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Background Progesterone is widely used in prenatal care.

However, long-term effects of prenatal progesterone treatment on

child development are unclear.

Objectives To evaluate long-term outcomes in children after

prenatal progesterone treatment.

Search strategy MEDLINE, Embase and Cochrane Central

Register of Controlled Trials from inception to 24 May 2020.

Selection criteria Randomised controlled trials (RCTs) reporting

outcomes in children born to women who received progesterone

treatment (compared with placebo or another intervention)

during any trimester in pregnancy.

Data collection and analysis Two authors independently selected

and extracted data. We used the Cochrane Risk of Bias tool for

randomised trials and Quality In Prognosis Studies.

Main results Of 388 papers, we included seven articles based on

five RCTs, comprising 4222 measurements of children aged

6 months to 8 years. All studies compared progesterone to

placebo in second and/or third trimester for the prevention of

preterm birth. Meta-analysis (two studies, n = 890 children)

showed no difference in neurodevelopment as assessed by the

Bayley-III Cognitive Composite score at 2 years between children

exposed to progesterone versus placebo (Standardised Mean

Difference �0.04, 95% Confidence Interval �0.26 to 0.19),

I2 = 22%. Heterogeneity prohibited additional meta-analyses.

Other long-term outcomes showed no differences.

Conclusions Our systematic review comprising a multitude of

developmental measurements with a broad age range did not find

evidence of benefit or harm in offspring prenatally exposed to

progesterone treatment for the prevention of preterm birth. We

identified an urgent need for follow-up studies of prenatal

progesterone administration in early pregnancy and effects in

offspring beyond early childhood.

Keywords Development, Follow up, long-term, luteal phase

support, preterm birth prevention, progesterone, systematic

review.

Tweetable abstract Progesterone to prevent preterm birth: no

effect on child development. Outcomes after first trimester

progesterone are unclear.
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Introduction

Progesterone is a crucial hormone in the establishment and

maintenance of pregnancy. In early pregnancy,

progesterone is produced by the corpus luteum and sup-

presses the maternal immune system, enabling the

embryo’s survival.1,2 Later in pregnancy, progesterone is

produced by the placenta and plays a role in the relaxation

of smooth muscle cells, ensuring myometrial quiescence

until delivery.1,3 Due to the potentially beneficial character-

istics of progesterone (as natural progesterone or synthetic
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17-alpha hydroxyprogesterone caproate [17-OHPC)]) it has

been broadly employed in reproductive medicine and

obstetrics as luteal phase support after assisted reproductive

technologies4,5, as a strategy for (recurrent) miscarriage

prevention or treatment6,7 and for preterm birth preven-

tion.8–12 Despite the fact that progesterone is widely used

during pregnancy, the long-term effects of fetal exposure to

exogenous progesterone on child development have barely

been investigated.

Endogenous and exogenous progestins are able to pene-

trate the blood-brain barrier and enter the fetal brain.13,14

In several animal models, binding of progesterone, or its

neurosteroid active metabolites, to progesterone receptor

isoforms (which are ubiquitously expressed across the fetal

brain) were found to stimulate processes such as neuronal

growth, myelination and neural circuitry formation.15

Unlike progesterone, 17-OHPC is not metabolised to the

neuroprotective compound allopregnanolone. Furthermore,

progesterone has the potential to downregulate the placen-

tal barrier enzyme 11b-hydroxysteroid-dehydrogenase type

2, thereby increasing fetal exposure to excess maternal cor-

tisol. Cortisol excess in the fetus may have long-term reper-

cussions for the limbic system.16,17

To date, 92 randomised controlled trials (RCTs) have been

included in multiple Cochrane systematic reviews4,10–12,18–20

addressing the efficacy of progesterone treatment in reproduc-

tive medicine and obstetrics; however, only two reviews have

included long-term effects and they have reported that there

is limited information on childhood outcomes.10,11 An indi-

vidual patient data meta-analysis (IPD-MA)8 concluded that

vaginal progesterone for the prevention of preterm birth had

no harmful effects on child development, based upon results

from only one RCT. Furthermore, it has been argued that

natural progesterone administered in early pregnancy has an

established safety profile in terms of embryo-fetal viability.1

However, this was not backed up by systematic evaluation of

outcomes beyond birth.1

The aim of this systematic review was to assess published

literature on the effects of prenatal progesterone treatment,

in human offspring beyond the perinatal period.

