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Abstract

Background To describe the mean number of medications used as well as the prevalence of medication use
throughout pregnancy in Europe and North America, with a focus on use by trimester, type of medication, and
use of harmful medications.

Methods A systematic review was performed searching MEDLINE, EMBASE, Cochrane Library, ClinicalTri-
als.gov and the WHO ICTRP from database inception to August 1, 2025 (CRD42023411090). We included
population-based observational study describing medication use in pregnancy in Europe and North America.
Medication use was defined as prescription, dispensing, or reported intake of medication. Two reviewers inde-
pendently checked citations for eligibility, collected data, and assessed the risk of bias using the JBI Critical
Appraisal Checklist. Because of substantial heterogeneity, no meta-analysis was performed. Data were reported
as medians and interquartile range [IQR].

Results From 17,304 citations, we included 67 studies over a 50-year period (with study periods ranging from
1971 to 2021) involving around 17 million pregnant women and conducted in North America (n =16, 23.9%),
northern Europe (n =18, 26.9%), western Europe (n =22, 32.8%), and southern Europe (n =11, 16.4%). Women
used 3.3 [IQR:2.3-6.4] different medications during pregnancy, 75.3% [IQR:59.6—88.4] using at least one medi-
cation. The number of medications used seemed higher in western Europe, than in southern Europe, northern
Europe and North America (6.4 [IQR:4.2-10.2] vs 2.2 [IQR:1.3-2.7], 2.8 [IQR:2.1-3.3], and 2.4 [IQR:1.7-3.7]
respectively). The prevalence of women using any medication during pregnancy was also highest in western
Europe (89.9% [IQR:78.9-95.1]), followed by southern Europe (80.4% [IQR:73.1-83.4]), northern Europe
(71.7% [IQR:54.3-86.1]), and North America (62.3% [IQR:56.3-74.5]). There was no evidence of temporal
trend. Anti-infectives for systemic use and alimentary tract and metabolism classes of medications were the most
commonly used. The prevalence of use of medication considered harmful ranged from 0.9% to 7.8%, with the
highest estimates for the first trimester.

Conclusion Medication use was frequent during pregnancy in Europe and North America, especially in western
Europe. An undeniable proportion of pregnant women were exposed to medications considered harmful. The
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high heterogeneity in medication reporting highlights a strong need for standardized reporting of medication
exposure during pregnancy and harmonization of risk classifications.
Trial registration CRD42023411090.

Keywords Medications - Pregnancy - Use - Population-based - Europe - North America - Harmful drugs -
Teratogenicity - Fetotoxicity

Abbreviations

OTC  Over-the-counter medication

ATC  Anatomical Therapeutic Chemical
INN International nonproprietary names

Introduction

Medication use during pregnancy is common, reflecting the need to treat chronic diseases, acute illnesses, and
pregnancy-related conditions. Approximately one in six pregnant women have multiple chronic conditions
requiring ongoing medical care [1]. On the other hand, in utero exposure to some medications may be harmful
for the embryo or foetus.

Understanding of how medications are used during pregnancy is essential for clinicians, researchers, and
public health authorities. Comprehensive information on medication use during pregnancy provides an essential
basis for monitoring geographical and temporal trends, investigating the factors underlying observed differences
(e.g., healthcare systems, drug availability, reimbursement policies, and evolving clinical recommendations), and
supporting future research on medication safety.

Although the prevalence of medication use provides an estimate of how many pregnant women are exposed
to medications, the number of medications used offers complementary information on medication burden and
prescribing practices. Together, these indicators provide a more comprehensive picture of medication use during
pregnancy and facilitate comparisons across populations, healthcare systems, and time periods.

A previous systematic review published in 1990 reported a median number of medications used during preg-
nancy of 4.7 [2], while another, published in 2011, found that the mean number of medications used ranged from
1.7 to 15.8 in developed countries [3]. However, both reviews are now considered outdated, included relatively
few studies, and were limited in their geographical coverage and study periods. More recently, Sullivan et al. [4]
published a systematic review and meta-analysis reporting a pooled prevalence estimate of prescribed medication
use during pregnancy of 56% (95% CI 44-67%). Although this review provided estimates of the prevalence of
medication use, important aspects, including the number of medications used, geographical and temporal varia-
tions, therapeutic class distributions, the most frequently used medications, and the use of potentially harmful
medications, were beyond the scope of their review.

Here, we aimed to systematically review the literature to describe the number of medications used during
pregnancy in Europe and North America. Secondary aims were to describe 1) the prevalence of women using at
least one medication during pregnancy (overall and by trimester); 2) the number of medications used during each
trimester; 3) the variety of pharmacotherapeutic classifications used as well as the most frequently used classes of
medications during pregnancy, and 4) the pregnancy risk classifications used in studies as well as the prevalence
of medication use within these categories (overall and by trimester).
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Material and methods

This systematic review followed the methodology from the Cochrane Handbook (version 6.3, 2022) [5]. The
protocol was registered on PROSPERO (April 6, 2023; no. CRD42023411090) and the modifications made to the
original protocol are reported and justified in Appendix 1. This article is reported in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement [6].

Search strategy

The search strategy was defined by a multidisciplinary team including epidemiologists and experts in perinatal
pharmacoepidemiology. The following electronic databases were searched on August 1, 2025: MEDLINE via
PubMed, EMBASE, and the Cochrane Library. A specific search algorithm was developed for each database
(Appendix 2). The following registries were also searched on the same date: Clinicaltrials.gov and the WHO
International Clinical Trials Registry Platform.

To retrieve any articles that might not have been identified, we hand-searched the tables of contents of the
two journals Pharmacoepidemiology and Pharmacoepidemiology and Drug Safety for the last 5 years. We also
searched the abstracts of the main conferences in the field (Appendix 3). Finally, we screened all reference lists
for additional references and asked two independent experts in epidemiology and pregnancy medication use
(MSB and MvG) to assess the list of included articles and add missing references, if any.

Eligibility criteria
Study design

We included observational studies (cohort and cross-sectional studies) focusing on medication use during preg-
nancy. We included only population-based studies (i.e., epidemiological investigations based on a sample or the
entire population, within well-defined populations, geographic, and time boundaries [7, 8]) to provide accurate
estimates of the use of medication during pregnancy. Studies were included regardless of language or publication
date. We did not include systematic reviews and meta-analyses but screened their references.

Population

The population of interest was pregnant women living in Europe or North America as defined by the United
Nations [9], with no restriction on ethnicity, socioeconomic, or administrative status. We excluded studies focus-
ing on subgroups of pregnant women (e.g., women with a disease or deprived populations).

Medication

Medication definitions were retained as reported by the original studies. Information on the inclusion of vitamins,
mineral supplements, over-the-counter (OTC) medications, medication given in hospital, and herbal products
was extracted.

Medication use

Medication exposure was assessed using different data sources across studies, including prescription records,
pharmacy dispensing databases, and self-reported medication use. Throughout this review, the term medication
use is used as a generic term encompassing these different measures of medication exposure unless otherwise
specified. Studies were included if they reported medication use during pregnancy (i.e., overall, or at least during
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one trimester). Studies were excluded if they assessed medication use only during the preconceptional or post-
partum periods, or if the reported estimates of medication use during pregnancy included medication exposure
occurring more than one month before conception without separately reporting medication use during pregnancy,
as the objective of this review was to characterize medication use during pregnancy rather than across the precon-
ception and pregnancy periods. We did not include papers limited to medication use in hospitals, OTC medication
only or a specific type or class of medication.

Study outcomes

The main study outcome was the mean number of different medications used during pregnancy (i.e., calculated
over the entire sample of included pregnant women). Secondary outcomes were 1) the mean number of medica-
tions used during each pregnancy trimester as well as the prevalence of women using at least one medication
during the entire pregnancy and during each trimester; and 2) the types of medications used: prevalence of medi-
cation use per pharmacotherapeutic classification (using the pharmacotherapeutic classification adopted by the
original study, with no predefined classification imposed), the most frequently used medications during the entire
pregnancy (the five most frequent in each study), pregnancy risk classifications applied, and the prevalence of
medication use within these categories.

Selection process

Retrieved records were managed by using Zotero v6.0.22 [10]. After duplicate removal, one reviewer identified
eligible studies by screening titles and abstracts, then eligible studies were read independently by two authors to
confirm inclusion. All disagreements were resolved by discussion with the help of a third reviewer. If a full-text
was not available, the authors of the study were contacted to obtain the full text or detailed results. Abstracts and
full texts not in English or French were translated by using Google Translate to check for eligibility. Authors
were also contacted to obtain further clarifications when needed. Studies that used data from the same sources for
overlapping periods were considered duplicates when the same outcomes were reported.

Data extraction

Two reviewers independently extracted data from the included studies using a standardized data extraction form.
Disagreements were resolved by discussion with a third reviewer. In case of missing or unclear data in the report,
we attempted to contact the study authors. If only an abstract or poster presentation of a study was available after
contact with the authors, we extracted all relevant information from it.

The following characteristics were collected:

— General study characteristics: title, first author name, publication year, journal of publication, country, geo-
graphic area (national, multi-regional, regional), study period, sampling method (full population or sample),
medication-use data source (medico-administrative, medical chart, interview/questionnaire), name of databas-
es, database linkage, sample size, inclusion age limits, types of pregnancies/outcomes included (all pregnan-
cies, births [live- and still-births], live birth only), inclusion of consecutive pregnancies, inclusion of multiple
pregnancies, specific inclusion/exclusion criteria.

— Population characteristics: maternal age,

— Medication use: medication-use data type (prescription, dispensation, intake); exposure period assessed (entire
pregnancy, first trimester, second trimester, third trimester); inclusion of OTC medications; vitamins (including
folic acid); minerals; medications received in hospital; number of medication-use estimates reported as mean
(standard deviation), median [interquartile range], and proportions considering various use definitions (with
or without vitamins and minerals, prescribed only or including OTC medications); medication classifications
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used (pharmacotherapeutic and pregnancy risk level); frequency of medication use per pharmacotherapeutic
classification; the five most frequently used medications during pregnancy; and frequency of medication use
per risk level category and the most used medications in these categories. When numerical data were available
only in graphical form in the original papers, they were extracted from the figures using WebPlotDigitizer ver-
sion 4.6 [11] as recommended by the Cochrane collaboration.

Risk of bias assessment

The risk of bias was independently assessed by two reviewers using the Joanna Briggs Institute Critical Appraisal
Checklist for studies reporting prevalence data [12]. This tool was selected because it was specifically developed
for the critical appraisal of descriptive studies and was therefore considered the most appropriate for the studies
included in this review. Disagreements were resolved by discussion with a third reviewer.

