidence of trial documentation and data requested from the corresponding author, who replied
but did not answer all of our queries or provide the requested documentation or data.

hCG: Human chorionic gonadotropin.

Characteristics of ongoing studies [ordered by study ID]

ACTRN12611000405910

Study name Supporting Threatened Outcomes with Progesterone (STOP trial)

Methods 2-arm placebo-controlled randomised trial.

Participants Women aged 18 years or older presenting with threatened miscarriage and a live intrauterine preg-
nancy with a gestational age less than 10 weeks. Women with a pregnancy as a result of Assisted
Reproductive Technologies will be excluded.

Interventions Progesterone pessary 400 mg nightly, until 12 weeks' gestation versus placebo.

Outcomes Live birth, complete miscarriage, gestation at birth, birthweight, congenital abnormality, antepar-
tum haemorrhage.

Starting date 30-Jan-2012

Contact information lukemclindon@bigpond.com

Notes The trial has been completed and the findings are currently being prepared for publication.

ChiCTR-IOR-15007526

Study name Chinese herbal medicine and micronized progesterone for threatened miscarriage: an Internation-
al Cooperation multicenter randomized controlled trial

Methods 2x2 factorial randomised placebo-controlled trial.

Participants Women aged 18 to 37 years that are currently pregnant (as confirmed by positive urinary pregnan-
cy tests) at 5-10 weeks of gestation, presenting with vaginal bleeding with or without abdominal
pain, while the cervix is closed by visual exam and the fetus is viable inside the uterine cavity dur-
ing early pregnancy. Women will have had no previous treatment for miscarriage. Exclusion crite-
ria include women with a pregnancy of unknown location; ectopic pregnancy; multiple pregnan-
cy; a non-viable pregnancy; serial serum hCG levels which show a decline or a plateau, intrauter-
ine abnormalities and fibroids distorting uterine cavity (as assessed by ultrasound); known abnor-
mal parental karyotype; bleeding attributed to a vulvar, vaginal, or cervical source unrelated to the
pregnancy; presence of a congenital or acquired bleeding diathesis; presence of contributing major
medical disorders (regardless of severity). These include poorly controlled diabetes, uncontrolled
hypertension, systemic lupus erythematosus (SLE), untreated or active cancer (any cancer in re-
mission or non-melanoma skin cancer is not included in the exclusion criteria), liver disease, renal
disease, rheumatoid arthritis, cardiac disease, pulmonary disease other than mild asthma, neuro-
logical disease requiring medical treatment, uncontrolled hypothyroidism, uncontrolled seizure
disorder. Untreated vitamin B12 deficiency, severe anaemia (Hct &lt; 30%), haemophilia, gout,
nasal polyps, among others; use of agents that may contribute to bleeding such as aspirin, NSAIDs;
current use of Chinese Herbal Medicines (CHM) within 2 months; current use of progestins- oral, in-
tramuscular, vaginal, etc within 2 months; known current or recent alcohol abuse or illicit drug use;
current diagnosis of sexually transmitted infection (STI) (temporary exclusion).

Progestogens for preventing miscarriage: a network meta-analysis (Review) 63
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

ChiCTR-IOR-15007526 (Continued)

Interventions

Chinese herbal medicine + micronized progesterone placebo versus Chinese herbal medicine
placebo + micronized progesterone versus Chinese herbal medicine + micronized progesterone
versus Chinese herbal medicine placebo + micronized progesterone placebo.

Outcomes

Live birth rate (> 37 weeks of gestation); early abortion; intrauterine pregnancy abortion before

20 weeks of pregnancy; intrauterine pregnancy abortion after 20 weeks of pregnancy; continuous
pregnancy rate beyond 12 weeks of pregnancy; persistent pregnancy rate over 20 weeks of preg-
nancy; preterm birth rate (pregnancy > 24 weeks, < 37 weeks); maternal hypertension; maternal di-
abetes; prenatal haemorrhage; premature delivery; late pregnancy; preeclampsia; abnormal fetal
testing; intrauterine growth restriction; low birthweight; stillbirth; neonatal death; congenital ab-
normalities; adverse reactions.

Starting date

30-Nov-2015

Contact information

xiaokewu2002@vip.sina.com

Notes

CTRI/2020/10/028244

Study name A clinical trial to study the effects of two drugs dydrogesterone and micronized progesterone in
pregnant women with threatened abortion
Methods 2-arm active-controlled randomised trial

Participants

Women aged from 20 to 35 years, with a singleton intrauterine live pregnancy, gestational age less
than 12 weeks and presenting with threatened abortion. The exclusion criteria includes history of
recurrent miscarriage (defined as at least 3 consecutive spontaneous miscarriages), history of cer-
vical surgery, heavy vaginal bleeding requiring surgical intervention, any uterine anomalies, and
any associated medical and surgical illness.

Interventions

40 mg dydrogesterone stat followed by 10 mg BD till 14 weeks of gestation versus 200 mg proges-
terone twice daily till 14 weeks of gestation

Outcomes

Miscarriage before 20 weeks of gestation; live birth rate; period of gestational age at delivery; birth-
weight at delivery; antepartum haemorrhage; pre-eclampsia

Starting date

12-Oct-2020

Contact information

saicharishmal544@gmail.com

Notes

IRCT20120104008611N10
Study name The effect of dydrogesterone and micronized progesterone on threatened abortion
Methods 2-arm active-controlled randomised trial.

