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ABSTRACT

Background: Exposure definitions in real-world pregnancy studies vary across studies, data sources, treatments and outcomes,
yet their impact on prevalence estimates remains unexamined.

Objectives: To identify the most used exposure definitions during the 1st trimester and evaluate their impact on prevalence
estimates:

Methods: We reviewed 400 randomly selected articles on medication use during pregnancy to identify exposure definitions.
Using Danish health registers (1997-2024) and the Québec Pregnancy Cohort (1998-2015), we analysed chronic, as-needed, and
acute medication use. Prevalence (per 1000) was calculated per definition, including: (1) > 1 or (2) > 2 filled prescriptions during 1st
trimester; filled > 1 prescription anytime between the 1st trimester or (3) 30days, (4) 60days, (5) 90days, (6) 6 months before con-
ception; filled a prescription during 1st trimester or before conception, (7) assuming 1 daily defined dose per day or (8) prescribed
days overlapping 1st trimester. Trends across cohorts and medications were compared.

Results: We analysed 1,524,075 pregnancies in Denmark and 229,000 in Québec, Canada. The most common exposure defini-
tions identified from the literature were Definition 1 (83%), followed by Definition 3 (13%). Prevalence varied across definitions,
with differential impacts depending on medication and type of use. Definition 6 (Ist trimester or within the 6 months before
conception) yielded the highest prevalence; Definition 2 (> 2 fills in 1st trimester) the lowest. Broader time-windows of exposure
increased prevalence, with variation by medication. The prevalence of medication use, whether chronic or acute, showed less
variation across definitions than that of as-needed medication.

Conclusions: Medication exposure prevalence varied by definition and medication. Using >1 filled prescriptions in the 1st
trimester yielded prevalence estimates comparable to those from more complex definitions, supporting its use as a pragmatic
standard. Sensitivity analyses and transparent reporting of exposure definition are essential to ensure replicability and critical

appraisal.
1 | Background Perinatal pharmacoepidemiologic studies are the corner-
stone of our understanding of the effect of such medication
Most pregnant individuals take at least one prescription med- exposure. However, operational definitions of perinatal ex-
ication [1-5]. Some medications have the potential to cross  posure vary greatly among studies. Currently, drug utilisa-
the placenta, raising concerns about their safety for the child. tion research has not systematically examined how different
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exposure definitions influence prevalence and risk estimates.
Exposure definitions depend on factors such as healthcare
systems, reimbursement policies, data sources, and indica-
tions of interest.

The objectives of this study were to (i) identify the most com-
monly used operational definitions for calculating medication
exposures during the first trimester of pregnancy and (ii) evalu-
ate how these distinct exposure definitions impact the estimated
prevalence of medication use during the first trimester of preg-
nancy in two countries with different prescription access and
policies.

2 | Methods

To identify commonly used definitions of first-trimester medi-
cation exposure, we conducted a literature review in the fall of
2024. Articles were identified through a PubMed search using the
following strategy: “Pregnancy”[Mesh] AND (“Pharmaceutical
Preparations”[Mesh] OR “exposure*” OR “first trimester”) AND
(“Denmark”[Mesh] OR “Sweden”[Mesh] OR “Norway”[Mesh]
OR “Finland”[Mesh] OR “Canada”[Mesh]| OR “Asia”[Mesh| OR
“United States”[Mesh]). Search results were screened in random
order by one reviewer (G.N.). Observational studies that explic-
itly described the operational definition of first-trimester med-
ication exposure were eligible, and screening continued until
400 studies were included. We included in our PubMed search
countries and regions where pharmacoepidemiologic research
is well established and where administrative data sources are
commonly used to ascertain medication exposure definitions in
perinatal studies.

