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Abstract 

Background Knowledge about the risks of drugs during pregnancy is continuously evolving due to the frequent 
publication of a large number of epidemiological studies. Systematic reviews and meta-analyses therefore need to be 
regularly updated to reflect these advances. To improve dissemination of this updated information, we developed an 
initiative of real-time full-scale living meta-analyses relying on an open online dissemination platform (www. metap 
reg. org).

Method All living meta-analyses performed in this project will be conducted in accordance with this master protocol 
after adaptation of the search strategy. A systematic literature search of PubMed and Embase will be performed. All 
analytical studies (e.g., cohort, case-control, randomized studies) reporting original empirical findings on the associa-
tion between in utero exposure to drugs and adverse pregnancy outcomes will be included. Study screening and 
data extraction will be performed in a semi-automation way supervised by a biocurator. A risk of bias will be assessed 
using the ROBINS-I tools. All clinically relevant pregnancy adverse outcomes (malformations, stillbirths, neuro-devel-
opmental disorders, pre-eclampsia, etc.) available in the included studies will be pooled through random-effects 
meta-analysis. Heterogeneity will be evaluated by I2 statistics.

Discussion Our living systematic reviews and subsequent updates will inform the medical, regulatory, and health 
policy communities as the news results evolve to guide decisions on the proper use of drugs during the pregnancy.
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Background
In the last decades, the interest in the risk of drug use 
during pregnancy has increased, leading to an impor-
tant research activity and a significant expansion in the 
number of epidemiological studies, mainly observa-
tional, available in the scientific literature. These stud-
ies are of paramount importance for both healthcare 
professionals, health authorities, and more generally 
in terms of public health. Take into account the results 
of the continuously published epidemiological studies, 
as soon as possible is imperative, especially when they 
provide evidence of relevant harm. The consequences 
of a wrong evaluation, based on out-of-date data, are 
so profound: falsely concluding to a risk that can result 
in women forgoing needed therapies, in unnecessary 
invasive diagnostics, and, in some cases, terminating 
wanted pregnancies; and failing to detect true risks of 
medicine exposure that can cause serious effects on the 
unborn child and have negative consequences in the 
population.

Therefore, although time-consuming, an extensive bib-
liographic search is imperative to detect newly published 
studies in a timely manner. However, two core elements 
impede decision-making for agencies, policy makers, and 
health professionals using these results to make real-time 
decisions:

– The infodemia that leads to having too much infor-
mation including false or misleading information [1]. 
Indeed, as in all fields, the methodological quality of 
these studies is often debatable [2]. Therefore, select-
ing appropriate studies is essential for the decision-
making and requires advanced expertise given the 
field of study and the observational nature of the 
available studies [3–7].

– The study results are sometimes conflicting between 
studies qualitatively (in terms of statistical signifi-
cance) or quantitatively due to random sampling 
fluctuation or due to bias.

These issues are usually dealt with through system-
atic reviews and meta-analysis, which requires a quan-
titative synthesis to account for variability induced by 
random sampling fluctuations and heterogeneity in sta-
tistical power [8]. However, this approach also has its 
own limitations:

– Multiple systematic reviews and meta-analyses are 
published on the same topic. These ones are of vary-
ing quality and methodology (in the choice of eligible 
studies, selection of comparisons, populations, out-
comes of interest, …) leading to contradictory results, 
contributing as their turn in an infodemia [9–11].

– Published meta-analyses quickly become obsolete 
because of (i) the continuous publication of new 
studies, (ii) the static nature of the journal publica-
tions, and (iii) the delay in publication. Indeed, it 
was estimated that the median publication time was 
about 15–16 months, from registration of a protocol 
to publication [12–14].

– Systematic reviews and meta-analyses are not sys-
tematically performed, and some clinical questions 
remain without synthesis for many years because no 
author addresses the subject. Indeed, it is usual to 
wait for the availability of several published studies 
before undertaking an evidence synthesis.