Data synthesis

Specifications regarding data preparation are presented in Appendix 4. Given the substantial clinical and method-
ological heterogeneity across studies, a pooled meta-analysis was not considered appropriate. Therefore, descrip-
tive analyses were performed as recommended by the Cochrane Handbook [13]: median [interquartile range,
IQR] values were calculated overall and by subcontinent. However, random-effects meta-regression was used as
an exploratory analysis to investigate whether study-level characteristics (calendar time and geographical region)
explained part of the between-study heterogeneity in prevalence estimates. The mean number of medications
used and the prevalence of women using at least one medication are presented with forest plots stratified by sub-
continent, both for the entire pregnancy period and by trimester. Prevalence estimates (overall and by trimester)
were extracted from the original publications and were based on the total number of eligible pregnancies reported
in each study. When both numerators and denominators were available, prevalence estimates were recalculated
to verify consistency with the published values. When it was not explicitly stated whether estimates referred
to all women or only to women using a single medication, values were assigned by default to the “all women”
category. Similarly, when it was unclear whether vitamin use was included, estimates were assumed to include
vitamins by default.

Mann—Kendall tests were conducted to assess monotonic temporal trends in mean estimates by subcontinent,
restricted to regions with at least six available observations (n>6), due to limited statistical power with smaller
sample sizes [14]. To examine variations in prevalence estimates, random-effects meta-regression models were
conducted with the mid-time of the study period and subcontinent as explanatory variables, first in separate
univariable models and then in a model including both variables, with an interaction term to assess effect modi-
fication. Statistical analyses were performed with R 4.2.1 [15], including the gridExtra, cowplot, ggwordclound,
maps and meta packages [16-20].

Results

Study selection

Our search strategy identified 17,262 unique citations in electronic databases, with 91 reports further assessed for
eligibility (Fig. 1). Additional sources including conference abstracts, hand-searches of relevant journals, refer-
ence lists, and expert suggestions allowed for identifying an additional 42 reports. After screening of those later,
19 citations were further assessed for eligibility. After two reviewers independently examined these 110 reports,
67 were included.
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Fig. 1 Flow diagram of included studies. * records not previously identified in databases and registers. T Teratology Soci-
ety, American College of Obstetricians and Gynaecologists, Society for Maternal Fetal Medicine, Society for Pediatric and
Perinatal Epidemiologic Research, International Conference on Pharmaco-Epidemiology and risk management, European
Pharmacovigilance Congress, The World Drug Safety Congress Europe and The International Society of Pharmacovigi-
lance annual meetings. LEGEND: OTIS: Organization of Teratology Information Specialists, ENTIS: European Network of
Teratology Information Services, ETS: European Teratology Society, SRMA: systematic review and meta-analysis, I[CTRP:
International Clinical Trials Registry Platform

Study characteristics

The 67 studies included were conducted in 14 countries across four geographical regions: North America (16
studies, 23.9%) [21-36], northern Europe (18 studies, 26.9%) [37-54], western Europe (22 studies, 32.8%) [55—
76], and southern Europe (11 studies, 16.4%) [77-87] (Table 1, eTable 1 for a detailed description of individual
studies). No studies from eastern Europe were identified. The countries contributing the largest number of studies
were France (n=9) [55-62, 76], Canada (n =8) [22-29], Italy (n="7) [77-81, 85, 87] and Denmark (n =6) [38,
49-51, 53, 54]. Most studies had national (n =35, 52.2%) or regional (n =24, 35.8%) coverage, whereas a few
were multi-regional (n =35, 7.5%) and three (4.5%) were set in a single city. The earliest study start date was 1971
and the latest study end was the end of 2021.

The sample size ranged from 292 to 5,253,284 pregnancies (median: 42,382 [IQR:8,628-221,706]) represent-
ing around 17 million pregnant women overall. Most studies included only births (live- and still-births, 41.8%)
or all types of pregnancy outcomes (31.4%). Medication-use data were from medico-administrative databases
(n=53, 79.1%), questionnaires or interviews (n =14, 20.9%) or medical charts (=10, 14.9%); nine studies
(13.4%) used more than one method of data collection. Most data come from pharmacy claims (prescribed and
delivered medications) (76.1%).

OTC medications were included in at least 32 studies (47.8%), with unclear inclusion in eight additional
studies. Vitamins and minerals were included in at least 39 studies (58.2%), with unclear inclusion in 15 other
studies (22.4%). For 30 studies (44.8%), reports explicitly mentioned that medications administered during
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Table 1 Synthesis of the Characteristics n (%)
main study characteristics Number of countries 14
reported in the 67 included Sub-continent
studies North America 16 (23.9)
Northern Europe 18 (26.9)
Western Europe 22 (32.8)
Southern Europe 11 (16.4)
Medication use data source 1
Medico-administrative databases 53 (79.1)
Medical charts 10 (14.9)
Questionnaires/interviews 14 (20.9)
Medication use data type
Prescribed and dispensed medications 51(76.1)
Consumption (self reported) 12 (17.9)
Prescriptions 4(6.0)
Type of pregnancy
All pregnancies 21 (31.4)
Births (live- and stillbirths) 28 (41.8)
Live-births only 9(13.4)
Pregnancies lasting at least 10/12/16/22/32 weeks or 154 days 9(13.4)
Therapeutic class presented T (n =58, 86.6%)
WHO Anatomical Therapeutic Chemical classification 42 (72.4)
T Multiple characteristics pos- British I:Iation.al Fo.r mulary 36D
sible per study Authorsb classification o 7 (13.0)
LEGEND: EPHRMA European Determined by market authorization 3(5.1)
Pharmaceutical Market Research Others (EphMRA and MULTILEX) 36D
Association, WHO World Health ~ Risk classification  (n =34, 50.7%)
Organization, FDA Food and Former FDA classification 17 (50.0)
Drug Administration, ADEC Former Australian classification (ADEC) 7(20.5)
Australian Drug Evaluation Author defined/TIS center 8(23.5)
Sgﬁ;ﬁgﬁ:}’] s]; :i‘is;:ﬁi;igﬁii‘a Briggs classification 6 (17.6)
Spesialiteter i Sverige), T1S Tera- Swedish (FASS) > (14.7)
National market authorizations 4(11.8)

tology Information Service

hospitalization were not included. Such medications were included in 17 studies (25.3%), with unclear inclusion
for 16 (23.8%).

Risk of bias within studies

The risk of bias assessment using the Joanna Briggs Institute critical appraisal tool is reported in eTable 2. Items
related to “study population”, “coverage of the sample” and “appropriate response rate” received overall a satis-
factory evaluation. For only 39 studies (58.2%), conditions were considered as measured in an accurate, reliable,
and standardized way. Indeed, the inclusion of vitamins or OTC medications and the denominator for medication
use (among all women or only among women who used at least one medication) was unclear in a substantial
number of studies. The description of study participants and the appropriateness of statistical analyses were the

most penalizing items, receiving 52.2% of negative or unclear answers for both questions.
Number of medications used during pregnancy
Of the 67 included studies, 50.7% (n=34) reported the mean number of medications used during pregnancy

(eTable 3). Nevertheless, because of duplicate material (» =3), and inability to calculate the mean value based on
the median data reported (n =1) [63], we finally included 30 reports for this outcome: 24 for all pregnant women
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[21, 26, 30, 34, 39, 42, 44, 47, 51, 55-60, 63, 64, 70, 72, 73, 75,78, 79, 84] and 11 for women using at least one
medication during pregnancy only [21, 23, 26, 38, 50, 54, 64, 65, 79-81]. Overall, these data concerned approxi-
mately five million pregnant women.

Figure 2a displays the forest plot, stratified by subcontinent, for the mean number of medications used among
all pregnant women during pregnancy (median of this estimate: 3.3 [IQR:2.3-6.4]). For western Europe, the
mean number of medications used ranged from 2.3 to 15.8 (median 6.4 [IQR:4.2-10.2]), while it ranged from
1.3 and 3.7 medications per woman in the other subcontinents: southern Europe (2.2 [IQR:1.3-2.7]), northern
Europe (2.8 [IQR:2.1-3.3]), and North America (2.4 [IQR:1.7-3.7]). In Western Europe, a decreasing trend over
time was suggested (t=—0.26), but this trend did not reach statistical significance (p =0.27). Mann—Kendall tests
were not performed in the other subcontinents due to the limited number of available data points.

The mean number of medications used was less heterogenous among subcontinents when reported among
women using at least one medication during pregnancy (Fig. 2b). eFigure 1 reports the average number of

a) First Study period Country Type of Sample size
author medication data Mean Mean number of medications
Daw (2012) 2000 - 2006 CANADA P+D 163 082 1.7
Andrade (2004) 1996 - 2000 USA P+D 152 531 27
Riley (2005) 2001 - 2002 USA P 1626 22
Haas (2019) 2010 - 2013 USA C 9546 37
Olesen (2006) 1991 - 1998 DENMARK P+D 19874 o 26
Malm (2003) 1999 - 1999 FINLAND P+D 43 470 ] 2.1
Engeland (2008) 2004 - 2007 NORWAY P+D 106 329 o 33
Boethius (1977) 1971 - 1972 SWEDEN P+D 486 [ ] 3.1
Bonassi (1994) 1989 - 1990 ITALY C 3112 2.2
Donati (2000) 1995 - 1996 ITALY C 9 004 1.3
DUP Spain (1991) (a) 1988 — 1988 SPAIN Cc 1371 27
Larcin (2021) 2003 - 2017 BELGIUM P+D 26 346 1] 4.2
Larcin (2023) 2010 - 2016 BELGIUM P+D 828 016 [+ ] 23
Lacroix (2000) 1996 - 1996 FRANCE P 1000 o 15.8
Beyens (2003) 1996 - 1997 FRANCE P 911 [1] 10.9
Damase-Michel (2014) 2004 - 2012 FRANCE P+D 58 834 o 10.2
Bérard (2019) 2010 - 2013 FRANCE P+D 36 065 [1] 8.1
Blotiére (2021) 2016 - 2017 FRANCE P+D 1844 447 [o] 6.3
Irl (1997) 1996 - 1997 GERMANY C 921 o 4.0
Marxer (2024) 2015 - 2021 SWITZERLAND P+D 34584 (] 5.7
de Waard (2018) 2012 - 2013 THE NETHERLANDS C 292 [ | (o] | | | 6.5
0 5 10 15 20
Mean number of medications
b) First Study period Country Type of Sample size
author medication data Mean Mean number of medications
Daw (2012) 2000 - 2006 CANADA P+D 163 082 2.7
Smolina (2015) 2002 - 2011 CANADA P+D 322219 45
Haas (2019) 2010 - 2013 USA C 9 546 3.8
Olesen (1999) (a) 1991 - 1996 DENMARK P+D 16 001 m 2.6
Bjorn (2011) 1999 - 2009 DENMARK P+D 85710 [ | 3.2
Thunbo (2024) 1998 - 2018 DENMARK P+D 1402 327 n 2.0
Donati (2000) 1995 - 1996 ITALY C 9 004 17
Gagne (2008) 2004 - 2004 ITALY P+D 33343 1.8
Reimann (1996) 1993 - 1993 GERMANY C 315 o 42
Irl (1997) 1996 — 1997 GERMANY C 921 | !I' | | l 4.7
0 5 10 15 20
Mean number of medications
Northern Europe Western Europe

Fig. 2 Mean number of medications used during the entire pregnancy among all women (a) and among women using at
least one medication (b) — values including vitamins. Studies are organized by subcontinents, country and midpoint study
period. Among all women, median (interquartile range) of the mean number of medications used during pregnancy=3.3
[2.3-6.4]. When it was not explicitly stated whether estimates referred to all women or only to women using a single medica-
tion, values were assigned by default to the “all women” category. Similarly, when it was unclear whether vitamin use was
included, estimates were assumed to include vitamins by default. Type of medication data: P=prescription, D=dispensa-
tion, C=consumption. DUP Spain (1991) (a): Medicina Clinica. 1991,96:11-5; Olesen (1999) (a): Eur J Clin Pharmacol.
1999;55:139—44
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medications used by trimester of pregnancy. Most data were from western Europe, which featured the highest
number of medications used (up to 7.1), regardless of pregnancy trimester.