Using the Danish National Health Registers [6] and the Québec
Pregnancy Cohort (QPC) [2], we conducted a population-based
cohort study to examine how exposure definition influences the
estimated prevalence of medication use during the first trimes-
ter. We selected medications prescribed for both mental illnesses
and somatic conditions, encompassing chronic, as-needed,
and acute use, as they follow different prescribing patterns.
Denmark and Québec, Canada, were selected because of dif-
ferences in healthcare systems and prescription refill practices.
For instance, chronic prescriptions are typically filled every
30days in Québec [7], versus every 3months in Denmark [8].
These differences provide a unique opportunity to assess how
prescription patterns influence estimates of medication use in
pregnancy in different settings.

2.1 | Danish Data Sources

We used information from the Danish Medical Birth Register [9]
to identify all pregnancies resulting in a live or stillbirth. Using
the unique identification number assigned to all residents in
Denmark at birth or upon immigration [10], we linked data from
the Medical Birth Register to the Danish National Prescription
Registry [11] to obtain information on filled prescriptions.
Denmark provides tax-funded, universal maternity care and all
healthcare contacts are mandated to be reported, yielding an
unselected nationwide cohort.

The Danish Medical Birth Register contains information on
all births in Denmark since 1973. It includes maternal charac-
teristics, specific variables related to pregnancy and delivery,
and information on outcomes. Additionally, it records the date
of delivery and gestational age based on ultrasound scans or, if
missing, on maternal recall of the first date of the last menstrual
period. Live births are included regardless of gestational age,
while stillbirths are only recorded if delivery occurred after 21
full weeks of gestational age [9]. Gestational age was defined as
the first day of the last menstrual period (LMP).

The Danish National Prescription Register contains individual-
level data on all dispensed medications at community pharmacies
since 1994. All pharmacies in Denmark are community pharma-
cies. The term ‘community’ is used to distinguish dispensing
in primary care settings from hospital-based medication use.
Therefore, the pharmacy data captured in our study reflect med-
ications dispensed exclusively by community pharmacies, not by
hospitals. It provides information on date of dispensation, ana-
tomical therapeutic chemical (ATC) classification codes, number
of tablets, number of doses per unit in package, number of defined
daily doses (DDD) per package and number of packets filled [11].

2.2 | Québec Pregnancy Cohort

The Quebec Pregnancy Cohort is a prospective population-
based cohort. For this study, data on pregnancies insured by
the ‘Régie de I'Assurance Maladie du Québec (RAMQ)’ public
drug plan between January 1998 and December 2015 were con-
sidered [2]. RAMQ provides medical and pharmaceutical cov-
erage to Québec (Canada) residents who are welfare recipients,
employees without a medication coverage from their employer
or spouse’s employer, and individuals >65years old. This co-
hort was constructed by linking three databases using a unique
patient-encrypted identifier, the mother's and child's dates of
birth and names and surnames. RAMQ contains information
on dispensed medications from pharmacies, including medi-
cation name, prescribed duration, dosage, ATC codes, number
of filled pills and dispensing date. Individuals in the QPC are
covered by Quebec's public prescription drug insurance plan for
at least 12months before the first day of gestation, and during
pregnancy. The first day of gestation is defined as the first day
of LMP confirmed by ultrasound for most pregnancies and val-
idated against medical charts (Pearson correlation =0.970) [12].
The Maintenance et exploitation de données pour 1'étude de la
clientele hospitaliere (MED-ECHO) contains information on
acute care hospitalisations, diagnostic codes and gestational age
[2]. The Institut de la Statistique du Québec (ISQ) contains de-
mographic information on the mother and baby, as well as birth-
weight and gestational age for livebirths and stillbirths [2].

2.3 | Study Populations

We identified pregnancies in the Danish cohort from 1997 to
2023 and in the Québec Pregnancy cohort from 1998 to 2015.
We identified all pregnancies leading to a birth, whether live or
stillbirths. The study unit was the pregnancy; thus, each preg-
nant individual could be included more than once. Pregnancies
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were included if they had available information on gestational
age (>21+0weeks). To ensure complete information on medi-
cation use, we restricted to pregnancies in which the pregnant
mother was registered as a resident in Denmark from 1year
prior to pregnancy until 3months postpartum, and for Québec,
to pregnancies with continuous public drug insurance plan cov-
erage over the same period.