Participants

Pregnant women with a gestational age 6 to 13 weeks and observed fetal heart rate, vaginal bleed-
ing, absence of uterine and fetal anomalies. Exclusion criteria include breast carcinoma, severe liv-
er problems, genital carcinoma, thromboembolic disorders, epilepsy, diabetes, hypertension.
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Interventions

10 mg dydrogesterone, twice daily until 1 week after bleeding versus 100 mg progesterone, twice
daily until 1 week after bleeding.

Outcomes

Preeclampsia; gestational diabetes; preterm labor; low birthweight; abortion under 20 weeks of
pregnancy.

Starting date

22-0ct-2019

Contact information

pakniatl10@yahoo.com

Notes
IRCT20120104008611N8
Study name The Comparison between the effect of dyrogesterone and Cyclogest intake on pregnancy in case of
threatened abortion
Methods 2-arm active-controlled randomised trial.

Participants

Inclusion criteria: gestational age 6 to 13 weeks; observation of fetal heart rate; vaginal bleeding;
uterine closure; uterine or fetal anomalies. Exclusion criteria: unwillingness of the patient; lack of
fetal heart rate; severe liver problems; epilepsy; diabetes; hypertension.

Interventions

400 mg vaginal micronized progesterone daily versus 20 mg dydrogesterone daily up to the end of
16 weeks of pregnancy.

Outcomes

Threatened abortion; gestational diabetes; preterm labor; low birthweight; abortion under 20
weeks of pregnancy

Starting date

22-May-2017

Contact information

pakniatl10@yahoo.com

Notes

IRCT20120104008611N9
Study name Comparison of the effect of two progesteron drugs in protection of abortion
Methods 2-arm active-controlled randomised trial.

Participants

Pregnant women with gestational age between 6 and 13 weeks, presence of a fetal heart beat, uter-
ine bleeding and a closed uterine orifice. Exclusion criteria include embryonic or uterine anom-
alies identified by ultrasound, multi-fetal hydatidiform mole, known underlying disease in mother,
women who have been treated by a specific medication to treat abortion.

Interventions

400 mg daily vaginal progesterone versus 100 mg daily oral progesterone

Outcomes Abortion, pre-eclampsia, gestational diabetes
Starting date 21-Apr-2018
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IRCT20120104008611N9 (continued)

Contact information hpakniat@qums.ac.ir
Notes
IRCT20120918010876N5
Study name Evaluation of the effect of oral dydrogesterone (Duphaston) in threatened abortion at first
trimester
Methods 2-arm no treatment-controlled randomised trial.
Participants Pregnant women aged between 18 and 35 years in the first trimester, presenting with symptoms

and signs of threatened abortion. Women will have a singleton pregnancy and a viable fetus will be
identified by ultrasound.

Interventions 40 mg dydrogesterone followed by 10 mg every 8 hours until bleeding was discontinued versus no
treatment
Outcomes Abortion; vaginal bleeding;
Starting date 21-Nov-2017
Contact information drmoradi000@yahoo.com
Notes
NCT02145767
Study name Progesterone for the prevention of miscarriage and preterm birth in women with first trimester

bleeding: PREEMPT Trial

Methods 2-arm placebo-controlled randomised trial.

Participants Women aged between 18 and 45 years with a live intrauterine singleton pregnancy of <14 weeks
by crown-rump length on ultrasound with documented fetal cardiac activity, and presence of a
perigestational (subchorionic) haemorrhage on ultrasound. Exclusion criteria include contraindica-
tion to progesterone and any indication for progesterone.

Interventions Progesterone 200 mg suppository administered vaginally at bedtime until 34 completed weeks of
pregnancy versus placebo

Outcomes Miscarriage (< 20 weeks); preterm birth (< 37 weeks); maternal outcomes; neonatal outcomes;
healthcare outcomes

Starting date December 2014
Contact information preempttrial@gmail.com
Notes
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NCT02690129
Study name Vaginal progesterone for treatment of threatened miscarriage; randomized clinical trial
Methods 2-arm no treatment-controlled randomised trial.

Participants

Women aged between 20 and 35 years, who are pregnant with a gestational age less than 24 weeks,
presenting with bleeding with or without pain, a single viable fetus (confirmed by ultrasound ex-
amination.

Exclusion criteria include currently under medication for any chronic diseases (DM, thyroid, liver,
renal, cardiac and autoimmune disease); hypersensitivity to progesterone; any documented con-
genital fetal anomaly in the current pregnancy; women receiving hormonal treatment in the cur-
rent pregnancy; women that conceived via ART.

Interventions

200 mg vaginal micronized progesterone for 15 days versus no treatment

Outcomes

Miscarriage rate up to 28 weeks of gestation; gestational age at delivery or termination of pregnan-
cy

Starting date

February 2016

Contact information

omshaaban2000@yahoo.com

Notes

NCT03930212
Study name Progesterone supplementation in threatened abortion (Prothreat)
Methods 2-arm placebo-controlled randomised trial.