Prevalence of use of at least one medication during pregnancy

For 57 studies (85.1%), reports presented data on the prevalence of women using at least one medication during
pregnancy (eTable 4). Nevertheless, because of duplicate material n =8) [22, 38, 42, 47, 50, 57, 66, 80], 49 stud-
ies involving more than ten million women were considered here (48 studies with data including vitamins and
minerals and 17 excluding them).

The overall median prevalence of women using at least one medication (including vitamins and minerals) was
75.3% (59.6-88.4), Fig. 3. The median was highest for western Europe (89.9% [IQR:78.9-95.1], n =14 studies),
followed by southern Europe (80.4% [IQR:73.1-83.4], n =6 studies), northern Europe (71.7% [IQR:54.3-86.1],
n=11 studies) and North America (62.3% [IQR:56.3-74.5], n =10 studies). In random-effects meta-regression,
no significant temporal trend in prevalence was observed (p =0.395). There was no evidence of region-specific
temporal trends. Overall, geographical region explained approximately 25% of the between-study heterogeneity
(eFigure 2).

In contrast, there was evidence of geographical variation: compared with Western Europe, studies from North-
ern Europe and North America reported significantly lower prevalences (p =0.0002 and 0.0003 respectively).
There was no evidence of differences with Southern Europe (p =0.15).

By subcontinents, the prevalence of women using at least one medication did not differ greatly between trimes-
ters (eFigure 3). Also, subcontinents showed little heterogeneity in the prevalence of medication use excluding
vitamins and minerals during pregnancy and by trimester (eFigure 4 and eFigure 5).

First author Study period Country Type of Sample size
medication data Prevalence of medication use during the entire pregnancy (%)
Kulaga (2009) 1998-2002 CANADA P+D 109344 56.0
Garriguet 2006 2002-2003 CANADA C 2661 33.0
Daw (2012) 2000-2006 CANADA P+D 163082 63.5
Smolina (2015) 2002-2011 CANADA P+D 322219 64.1
Bérard (2022) 1998-2021 CANADA P+D 1576269 61.0
Andrade (2004) 1996-2000 USA P+D 152531 81.8
Raebel (2005) 1997-2000 USA P+D 12867 745
Riley (2005) 2001-2002 USA P 1626 56.3
Haas (2019) 2010-2013 USA C 9546 97.0
Hughes (2020) 2015-2019 USA P+D 621124 58.9
Olesen (2006) 1991-1998 DENMARK P+D 19874 | 46.8
Ingstrup (2018) 1997-2012 DENMARK P+D 981392 | 65.8
Gissler (2013) 1996-2010 FINLAND P+D 859359 | | 51.0
Engeland (2008) 2004-2007 NORWAY P+D 106329 u 57.4
Engeland (2018) 2005-2015 NORWAY P+D 638532 u 59.5
Boethius (1977) 1971-1972 SWEDEN P+D 486 | 87.0
Stephansson (2011) 2007-2007 SWEDEN P+D 102995 n 57.6
Headley (2004) 1991-1992  UNITED KINGDOM C 14119 | 92.4
Cormac (2016) 1995-2014  UNITED KINGDOM P+D 516562 u 84.0
Irvine (2010) 2007-2007  UNITED KINGDOM P+D 3937 | 85.2
Given (2022) 2011-2016  UNITED KINGDOM P+D 139687 | 63.5
Bonassi (1994) 1989-1990 ITALY C 3112 827
Donati (2000) 1995-1996 ITALY C 9004 753
Alcusky (2015) 2004-2013 ITALY P+D 393082 721
Navaro (2017) 2016-2017 ITALY C 503 59.6
DUP Spain (1991) (a) ~ 1988-1988 SPAIN C 1371 92.4
Leston Vazquez (2022) 2011-2020 SPAIN P+D 327865 83.8
Larcin (2021) 2003-2017 BELGIUM P+D 26346 | 85.4
Larcin (2023) 2010-2016 BELGIUM P+D 828016 | 789
Lacroix (2000) 1996-1996 FRANCE P 1000 | 99.0
Beyens (2003) 1996-1997 FRANCE P 911 | 935
Herique (2001) 2000-2000 FRANCE P+D 2268 | 57.9
Damase-Michel (2014) 2004-2012 FRANCE P+D 58834 | 95.1
Bérard (2019) 2010-2013 FRANCE P+D 36065 u 89.9
Blotiere (2021) 2016-2017 FRANCE P+D 1844447 | 912
Irl (1997) 1996-1997 GERMANY c 921 | 83.6
Egen-Lappe (2004) 2000-2001 GERMANY P+D 41293 | | 96.4
Schirm (2003) 1995-2001 THE NETHERLANDS P+D 7500 | 85.6
Zomerdijk (2014) 1999-2007 THE NETHERLANDS P+D 203962 | 67.2
Houben (2020) 1999-2017 THE NETHERLANDS P+D 487122 | 733
de Waard (2018) 2012-20183 THE NETHERLANDS c 292 | 95.5
r T T T T 1
Northern Europe Western Europe 0 0.2 0.4 0.6 0.8 1

Prevalence (%)

Fig. 3 Prevalences of women using at least one medication at any time during pregnancy — values including vitamins and
minerals. Prevalence estimates were calculated using the total number of eligible pregnancies reported in each study as the
denominator. Studies are organized by subcontinents, country and midpoint study period. The overall median (interquartile
range) of the prevalence of women using at least one medication during pregnancy =75.3% [59.6—88.4]. When it was unclear
whether vitamin use was included, estimates were assumed to include vitamins by default. Type of medication data: P=pre-
scription, D=dispensation, C=consumption. DUP Spain (1991) (a): Medicina Clinica. 1991,96:11-5
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Medication use by pharmacotherapeutic class

For 58 studies (86.6%), reports indicated the classes of medications used. Most studies used the Anatomical
Therapeutic Chemical (ATC) classification (n =42, 72.4%) (Table 1). Overall, 15 studies reported medication use
according to the first ATC level classification (Table 2). “Anti-infectives for systemic use” was the most consis-
tently reported medication category within the subcontinents and was the most prevalent in North America. Use
of the “alimentary tract and metabolism” class of medications was prevalent in western Europe, along with the
“blood and blood forming organs” ATC class, whose use was also highly prevalent in southern Europe. Twenty-
two studies reported the most frequent international nonproprietary names (INN) used during pregnancy (eTable
5). In North America, these were amoxicillin, nitrofurantoin, metronidazole, and cefalexin. In northern Europe,
these were folic acid, aspirin, penicillin, and paracetamol. In western Europe and southern Europe, the most fre-
quently reported medications were paracetamol and progesterone, respectively.

Pregnancy risk classifications and prevalence of use of medications within these risk categories

Among included studies, 34 (50.8%) reported the use of potentially harmful medications during pregnancy,
with the most frequent classifications being the former 1979 US Food and Drug Administration pregnancy risk
categories classification (n =17, 50.0%), the former Australian Drug Evaluation Committee classification (n =7,
20.5%), the Swedish Catalogue of Approved Drugs (n =5, 14.7%), and the Briggs classification (n =6, 17.6%).
The reported prevalence of use of medications within these risk categories was heterogeneous and ranged from
0.9% to 7.8% (apart from the prevalence of 59.3% reported by Lacroix (2000) [56] (Fig. 4)), with a median preva-
lence of 4.2% [IQR:3.6-5.2]. Prevalence estimates were more heterogenous during the first trimester (from 0.3%
to 5.5%, eFigure 6) than for the second and third trimesters (0.5% to 2.3%, eFigures 7 and 8). The most frequently
used medications reported are listed in eTable 6.

Discussion

This systematic review included 67 population-based studies including around 17 million pregnant women that
were conducted in 14 countries from Europe and North America. Medication use during pregnancy was fre-
quent in Europe and North America, with pregnant women using overall a median of 3.3 different medications
and 75.3% using at least one medication. Women in western Europe used medications more frequently (90%)
and in higher quantities (median 6.4 medications) during pregnancy than those in the other subcontinents. The
most-reported therapeutic classes of medication were anti-infectives for systemic use and alimentary tract and
metabolism medications. Subcontinents varied in the most frequently used medications, with mostly antibiotics
and antiparasitic medications used in North America and paracetamol, folic acid, iron preparations, and proges-
terone used in Europe. The prevalence of use of medications within the risk categories was highly heterogeneous,
ranging from 0.9% to 7.8%, with the highest estimates observed during the first trimester of pregnancy.