This situation demands that decision-makers and users 
of this information maintain a double scientific intel-
ligence, of the studies themselves and of the syntheses 
[15–18]. The approach of living systematic review pro-
posed by the Living Systematic Review Network [19] was 
developed in this context and was particularly important 
when research evidence is emerging rapidly, current evi-
dence is uncertain, and new research may change policy 
or practice decisions, which is the case for drug use dur-
ing pregnancy.

The unprecedented acceleration of research and pro-
duction of new results requires a change in the ecosystem 
of production and dissemination of syntheses in order for 
research efforts to have an appropriate impact on public 
health decisions and medical practice and not remain 
dead letter, passing unnoticed because they are drowned 
in the masses [1, 19, 20]. For that, health care providers 
and decision-makers need to have access to up-to-date 
evidence syntheses with integration of all available evi-
dence in a comprehensive, meaningful, and time-efficient 
manner. Currently, nothing like this is available in rela-
tion to the risk of medicine use during pregnancy.

The metaPreg project was set up in 2018 as an attempt 
to provide a solution to this situation. It is an initiative to 
carry out large-scale living evidence syntheses dedicated 
to the risk of drug use during pregnancy. In the long 
term, the MetaPreg project aims to cover all pharmaco-
logical treatments and to maintain up-to-date results in 
real-time. To make such a project feasible, two technolo-
gies have been developed: (i) an integrated infrastructure 
allowing a semi-automated realization of the whole syn-
thesis process (study search, selection, extraction, etc.) 
(the semi-automation has been described elsewhere [21]) 
and (ii) an online open access platform (www. metaP reg. 
org) for real-time generation and optimized dissemina-
tion of the produced evidence syntheses.

This full-scale approach also ensures that all treatments 
are covered similarly, using a standard method devel-
oped to ensure this homogeneity. This article reports the 
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master protocol that defines the general method that will 
be applied to produce the synthesis of all drugs. A sub-
protocol, deriving from this master protocol, could be 
established in order to take into account drugs or thera-
peutic classes specificities (such as long half-life, class 
effect, route of administration) and address particular 
questions (such as dose-effect relationship).

Objective
To assess the risk for the fetus, the newborn, the infant, 
and the mother of a drug or therapeutic class used during 
pregnancy by synthesizing the available evidence derived 
from controlled observational studies and randomized 
controlled trials (RCTs).

Methods and design
This systematic review and meta-analysis protocol are 
reported in accordance with the Preferred Reporting 
Items for Systematic review and Meta-Analysis Protocols 
(PRISMA-P) reporting guidelines [22] (see Additional 
file 1).

Criteria for considering studies
Types of studies
Eligible studies will be studies reporting specific data 
for pregnancy outcomes after in utero exposure to the 
considered drug(s) with a comparator group (see sec-
tion “dealing with multiple comparator groups” for more 
details).

Prospective cohort studies, historical cohort studies 
(also known as retrospective cohort studies), case-con-
trol studies, and, possibly, randomized clinical trials will 
be included. Studies will be included regardless of pub-
lication status or language of publication. Regarding lan-
guages other than French or English, machine translation 
tools will be used to confirm the eligibility of the study. 
Then, in case of inclusion, firstly we will call on research-
ers and/or doctors available in our international envi-
ronment (i.e medical school with international scope) 
to read and ensure the translation of these publications, 
and if needed, a translation service will be solicited. We 
will assess all potentially relevant published articles and 
abstracts for inclusion. Information from on-going stud-
ies and interim analyses will be included.

We will exclude studies with inappropriate design 
(case reports, case series, cross-sectional studies, dispro-
portionate analysis, adverse drug reactions reports…), 
studies without original data (review, letter to editor, 
comments…), or animal studies. Observational studies 
not presenting quantitative results (e.g., odds ratio, haz-
ard ratio, relative risks, 95% confidence intervals, num-
bers of cases/population, observed and expected cases) 

or sufficient data to calculate treatment effect will also be 
excluded.

Only the most recent publication of iterative analy-
ses on the same database will be included and in case of 
overlapping studies, only the one with a larger sample 
size will be kept or otherwise, with a methodology that 
provides a better consideration of the confounding fac-
tors (completeness of adjustment).