Participants

Women presenting with threatened abortion diagnosed by history and ultrasound examination, a
singleton viable fetus with gestational age <20 weeks and a closed normal length cervix. Exclusion
criteria include short cervix <2 cm; multiple pregnancy; dead fetus; open cervix = 2 cm; history of
cervical surgery.

Interventions

400 mg rectal progesterone suppositories once daily versus placebo

Outcomes

Relief of pain; completion of pregnancy beyond 20 weeks; stoppage of bleeding; abortion less than
20 weeks

Starting date

01-Jan-2018

Contact information

ayman.dawood@med.tanta.edu.eg

Notes

DM: diabetes mellitus;hCG: Human chorionic gonadotropin;NSAIDs: non steroidal anti-inflammatory drugs.
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Comparison 1. Threatened miscarriage: Vaginal micronized progesterone versus placebo

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.1 Live birth 2 4090 Risk Ratio (M-H, Fixed, 95% 1.03[1.00, 1.07]
Cl)

1.2 Miscarriage (defined as delivery be- 2 4090 Risk Ratio (M-H, Fixed, 95% 0.90[0.80, 1.01]

fore 24 weeks of gestation) Cl)

1.3 Preterm birth (defined as birth be- 2 3154 Risk Ratio (M-H, Fixed, 95% 1.08[0.92, 1.27]

fore 37 weeks of gestation) Cl)

1.4 Stillbirth 1 4038 Risk Ratio (M-H, Fixed,95%  0.83[0.25,2.71]
Cl)

1.5 Ectopic pregnancy 1 4038 Risk Ratio (M-H, Fixed, 95%  0.20[0.01, 4.14]
Cl)

1.6 Congenital abnormalities 1 3085 Risk Ratio (M-H, Fixed, 95% 1.00[0.68, 1.46]
Cl)

1.7 Adverse drug events 1 4038 Risk Ratio (M-H, Fixed, 95% 1.07[0.81, 1.39]
cl

1.8 Live birth (subgrouped by no previ- 2 Risk Ratio (M-H, Fixed, 95% Subtotals only

ous miscarriages and one or more pre- Cl)

vious miscarriages)

1.8.1 No previous miscarriages and 2 2261 Risk Ratio (M-H, Fixed, 95% 0.99[0.95, 1.04]

early pregnancy bleeding Cl)

1.8.2 One or more previous miscar- 2 1829 Risk Ratio (M-H, Fixed, 95% 1.08[1.02, 1.14]

riages and early pregnancy bleeding Cl)

1.9 Live birth (subgrouped by maternal 1 Risk Ratio (M-H, Fixed, 95% Subtotals only

age) Cl)

1.9.1 Maternal age < 35 years 1 3113 Risk Ratio (M-H, Fixed, 95% 1.03[0.99, 1.07]
cl)

1.9.2 Maternal age = 35 years 1 925 Risk Ratio (M-H, Fixed, 95% 1.04[0.95,1.13]

Cl)
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Analysis 1.1. Comparison 1: Threatened miscarriage: Vaginal
micronized progesterone versus placebo, Outcome 1: Live birth

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2019 1513 2025 1459 2013 98.7% 1.03[0.99, 1.07]
Gerhard 1987 23 26 19 26 1.3% 1.21[0.92, 1.59]
Total (95% CI) 2051 2039 100.0% 1.03 [1.00, 1.07]
Total events: 1536 1478
' ' ' '
Heterogeneity: Chi? = 1.32, df = 1 (P = 0.25); I2 = 24% 05 0.7 1 15 2
Test for overall effect: Z = 1.75 (P = 0.08) Favours placebo Favours vaginal micronized progesterone

Test for subgroup differences: Not applicable

Analysis 1.2. Comparison 1: Threatened miscarriage: Vaginal micronized progesterone
versus placebo, Outcome 2: Miscarriage (defined as delivery before 24 weeks of gestation)

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2019 410 2025 451 2013 98.9% 0.90[0.80, 1.02]
Gerhard 1987 3 26 5 26 1.1% 0.60[0.16 , 2.26]
Total (95% CI) 2051 2039 100.0% 0.90 [0.80, 1.01]
Total events: 413 456
Heterogeneity: Chi? = 0.36, df = 1 (P = 0.55); I = 0% 0.2 05 1 > 3
Test for overall effect: Z = 1.74 (P = 0.08) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 1.3. Comparison 1: Threatened miscarriage: Vaginal micronized progesterone
versus placebo, Outcome 3: Preterm birth (defined as birth before 37 weeks of gestation)

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2019 263 1581 235 1521 99.8% 1.08[0.92,1.27] i
Gerhard 1987 2 26 0 26 0.2% 5.00[0.25, 99.34] e —
Total (95% CI) 1607 1547 100.0% 1.08 [0.92, 1.27] ’
Total events: 265 235
Heterogeneity: Chi> = 1.01, df =1 (P =0.31); 2= 1% 0.01 01 10 100
Test for overall effect: Z = 0.99 (P = 0.32) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 1.4. Comparison 1: Threatened miscarriage: Vaginal
micronized progesterone versus placebo, Outcome 4: Stillbirth