The main strength of this study lies in its in-depth description of medication use in North America and Europe
over a 50-year period, considering complementary aspects such as the number and prevalence of medication use,
the most commonly prescribed drug classes, and the use of potentially harmful medications during pregnancy.
Also, our systematic review followed a registered protocol with a search as exhaustive as possible, considering
major medical literature databases as well as the grey literature (congress abstracts and registries), hand-searching
reference lists, and a review by two experts in perinatal pharmacoepidemiology, thus ensuring the exhaustiveness
of included studies. We included only population-based studies because the representativeness of the samples
considered provides a more accurate perspective on the use of medications during pregnancy at a population
level, thereby enhancing the generalizability and external validity. Moreover, we assessed the methodological
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a)

First Study period Country Type of Type of Sample size Prevalence of use of
author medication data classification Mean clearly harmful medication with benefits
Wen (2008) 1997-2000 CANADA P+D former FDA 18575 52

Daw (2012) 2000-2006 CANADA P+D former FDA 163082 55
Andrade (2004) 1996-2000 USA P+D former FDA + Briggs 152531 3.4
Andrade (2006) 1996-2000 USA P+D former FDA + Briggs 114165 3.6

Raebel (2005)  1997-2000 USA P+D former FDA 12867 42

Irvine (2010) 2007-2007 UNITED KINGDOM P+D former FDA + Briggs + other* 3937 | 42

Gagne (2008)  2004-2004 ITALY P+D former FDA + former ADEC + Briggs 33343 1.0

Lacroix (2000)  1996-1996 FRANCE P former FDA 1000 59.3
Herique (2001)  2000-2000 FRANCE P+D SmPC 2268 r ; g[ — 39

2 4 6 8
Prevalence during the entire pregnancy (%)

b)

First Study period Country Type of Type of Sample size Prevalence of use of
author medication data classification Mean clearly harmful medication with risks
Wen (2008) 1997-2000 CANADA P+D former FDA 18575 3.6
Daw (2012) 2000-2006 CANADA P+D former FDA 163082 25
Leong (2019) 2001-2013 CANADA P+D Briggs 174848 6.8
Andrade (2004)  1996-2000 USA P+D former FDA + Briggs 152531 1.1
Andrade (2006)  1996-2000 USA P+D former FDA + Briggs 114165 2.4
Raebel (2005) 1997-2000 USA P+D former FDA 12867 6.6
Irvine (2010) 2007-2007 UNITED KINGDOM P+D former FDA + Briggs + other* 3937 | 1.7
Gagne (2008) 2004-2004 ITALY P+D former FDA + former ADEC + Briggs 33343 7.0
Alcusky (2015) 2004-2013 ITALY P+D former FDA + former ADEC + Briggs 393082 05
Lacroix (2000) 1996-1996 FRANCE P former FDA 1000 n 1.6
Beyens (2003) 1996-1997 FRANCE P former FDA 911 n 4.6
Zomerdijk (2014) 1999-2007 THE NETHERLANDS P+D former FDA + FASS + former ADEC 203962 o ; ; : . 0.7
0 2 4 6 8
c) Prevalence during the entire pregnancy (%)
First Study period Country Type of Type of Sample size Prevalence of use of
author medication data classification Mean clearly harmful medication (%)
Kulaga (2009) 1998-2002 CANADA P+D Various sources 109344 6.3
Daw (2012) 2000-2006 CANADA P+D former FDA 163082 7.8
Andrade (2004)  1996-2000 USA P+D former FDA + Briggs 152531 42
Andrade (2006)  1996-2000 USA P+D former FDA + Briggs 114165 5.8
Riley (2005) 2001-2002 USA P former FDA 1626 3.9
Malm (2003) 1999-1999 FINLAND P+D former FDA + FASS + former ADEC 43470 o] 3.4
Gissler (2013) 1996-2010 FINLAND P+D FASS 859359 o 4.0
Louchet (2024)  2013-2019 FRANCE P+D SmPC 5253284 n 3.9
Irl (1997) 1996-1997 GERMANY (o} former FDA 921 n 0.0
de Waard (2018) 2012-2013 THE NETHERLANDS [} TIS Lareb 292 ; ; ; . o , 6.5
0 2 4 6 8

Prevalence during the entire pregnancy (%)
Northern Europe Western Europe

Fig.4 Prevalence of women using medications considered at risk to the embryo or fetus during the entire pregnancy: a clearly
harmful medication with maternal benefits outweighing the risks for the embryo/fetus; b clearly harmful medication with
risks for the embryo/fetus outweighing the maternal benefits; ¢ clearly harmful medication. According to the most frequently
used classification (former 1979 FDA classification), the data were reclassified following three different levels: harmful
medications during pregnancy with a benefit for the mother outweighing the risks for the embryo/fetus (adapted from former
FDA D category); harmful medications during pregnancy with a risk for the embryo/fetus outweighing the benefit for the
mother (adapted from former FDA X category); and harmful medications (in general) (adapted from former FDA D or X
category). The denominator corresponds to the total number of eligible pregnancies reported in each study. Studies are orga-
nized by subcontinents and midpoint study period. Among all subcontinents, the median [interquartile range] prevalence of
use of clearly harmful medication with the benefits outweighing the risks during the entire pregnancy was 4.2 [3.6-5.2]. This
value was 2.5 [1.5-5.1] for the use of clearly harmful medication with the risks outweighing the benefits during the entire
pregnancy and 4.1 [3.9-6.3] for the use of clearly harmful medication overall. Type of medication data: P=prescription,
D=dispensation, C=consumption. The Lacroix (2000) [56] value of 59.3% women using clearly harmful medication with
benefits is not represented on the plot (a). Legend: FDA: Unites States Food and Drug Administration

quality of the studies, which had not been done in previous reviews. Finally, we were able to perform a metare-
gression for prevalence of medication use to explore heterogeneity related to time and subcontinents.
Nonetheless, some limitations of our systematic review must be acknowledged. First, the prevalence and
number of medications do not inform on the appropriateness of prescribing. To complement these quantitative
measures, we also described the most frequently used medications, therapeutic classes, and potentially harm-
ful medications. Second, the heterogeneity in types of medications considered across the studies and the wide
variability of medication use estimates did not allow our estimates to be pooled in a meta-analysis. Because of
incomplete reporting in the original articles, we were not able to fully explore sources of heterogeneity including
pregnancy outcomes considered, calendar time, actual medication consumption and inclusion of OTC medi-
cations, vitamins, and minerals. As recommended by the Cochrane handbook [13], we provided an extensive
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descriptive analysis of the estimates instead. Meta-regression could not be conducted for the mean number of
medications used due to infrequent and heterogeneous reporting of dispersion measures (e.g., standard deviation)
across studies; therefore, geographical differences and temporal trends for these outcomes could not be ade-
quately explored. Third, results relied heavily on pharmacy claims/administrative databases, which may reflect
dispensing rather than actual medication use, overestimating medication use due to non-adherence. Fourth, the
original studies generally did not report whether medications dispensed before pregnancy but extending into the
first trimester were considered as medication use during pregnancy. Consequently, this potential source of hetero-
geneity could not be assessed in the present review. Fifth, risk classification systems used in the included studies
do not directly quantify fetal risk, but rather provide a regulatory or evidence-based categorization of potential
risk. Therefore, exposure to medications within higher-risk categories should not be interpreted as reflecting
actual fetal harm. Sixth, title and abstract screening was performed by a single reviewer for feasibility reasons.
Although predefined eligibility criteria were applied throughout the selection process, this approach may have
increased the risk of missing potentially eligible studies. Nevertheless, the list of included studies was indepen-
dently reviewed by two experts in epidemiology and medication use during pregnancy, who suggested additional
potentially relevant references, thereby reducing the likelihood of missed studies.

Our review offers a thorough picture of medication use during pregnancy over a 50-year period. In Bonati et
al., in 1990 [88], the median number of medications used was 4.7 (range 2.9 to 5.5) in studies published from
1960 to 1988 in the United Kingdom, United States, and Sweden. Most of the medications used were vitamins
and iron preparations as well as analgesics, antiemetics, and antacids. Daw et al. updated this search, focusing
on “developed countries”, and found a mean number of medications use varied in between 1.7 to 15.8 in stud-
ies published from 1989 to 2010 [3]. The recent meta-analysis by Sullivan et al. [4] also quantified the preva-
lence of prescribed medication use during pregnancy using meta-analysis (2010-2025; worldwide perspective;
pooled prevalences of 56% excluding vitamins and minerals and 83% including them). Our review focused on
population-based studies from Europe and North America without restrictions to the study period and provides a
more extensive characterization of medication use during pregnancy. Consistent with Sullivan et al., our overall
median prevalence of medication use including vitamins and minerals was 75.3%, which falls within the range
of their pooled estimates. Rather than producing pooled prevalence estimates despite substantial heterogene-
ity, our review highlights the marked variability in prescribing practices and reporting methods and provides a
comprehensive framework for interpreting medication use and identifying priorities for harmonizing future drug
utilization studies in pregnancy. The two reviews are complementary, as our findings provide a more detailed
characterization of medication use during pregnancy by describing the prevalence of medication use in developed
countries overall and by geographical region, the median number of medications used overall and by region,
temporal trends in these patterns, trimester-specific patterns, pharmacotherapeutic classes, the most commonly
used medications, and exposure to medications considered harmful during pregnancy. Together, these findings
provide a comprehensive understanding of medication use during pregnancy and document this important public
health issue in great detail.

Our results suggest a higher prevalence and mean number of medications used in pregnancy in western Europe
than in other subcontinents, which agrees with Daw et al. [3]. This finding may be explained, at least in part,
by the high medication use in France, especially in the early 2000s. For example, Lacroix et al. and Beyens
et al. included both reimbursed and non-reimbursed prescribed medications and reported high mean numbers
of medications used during pregnancy (15.8 and 10.9, respectively) [55, 56]. These results are not surprising
because France has been reported to have a high overall medication consumption. A report from the European
Commission identified that in 2014, among 28 country members of the European Union, France ranked tenth in
prescribed medications, with a prevalence of medication use for a period of 2 weeks of 52.4%, a proportion above
the European Union average of 48.6%. This pattern was even greater for French women of childbearing age (15—
44 years), in eighth position with a prevalence of 38.7%, higher than the European Union average of 32.9% [89].

We focused on Europe and North America to obtain estimates relevant to populations that are generally com-
parable in terms of access to healthcare, medication markets, and regulatory authorities. Nevertheless, important
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differences exist among countries in how healthcare is organized and accessible. For example, in the United
Kingdom and France, all maternity care is covered by the state or basic health insurance, whereas in more market-
based healthcare systems, such as in the United States, maternity care is covered by private health insurers (via
employment) or, for women with low income, by Medicaid [90]. Also, although we aimed to report an overview
of medication use during pregnancy for North America and Europe, studies were based on 14 countries only and
data may differ from other countries in these continents. Notably, no data were available from eastern Europe.

No evidence of a temporal trend was identified in the global picture of the prevalence of drug use or in the
mean number of medication used across Europe and North America. This finding is noteworthy given the pro-
gressive implementation of several initiatives that might have been expected to reduce medication use during
pregnancy, including institutional campaigns from regulatory agencies promoting more restrictive use, updated
clinical guidelines issued by professional societies, and counselling provided by teratology information services.
These measures may have encouraged more cautious prescribing practices among healthcare providers for preg-
nant women or women of childbearing age planning pregnancy. Nevertheless, limited statistical power and data
availability may have constrained our ability to detect such temporal trends. At the regional level, however,
data from France appear to suggest a decrease in the number of medications used over time, a trend that is less
apparent in other European countries, where fewer studies are available. Nevertheless, this observation should be
interpreted with considerable caution as methodological differences between the French studies may also explain
the suggested trend.