Types of outcomes
All the potential adverse pregnancy outcomes will be sys-
tematically considered without distinction between pri-
mary or secondary outcomes:

– Intrauterine deaths, such as early intrauterine death 
(spontaneous abortions, miscarriages), late fetal 
death (stillbirth), ectopic pregnancy, therapeutic 
termination of pregnancy, elective termination of 
pregnancy

– Major congenital malformations (MCM), as coded 
by the European Surveillance of Congenital Anom-
alies (EUROCAT): as a whole (all MCM), by mal-
formation subgroups (e.g., congenital heart defects) 
or individually (e.g., atrial septal defect). Malforma-
tions not registered or excluded by EUROCAT will 
be not considered, except the whole group of minor 
malformations

– Growth parameters and prematurity, such as small 
for gestational age, macrosomia, low birthweight

– Neonatal disorders, as a whole, but also individually 
such as the Apgar score, need for neonatal medical 
care, persistent pulmonary hypertension, withdrawal 
syndrome

– Neurodevelopmental disorders, as a whole, but also 
individually such as autism spectrum disorder, atten-
tion deficit with or without hyperactivity disorder, 
cognitive delay, language disorder/delay, psychomo-
tor disorder/delay

– Other long-term consequences, such as cancer, 
infant asthma, emotional disorders

– Maternal consequences, as a whole, but also indi-
vidually, such as postpartum hemorrhage, gestational 
diabetes, pre-eclampsia, and placenta previa

For the neuro-developmental disorders, due to the 
diversity of measurement tools or diagnostic scales used 
in the studies, experts were consulted to produce the 
connection between the endpoints as reported in the 
included studies and the corresponding clinical entities 
(see Additional file 2).
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Search methods for identification of studies
Relevant studies will be identified in different electronic 
databases which have shown good coverage in health sci-
ences [23, 24] (i.e PubMed/Medline and and EMBASE), 
from inception and without date restrictions, to ensure 
that all relevant literature is identified.

A specific search strategy will be developed for each 
molecule built on combinations of two categories of 
search terms: the search terms dedicated to the treat-
ment (class or molecule) and those needed to identify 
analytical studies of consequences of in utero exposure to 
drugs. Search strategy templates are listed in Additional 
file 3.

A search based on therapeutic class will be adopted to 
improve exhaustivity. Indeed, some studies address the 
question at the class level and not at the level of a spe-
cific molecule. However, molecule-specific results may be 
reported in this kind of publication. Due to their global 
focus, however, these studies will not be identified by a 
molecule-specific search equation. The search must be 
extended to the class to identify them. To avoid dupli-
cate searches of the same class for each molecule, a single 
search will be performed integrating the class and all the 
specific molecules it includes. The references reported by 
this global search will then be dispatched among the dif-
ferent systematic reviews concerning the molecules.

Relevant studies will also be identified through a snow-
balling approach to identify relevant papers based on the 
reference lists of published meta-analyses and/or sys-
tematic reviews. Additional efforts will be performed to 
identify abstracts and presentations made at appropriate 
conferences and clinical trial databases.

Selection of studies
A two-step process will be utilized for the study selection. 
The first step will be a selection using title and abstract of 
bibliographic records of all found references. Abstracts of 
all studies identified in the above search will be screened 
by one biocurator (a scientist who extracts data from 
a variety of sources to standardize them and make it 
machine readable, more discoverable, and accessible to 
the public [25]) who will receive a dedicated training pro-
gram before joining the team, and assisted by proprietary 
automation tools based on artificial intelligence [21].

For the second step, we will obtain the full-text reports 
of studies that are potentially relevant. Studies under 
consideration will be assessed for whether they fulfill 
the inclusion criteria and methodological design without 
regard to their results.

For each step,  in case of doubt about inclusion of a 
study, the matter will be discussed with the scientific 
directors of the project until agreement is reached. The 

feasibility and acceptance of this semi-automated pro-
cess was assessed and it was shown that it reduces the 
time required for a meta-analysis without altering the 
reliability in the study selection, and more globally in 
the expert confidence in the methodological and sci-
entific rigor  [21].  The process of study selection will be 
documented.