Methods

Study design
This systematic review was reported according to the Pre-

ferred Reporting Items for Systematic Reviews and Meta-

Analyses checklist (PRISMA).21,22 The review protocol was

registered in PROSPERO (CRD42019142422).23 The

importance of long-term developmental outcomes has been

shown in a core outcome set for preterm birth studies pub-

lished in 2016.24 In that core outcome set, late neurodevel-

opmental morbidity was one of the final 13 core outcomes.

In another project organised by our team (not published),

mothers of prematurely born children who participated in

a focus group meeting expressed concerns regarding several

developmental outcomes of their children later in life, with

cognitive development as the most important outcome.

Information sources & search strategy
An information specialist (JL) performed a systematic

search in OVID MEDLINE, Ovid Embase and the

Cochrane Central Register of Controlled Trials from incep-

tion to 24 May 2020 to identify RCTs evaluating long-term

effects of progesterone use for any indication during preg-

nancy in offspring. Search terms included controlled terms

(i.e. MeSH terms in MEDLINE) and free text terms for

progesterone, pregnancy/prenatal/maternal/fetus and off-

spring, infant, specific outcomes or long-term follow up.

No language or date restrictions were applied. The com-

plete search strategies are presented in Appendix S1. All

RCTs retrieved from the search and/or included in

Cochrane Reviews on progesterone in pregnancy were

checked in Web of Science for follow-up studies.

Study selection
All RCTs that evaluated long-term outcomes in children

(singletons and multiples) born to women who received

progesterone treatment (compared with placebo or another

intervention) during any trimester in pregnancy, and for

any indication, were included. All studies were indepen-

dently screened for eligibility on title and abstract by two

reviewers (NS and ML) using Rayyan Citation.25 Potentially

eligible papers were independently assessed in full text by

the same two reviewers according to the inclusion and

exclusion criteria set beforehand. Any inconsistencies were

discussed until consensus was reached. The reasons for

exclusion are listed and described in Figure 1.

Data extraction
A piloted data extraction form was used by two review

authors (NS and ML) independently. As there is no specific

core outcome set for long-term follow up studies, all out-

comes after hospital discharge, with no age limit at follow

up, were included. If relevant data were not presented in

the article, authors were contacted by email.

Multiple reporting in the same population
We included articles reporting on long-term follow-up

results from the same population if they were separately

published, to make sure that all outcomes assessed in these

populations were included. Inclusion in the meta-analysis

was assessed per outcome. In case of duplicate reporting of

outcome(s) in the same population at the same age of

assessment, only data of the study with the highest number

of inclusions were used to avoid duplication of the same

population per analysis. In case of duplicate reporting of
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outcome(s) in the same population, but at different ages at

assessment, analyses were categorised per age group.

Quality assessment
To assess the risk of bias in included studies we used the

Cochrane Risk of Bias tool for randomised trials (RoB2) to

appraise the original RCTs of the included studies.26 As

there is no specific risk of bias tool for follow-up methods

and outcomes, the Quality In Prognosis Studies (QUIPS)

was used to appraise included follow-up outcomes and/or

studies.27 QUIPS assesses the most important items in fol-

low-up studies, i.e. participation (does the study address

the representativeness of the study sample); attrition (did

follow-up participants represent all participants enrolled in

the original RCT); measurement (were measurements of

the intervention/placebo and of the follow-up outcome(s)