We noted a change over time in data collection methods for medication-use studies in pregnancy. In the Bonati
et al. review from 1990, most studies used interviews with pregnant women to ascertain medication exposure.
The Daw et al. updated review in 2011 additionally captured some reports based on medico-administrative data
that were not available when Bonati et al. conducted their review. The use of medico-administrative data in recent
years across Europe and North America limits potential information bias as well as selection bias as compared
with convenience samples using questionnaires or interviews. However, medico-administrative databases capture
medication dispensing rather than actual medication intake. Consequently, medication use may be overestimated
because dispensed medications are not necessarily consumed due to non-adherence [91].

This review highlighted the limits of the available data with on the one hand, the need for studies on medica-
tion use in countries for which there are few or no data and on the other, the high heterogeneity between studies.
The substantial clinical and methodological heterogeneity across studies should be considered when interpreting
the findings of this review. Medication use during pregnancy was assessed using prescription records, pharmacy
dispensing databases, or self-reported medication use, reflecting the diversity of data sources available in perina-
tal pharmacoepidemiology. Although these approaches measure different stages of medication exposure and are
therefore not directly comparable, considering all of them provides a comprehensive overview of the available
literature and illustrates the evolution of data sources used to study medication use during pregnancy. Besides,
the definition of medication exposure (i.e. inclusion or exclusion of over-the-counter medications, vitamins,
mineral supplements, and hospital-administered medications) varied considerably between studies and was not
always clearly reported. Another important source of heterogeneity relates to the pregnancy populations included
in the original studies. While some studies considered all pregnancies as the denominator, others were restricted
to births or live births. Consequently, studies based only on births or live births may have underestimated early
pregnancy medication exposure. Other sources of heterogeneity can also be highlighted such as study period,
country, healthcare system. Consequently, comparisons between studies and apparent geographical differences
should be interpreted with caution, and the reported estimates should be viewed as reflecting both true differences
in medication use and methodological differences between studies.

A lack of transparency was also identified. First, for some studies, results were unclear regarding the denomi-
nator for calculating the mean number of medications used during pregnancy (“among all women” or “among
women having used at least one medication”) and whether or not vitamins and minerals were included. We
attempted to clarify these issues by contacting the authors. Some authors provided answers, but some uncertainties
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remained. In addition, how researchers counted different medications varied among studies. Moreover, some
medications are available both OTC and by prescription.

Given the high level of heterogeneity in reporting, consensus is needed for the best reporting methods and
details as regards sampling method, inclusion and exclusion criteria, population characteristics, statistical meth-
ods, medication use estimates, and the and the correct definition of medication use in drug utilization studies in
pregnancy [92]. More specifically, based on the findings of this review, future studies should report key maternal
characteristics relevant for data interpretation (e.g., age, parity, and prevalence of chronic diseases), as well as
pregnancy outcomes and duration. Although reports usually specify the source of medication information (e.g.,
self-report, dispensing records, or prescription records), a precise definition of medication exposure should also
be provided. Specifically, authors should clearly state whether the analysis included prescribed or dispensed
medications only, and whether vitamins, minerals, vaccinations, homeopathic products, over-the-counter medica-
tions, and medications administered during hospitalization were included or excluded. They should also specify
whether medications dispensed before pregnancy but whose exposure extended into the first trimester were con-
sidered as medication use during pregnancy [93], and whether a given international non-proprietary name was
counted once or multiple times when prescribed under different brand names. Moreover, in all cases, the numera-
tor, denominator, and prevalence of medication use, based on the number of women or pregnancies, should be
reported. The number of different medications used should be reported as the median and interquartile range, both
among women with medication use and in the overall study population. These measures should be presented for
the complete pregnancy period and for each trimester (using standardized trimester definitions). Indeed, there is
a need for well-conducted drug utilization studies focusing on granular time windows in pregnancy considering
the varying risks according to the developmental stage of the embryo or foetus. Reports should provide estimates
according to pregnancy outcome and with and without vitamins, minerals, OTC medications. Finally, to improve
knowledge of medication use during pregnancy, studies should report the most commonly used medications
together with their corresponding ATC codes, as well as the medications most frequently considered to be at
potential risk, preferably using an evidence-based risk classification.

Future studies should also investigate factors related to indication of use and the availability and reimburse-
ment status of medications. Alignment of these aspects would facilitate the assessment of time trends and geo-
graphical differences as well as prescribing habits and the types of healthcare pregnant women receive in different
countries. In turn, more advanced data regarding medications during pregnancy could also enable more robust
public health campaigns regarding the safe use of medications during pregnancy. Also, although our review
shows that an undeniable proportion of pregnant women were exposed to medications considered as harmful,
further research on the subject is needed to provide a clearer picture of the benefit-risk balance of medication use
and should include maternal indications for medication use as well as gestational age in pregnancy.

Conclusion

Our systematic review confirmed that medication use during pregnancy was frequent in Europe and North Amer-
ica. Studies conducted in western Europe generally reported higher estimates of medication use during pregnancy
than studies from the other European subcontinents and North America, although these apparent regional differ-
ences should be interpreted with caution. Given the substantial heterogeneity in methods and reporting between
studies, it is currently not feasible to accurately characterize or compare medication use among subcontinents
and over time. This review highlights a strong need for standardized practices for the presentation of medication
exposure during pregnancy as well as the use of a standardized pharmacotherapeutic classification tool and har-
monization of current risk classifications.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1186/
s12884-026-09978-2.

BMC Pregnancy and Childbirth N BMC


https://doi.org/10.1186/s12884-026-09978-2
https://doi.org/10.1186/s12884-026-09978-2

Article in Press https://doi.org/10.1186/512884-026-09978-2

Acknowledgements We thank the Pierre Louis Institute of Epidemiology and Public Health for the internship grant. We
thank DMU ESPRIT for its support for completing the research. We thank the following authors for providing further
information: Joanne Given; Christine Damase-Michel; Stefano Bonassi; Lionel Larcin and Fati Kirakoya; Kate Northstone;
Marie-Noélle Beyens; Susan Andrade; Vittorio Maio; Trine Munk-Olsen; Maria Giner-Soriano; Odile Sheehy and Anick
Berard; David Haas and Derek Marsh; Mélanie Araujo; Katherine Hughes

Authors’ contributions BM, RN and ADC conceived the study. RN developed the search strategy, which was validated by
ADC and BM. RN conducted literature search. RN and VFB or BC and DR screened and selected studies. MvG and MSB
assessed the list of included articles and added missing references if any. RN and VFB or BC and DR collected data. RN
performed data synthesis and wrote the first draft of the manuscript under the direction of ADC and BM with guidance from
MvG and with critical input from all authors. All authors read and approved the final submitted version. RN and BM act as
guarantors. The corresponding author attests that all listed authors meet authorship criteria and that no others meeting the
criteria have been omitted.

Funding No funding was used to conduct this study.

Data availability The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Declarations

Ethics approval and consent to participate Not applicable.
Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you
will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

References

1. Brown HK, Fung K, Cohen E, Dennis CL, Grandi SM, Rosella LC, et al. Patterns of multiple chronic conditions in
pregnancy: Population-based study using latent class analysis. Paediatr Perinat Epidemiol. 2024;38(2):111-20. https://d
oi.org/10.1111/ppe.13016.

2. Bonati M, Bortolus R, Marchetti F, Romero M, Tognoni G. Drug use in pregnancy: an overview of epidemiological (drug
utilization) studies. Eur J Clin Pharmacol. 1990;38(4):325-8. https://doi.org/10.1007/BF00315569.

3.Daw JR, Hanley GE, Greyson DL, Morgan SG. Prescription drug use during pregnancy in developed countries: a
systematic review. Pharmacoepidemiol Drug Saf. 2011;20(9):895-902. https://doi.org/10.1002/pds.2184.

4. Sullivan C, Kerr A, Cahill M, Flynn AC, O’Shaughnessy F, Cleary B, et al. Estimating the prevalence of prescribed
medication use in pregnancy with a systematic review and meta-analysis. Drug Saf. 2026;49(8):899-920. https://doi.org
/10.1007/s40264-026-01664-8.

5. Cochrane Handbook for Systematic Reviews of Interventions. Available from: https://training.cochrane.org/handbook/c
urrent. Cited 2023 Jan 14.

6. Moher D, Liberati A, Tetzlaff J, Altman DG, Group TP. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009;6(7):¢1000097. https://doi.org/10.1371/journal.pmed.1000097.

7.Fontana A, Marin B, Luna J, Beghi E, Logroscino G, Boumédiene F, et al. Time-trend evolution and determinants of sex
ratio in Amyotrophic Lateral Sclerosis: a dose—response meta-analysis. J Neurol. 2021;268(8):2973—84. https://doi.org/
10.1007/s00415-021-10464-2.

B BMC BMC Pregnancy and Childbirth


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1111/ppe.13016
https://doi.org/10.1111/ppe.13016
https://doi.org/10.1007/BF00315569
https://doi.org/10.1002/pds.2184
https://doi.org/10.1007/s40264-026-01664-8
https://doi.org/10.1007/s40264-026-01664-8
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1007/s00415-021-10464-2
https://doi.org/10.1007/s00415-021-10464-2

https://doi.org/10.1186/512884-026-09978-2 Article in Press

8. Szklo M. Population-based cohort studies. Epidemiol Rev. 1998;20(1):81-90. https://doi.org/10.1093/oxfordjournals.ep
irev.a017974.
9. UNSD — Methodology. Available from: https://unstats.un.org/unsd/methodology/m49/. Cited 2023 Feb 21.

10. Zotero | Your personal research assistant. Available from: https://www.zotero.org/. Cited 2023 Mar 2.

11. Rohatgi A. WebPlotDigitizer. 2022. Available from: https://automeris.io/WebPlotDigitizer. Cited 2024 Dec 17.

12.Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Chapter 5: Systematic reviews of prevalence and incidence. In:
Aromataris E, Munn Z (eds). JBI Manual for Evidence Synthesis. JBI, 2020.

13. Chapter 12: Synthesizing and presenting findings using other methods. Available from: https://training.cochrane.org/han
dbook/current/chapter-12. Cited 2023 Aug 2.