Data extraction and data collection process
All studies that meet the inclusion criteria at the full-text 
phase will have the following data extracted (where avail-
able) and recorded into our production platform.

The following information will be collected:

• Study description: information on first author, year of 
publication, main outcome, country of study, source 
of data, study period, population description, expo-
sure definition, non-exposure definition, type of con-
trol, case description, control description, and sam-
ple size

• Method: type of study, exposition measure, outcome 
measure, follow-up period, and confounding factors 
that were taken into consideration

• Results: for each dichotomous adverse outcome, we 
will extract the number of events, the number of 
total participants in each study group, the maximally 
adjusted (regarding a pre-established list of potential 
confounders for each class of endpoint, see Addi-
tional file 4) relative risk treatment effect (as reported 
in the paper, odds ratio, risk ratio, hazard ratio or 
standardized incidence (rate)/mortality ratio/rela-
tive risk), and 95% confidence intervals, exposition 
period, and nature of the control group.

Data collection will be performed by one biocurator 
and checked by a second one during a quality control 
process where every item, including missed details, will 
be checked. This quality control will be completed by a 
cross-check with previously published reviews and meta-
analysis. Detected discrepancies will be discussed by the 
biocurators until resolution or during a project meeting.

Risk of bias assessment
A risk of bias of included studies will be assessed at an 
outcome level using the Cochrane Risk of Bias Tool for 
Non-Randomized Studies of Interventions (ROBINS-I) 
for the observational studies and Risk of Bias-2 (ROB-2) 
for the RCTs.

The ROBINS-I tool signaling questions were adapted 
to observational studies evaluating medicine safety in 
pregnancy. Six types of bias will be considered: (a) selec-
tion bias, (b) confusion bias, (c) bias in classification of 
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exposure, (d) bias due to missing data, (e) bias in meas-
urement outcomes, and (f ) bias in selection of reported 
results. We considered that the ROBINS-I item on bias 
risk at intervention was too specific to efficacy study, and 
we will not apply it to purely safety studies.

For bias due to confounding four levels of risk will be 
considered: low, moderate, serious, and critical. For other 
biases, only three levels of risk were considered (low, 
moderate, and critical), as we did not identify situations 
where a degree of fineness between critical and serious 
can be distinguished.

The findings of the assessment of RCT with the ROB-2 
will be reported by using the corresponding bias dimen-
sion of the ROBINS-I using the table of correspondence 
given in the ROBINS-I paper.

Data synthesis and analysis
The meta-analysis will be performed by using only the 
summary data. No attempt will be done to obtain the 
individual patient data.

Given the need to control for confounding factors in 
observational studies, we will use adjusted measures 
as the primary effect measures when reported by the 
authors. Concerning adjustment strategies, we will spec-
ify which confounding factors have been considered in 
the study design and analysis. If no adjusted measures 
were given as part of the primary analysis, we will use 
unadjusted measures.

If data will be available for unadjusted dichotomous 
outcomes, we will calculate the odds ratio (OR) with 
95% confidence interval. Data from primary observa-
tional studies will be used to perform random-effects 
meta-analyses.

Relative treatment effect as reported will be used to 
estimate the summary effect size and its 95% confidence 
interval using the inverse variance method based on the 
DerSimonian and Laird random effects model.

Dealing with multiple comparator groups
Studies could consider different comparator groups (i.e., 
unexposed-sick; unexposed disease-free or general pop-
ulation or not otherwise specified; and sick exposed to 
other treatments) and thus report as many estimates of 
the treatment effect. Only one estimate will be used for 
the meta-analysis. As “untreated sick comparator” takes 
into consideration the potential impact of the disease, 
estimates using this control will be preferentially used for 
the primary analysis.