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2019 5 2025 6 2013 100.0% 0.83[0.25, 2.71]
Total (95% CI) 2025 2013 100.0% 0.83[0.25, 2.71]
Total events: 5 6
Heterogeneity: Not applicable 0.2 05 1 2 5
Test for overall effect: Z = 0.31 (P = 0.76) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable
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Study or Subgroup

Analysis 1.5. Comparison 1: Threatened miscarriage: Vaginal
micronized progesterone versus placebo, Outcome 5: Ectopic pregnancy

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Coomarasamy 2019

Total (95% CI)
Total events:

0 2025 2 2013 100.0% 0.20[0.01, 4.14] _.__

2025 2013 100.0% 0.20 [0.01, 4.14] q
0 2

Heterogeneity: Not applicable 0.0:05 Ofl 1 10 260
Test for overall effect: Z = 1.04 (P = 0.30) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 1.6. Comparison 1: Threatened miscarriage: Vaginal micronized
progesterone versus placebo, Outcome 6: Congenital abnormalities

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2019 53 1574 51 1511  100.0% 1.00[0.68, 1.46]
Total (95% CI) 1574 1511 100.0% 1.00 [0.68 , 1.46]
Total events: 53 51
Heterogeneity: Not applicable 05 0.7 1 15 >
Test for overall effect: Z = 0.01 (P = 0.99) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 1.7. Comparison 1: Threatened miscarriage: Vaginal micronized
progesterone versus placebo, Outcome 7: Adverse drug events

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2019 105 2025 98 2013 100.0% 1.07[0.81, 1.39]
Total (95% CI) 2025 2013  100.0% 1.07 [0.81, 1.39]
Total events: 105 98
Heterogeneity: Not applicable 05 0.7 1 15 2
Test for overall effect: Z = 0.46 (P = 0.65) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Progestogens for preventing miscarriage: a network meta-analysis (Review) 70
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews

= 3 Cochrane
st g Library

Analysis 1.8. Comparison 1: Threatened miscarriage: Vaginal micronized progesterone versus placebo,
Outcome 8: Live birth (subgrouped by no previous miscarriages and one or more previous miscarriages)

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.8.1 No previous miscarriages and early pregnancy bleeding
Coomarasamy 2019 824 1111 840 1127 98.8% 1.00 [0.95, 1.04]
Gerhard 1987 10 12 10 11 1.2% 0.92[0.67, 1.26]
Subtotal (95% CI) 1123 1138  100.0% 0.99 [0.95, 1.04]
Total events: 834 850
Heterogeneity: Chi2 = 0.26, df = 1 (P = 0.61); I2 = 0%
Test for overall effect: Z = 0.24 (P = 0.81)
1.8.2 One or more previous miscarriages and early pregnancy bleeding
Coomarasamy 2019 689 914 619 886  98.3% 1.08[1.02, 1.14] .
Gerhard 1987 13 14 11 15 1.7% 1.27[0.90, 1.78] —
Subtotal (95% CI) 928 901 100.0% 1.08 [1.02, 1.14] ’
Total events: 702 630
Heterogeneity: Chi? = 0.84, df = 1 (P = 0.36); 12 = 0%
Test for overall effect: Z = 2.75 (P = 0.006)
Test for subgroup differences: Chi? = 5.03, df = 1 (P = 0.02), I> = 80.1% 0f5 0f7 1f5 é

Favours placebo

Favours vaginal micronized progesterone

Analysis 1.9. Comparison 1: Threatened miscarriage: Vaginal micronized
progesterone versus placebo, Outcome 9: Live birth (subgrouped by maternal age)

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.9.1 Maternal age < 35 years
Coomarasamy 2019 1184 1558 1148 1555  100.0% 1.03[0.99, 1.07]
Subtotal (95% CI) 1558 1555 100.0% 1.03[0.99, 1.07]
Total events: 1184 1148
Heterogeneity: Not applicable
Test for overall effect: Z = 1.39 (P = 0.16)
1.9.2 Maternal age > 35 years
Coomarasamy 2019 329 467 311 458 100.0% 1.04[0.95, 1.13]
Subtotal (95% CI) 467 458 100.0% 1.04[0.95, 1.13] g
Total events: 329 311

Heterogeneity: Not applicable
Test for overall effect: Z = 0.84 (P = 0.40)

Test for subgroup differences: Chi2 = 0.03, df =1 (P = 0.87), I = 0%

4

05 07 15
Favours placebo

Comparison 2. Threatened miscarriage: Dydrogesterone versus placebo

2

Favours vaginal micronized progesterone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2.1 Live birth 1 406 Risk Ratio (M-H, Fixed, 95% 0.98[0.89, 1.07]
Cl)

2.2 Miscarriage (defined as delivery 1 406 Risk Ratio (M-H, Fixed, 95% 0.90[0.55, 1.47]

before 24 weeks of gestation) Cl)

2.3 Preterm birth (defined as birth 1 334 Risk Ratio (M-H, Fixed, 95% 0.87[0.40, 1.88]

before 37 weeks of gestation) Cl)

2.4 Stillbirth 1 406 Risk Ratio (M-H, Fixed, 95% 0.33[0.01, 8.13]

Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.5 Congenital abnormalities 1 406 Risk Ratio (M-H, Fixed, 95% 0.71[0.23,2.21]
Cl)
2.6 Adverse drug events 1 406 Risk Ratio (M-H, Fixed, 95% 2.00[0.18, 21.88]
Cl)