similar, reliable and valid for all participants); confounding

(were there potential confounders) and statistical analysis

and reporting of the study. As QUIPS is a tool designed

for prognostic studies and not specifically for follow up of

randomised controlled trials, we did not assess ‘study con-

founding’. Considering that, by design, the included studies

were all follow ups of RCTs, no confounding measures

were expected, due to the randomisation process. However,

selection bias may occur as a consequence of incomplete

follow up and the effect of differences in background char-

acteristics was assessed in the QUIPS appraisal. High risk

of bias was no reason for exclusion but was considered in

later quality assessment. Inconsistencies in quality appraisal

were discussed until consensus was reached.

Data synthesis and analysis
The long-term outcomes were divided in three subcate-

gories; general health and anthropometry; neurodevelop-

ment; behaviour. Within these three subcategories,

outcomes were divided per measurement instrument or

diagnosis. Available dichotomous data were entered in a

2 9 2 table and relative risks (RR) or odds ratios (OR)

were reported. For continuous data, means and standard

deviations were extracted and reported. If dichotomous

and continuous data from one outcome were reported,

both were included in our review. Comparable domains of

long-term outcomes of included studies were combined in

a random effects meta-analysis. A random effects model

was used because of expected substantial differences in clin-

ical characteristics between studies, such as progesterone
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Figure 1. PRISMA 2009 flow diagram.
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treatment (e.g. administration methods, different doses)

and type of pregnancy (singleton and multiple). Hetero-

geneity was measured with I2 testing. High heterogeneity

was considered if I2 >75%, in which only a summary statis-

tic was provided instead of pooling of the data. A stan-

dardised mean difference of >0.5 SD was considered

clinically relevant. We used R Studio (version 1.2.1335:

Boston, MA, USA).28

Results

Literature search
Of the 388 unique publications identified by the search,

seven articles were included in this systematic review. For

the PRISMA flowchart, see Figure 1.

Study characteristics
Characteristics of the RCTs and follow-up studies are sum-

marised in Table 1. We included seven follow-up stud-

ies29–35 based on five RCTs32,34,36–38, all evaluating the use

of progesterone versus placebo in second and/or third tri-

mester for the prevention of preterm birth. No follow-up

studies of progesterone administration in early pregnancy

were found. Two RCTs included women with a multiple

pregnancy34,37 and the other three RCTs included women

with a singleton pregnancy and a previous preterm deliv-

ery36, a short cervical length38 or other risk factors for pre-

term birth32. Included follow-up studies comprised 4222

unique measurements in children aged 6 months to 8 years

old. Characteristics of included children are summarised in

Table S1. Table S2 gives an overview of the statistical anal-

yses used in the included follow-up studies.

Repeated or multiple reporting in the same
population
The PREDICT study group reported neurodevelopmental

outcomes of children at age 6 and 18 months (Rode

201134) and up to 8 years of age (Vedel 201735). Addition-

ally, a subgroup analysis of children aged 6 and 18 months

born to women with either a high-risk pregnancy (cervical

length ≤10th percentile at randomisation or a history of

spontaneous delivery before 34 weeks or miscarriage after

12 weeks) was performed (Klein 201130). Results from the

PREDICT studies could not be included in meta-analyses,

due to differences in age and cut-off scores between studies

using the same measurement instruments. The analyses of

outcomes from the PREDICT studies did not overlap.

Unpublished data
The conference abstract39 of the TripleP follow up by Cui-

jpers et al.29 was retrieved from our systematic search and,

after corresponding with the authors, we were able to use

data from their submitted manuscript (n = 59 children).

After corresponding with Rode et al.34 we were able to use

unpublished data on the number of children (total

n = 1050 at 6 months and n = 991 at 18 months of age)

assessed per treatment group and the number of children

with an Ages and Stages Questionnaire score below a cut-

off of 115 points at 18 months (total n = 37).