2.4 | Exposure Definition and Time Window

Medication use surrounding pregnancy was of interest, with a
particular focus on the first trimester, the period of organogen-
esis. The time window of interest for exposure definitions iden-
tified from the literature was the first trimester. We defined the
first trimester as the period from the first day of gestation to the
12th completed week of pregnancy, i.e., 84 days (12+0) [13, 14].

The definitions retained in this analysis obtained through
the literature review were: Definition 1: filled >1 prescription
during the 1st trimester, Definition 2: filled >2 prescriptions in
the 1st trimester, Definition 3: filled >1 prescription during the
1st trimester or within the 30 days before conception, Definition
4: filled >1 prescription during the 1st trimester or within the
60days before conception, Definition 5: filled >1 prescription
during the 1st trimester or within the 90 days before conception,
Definition 6: filled >1 prescription during the 1st trimester or
within the 6 months before conception, Definition 7: filled a pre-
scription during the 1st trimester or before conception, assuming
DDD overlapping 1st trimester with 1 DDD per day (only appli-
cable in Danish data), Definition 8: filled a prescription during
the 1st trimester or before conception with prescribed days over-
lapping 1st trimester (only applicable in Canadian data).

2.5 | Medications of Interest

Because variation in prevalence depends on the definition used,
we assessed the impact of exposure definitions on selected medi-
cations. Filled medications were identified using ATC codes. We
studied six chronic medications: selective serotonin-reuptake in-
hibitors (SSRIs) (NO6AB), antiepileptics (N03), 5-blocking agents
(C07), other drugs for obstructive airway diseases, inhalants
(RO3B), levothyroxine sodium (HO3AAO01), and psychostimu-
lants, agents used for ADHD and nootropics (N06B). We further
studied three medications used as needed: anti-inflammatory
and antirheumatic products, non-steroids (M01A), paracetamol
(N02BEO1), and opioids (N0O2A). Finally, we studied one medi-
cation used to treat acute conditions: antibacterials for systemic
use (JO1).

2.6 | Statistical Analysis

We tabulated the frequency of the different definitions found in
our random sample of 400 articles. For each cohort, we calcu-
lated the weekly prevalence of medication fills from the year be-
fore pregnancy through 3 months post-delivery. This was done
for overall medication use and for each included medication. To
better understand the trends of prescription fillings in each co-
hort during the first trimester, we modelled the prevalence of

filling prescriptions (per 1000) per gestational week by fitting a
linear regression model for each cohort per studied medication.
We report the slope coefficient () as the change rate of weekly
filled prescriptions (per 1000 pregnancies) and 95% confidence
intervals (95% CI) for each model. Gestational lengths were con-
sidered, as not all pregnancies contribute to each weekly prev-
alence; consequently, the denominator changes weekly after
Week 21 of gestation.

For each of the eight exposure definitions identified above, we
calculated the prevalence proportion of exposed pregnancies
(per 1000) within each cohort.

In a post hoc analysis, we quantified the overlap between
Definition 1 (filled >1 prescription during the 1st trimester)
and each alternative definition by identifying pregnancies that
were classified under both definitions and those unique to either
definition.

2.7 | Sensitivity Analyses

According to the literature, there is variation in the definition of
the first trimester [14-19]. Therefore, we repeated the analyses,
defining the end of the first trimester at Weeks 13+ 0 and 14 +0.

2.8 | Missing Data

We excluded pregnancies with missing gestational age. Multiple
imputation was not performed.

2.9 | Ethics Statement

No ethics approval from an Institutional Review Board was
required for the conduction of this study. In accordance with
Danish legislation, approval and patient consent are not re-
quired for studies conducted exclusively using registry data. For
Québec Pregnancy Cohort, data linkages were previously autho-
rised by the Québec Comission d'Acces a I'information.