Analysis 2.1. Comparison 2: Threatened miscarriage: Dydrogesterone versus placebo, Outcome 1: Live birth

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chan 2020 165 203 169 203 100.0% 0.98[0.89, 1.07]
Total (95% CI) 203 203 100.0% 0.98 [0.89, 1.07]
Total events: 165 169
Heterogeneity: Not applicable 0.5 0.7 1 15 ]
Test for overall effect: Z = 0.52 (P = 0.60) Favours placebo Favours dydrogesterone

Test for subgroup differences: Not applicable

Analysis 2.2. Comparison 2: Threatened miscarriage: Dydrogesterone versus
placebo, Outcome 2: Miscarriage (defined as delivery before 24 weeks of gestation)

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chan 2020 26 203 29 203  100.0% 0.90 [0.55, 1.47] .
Total (95% CI) 203 203 100.0% 0.90 [0.55, 1.47]
Total events: 26 29
Heterogeneity: Not applicable 05 7 1 5 >
Test for overall effect: Z = 0.43 (P = 0.66) Favours dydrogesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 2.3. Comparison 2: Threatened miscarriage: Dydrogesterone versus
placebo, Outcome 3: Preterm birth (defined as birth before 37 weeks of gestation)

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chan 2020 11 165 13 169  100.0% 0.87[0.40, 1.88]
Total (95% CI) 165 169 100.0% 0.87 [0.40, 1.88]
Total events: 11 13
Heterogeneity: Not applicable 0.2 0.5 1 2 5
Test for overall effect: Z = 0.36 (P = 0.72) Favours dydrogesterone Favours placebo

Test for subgroup differences: Not applicable

Progestogens for preventing miscarriage: a network meta-analysis (Review) 72
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Analysis 2.4. Comparison 2: Threatened miscarriage: Dydrogesterone versus placebo, Outcome 4: Stillbirth

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chan 2020 0 203 1 203  100.0% 0.33[0.01, 8.13] -

Total (95% CI)
Total events:

203 203 100.0% 0.33[0.01, 8.13] ?
0 1

Heterogeneity: Not applicable 0.61 061 1 10 160
Test for overall effect: Z = 0.67 (P = 0.50) Favours dydrogesterone Favours placebo
Test for subgroup differences: Not applicable

Analysis 2.5. Comparison 2: Threatened miscarriage:

Dydrogesterone versus placebo, Outcome 5: Congenital abnormalities

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chan 2020 5 203 7 203  100.0% 0.71[0.23, 2.21] _.__

Total (95% CI)
Total events:

203 203 100.0% 0.71[0.23, 2.21] *
5 7

Heterogeneity: Not applicable Oil 062 Of 5 1 2 5 1:0
Test for overall effect: Z = 0.58 (P = 0.56) Favours dydrogesterone Favours placebo
Test for subgroup differences: Not applicable

Analysis 2.6. Comparison 2: Threatened miscarriage:
Dydrogesterone versus placebo, Outcome 6: Adverse drug events

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chan 2020 2 203 1 203 100.0% 2.00[0.18, 21.88] -

Total (95% CI)
Total events:

203 203 100.0% 2.00 [0.18, 21.88] ?
2 1

Heterogeneity: Not applicable 0.62 031 1 10 5:0
Test for overall effect: Z = 0.57 (P = 0.57) Favours dydrogesterone Favours placebo
Test for subgroup differences: Not applicable

Comparison 3. Threatened miscarriage: Oral micronized progesterone versus dydrogesterone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
3.1 Miscarriage (defined as delivery be- 1 118 Risk Ratio (M-H, Fixed, 95% 0.67[0.25, 1.75]
fore 24 weeks of gestation) cl)
3.2 Adverse drug events 1 118 Risk Ratio (M-H, Fixed, 95% Not estimable
Cl)
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Analysis 3.1. Comparison 3: Threatened miscarriage: Oral micronized progesterone versus
dydrogesterone, Outcome 1: Miscarriage (defined as delivery before 24 weeks of gestation)

Oral micronized progesterone Dydrogesterone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Siew 2018 6 59 9 59 100.0% 0.67 [0.25, 1.75] _.__
Total (95% CI) 59 59 100.0% 0.67 [0.25, 1.75] ‘
Total events: 6 9
Heterogeneity: Not applicable 0.2 05 > 5

Test for overall effect: Z = 0.82 (P = 0.41)
Test for subgroup differences: Not applicable

Favours oral micronized progesterone Favours dydrogesterone

Analysis 3.2. Comparison 3: Threatened miscarriage: Oral micronized
progesterone versus dydrogesterone, Outcome 2: Adverse drug events

Oral micronized progesterone Dydrogesterone Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Siew 2018 0 59 0 59 Not estimable
Total (95% CI) 59 59 Not estimable
Total events: 0 0
Heterogeneity: Not applicable 0.5 0.7 15 2

Test for overall effect: Not applicable Favours oral micronized progesterone Favours dydrogesterone

Test for subgroup differences: Not applicable

Comparison 4. Recurrent miscarriage: Vaginal micronized progesterone versus placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