14. Mann H. Nonparametric tests against trend. Econometrica. 1945. https://doi.org/10.2307/1907187.

15.R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation for Statistical
Computing; 2021. Available from: https://www.R-project.org/

16. Auguie B, Antonov A. gridExtra: Miscellaneous Functions for ‘Grid’ Graphics. 2017. Available from: https://cran.r-proj
ect.org/web/packages/gridExtra/index.html. Cited 2024 Sep 21.

17. Wilke CO. cowplot: Streamlined Plot Theme and Plot Annotations for ‘ggplot2’. 2024. Available from: https://cran.r-pr
oject.org/web/packages/cowplot/index.html. Cited 2024 Sep 21.

18. Pennec EL, Slowikowski K. ggwordcloud: A Word Cloud Geom for ‘ggplot2’. 2024. Available from: https://cran.r-proje
ct.org/web/packages/ggwordcloud/index.html. Cited 2024 Sep 21.

19. Deckmyn OS code by RAB and ARWR version by RBE by TPM and A. maps: Draw Geographical Maps. 2023. Available
from: https://cran.r-project.org/web/packages/maps/index.html. Cited 2024 Sep 21.

20.Balduzzi S, Riicker G, Schwarzer G. How to perform a meta-analysis with R: a practical tutorial. Evid Based Ment
Health. 2019;22(4):153-60. https://doi.org/10.1136/ebmental-2019-300117.

21.Haas DM, Marsh DJ, Dang DT, Parker CB, Wing DA, Simhan HN, et al. Prescription and other medication use in
pregnancy. Obstet Gynecol. 2018;131(5):789-98. https://doi.org/10.1097/A0G.0000000000002579.

22.Bérard A, Sheehy O. La cohorte des grossesses du Québec : prévalences et conséquences de 1’utilisation des médicaments
durant la grossesse. Therapies. 2014;69(1):71-81. https://doi.org/10.2515/therapie/2014011.

23.Smolina K, Hanley GE, Mintzes B, Oberlander TF, Morgan S. Trends and determinants of prescription drug use
during pregnancy and postpartum in British Columbia, 2002-2011: a population-based cohort study. PLoS ONE.
2015;10(5):e0128312. https://doi.org/10.1371/journal.pone.0128312.

24.Bérard A, Kaul P, Eltonsy S, Winquist B, Chateau D, Hawken S, et al. The Canadian Mother-Child Cohort Active
Surveillance Initiative (CAMCCO): comparisons between Quebec, Manitoba, Saskatchewan, and Alberta. PLoS ONE.
2022;17(9):€0274355. https://doi.org/10.1371/journal.pone.0274355.

25. Garriguet D. Medication use among pregnant women. Health Rep. 2006;17(2):9-18.

26.Daw JR, Mintzes B, Law MR, Hanley GE, Morgan SG. Prescription drug use in pregnancy: a retrospective, population-
based study in British Columbia, Canada (2001-2006). Clin Ther. 2012;34(1):239-249.¢2. https://doi.org/10.1016/j.clin
thera.2011.11.025.

27.Kulaga S, Zargarzadeh AH, Bérard A. Prescriptions filled during pregnancy for drugs with the potential of fetal harm.
BJOG Int J Obstet Gynaecol. 2009;116(13):1788-95. https://doi.org/10.1111/j.1471-0528.2009.02377 .x.

28.Leong C, Chateau D, Dahl M, Falk J, Katz A, Bugden S, et al. Prescription medication use during pregnancies that
resulted in births and abortions (2001-2013): A retrospective population-based study in a Canadian population. PLoS
ONE. 2019;14(3):€0211319. https://doi.org/10.1371/journal.pone.0211319.

29. Wen SW, Yang T, Krewski D, Yang Q, Nimrod C, Garner P, et al. Patterns of pregnancy exposure to prescription FDA C,
D and X drugs in a Canadian population. J Perinatol Off J Calif Perinat Assoc. 2008;28(5):324-9. https://doi.org/10.103
8/jp.2008.6.

30. Andrade SE, Gurwitz JH, Davis RL, Chan KA, Finkelstein JA, Fortman K, et al. Prescription drug use in pregnancy. Am
J Obstet Gynecol. 2004;191(2):398-407. https://doi.org/10.1016/j.ajog.2004.04.025.

31. Andrade SE, Raebel MA, Morse AN, Davis RL, Chan KA, Finkelstein JA, et al. Use of prescription medications with a
potential for fetal harm among pregnant women. Pharmacoepidemiol Drug Saf. 2006;15(8):546-54. https://doi.org/10.1
002/pds.1235.

32. Hughes K, Clifford R, Phiri K, Ogilvie R, Wang F. Prescription Medication Use During Pregnancy in the US. 36th
International Conference on Pharmacoepidemiology and Therapeutic Risk Management. 2020.

33.Raebel MA, Ellis JL, Andrade SE. Evaluation of gestational age and admission date assumptions used to determine
prenatal drug exposure from administrative data. Pharmacoepidemiol Drug Saf. 2005;14(12):829-36. https://doi.org/10.
1002/pds.1100.

34. Riley EH, Fuentes-Afflick E, Jackson RA, Escobar GJ, Brawarsky P, Schreiber M, et al. Correlates of prescription drug
use during pregnancy. ] Womens Health. 2002;14(5):401-9. https://doi.org/10.1089/jwh.2005.14.401.

35.Roberson EK, Hurwitz EL. Prescription drug use during and immediately before pregnancy in Hawai’i—findings from
the Hawai’i Pregnancy Risk Assessment Monitoring System, 2009-2011. Hawaii J Med Public Health J Asia Pac Med
Public Health. 2014;73(12):382—6. PubMed PMID: 25628970; PubMed Central PMCID: PMC4300547.

BMC Pregnancy and Childbirth N BMC


https://doi.org/10.1093/oxfordjournals.epirev.a017974
https://doi.org/10.1093/oxfordjournals.epirev.a017974
https://unstats.un.org/unsd/methodology/m49/
https://www.zotero.org/
https://automeris.io/WebPlotDigitizer
https://training.cochrane.org/handbook/current/chapter-12
https://training.cochrane.org/handbook/current/chapter-12
https://doi.org/10.2307/1907187
https://www.R-project.org/
https://cran.r-project.org/web/packages/gridExtra/index.html
https://cran.r-project.org/web/packages/gridExtra/index.html
https://cran.r-project.org/web/packages/cowplot/index.html
https://cran.r-project.org/web/packages/cowplot/index.html
https://cran.r-project.org/web/packages/ggwordcloud/index.html
https://cran.r-project.org/web/packages/ggwordcloud/index.html
https://cran.r-project.org/web/packages/maps/index.html
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1097/AOG.0000000000002579
https://doi.org/10.2515/therapie/2014011
https://doi.org/10.1371/journal.pone.0128312
https://doi.org/10.1371/journal.pone.0274355
https://doi.org/10.1016/j.clinthera.2011.11.025
https://doi.org/10.1016/j.clinthera.2011.11.025
https://doi.org/10.1111/j.1471-0528.2009.02377.x
https://doi.org/10.1371/journal.pone.0211319
https://doi.org/10.1038/jp.2008.6
https://doi.org/10.1038/jp.2008.6
https://doi.org/10.1016/j.ajog.2004.04.025
https://doi.org/10.1002/pds.1235
https://doi.org/10.1002/pds.1235
https://doi.org/10.1002/pds.1100
https://doi.org/10.1002/pds.1100
https://doi.org/10.1089/jwh.2005.14.401

Article in Press https://doi.org/10.1186/5s12884-026-09978-2

36. Mansour O, Russo RG, Straub L, Bateman BT, Gray KJ, Huybrechts KF, et al. Prescription medication use during
pregnancy in the United States from 2011 to 2020: trends and safety evidence. Am J Obstet Gynecol. 2011;231(2):250.
e1-250.e16. https://doi.org/10.1016/j.aj0g.2023.12.020.

37.Engeland A, Bjerge T, Klungseyr K, Hjellvik V, Skurtveit S, Furu K. Trends in prescription drug use during pregnancy
and postpartum in Norway, 2005 to 2015. Pharmacoepidemiol Drug Saf. 2018;27(9):995-1004. https://doi.org/10.1002/
pds.4577.

38. Bjern AMB, Nergaard M, Hundborg HH, Nohr EA, Ehrenstein V. Use of prescribed drugs among primiparous women:
an 11-year population-based study in Denmark. Clin Epidemiol. 2011;3:149-56. https://doi.org/10.2147/CLEP.S17747.

39 Boethius G. Recording of drug prescriptions in the County of Jdmtland, Sweden. Pattern of drug usage in 16,600
individuals during 1970-75. Acta Med Scand. 1977;202(4):241-51. https://doi.org/10.1111/j.0954-6820.1977.tb16821 .x.

40. Cea Soriano L, Bateman BT, Garcia Rodriguez LA, Hernandez-Diaz S. Prescription of antihypertensive medications
during pregnancy in the UK. Pharmacoepidemiol Drug Saf. 2014;23(10):1051-8. https://doi.org/10.1002/pds.3641.

41. Cormac, Sammon, Petersen. Trends in the Prevalence of Drug Prescribing During Pregnancy in UK Primary Care,
1995-2014. Pharmacoepidemiol Drug Saf. 2016;25(Suppl. 3):336. https://doi.org/10.1002/pds.4070.

42 Engeland A, Bramness JG, Daltveit AK, Renning M, Skurtveit S, Furu K. Prescription drug use among fathers and
mothers before and during pregnancy. A population-based cohort study of 106,000 pregnancies in Norway 2004-2006.
Br J Clin Pharmacol. 2008;65(5):653—60. https://doi.org/10.1111/j.1365-2125.2008.03102.x.

43. Gissler M, Artama M, Lahesmaa-Korpinen AM, Malm H, Nurminen ML, Ritvanen A, et al. Trends in medicine use in
pregnancy in Finland 1996-2010. Eur J Epidemiol. 2013;28:S215-6. https://doi.org/10.1007/s10654-013-9820-0.

44. Given J, Casson K, Dolk H, Loane M. Sociodemographic variation in prescriptions dispensed in early pregnancy in
Northern Ireland 2010-2016. PLoS ONE. 2022;17(8):¢0267710. https://doi.org/10.1371/journal.pone.0267710.

45. Headley J, Northstone K, Simmons H, Golding J. Medication use during pregnancy: data from the Avon Longitudinal
Study of Parents and Children. Eur J Clin Pharmacol. 2004;60(5):355-61. https://doi.org/10.1007/s00228-004-0775-7.

46.Irvine L, Flynn RWYV, Libby G, Crombie IK, Evans JMM. Drugs dispensed in primary care during pregnancy: a record-
linkage analysis in Tayside. Scotland Drug Saf. 2010;33(7):593-604. https://doi.org/10.2165/11532330-000000000-000
00.