3 | Results

In total, we identified 1,524,075 pregnancies between 1997 and
2023 in the Danish cohort and 229,000 between 1998 and 2015
in QPC (Figure 1). In the Danish cohort, pregnancies with miss-
ing gestational age (n=202, 0.01%), incomplete health cover-
age (n=63,399, 4.0%) and invalid gestational age (<21weeks)
(n=42,295, 2.7%) were excluded. In the QPC, incomplete public
drug plan coverage (n=20,494 [8.2%]) and invalid gestational
age (n=33 [0.01%]) were excluded. No missing gestational age
was recorded in QPC. The most used definition for medication
exposure during the first trimester was the binary ‘filled > 1 pre-
scription during the 1st trimester’ (Definition 1, 83%), followed
by ‘filled >1 prescription between 30days before conception
and the end of the 1st trimester(Definition 3, 13%)’, and ‘filled
>1 prescription during 1st trimester or before gestation with
prescribed days overlapping 1st trimester’ (Definition 8, 9.8%)
(Table 1).
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Denmark
1997 - 2023
(n=1,629,971 pregnancies)

5 | Missing gestational age
(n =202 [0.01%])

Insufficient follow-up

—
[ (n = 63,399 [4.0%])

.| Invalid gestational age (<21 weeks)
(n = 42,295 [2.7%])

Final Eligible cohort
(n =1,524,075 pregnancies)

Québec, Canada
1998 - 2015
(n = 249,527 pregnancies)

Missing gestational age ]

—4 (n =0 [0.0%])

I 5| Insufficient follow-up
(n = 20,494 [8.2%])

5| Invalid gestational age (<21 weeks)
(n=33[0.01%])

Final Eligible cohort
(n =229,000 pregnancies)

FIGURE1 | Flow chart of study populations in Denmark and Québec, Canada.

TABLE1 | Definitions of medication exposures during 1st trimester
and frequency of use in the literature review (n =400).

Frequency
Definitions (%)?

Definition 1 Filled >1 prescription 333(83)

during the 1st trimester

Definition 2 Filled > 2 prescriptions 32(8.0)

in the 1st trimester

Definition 3  Filled >1 prescription during 52 (13)
the 1st trimester or within the

30days before conception

Definition 4  Filled >1 prescription during 6(1.5)
the 1st trimester or within the

60days before conception

Definition 5  Filled >1 prescription during 24 (6.0)
the 1st trimester or within the

90days before conception

Definition 6  Filled >1 prescription during 3(0.75)
the 1st trimester or within the

6 months before conception

Definition 7 Filled >1 prescription 10 (2.5)
during 1st trimester or
before gestation, assuming
DDD overlapping 1st

trimester with 1 DDD/day

Definition 8 Filled >1 prescription 39(9.8)
during 1st trimester or before
gestation with prescribed

days overlapping 1st trimester

2Frequencies do not add up to 100% since many articles used more than one
definition.

In both cohorts, weekly prescription fills declined in the year
before pregnancy (Figure 2). Unlike in QPC, where the trend
continued to decrease in the first few weeks of pregnancy, the
number of filled prescriptions increased in Denmark during
the first 3weeks of pregnancy. This was driven by the use of

gonadotropins and other ovulation stimulants (G03G) (100
per 1000). During the postpartum period, both cohorts experi-
enced a surge in the number of prescriptions filled. In an ex-
ploratory post hoc analysis, the increase in medication fillings
in Denmark was driven by beta-lactam antibacterials, penicillin
(JO1C, 93 per 1000), treatment of haemorrhoids and anal fissures
for topical use (CO5A, 63 per 1000) and NSAIDs (MO1A, 24 per
1000). In Québec, the first 3weeks postpartum were driven by
the use of NSAIDs (M01A, 166 per 1000), hormonal contracep-
tives for systemic use (GO3A, 115 per 1000) and opioids (NO2A,
111 per 1000).