4.1 Live birth 1 826 Risk Ratio (M-H, Fixed, 95% Cl) 1.04[0.94,1.15]

4.2 Miscarriage (defined as delivery 1 826 Risk Ratio (M-H, Fixed, 95% CI)  0.96 [0.79, 1.17]

before 24 weeks of gestation)

4.3 Preterm birth (defined as birth 1 533 Risk Ratio (M-H, Fixed,95% CI)  1.12[0.67, 1.87]

before 37 weeks of gestation)

4.4 Stillbirth 1 826 Risk Ratio (M-H, Fixed, 95% Cl)  0.54[0.05, 5.91]

4.5 Ectopic pregnancy 1 826 Risk Ratio (M-H, Fixed, 95% Cl) ~ 0.92[0.31,2.72]

4.6 Congenital abnormalities 1 542 Risk Ratio (M-H, Fixed,95% CI)  0.75[0.31, 1.85]

4.7 Adverse drug events 1 836 Risk Ratio (M-H, Fixed, 95% Cl)  1.46 [0.93, 2.29]

4.8 Live birth (subgrouped by ma- 1 Risk Ratio (M-H, Fixed, 95% CI)  Subtotals only

ternal age)

4.8.1 Maternal age <35 years 1 558 Risk Ratio (M-H, Fixed, 95% CI)  1.04[0.92,1.18]

4.8.2 Maternal age = 35 years 1 268 Risk Ratio (M-H, Fixed, 95% CI)  1.04[0.87, 1.25]
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Analysis 4.1. Comparison 4: Recurrent miscarriage: Vaginal
micronized progesterone versus placebo, Outcome 1: Live birth

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2015 262 398 271 428 100.0% 1.04[0.94, 1.15]
Total (95% CI) 398 428 100.0% 1.04[0.94, 1.15]
Total events: 262 271
Heterogeneity: Not applicable 0.5 0.7 1 15 2
Test for overall effect: Z = 0.75 (P = 0.45) Favours placebo Favours vaginal micronized progesterone

Test for subgroup differences: Not applicable

Analysis 4.2. Comparison 4: Recurrent miscarriage: Vaginal micronized progesterone
versus placebo, Outcome 2: Miscarriage (defined as delivery before 24 weeks of gestation)

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2015 128 398 143 428 100.0% 0.96 [0.79, 1.17]
Total (95% CI) 398 428 100.0% 0.96 [0.79 , 1.17]
Total events: 128 143
Heterogeneity: Not applicable 05 0.7 1 15 >
Test for overall effect: Z = 0.38 (P = 0.70) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 4.3. Comparison 4: Recurrent miscarriage: Vaginal micronized progesterone
versus placebo, Outcome 3: Preterm birth (defined as birth before 37 weeks of gestation)

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2015 27 262 25 271  100.0% 1.12[0.67, 1.87] .
Total (95% CI) 262 271 100.0% 1.12[0.67 , 1.87]
Total events: 27 25
Heterogeneity: Not applicable 05 0. 1 15 ]
Test for overall effect: Z = 0.42 (P = 0.67) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 4.4. Comparison 4: Recurrent miscarriage: Vaginal
micronized progesterone versus placebo, Outcome 4: Stillbirth

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2015 1 398 2 428 100.0% 0.54[0.05, 5.91] —.__
Total (95% CI) 398 428 100.0% 0.54 [0.05, 5.91]
Total events: 1 2
Heterogeneity: Not applicable 0.02 01 1 10 50
Test for overall effect: Z = 0.51 (P = 0.61) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable
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Analysis 4.5. Comparison 4: Recurrent miscarriage: Vaginal micronized
progesterone versus placebo, Outcome 5: Ectopic pregnancy

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2015 6 398 7 428 100.0% 0.92[0.31, 2.72]
Total (95% CI) 398 428 100.0% 0.92[0.31, 2.72]
Total events: 6 7
Heterogeneity: Not applicable 0.02 01 1 10 50
Test for overall effect: Z = 0.15 (P = 0.88) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 4.6. Comparison 4: Recurrent miscarriage: Vaginal micronized
progesterone versus placebo, Outcome 6: Congenital abnormalities

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2015 8 266 11 276  100.0% 0.75[0.31, 1.85] _.__
Total (95% CI) 266 276 100.0% 0.75[0.31, 1.85]
Total events: 8 11
Heterogeneity: Not applicable 0.2 0. 1 2 5
Test for overall effect: Z = 0.62 (P = 0.54) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable

Analysis 4.7. Comparison 4: Recurrent miscarriage: Vaginal micronized
progesterone versus placebo, Outcome 7: Adverse drug events

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Coomarasamy 2015 41 404 30 432 100.0% 1.46[0.93, 2.29] __._
Total (95% CI) 404 432 100.0% 1.46 [0.93, 2.29] _‘
Total events: 41 30
Heterogeneity: Not applicable 05 07 15 2
Test for overall effect: Z = 1.65 (P = 0.10) Favours vaginal micronized progesterone Favours placebo

Test for subgroup differences: Not applicable
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Analysis 4.8. Comparison 4: Recurrent miscarriage: Vaginal micronized
progesterone versus placebo, Outcome 8: Live birth (subgrouped by maternal age)