Risk of bias
We used the Cochrane Risk of Bias tool for the original

RCTs.26 Four34,36–38 of five studies scored overall some

concerns of bias, due to the absence of a published pre-

specified analysis plan or protocol. Only one study32 pub-

lished its protocol and mentioned a pre-specified analysis

plan in their manuscript; however, that separate statistical

analysis plan could not be found online. (Figure S1A).

Follow-up methods and results were assessed using the

Quality In Prognostic Studies tool.27 Two studies29,32 were

of overall low bias. Study attrition was high in four stud-

ies30,31,34,35 due to limited or no information on partici-

pants lost to follow up and one study35 had high bias due

to unblinding of participants before follow-up measure-

ments. For details of QUIPS results see Figure S1B and

Table S3.

General health and anthropometry
All studies used different methods and criteria for reporting

general health. Table S4 shows the different components of

disability or diagnosis. One study32 found more impair-

ments in the progesterone versus placebo group in renal (3

[1%] versus 1 [<1%]; OR 3.65, 95% CI 1.96–6.82), gastroin-
testinal (9 [2%] versus 4 [1%]; OR 2.67, 95% CI 1.37–5.20)
and respiratory systems (7 [2%] versus 3 [1%]; OR 3.03,

95% CI 1.56–5.88). These, however, were of low frequency.

Hearing was better in the progesterone group (1 [<1%] ver-

sus 2 [<1%]; OR 0.56, 95% CI 0.33–0.94).32 All other studies
showed inconsistent results in health impairments and

anthropometry according to progesterone exposure, none of

which achieved statistical significance.29,31–33,35 Furthermore,

congenital malformations, chromosomal anomalies or geni-

tal abnormalities reported in follow up did not differ

between groups.29,31,34,35 Due to severe heterogeneity in defi-

nitions regarding health/malformations/abnormalities, we

were unable to aggregate results in meta-analyses. There

were no outcomes reported regarding cardiovascular or

mental health, sexual or gender orientation, or pubertal

development.

Cognition and motor development
Neurodevelopment was assessed using the Bayley Scales of

Infant Development-III (Bayley-III) in two studies

(n = 890 measurements),29,32 four studies (n = 2827 mea-

surements) used the Ages and Stages Questionnaire

(ASQ)29,30,33–35 and one study (n = 324 measurements)
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used the Child Developmental Inventory (CDI) question-

naire31. The Bayley-III mean cognitive composite score in

two studies29,32 could be included in meta-analysis, com-

prising 438 children in progesterone group versus 452 chil-

dren in placebo group. No difference was found in Bayley-

III scores between children exposed to progesterone and

those exposed to placebo during pregnancy (standardised

mean difference [SMD] of �0.04, 95% CI �0.26 to 0.19)

(Figure 2). The studies showed some, acceptable hetero-

geneity (I2 = 22%). Only one study29 assessed the Bayley-

III motor composite score. Due to differences in age at

assessment and definition of cut-off scores, ASQ results

could not be pooled in meta-analyses.29,30,33–35 Individual

results of Bayley-III motor composite scores, mean and

cut-off scores of the ASQ, and cut-off scores of the CDI

are summarised in Table 2; no significant differences were

found.

Composite outcome of death or moderate/severe
neurodevelopmental impairment
Two studies29,32 reported a composite of moderate/severe

neurodevelopmental impairment at 2 years of age, with

and without mortality rates (Table 2). The first study32

defined neurodevelopmental impairment as ‘individual

component of disability (motor, cognitive, function, hear-

ing, speech and language, vision, respiratory, gastrointesti-

nal and renal) or hospital admission’, and the second

study29 defined it as ‘Bayley-III score < �1 SD, or CBCL

score in the clinical range, or >1 hospital admission, or

>1 surgery in the past 2 years. As imputations for miss-

ing data between studies were difficult to compare, only

results of complete cases could be used for reporting of

the composite outcome. The first study32 reported moder-

ate/severe neurodevelopmental impairment among 12.4%

of children (47/379) exposed to progesterone during ges-

tation, compared with 8.7% (35/403) exposed to placebo

(OR 1.48, 95% CI 0.98–2.33); the difference did not

achieve statistical significance. The composite outcome of

death and moderate/severe neurodevelopmental impair-

ment occurred in 16.8% of children (67/399) exposed to

progesterone, and in 12.2% of children (51/419) exposed

to placebo during gestation (OR 1.45, 95% CI 0.98–2.15),
again without reaching statistical significance. The second