The prevalence of medication use varied substantially across
exposure definitions, with higher proportions observed as
the exposure time window widened. Definition 6 (filled >1
prescription between 6months before conception and the
end of the 1st trimester) yielded the highest estimates for
all medications, while Definition 2 (filled >2 prescrip-
tions in the 1st trimester) consistently produced the lowest
(Tables S1-S6).

3.1 | Chronic Medications Use

Prevalence of weekly filled prescriptions for chronic medica-
tions (Figures S1-S6) either decreased or remained stable during
the first trimester. For instance, SSRI weekly filled prescriptions
showed a consistent decline in both cohorts during the 1st tri-
mester, with greater variation in Québec (from 3.6 per 1000 on
Week 1 to 2.4 per 1000 on Week 12; § —0.14 prescription per
1000, 95% CI —0.18 to —0.11) compared to Denmark (from 2.1
per 1000 to 1.4 per 1000; 8 —0.08 prescription per 1000, 95% CI
—0.09 to —0.06) (Figure S1), while antiepileptic use decreased in
the QPC (from 1.9 per 1000 to 1.2 per 1000, 8 —0.08 prescription
per 1000, 95% CI —0.11 to —0.05) but remained constant in the
Danish cohort (8 —0.002 prescription per 1000, 95% CI —0.007
to 0.003) (Figure S2).

Except for Definition 2 (>2 filled prescriptions in the 1st tri-
mester), most definitions produced similar prevalences, with
an increase as the exposure window widened (Figure 3). For
instance, the prevalence of SSRIs varied from 15.3 per 1000

4
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FIGURE2 |

(Definition 1) to 28.5 per 1000 (Definition 6) and from 17.1 per
1000 to 29.6 per 1000 in Denmark and Québec, respectively
(Tables S1 and S4). In our mapping analysis, definitions with
longer time windows (Definitions 3-6) identified all exposed
pregnancies from Definition 1 (Tables S7 and S8).

3.2 | Medications Use As-Needed

Medication use as needed showed notable variation across ex-
posure definitions (Figure 4). NSAIDs use decreased in both
cohorts (Denmark from 3.7 per 1000 to 0.4 per 1000, 8 —0.32
prescription per 1000, 95% CI —0.40 to —0.23; QPC from 3.4
per 1000 to 0.4 per 1000, 8 —0.32 prescription per 1000, 95%
CI -0.42 to —0.23) (Figure S7). In QPC, paracetamol use in-
creased during the first trimester (from 0.5 per 1000 in Week 1
to 0.8 per 1000 in Week 12, 8 0.03 prescription per 1000, 95% CI
0.02-0.05), while it decreased in Denmark (from 1.7 per 1000
to 0.8 per 1000, 8 —0.09 prescription per 1000, 95% CI —0.12
to —0.06, Figure S8). Opioids also showed a decrease in both
cohorts (Denmark from 1.2 per 1000 to 0.4 per 1000, 8 —0.09
prescription per 1000, 95% CI —0.11 to —0.07; QPC from 2.0
per 1000 to 1.3 per 1000, 5 —0.08 prescription per 1000, 95% CI
—0.12 to —0.05) (Figure S9).

NSAIDs and paracetamol showed the largest variability when
longer exposure windows were considered. In Denmark,
NSAIDs prevalence went from 17.5 per 1000 in Definition 1 to
95.3 per 1000 in Definition 6, and paracetamol from 11.6 per
1000 to 41.0 per 1000, respectively. In Québec, NSAIDs preva-
lence increased from 16.7 per 1000 to 103.6 per 1000, and parac-
etamol from 6.6 per 1000 to 16.5 per 1000, respectively (Figure 4
and Tables S1 and S4).

In our mapping analysis, the number of exposed pregnancies being
added by longer exposure time windows surpassed the number of

1st day of gestation

End of 1st trimester
End of 2nd trimester

3 5 7 9 1

Postpartum (weeks)

Prevalence of filling of any prescription medication by week from 1year prior to pregnancy to 3 months postpartum.

pregnancies identified by both definitions for all three medication
classes (NSAIDs, paracetamol, and opioids) (Tables S7 and S8).