In the primary analysis, control groups will be chosen 
in the following order of preference:

• “Unexposed, sick”, i.e., women with the same disease, 
who do not receive the drug of interest (nor an alter-
native treatment for the concerned disease) during 
pregnancy, but that could have been received treat-
ment prior to pregnancy

• “Unexposed, not otherwise specified or general pop-
ulation,” i.e., women not exposed to the drug of inter-
est, without precision of the illness status

• “Unexposed, disease free,” i.e., women without the 
same disease, not exposed to the drug of interest

• “Exposed to other treatment, sick,” i.e., women with 
the same disease, exposed to a different drug

Moreover, a subgroup analysis using all included studies 
and according to different group controls will be available.

Dealing with period of exposure
Period exposition will be classified according to the fol-
lowing predefined categories:

– “During pregnancy” (anytime or not otherwise 
specified)

– “Throughout pregnancy” (i.e., all along the pregnancy)
– “Early pregnancy,” “1st trimester,” “at least 1st trimes-

ter,” and “1st and 2nd trimester”
– “2nd trimester”, “3rd trimester”, “2nd and/or 3rd tri-

mester”, and “late pregnancy” (that corresponds to 
the period of organs maturation)

– “Days before delivery” (i.e., the period right before 
delivery)

Only data from the period of exposure relevant for a 
specific outcome will be used. For studies that consider 
different periods of exposure for the same outcome, we 
will use the estimate corresponding to the most relevant 
period of exposure according to the outcome.

The list of relevant periods of exposure for the various 
endpoints was established in collaboration with an expert 
of this domain (see Additional file 5 for more details). For 
instance, only exposure during early pregnancy or first 
trimester will be included for the malformations; only 
exposure during the late pregnancy will be included for 
neonatal withdrawal.

Dealing with zeros
In case of zero number of events in one group, a conti-
nuity correction will be used by replacing the zero by 0.5 
(equivalent to arguments incr=0.5, allincr=F, addincr=F 
in metabin function of meta package in R).
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Meta‑biases control and assessment
Publication bias and small study effect will be assessed 
by inspecting visually the funnel plot for asymmetry and 
with Egger’s test for funnel plot including ten studies or 
more.

Assessment of heterogeneity
We will assess heterogeneity of treatment [26] effect visu-
ally from the forest plot. This will help determine whether 
the differences between the results of studies are greater 
than would be expected by chance alone. We will also 
assess heterogeneity by means of the I-squared statistic 
[27]. The random-effects model is selected a priori to 
synthesize the epidemiological data, as it considers both 
within-study and between-study variation by incorporat-
ing the heterogeneity of effects into the overall analyses.

Sensitivity analyses
Due to the potential heterogeneity in the set of studies, 
w e will undertake sensitivity analyses to determine the 
robustness of the meta-analysis results. We will group the 
studies (if a sufficient number of studies exist) according 
to the following:

– Type of control groups (unexposed sick, unexposed 
not-sick, exposed to other treatments)

– Study design (cohort studies, case-control studies, 
randomized controlled trials)

Handling of overlapping/updated data
For studies published in multiple articles, reports, or 
presentations, double-counting of data will be avoided 
by ensuring that the sample in a given study does not 
overlap with the samples included in any other study. To 
identify these situations, we have developed a tool which 
detects potential overlaps, i.e studies using the same data 
source to study the same outcomes and then we will 
examine  in depth study (notably study period, definition 
of the study population, …) to confirm or not the over-
lapping. If overlap appears, data from the most recent or 
most comprehensive paper or with a higher number of 
exposed subjects will be retained.

Dealing with missing data
No attempts will be made to contact study authors to 
obtain missing data (e.g., adjusted results, participants, 
intervention, or outcome details). Loss to follow-up will 
be reported and assessed as a potential source of bias in 
our risk of bias assessment.

Assessment of the certainty of the evidence
Any global assessment of the certainty of the evidence 
will be reported on the dissemination platform given the 
observational nature of studies in this field. All results are 
expected to be of very-low certainty by GRADE (Grad-
ing of Recommendations, Assessment, Development and 
Evaluation), due to risk of bias mainly and inconsistency. 
To help the users to determine on their own the level of 
confidence they have in the results they are browsing, the 
risk of bias on each dimension of the ROBINS-I will be 
reported for all studies documenting each outcome.