study29 showed no difference in abnormal developmental

outcome depending on progesterone exposure during ges-

tation, 17% (5/29) in the progesterone group versus 17%

(5/30) in placebo group (OR 0.97, 95% CI 0.31–2.99)
and the composite outcome of death, or in abnormal

developmental outcome in 15% (6/41) in progesterone

group versus 18% (7/39) in placebo group (OR 0.78,

95% CI 0.24–2.58).

Behaviour
Two studies assessed behavioural development.29,32 One

study (n = 597 measurements) used the Strengths and Dif-

ficulties Questionnaire (SDQ)32 and the other study

(n = 54 measurements) the Child Behavior Checklist

(CBCL)29. Meta-analysis was not possible due to the use of

different questionnaires. No significant differences depend-

ing on progesterone exposure in utero were found in indi-

vidual outcomes (Table S5).

Discussion

Main findings
In this systematic review and meta-analysis, we found no

evidence that progesterone treatment for preterm birth pre-

vention in pregnancy caused alterations in child outcomes

at age 6 months to 8 years.

Strengths and limitations
The studies included in our systematic review were all of

moderate to good quality, compared progesterone with pla-

cebo, and maintained double-blinding during trial. Five

studies29–32,34 maintained complete blinding during follow-

up measurements and four studies29,31–33 had low/moderate

bias in four or more (of five) domains of the QUIPS. Fur-

thermore, the follow-up rate was over 70% in five of seven

studies29,30,32–34, which is high in comparison with other

follow-up studies in the field of obstetrics.40

Figure 2. Forest plot of meta-analysis of unadjusted Bayley-III mean cognitive composite score.
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The major limitation of our review was the heterogeneity

of the included studies. All studies evaluated different out-

comes in children at different ages, using different mea-

surement instruments. Data pooling was therefore possible

for only one outcome, which resulted in our conclusions

being based on individual trials and small numbers,

increasing the likelihood of a type 1 error.

Furthermore, the majority of outcomes used by included

studies were subjective. They used parent-reported ques-

tionnaires, which have the advantage that they are relatively

inexpensive and highly feasible. However, these develop-

mental screening tools are less useful in detecting mild

problems and are susceptible to the parental opinion of

their child. Only two studies used the Bayley-III test for a

Table 2. Summary of offspring outcomes in neurodevelopment

Neurodevelopment

Age at

follow-up

Score Number

of children

progesterone/

placebo

Progesterone

mean

(SD) or n (%)

Placebo

mean

(SD) or n

(%)

Mean difference

(MD) (95% CI) or

OR (95% CI) or

P-value

Bayley-III Cognitive Composite Score

Norman 2018 2 y Mean

Mean*

410/423

430/439

99.7 (14.7)

97.3 (17.9)

99.5 (14.7)

97.7 (17.5)

n/a

MD �0.48 (�2.77 to 1.81)

Cuijpers 2020 2 y Mean 28/29 101.6 (9.7) 105.0 (12.5) MD �3.4 (�9.3 to 2.6)

2 y Cut-off ≤1SD 29/30 1 (3.6) 1 (3.4) OR 1.04 (0.06–17.43)

Bayley-III Motor Composite Score

Cuijpers 2020 2 y Mean 27/29 102.4 (10.9) 107.3(12.6) MD �4.9 (�11.2 to 1.4)