47.Malm H, Martikainen J, Klaukka T, Neuvonen PJ. Prescription drugs during pregnancy and lactation—a Finnish register-
based study. Eur J Clin Pharmacol. 2003;59(2):127-33. https://doi.org/10.1007/s00228-003-0584-4.

48.Malm H, Martikainen J, Klaukka T, Neuvonen PJ. Prescription of hazardous drugs during pregnancy. Drug Saf.
2004;27(12):899-908. https://doi.org/10.2165/00002018-200427120-00006.

49 Olesen C, Serensen HT, de Jong-van den Berg L, Olsen J, Steffensen FH, Group TE. Prescribing during pregnancy and
lactation with reference to the Swedish classification system. A population-based study among Danish women. Acta
Obstet Gynecol Scand. 1999;78(8):686-92. https://doi.org/10.1034/1.1600-0412.1999.780805 ..

50 Olesen C, Steffensen FH, Nielsen GL, de Jong-van den Berg L, Olsen J, Serensen HT. Drug use in first pregnancy
and lactation: a population-based survey among Danish women. The EUROMAP group. Eur J Clin Pharmacol.
1999;55(2):139-44. https://doi.org/10.1007/s002280050608.

51.Olesen C, Thrane N, Henriksen TB, Ehrenstein V, Olsen J. Associations between socio-economic factors and the use of
prescription medication during pregnancy: a population-based study among 19,874 Danish women. Eur J Clin Pharmacol.
2006;62(7):547-53. https://doi.org/10.1007/s00228-006-0119-x.

52. Stephansson O, Granath F, Svensson T, Haglund B, Ekbom A, Kieler H. Drug use during pregnancy in Sweden - assessed
by the Prescribed Drug Register and the Medical Birth Register. Clin Epidemiol. 2011;1(3):43-50. https://doi.org/10.21
47/CLEP.S16305.

53. Ingstrup KG, Liu X, Gasse C, Debost JCP, Munk-Olsen T. Prescription drug use in pregnancy and variations according
to prior psychiatric history. Pharmacoepidemiol Drug Saf. 2018;27(1):105—13. https://doi.org/10.1002/pds.4355.

54 Thunbo M@, Vendelbo JH, Witte DR, Larsen A, Pedersen LH. Use of medication in pregnancy on the rise: Study on 1.4
million Danish pregnancies from 1998 to 2018. Acta Obstet Gynecol Scand. 2024;103(6):1210-23. https://doi.org/10.11
11/a0gs.14805.

55.Beyens MN, Guy C, Ratrema M, Ollagnier M. Prescription of drugs to pregnant women in France: the HIMAGE study.
Therapies. 2003;58(6):505—11. https://doi.org/10.2515/therapie:2003082.

56. Lacroix I, Damase-Michel C, Lapeyre-Mestre M, Montastruc J. Prescription of drugs during pregnancy in France.
Lancet. 2000;356(9243):1735-6. https://doi.org/10.1016/S0140-6736(00)03209-8.

57 Araujo M, Hurault-Delarue C, Sommet A, Damase-Michel C, Benevent J, Lacroix I. Drug prescriptions in French
pregnant women between 2015 and 2016: A study in the EGB database. Therapies. 2021;76(3):239—47. https://doi.org/1
0.1016/j.therap.2020.07.002. Located at: Embase.

58.Bérard A, Abbas-Chorfa F, Kassai B, Vial T, Nguyen KA, Sheehy O, et al. The French Pregnancy Cohort: Medication
use during pregnancy in the French population. PLoS ONE. 2019;14(7):e0219095. https://doi.org/10.1371/journal.pone
.0219095.

B BMC BMC Pregnancy and Childbirth


https://doi.org/10.1016/j.ajog.2023.12.020
https://doi.org/10.1002/pds.4577
https://doi.org/10.1002/pds.4577
https://doi.org/10.2147/CLEP.S17747
https://doi.org/10.1111/j.0954-6820.1977.tb16821.x
https://doi.org/10.1002/pds.3641
https://doi.org/10.1002/pds.4070
https://doi.org/10.1111/j.1365-2125.2008.03102.x
https://doi.org/10.1007/s10654-013-9820-0
https://doi.org/10.1371/journal.pone.0267710
https://doi.org/10.1007/s00228-004-0775-7
https://doi.org/10.2165/11532330-000000000-00000
https://doi.org/10.2165/11532330-000000000-00000
https://doi.org/10.1007/s00228-003-0584-4
https://doi.org/10.2165/00002018-200427120-00006
https://doi.org/10.1034/j.1600-0412.1999.780805.x
https://doi.org/10.1007/s002280050608
https://doi.org/10.1007/s00228-006-0119-x
https://doi.org/10.2147/CLEP.S16305
https://doi.org/10.2147/CLEP.S16305
https://doi.org/10.1002/pds.4355
https://doi.org/10.1111/aogs.14805
https://doi.org/10.1111/aogs.14805
https://doi.org/10.2515/therapie:2003082
https://doi.org/10.1016/S0140-6736(00)03209-8
https://doi.org/10.1016/j.therap.2020.07.002
https://doi.org/10.1016/j.therap.2020.07.002
https://doi.org/10.1371/journal.pone.0219095
https://doi.org/10.1371/journal.pone.0219095

https://doi.org/10.1186/512884-026-09978-2 Article in Press

59. Blotiére PO, Damase-Michel C, Weill A, Maura G. Dispensing of Potentially Harmful Prescription Drugs in 1.8 Million
Pregnant Women in France: A Nationwide Study Based on Two Risk Classification Systems. Drug Saf. 2021;44(12):1323-
39. https://doi.org/10.1007/s40264-021-01117-4.

60. Damase-Michel C, Lacroix I, Hurault-Delarue C, Beau AB, Montastruc JL. Drug in pregnancy: studies in the French
database EFEMERIS. Therapie. 2014;69(1):91-100. https://doi.org/10.2515/therapie/2014005.

61 Herique A, Proy Mo, Truchi L. Prescription de médicaments chez la femme enceinte : analyse descriptive dans le
département de I’ Aube. Rev Médicale Assur Mal. 2001;32(1):27-32.

62. Parent G, Mottet N, Mairot P, Baudier F, Carel D, Goguey M, et al. Prescribed and dispensed in the third trimester of
pregnancy drugs: What practices and risks? J Gynecol Obstet Biol Reprod (Paris). 2015;45(7):754-9. https://doi.org/10.
1016/j.jgyn.2015.09.004.

63. Egen-Lappe V, Hasford J. Drug prescription in pregnancy: analysis of a large statutory sickness fund population. Eur J
Clin Pharmacol. 2004;60(9):659—66. https://doi.org/10.1007/s00228-004-0817-1.

64 Irl C, Hasford J. The PEGASUS project a prospective cohort study for the investigation of drug use in pregnancy.
PEGASUS Study Group. Int J Clin Pharmacol Ther. 1997;35(12):572—6. PubMed PMID: 9455716.

65. Reimann IR, Karpinsky C, Hoffmann A. Epidemiological data on drug use during pregnancy in Thuringia, East Germany,
1993. Int J Clin Pharmacol Ther. 1996;34(2):80-3.

66. Bakker MK, Jentink J, Vroom F, Van Berg PB, De Walle HEK, De Jong-Van Den Berg LTW. Drug prescription patterns
before, during and after pregnancy for chronic, occasional and pregnancy-related drugs in the Netherlands. BJOG Int J
Obstet Gynaecol. 2006;113(5):559-68. https://doi.org/10.1111/j.1471-0528.2006.00927 x.

67.Houben E, te Winkel B, Steegers EAP, Herings RMC. Dutch trends in the use of potentially harmful medication during
pregnancy. Br J Clin Pharmacol. 2020;86(12):2377-92. https://doi.org/10.1111/bcp.14341.

68 van Gelder MMHJ, Bos JHJ, Roeleveld N, de Jong-van den Berg LTW. Drugs associated with teratogenic mechanisms.
Part I: dispensing rates among pregnant women in the Netherlands, 1998-2009. Hum Reprod Oxf Engl. 2014;29(1):161—
7. https://doi.org/10.1093/humrep/det369.

69. Zomerdijk IM, Ruiter R, Houweling LMA, Herings RMC, Straus SMJM, Stricker BH. Dispensing of potentially
teratogenic drugs before conception and during pregnancy: a population-based study. BJOG Int J Obstet Gynaecol.
2015;122(8):1119-29. https://doi.org/10.1111/1471-0528.13128.

70.de Waard M, Blomjous BS, Hol MLF, Sie SD, Corpeleijn WE, van Goudoever JHB, et al. Medication use during
pregnancy and lactation in a Dutch population. J] Hum Lactat Official J Int Lactat Consult Assoc. 2019;35(1):154—64.
https://doi.org/10.1177/0890334418775630.

71. Schirm E, Meijer WM, Tobi H, de Jong-van den Berg LTW. Drug use by pregnant women and comparable non-pregnant
women in The Netherlands with reference to the Australian classification system. Eur J Obstet Gynecol Reprod Biol.
2004;114(2):182-8. https://doi.org/10.1016/j.ejogrb.2003.10.024.

72.Larcin L, Neven A, Damase-Michel C, Kirakoya-Samadoulougou F. Belgian medication exposure during pregnancy
(BeMeP), a new nationwide linked database: Linkage methods and prevalence of medication use. Pharmacoepidemiol
Drug Saf. 2023;((Larcin L.; Neven A.; Kirakoya-Samadoulougou F., fati.kirakoya@ulb.be) Centre de recherche
Epidémiologie, Biostatistique et Recherche Clinique, Ecole de santé publique, Université libre de Bruxelles (U.L.B.),
Bruxelles, Belgium). https://doi.org/10.1002/pds.5705. Located at: Embase.

73.Larcin L, Lona M, Karakaya G, Van Espen A, Damase-Michel C, Kirakoya-Samadoulougou F. Using administrative
healthcare database records to study trends in prescribed medication dispensed during pregnancy in Belgium from 2003
to 2017. Pharmacoepidemiol Drug Saf. 2021;30(9):1224-32. https://doi.org/10.1002/pds.5299.

74. Marxer CA, Graber SM, Surbek D, Panchaud A, Meier CR, Spoendlin J. Exposure to potentially teratogenic medications
before and during the first trimester of pregnancy compared to women of childbearing age: a retrospective analysis of
Swiss claims data (2015-2021). Acta Obstet Gynecol Scand. 2025;104(4):707-19. https://doi.org/10.1111/a0gs.15052.

75. Marxer CA, Graber SM, Surbek D, Panchaud A, Meier CR, Spoendlin J. Dispensed drugs during pregnancy in outpatient
care between 2015 and 2021 in Switzerland: a retrospective analysis of Swiss healthcare claims data. Swiss Med Wkly.
2024;154(8):3616-3616. https://doi.org/10.57187/s.3616.