Vaginal micronised progesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.8.1 Maternal age < 35 years

Coomarasamy 2015 171 258 191 300 100.0% 1.04[0.92,1.18]
Subtotal (95% CI) 258 300 100.0% 1.04[0.92, 1.18]
Total events: 171 191

Heterogeneity: Not applicable
Test for overall effect: Z = 0.65 (P = 0.52)

4.8.2 Maternal age > 35 years

Coomarasamy 2015 91 140 80 128  100.0% 1.04[0.87,1.25]
Subtotal (95% CI) 140 128 100.0% 1.04[0.87, 1.25]
Total events: 91 80

Heterogeneity: Not applicable

Test for overall effect: Z = 0.42 (P = 0.67)
Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.99), I = 0% 0f5 0f7 1f5 é

Favours placebo Favours vaginal micronized progesterone

Comparison 5. Recurrent miscarriage: Dydrogesterone versus placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
5.1 Live birth 1 40 Risk Ratio (M-H, Fixed, 95% 1.00[0.77,1.30]
Cl)
5.2 Miscarriage (defined as delivery 1 40 Risk Ratio (M-H, Fixed, 95% 1.00[0.23,4.37]
before 24 weeks of gestation) Cl)

Analysis 5.1. Comparison 5: Recurrent miscarriage: Dydrogesterone versus placebo, Outcome 1: Live birth

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
MacDonald 1972 17 20 17 20 100.0% 1.00[0.77, 1.30]
Total (95% CI) 20 20 100.0% 1.00 [0.77 , 1.30]
Total events: 17 17
Heterogeneity: Not applicable 05 0.7 1 15 2
Test for overall effect: Z = 0.00 (P = 1.00) Favours placebo Favours dydrogesterone

Test for subgroup differences: Not applicable
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Analysis 5.2. Comparison 5: Recurrent miscarriage: Dydrogesterone versus
placebo, Outcome 2: Miscarriage (defined as delivery before 24 weeks of gestation)

Dydrogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
MacDonald 1972 3 20 3 20 100.0% 1.00[0.23, 4.37]
Total (95% CI) 20 20 100.0% 1.00 [0.23, 4.37]
Total events: 3 3
Heterogeneity: Not applicable 01 02 05 1 2 5 10
Test for overall effect: Z = 0.00 (P = 1.00) Favours dydrogesterone Favours placebo

Test for subgroup differences: Not applicable

Comparison 6. Recurrent miscarriage: 17-a-hydroxyprogesterone versus placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

6.1 Miscarriage (defined as delivery before 1 50 Risk Ratio (M-H, Fixed, 0.85[0.28, 2.58]

24 weeks of gestation) 95% Cl)

Analysis 6.1. Comparison 6: Recurrent miscarriage: 17-a-hydroxyprogesterone versus
placebo, Outcome 1: Miscarriage (defined as delivery before 24 weeks of gestation)

17-a-hydroxyprogesterone Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Shearman 1963 5 27 5 23 100.0% 0.85[0.28, 2.58]
Total (95% CI) 27 23 100.0% 0.85[0.28, 2.58]
Total events: 5 5
Heterogeneity: Not applicable 0.2 0.5 1 2 5
Test for overall effect: Z = 0.28 (P = 0.78) Favours 17-a-hydroxyprogesterone Favours placebo

Test for subgroup differences: Not applicable

APPENDICES

Appendix 1. Search methods for Cochrane Central Register of Controlled Trials, Ovid MEDLINE(R), ClinicalTrials.gov
and WHO International Clinical Trials Registry (ICTRP) Platform

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) <1946 to
December 15, 2020>

Search Strategy:

1 Abortion, Spontaneous/
2 Abortion, Habitual/
3 Abortion, Threatened/

4 Embryo Loss/
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5 (pregnan* adj3 (failure* or loss or losses)).mp.

6 (abortion adj2 (habitual or recurrent or threaten* or spontaneous)).tw.

7 (bleeding adj4 ("early pregnancy" or "first trimester" or "1st trimester" or vaginal*)).tw.
8 miscarriage*.tw.

9 Fetal Death/

10 f?tal loss*.tw.

l1lor2or3or4or5or6or7or8or9orl0

12 exp Progesterone/ or Progestins/ or progest*.mp.

13 Dydrogesterone/ or dydrogesterone.mp.

14 17-alpha-Hydroxyprogesterone/ or 17 alpha-Hydroxyprogesterone Caproate/ or ("17 alpha-Hydroxyprogesterone" or "17 alpha-
Hydroxy-progesterone" or "17 a-Hydroxyprogesterone" or "17a-Hydroxy-progesterone" or "17alpha-Hydroxyprogesterone" or "17alpha-
Hydroxy-progesterone" or "17a-Hydroxyprogesterone" or "17a-Hydroxy-progesterone" or "17-OH" or "17-OHPC").mp.

15 Medroxyprogesterone/ or medroxyprogesterone.mp.
1612o0r13o0rl4orl15

1711 and 16

18 (Controlled Clinical Trial or Randomized Controlled Trial).pt.
19 (randomi?ed or placebo or randomly or trial or groups).ab.
20 drug therapy.fs.