Living systematic review approach
The literature searches for these living reviews will be 
updated continuously on a weekly basis using software 
robots screening automatically RSS feeds of relevant jour-
nals and other sources likely to report news about preg-
nancy study. These robots based on machine learning were 
trained to detect analytical studies about drugs during preg-
nancy. Study analysis and data extraction will be performed 
immediately, and a corresponding systematic review will be 
updated. Due to the dynamic nature of our dissemination 
platform, information and evidence synthesis available on 
the metaPreg website will be thus instantaneously updated 
as soon as new pieces of evidence are available.

Availability of data and materials
All the data used and analyzed are available on the 
metaPreg.org website.

Amendments
If any amendments to this master protocol are neces-
sary, the date and specific changes to the protocol will be 
traced, with their rationale, on the online master protocol 
downloadable on www. metap reg. org website.

Discussion
The living meta-analysis approach proposed by the 
metaPreg project will enable direct access to synthesized 
results regarding the risk of drugs during pregnancy for 
which relevant epidemiological studies are available.

The proposed project has a number of strengths. All 
evidence syntheses will be standardized following the 
methods previously described. Furthermore, the meta-
analyses will be continuously updated as new results 
become available. The dissemination of the results will be 
done using an online tool facilitating the exploration and 
visualization of the mass of information produced.

The achievement of a project of this magnitude is only 
possible through a semi-automated realization of these 
systematic reviews and the professionalization of a team 
on this topic. This approach represents the application to 
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the synthesis of clinical data of the principle of biocura-
tion developed for the constitution of large knowledge 
bases gathering the results of studies on the genome for 
example.

The semi-automation approach employed by metaPreg 
has been described elsewhere, and the study showed that 
semi-automated meta-analyses improve completeness, 
save time without altering expert confidence or losing the 
methodological quality required by meta-analyses. Indeed, 
typically, the time to completion was 14 working days with 
metaPreg versus 24.7 with the conventional meta-analysis 
system, with a higher number of included studies (39 for 
metaPreg versus 24 in the conventional meta-analysis, 
respectively) and a higher number of outcomes integrated 
in metaPreg (28 for metaPreg versus 16 in the conven-
tional meta-analysis, respectively) [21]. This process has 
also been used for different publications [28, 29].

Our planned living systematic review and meta-analy-
sis are not without limitations. The included studies are 
subject to numerous biases. Except in exceptional cases, 
it is often impossible to identify a group of studies of 
sound methodological quality, making it impossible to 
restrict the meta-analysis to the best studies.

Most studies are exploratory and performed on sec-
ondary data, which can lead to p-hacking (also known as 
data fishing) and selective publication of results. A pub-
lication bias in favor of overdetection of risks is there-
fore possible. Whenever the number of studies allows, 
the possibility of publication bias will be systematically 
assessed.

Pregnant women are routinely excluded from rand-
omized trials; therefore, clinical evaluation of the safety 
of drugs during pregnancy is very rarely performed 
before marketing. Therefore, epidemiological studies 
based on observational data are the main means of eval-
uating the impact of drugs on fetal development. These 
ones are conducted on a case-by-case basis, depending 
on the availability of data (i.e., exposed pregnancies acci-
dentally or after medical prescription or after self-admin-
istration). Moreover, to date, the investigation of the risk 
of drugs during pregnancy has largely focused on birth 
defects (such as malformations) and very little on func-
tional or long-term disorders (such as neurodevelopmen-
tal disorders). Therefore, it is impossible to systematically 
document all the risks of all drugs during pregnancy, 
but the absence of available data does not mean that the 
drugs are safe.

In conclusion, this approach, which combines the semi-
automation of systematic reviews and meta-analysis with 
the biocuration approach, associated with an open-access 
web platform dissemination, should make it possible to 
overcome the limitations of traditional publication for 

the dissemination of up-to-date evidence syntheses con-
cerning the risk of drugs during pregnancy.
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