76. Louchet M, Collier M, Beeker N, Mandelbrot L, Sibiude J, Chouchana L, et al. Trends in harmful drug exposure during
pregnancy in France between 2013 and 2019: A nationwide cohort study. PLoS ONE. 2024;19(1):¢0295897. https://doi.
org/10.1371/journal.pone.0295897.

77. Ventura M, Maraschini A, D’Aloja P, Kirchmayer U, Lega I, Davoli M, et al. Drug prescribing during pregnancy in a
central region of Italy, 2008-2012. BMC Public Health. 2008;18(1):623. https://doi.org/10.1186/s12889-018-5545-z.
78. Bonassi S, Magnani M, Calvi A, Repetto E, Puglisi P, Pantarotto F, et al. Factors related to drug consumption during

pregnancy. Acta Obstet Gynecol Scand. 1994;73(7):535-40. Located at: Embase.

79.Donati S, Baglio G, Spinelli A, Grandolfo ME. Drug use in pregnancy among Italian women. Eur J Clin Pharmacol.
2000;56(4):323-8. https://doi.org/10.1007/s002280000149.

80. Gagne 1J, Maio V, Berghella V, Louis DZ, Gonnella JS. Prescription drug use during pregnancy: a population-based
study in Regione Emilia-Romagna, Italy. Eur J Clin Pharmacol. 2008;64(11):1125-32. https://doi.org/10.1007/s00228-0
08-0546-y.

BMC Pregnancy and Childbirth N BMC


https://doi.org/10.1007/s40264-021-01117-4
https://doi.org/10.2515/therapie/2014005
https://doi.org/10.1016/j.jgyn.2015.09.004
https://doi.org/10.1016/j.jgyn.2015.09.004
https://doi.org/10.1007/s00228-004-0817-1
https://doi.org/10.1111/j.1471-0528.2006.00927.x
https://doi.org/10.1111/bcp.14341
https://doi.org/10.1093/humrep/det369
https://doi.org/10.1111/1471-0528.13128
https://doi.org/10.1177/0890334418775630
https://doi.org/10.1016/j.ejogrb.2003.10.024
mailto:fati.kirakoya@ulb.be
https://doi.org/10.1002/pds.5705
https://doi.org/10.1002/pds.5299
https://doi.org/10.1111/aogs.15052
https://doi.org/10.57187/s.3616
https://doi.org/10.1371/journal.pone.0295897
https://doi.org/10.1371/journal.pone.0295897
https://doi.org/10.1186/s12889-018-5545-z
https://doi.org/10.1007/s002280000149
https://doi.org/10.1007/s00228-008-0546-y
https://doi.org/10.1007/s00228-008-0546-y

Article in Press https://doi.org/10.1186/512884-026-09978-2

81. Navaro M, Vezzosi L, Santagati G, Angelillo IF. Knowledge, attitudes, and practice regarding medication use in pregnant
women in Southern Italy. PLoS ONE. 2018;13(6):¢0198618. https://doi.org/10.1371/journal.pone.0198618.

82 Sanchez Ortiz S, LlorenteGarcia A, Astasio P, Huerta C, Cea Soriano L. Pharmacoepidemiol Drug Saf. 2020;29(1):57-
68. https://doi.org/10.1002/pds.4910. Located at: Embas.

83 Grupo de Trabajo DUP Espaiia. Estudio multicéntrico sobre el uso de medicamentos durante el embarazo en Espafia (III).
Los farmacos utilizados durante el primer trimestre de la gestacion. Med Clin (Barc). 1991;96(2):52-7.

84 Grupo de Trabajo DUP Espafia. Estudio multicéntrico sobre el uso de medicamentos durante el embarazo en Espana (II).
Los farmacos utilizados durante le gestacion. Med Clin (Barc). 1991;96(1):11-5.

85. Fortinguerra F, Belleudi V, Poggi FR, Perna S, Bortolus R, Donati S, et al. Monitoring medicine prescriptions before,
during and after pregnancy in Italy. PLoS ONE. 2023;18(6):¢0287111. https://doi.org/10.1371/journal.pone.0287111.
86.Leston Vazquez M, Vilaplana-Carnerero C, Gomez-Lumbreras A, Prat-Vallverdu O, Marsal JR, VediaUrgell C, et
al. Drug exposure during pregnancy in primary care: an algorithm and observational study from SIDIAP database,

Catalunya, Spain. BMJ Open. 2023;13(8):e071335. https://doi.org/10.1136/bmjopen-2022-071335.

87. Alcusky M, Rabinowitz C, Maio V. Use of prescription medications during pregnancy in regione Emilia-Romagna, Italy,
2004-2013. J Manag Care Spec Pharm. 2015;21(4-a):S71.

88. Bonati M, Bortolus R, Marchetti F, Romero M, Tognoni G. Drug use in pregnancy: an overview of epidemiological (drug
utilization) studies. Eur J Clin Pharmacol. 1990;38(4):325-8. https://doi.org/10.1007/BF00315569.

89. Statistics | Eurostat. Available from: https://ec.europa.eu/eurostat/databrowser/view/hlth _ehis mdle/default/bar?lang=en.
Cited 2024 Oct 25.

90. The Global Library of Women’s Medicine. Birth Systems Across the World | Article | GLOWM. Available from: http://
www.glowm.com/article/heading/vol-1--pregnancy-and-society--birth-systems-across-the-world-variations-in-maternit
y-policy-and-services-across-countries/id/415183. Cited 2023 Aug 24.

91. Andrade SE, Bérard A, Nordeng HME, Wood ME, van Gelder MMHJ, Toh S. Administrative Claims Data Versus
Augmented Pregnancy Data for the Study of Pharmaceutical Treatments in Pregnancy. Curr Epidemiol Rep.
2017;4(2):106-16. https://doi.org/10.1007/s40471-017-0104-1.

92. Nordeng H, van Gelder M. Drug utilization in pregnant women. In: Elseviers M, Wettermark B, Benkd R, Bennie M,
Gvozdanovi¢ K, Hoffmann M, et al., editors. Drug utilization research: methods and applications. Hoboken, NJ, USA:
John Wiley & Sons; 2024. p. 303—11.

93.Nohmie G, Bérard A, Pottegard A, Bliddal M. Medication Exposure Definitions in Perinatal Pharmacoepidemiology:
Implications for Pregnancy Studies. Paediatr Perinat Epidemiol. 2026. https://doi.org/10.1111/ppe.70158.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Authors and Affiliations

R Nehard' - V Faure Bardon?? . B Coulm' - D Rajendrabose” - E Elefant® - C Vauzelle®* -
D Beghin®- M Latour** - MS Brochet® - M M.H.J. van Gelder®’ - A Dechartres® -
B Marin'?®

>< B Marin
benoit.marin@aphp.fr

Département de Santé Publique, Centre de Référence Sur Les Agents Tératogenes (CRAT), Sorbonne Université,
INSERM, Institut Pierre Louis d’Epidémiologie Et de Santé Publique, Equipe PEPITES, AP-HP, Hopital Pitié
Salpétricre, 75013 Paris, France

Department of Gynecology and Obstetrics, Pitié-Salpétriere Hospital, AP-HP, Sorbonne University, Paris, France

URP FETUS 7328, Federation for Research into Innovative Explorations and Therapeutics in Utero, University of
Paris Cité, Paris, France

Département de Santé Publique, Centre de Référence Sur Les Agents Tératogénes (CRAT), AP-HP.Sorbonne
Université, Hopital Pitié Salpétriere, F75013 Paris, France

Department of Pharmacy and Assisted Reproduction Technology Center, Department of Obstetrics and Gynecology,
CHU Sainte-Justine, Montreal, QC, Canada

B BMC BMC Pregnancy and Childbirth


https://doi.org/10.1371/journal.pone.0198618
https://doi.org/10.1002/pds.4910
https://doi.org/10.1371/journal.pone.0287111
https://doi.org/10.1136/bmjopen-2022-071335
https://doi.org/10.1007/BF00315569
https://ec.europa.eu/eurostat/databrowser/view/hlth_ehis_md1e/default/bar?lang=en
http://www.glowm.com/article/heading/vol-1--pregnancy-and-society--birth-systems-across-the-world-variations-in-maternity-policy-and-services-across-countries/id/415183
http://www.glowm.com/article/heading/vol-1--pregnancy-and-society--birth-systems-across-the-world-variations-in-maternity-policy-and-services-across-countries/id/415183
http://www.glowm.com/article/heading/vol-1--pregnancy-and-society--birth-systems-across-the-world-variations-in-maternity-policy-and-services-across-countries/id/415183
https://doi.org/10.1007/s40471-017-0104-1
https://doi.org/10.1111/ppe.70158
https://orcid.org/0000-0001-8857-0910
mailto:benoit.marin@aphp.fr

https://doi.org/10.1186/512884-026-09978-2 Article in Press

® IQ Health Science Department, Radboud University Medical Center, Nijmegen, The Netherlands

PharmacoEpidemiology and Drug Safety Research Group, Department of Pharmacy, Faculty of Mathematics and
Natural Sciences, University of Oslo, Oslo, Norway

Département de Santé Publique, Centre de Pharmacoépidémiologie (Cephepi), Unité de Recherche Clinique
PSL-CFX, Sorbonne Université, INSERM, Institut Pierre Louis d’Epidémiologie et de Santé Publique, Equipe
PEPITES, AP-HP, Hoépital Piti¢ Salpétriere, F75013 Paris, France

Centre de Référence Sur Les Agents Tératogénes (CRAT), Batiment Mazarin, APHP.Sorbonne Université. Hopital
Pitié Salpétriére, 47-83 Boulevard de L’Hopital, 75013 Paris, France

BMC Pregnancy and Childbirth N BMC



	﻿Medication use during pregnancy in Europe and North America: a systematic review
	﻿Abstract
	﻿Introduction
	﻿Material and methods
	﻿Search strategy
	﻿Eligibility criteria
	﻿Study design
	﻿Population
	﻿Medication
	﻿Medication use
	﻿Study outcomes


	﻿Selection process
	﻿Data extraction
	﻿Risk of bias assessment
	﻿Data synthesis
	﻿Results
	﻿Study selection
	﻿Study characteristics
	﻿Risk of bias within studies
	﻿Number of medications used during pregnancy
	﻿Prevalence of use of at least one medication during pregnancy
	﻿Medication use by pharmacotherapeutic class
	﻿Pregnancy risk classifications and prevalence of use of medications within these risk categories

	﻿Discussion
	﻿Conclusion
	﻿References