2118o0r190r20

22 (exp Animals/ not Humans/) or (animal or animals or (assisted adj3 reproduct*) or bitches or bovine or canine or cattle or climacteric
or contraception or contraceptive or contraceptives or cow or cows or dog or dogs or (embryo* adj3 (frozen or transfer)) or ewe or ewes
or heifers or "hormone replacement" or HRT or "in vitro" or IVF or "intraturine devices" or IUD or IUDs or mares or menopaus* or mice or
mouse or ovine or postmenopaus* or post-menopaus* or rat or rats or rattus).ti.

2321 not22

2417 and 23

Cochrane Central Register of Controlled Trials

Issue 12 of 12, December 2020

#1 MeSH descriptor: [Abortion, Spontaneous] explode all trees

#2 MeSH descriptor: [Abortion, Habitual] explode all trees

#3 MeSH descriptor: [Abortion, Threatened] explode all trees

#4 MeSH descriptor: [Embryo Loss] explode all trees

#5 pregnan* NEAR/3 (failure* or loss or losses)

#6 abortion NEAR/2 (habitual or recurrent or threaten* or spontaneous)
#7 bleeding NEAR/4 ("early pregnancy" or "first trimester" or "1st trimester" or vaginal*)
#8 miscarriage

#9 MeSH descriptor: [Fetal Death] explode all trees

* 11

#10 "fetal loss*" or "foetal loss
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#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10

#12 MeSH descriptor: [Progesterone] explode all trees
#13 MeSH descriptor: [Progestins] explode all trees
#14 progest*

#15 dydrogesterone

#16 ("17 alpha-Hydroxyprogesterone" or "17 alpha-Hydroxy-progesterone" or "17 a-Hydroxyprogesterone" or "17a-Hydroxy-
progesterone" or "17alpha-Hydroxyprogesterone" or "17alpha-Hydroxy-progesterone" or "17a-Hydroxyprogesterone" or "17a-Hydroxy-
progesterone" or "17-OH" or "17-OHPC")

#18 MeSH descriptor: [17-alpha-Hydroxyprogesterone] explode all trees

#19 MeSH descriptor: [17 alpha-Hydroxyprogesterone Caproate] explode all trees
#20 medroxyprogesterone.

#21 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19

#22 #11 and #21

#23 ((assisted NEAR/3 reproduct®) or climacteric or contraception or contraceptive or contraceptives or (embryo* NEAR/3 (frozen or
transfer)) or "hormone replacement" or HRT or "in vitro" or IVF or "intraturine devices" or IUD or IUDs or menopaus* or postmenopaus*
or post-menopaus*):ti (Word variations have been searched)

#24 #107 not #108

Clinicaltrials.gov

Terms and Synonyms

Progesterone, Utrogestan, crinone, Progesteron, prometrium, BHR-100, Corpus Luteum Hormones,

Cyclogest, Endometrin, Pregnenediones, prochieve, progest, Progesterona, Proluton, Pregnancy Loss, Abortion, Pregnancy with abortive
outcome, Miscarriage, Spontaneous Abortions, Fetal Death,

Fetal Demise, fetus death, foetal death, Intrauterine death.
WHO ICTRP:

miscarriage and progesterone*

Miscarriage and dydrogesteron*
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
There are some differences between this review and our published protocol (Devall 2020) - these are listed below.

Miscarriage (defined as delivery before 24 weeks of gestation) was mistakenly listed as a primary outcome in our protocol. This is a
secondary outcome. Our intention was always to have live birth as the single, primary outcome for this review since live birth has been
used as the primary outcome in all the large trials on this subject and is the most clinically important outcome.

The search methods for the review were conducted differently to those proposed in the protocol. In the protocol, we had planned to use
the standard Cochrane Pregnancy and Childbirth search methods, which are carried out by their Information Specialist. However, due
to unforeseen circumstances, we commissioned a review-based search, as detailed in Search methods for identification of studies, and
Appendix 1.

The threatened and recurrent miscarriage populations have been analysed independently since they are two clinically different
populations. Presentation of the data in this way is consistent with the two previous Cochrane Reviews that examined the evidence of
threatened (Wahabi 2018) and recurrent (Haas 2019) miscarriage.
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The pre-specified subgroup analysis in the study protocol for number of previous miscarriages were no previous miscarriages, one or more
previous miscarriages and three or more previous miscarriages. However, to avoid the issue of overlapping between the subgroups, we
have now only focused on no previous miscarriages or one or more previous miscarriages for this subgroup analysis, following discussion
with the Editor.

In the protocol, we had planned to use a random-effects model for all pairwise analyses in the review. However, a fixed-effect model has
been applied for all pairwise analyses because of the small number of included studies and lack of heterogeneity.

INDEX TERMS

Medical Subject Headings (MeSH)

Abortion, Habitual [prevention & control]; Abortion, Spontaneous [*prevention & control]; Bias; Birth Rate; Dydrogesterone
[therapeutic use]; Hydroxyprogesterones [therapeutic use]; Live Birth; Network Meta-Analysis; Placebos [therapeutic use];
Progesterone [*therapeutic use]; Progestins [*therapeutic use]; Randomized Controlled Trials as Topic; Stillbirth

MeSH check words

Female; Humans; Pregnancy
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