2 y Cut-off ≤ 1SD 27/29 0 0 n/a

Ages and Stages Questionnaire

Rode 2011 6 mo Mean 514/536 215 (37.5) 218 (36.7) P-value 0.45

Rode 2011 18 mo Mean 501/490 193 (42.6) 194 (40.6) P-value 0.89

18 mo Cut-off <15 points 501/490 19 (3.8) 18 (3.7)

Vedel 2016 48 or

60 mo

Mean 225/212 269.0 (28.2) 261.7 (31.4) P-value 0.03

48 or

60 mo

Cut-off <10th

percentile

225/212 14 (6.2) 26 (12.3) OR 0.47 (0.21–1.06)

Northen 2007 4 y Cut-off 2 SD 193/82 53 (27.5) 23 (28) P-value 0.92

Cuijpers 2020 2 y Mean 27/27 250.7 (34.7) 256.7 (30.6) MD 5.98 (�11.89 to 23.86)

2 y Cut-off 1 SD and –

2 SD**

27/27 5 (18.5) 5 (18.5) OR 1.00 (0.33–3.06)

Child Developmental Inventory score

McNamara

2015

5 y ≥1.5SD 140/184 60 (43) 104 (57) OR 0.67 (0.35–1.28)

5 y ≥2SD 140/184 42 (30) 65 (35) OR 0.87 (0.46–1.63)

Composite outcome of moderate-to-severe neurodevelopmental impairment at 2 y***

Norman 2018 2 y 379/403 47 (12.4) 35 (8.7) OR 1.48 (0.98–2.33)

Cuijpers 2020 2 y 29/30 5 (17) 5 (17) OR 0.97 (0.31–2.99)

Composite outcome of death or moderate-to-severe neurodevelopmental impairment at 2 y***

Norman 2018 2 y 399/419 67 (17) 51 (12) OR 1.45 (0.98–2.15)

Cuijpers 2020 2 y 41/39 6 (15) 7 (18) OR 0.78 (0.24–2.58)

For used statistical analyses per follow-up study, see Table S2.

*Scores imputed for deaths.

**A score of 1 SD below the normative mean in ≥2 domains or a score of 2 SD below the normative mean on at least 1 domain were considered

abnormal.

***Norman defined neurodevelopmental impairment as ‘individual component of disability (motor, cognitive, function, hearing, speech and

language, vision, respiratory, gastrointestinal and renal), or hospital admission’, and Cuijpers as ‘Bayley-III score < �1 SD, or CBCL score in clinical

range, or >1 hospital admission, or >1 surgery in the past 2 y’.

****As Norman et al. did not impute abnormal cut-off scores for missing data (solely mean cognitive composite score), only cut-off results

without imputation are shown.
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face-to-face assessment to evaluate development in chil-

dren.

Neurodevelopmental impairments are common after pre-

term birth.41,42 Even though there is still considerable

heterogeneity between progesterone trials, a large recent

IPD-MA showed a reduction of preterm birth after proges-

terone in singleton pregnancies at high risk for preterm

birth.43 Therefore, we anticipated improvements in neu-

rodevelopmental outcomes among prenatally progesterone

exposed children. However, in four32,34,37,38 of five studies,

preterm birth rate was comparable between the proges-

terone and the placebo group. Subsequently, our review

included predominantly outcomes of children in studies

with null-findings, which in turn presents an important

limitation in the external validity of our conclusions and

generalisability of our results to children who benefitted, in

terms of preterm birth reduction, from prenatal proges-

terone. On the other hand, the similarities in gestational

age between exposed and unexposed groups across studies

allowed us to study the impact of progesterone, without

taking the effect of prematurity into account.

Lastly, our search only retrieved RCTs evaluating proges-

terone use in the second and/or third trimester for the preven-

tion of preterm birth. We found no evidence of long-term

effects after progesterone treatment in the first trimester.

Interpretation
It is important to consider how many women use proges-

terone nowadays. International guidelines advise proges-

terone as luteal phase support for assisted reproductive

technologies (ART) and for preterm birth prevention. The

exact percentage of pregnancies in which progesterone is

employed is estimated at 5–12% of all pregnancies (around

2–3% of babies are born through ART in western coun-

tries5 and the incidence of preterm birth is 5–12%).44,45

The expanding list of indications for progesterone in preg-

nancy have led to growing numbers of children being exposed

to progesterone at various stages of pregnancy. Two Cochrane

systematic reviews on progesterone10,11 included long-term

outcomes of five studies,30,31,33–35 but had to conclude that

information relating to longer-term childhood outcomes are

still limited. No meta-analyses were performed on long-term

outcomes in these systematic reviews.

Our systematic review found seven articles evaluating

effects of progesterone in second or third trimester for pre-

term birth prevention, and however, no RCTs evaluated

effects of progesterone in first trimester for luteal phase

support. Progesterone is frequently employed for this indi-

cation, with over 90% of ART cycles worldwide reporting

the use of progesterone as luteal phase support in 2013.5

More importantly, trials evaluating progesterone as luteal

phase support in ART generally consider ongoing preg-

nancy or live birth rate as primary outcome(s), with

limited neonatal outcomes reported.4,5,46 Recent observa-

tional studies found an increased rate of large for gesta-

tional age or macrosomia in singletons after frozen embryo

transfer with a programmed cycle (oestrogen and proges-

terone) and luteal phase support, as compared to natural

or stimulated cycles. Furthermore, more post-term births

and maternal hypertensive disorders were seen.47–49 How-

ever, these results are mostly from retrospective data reg-

istries and systematic evaluation is minimal. Furthermore,

it may be difficult to determine whether effects are proges-

terone related or ART related, although ample RCTs on

this topic have been performed, which, if followed-up,

could fulfil this knowledge gap.4 Other indications for pro-

gesterone in first trimester are prevention of recurrent mis-

carriage or bleeding in early pregnancy. Two recent trials

investigating these indications did not find beneficial effect

of progesterone.6,7 Without systematic evaluation of short-

term and long-term effects of progesterone in first trimester

(preferable after RCTs), safety of progesterone as a fre-

quently used treatment cannot be guaranteed.1

Furthermore, it is important to consider that our results are

based on a limited number of heterogeneous studies, preclud-

ing aggregation of evidence. This review again stresses the

importance of structured long-term follow-up after perinatal

intervention studies, preferably using a core outcome set as

has been established for preterm birth prevention research.24

Late neurodevelopmental morbidity is defined as one of the

final 13 core outcomes in the core outcome set of preventive

interventions for preterm birth.24 However, there is no con-

sensus on the measurements and outcomes that define long-

term neurodevelopmental morbidity. Furthermore, before the

core outcome set was published, only 16% of all obstetric trials

followed children after discharge from the hospital.40

Although the number of studies reporting long-term out-

comes is rapidly increasing, methods and outcomes still vary

remarkably. Our study illustrates the urgent need for guidance

in the recommended measures to be used to assess the core

outcome of late neurodevelopmental morbidity.50 Despite the

fact that some of the included studies measured the same out-

come, the fact that different measures were used, still resulted

in our inability to perform meta-analyses, which could be con-

sidered research waste.51

Conclusion

In this systematic review evaluating the long-term effect of

prenatal progesterone treatment in children, we found no

evidence of long-term beneficial or harmful effects after

administration of progesterone in the second and/or third

trimester for preterm birth prevention. Our findings are

highly relevant due to the increasing and widespread imple-

mentation of progesterone treatment in preterm birth pre-

vention guidelines. Although our findings raise no concerns
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about any possible harmful effects of progesterone in mid-

to late pregnancy for preterm birth prevention, we have

identified an urgent need for assessment of effects in off-

spring after progesterone administration in early preg-

nancy.
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