3.3 | Acute Medications Use

A slight decreasing trend in the prevalence of weekly filled pre-
scriptions for acute conditions, i.e., antibacterials for systemic
use, was observed in QPC (8 —0.13 prescription per 1000, 95%
CI —-0.33 to 0.07), whereas an increasing trend was observed
in Denmark (from 10.2 per 1000 to 12.0 per 1000, 3 0.40 pre-
scription per 1000, 95% CI 0.19-0.62; Figure S10). Except for
Definition 2, prevalence of systemic antibacterial use showed
large variations across definitions and increased with wider ex-
posure window (Denmark from 116.8 per 1000 in Definition 1
to 294.2 per 1000 in Definition 6; Québec from 102.6 per 1000
to 284.0 per 1000, respectively) (Figure 5 and Tables S1 and S4).

In our mapping analysis, definitions with longer time win-
dows (Definitions 3-6) identified all exposed pregnancies from
Definition 1 (Tables S7 and S8). Sensitivity analyses confirmed
these findings, showing trends similar to those of the primary
analysis (Tables S2, S3, S5 and S6).

4 | Comment
4.1 | Principal Findings

We identified commonly used 1st-trimester exposure defini-
tions and evaluated how these definitions affected the preva-
lence of medication use. By far, the most used definition was
the filling of at least one prescription within the first trimester.
Our findings indicate that, for most selected medications, this
easily explained definition yields exposure estimates similar to
those from more complex definitions.
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FIGURE 3 | Prevalences of chronic treatments according to different definitions in Denmark and Québec, Canada. The definition categories 1-8

are described in Table 1.

4.2 | Strengths of the Study

A key strength of this study is the use of two large, population-
based cohorts from different healthcare systems. The Danish
cohort benefits from nationwide coverage, reducing the risk of
selection bias. Another advantage of the Danish cohort was the
use of fully updated data until 2023. The QPC includes 36% of
all pregnant individuals in the province aged 15-45 during the
study period. However, privately and publicly insured pregnan-
cies have similar characteristics [20].

4.3 | Limitations of the Data

A main limitation of this study is the incomplete capture of all
pregnancies, including those ending before gestational Week
21. Therefore, we were unable to capture pregnancies that
ended with pregnancy losses and terminations, underesti-
mating the prevalence of exposed pregnancies. Furthermore,
filled prescriptions serve as proxies for medication consump-
tion, not actual intake. However, prior studies have found
that medications filled during pregnancy are usually taken,
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FIGURE 4 | Prevalences of as-needed treatments according to different definitions in Denmark and Québec, Canada. The definition categories

1-8 are described in Table 1.

particularly for chronic and acute medications, but less so for
as-needed [21]. Therefore, there is a risk of exposure misclassi-
fication, especially for as-needed treatments such as NSAIDs
and paracetamol. In Denmark, prescriptions are required to
purchase more than 20 pills of paracetamol or NSAIDs [22].
Such restrictions do not exist in Québec, which may lead to an
under-ascertainment of exposure.

It was impossible to calculate prevalences for some definitions
across the two study cohorts due to variation in data capture.
For example, information on prescription duration is available
in Quebec data but not in the Danish Prescription Registry.

4.4 | Interpretation

These results suggest that the simpler definition can serve as a
practical and effective standard, supporting better comparabil-
ity across studies and improved methodological transparency.

The timing and method used to define exposure are crucial.
However, variation in definitions was markedly greater for as-
needed medications compared to those used acutely or chron-
ically. When dosage information was considered (Definitions 7
and 8), the prevalence of exposed pregnancies in the first trimes-
ter decreased and more closely aligned with that of Definition 1.
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FIGURE 5 | Prevalences of acute treatment (antibacterials for systemic use) according to different definitions in Denmark and Québec, Canada.

The definition categories 1-8 are described in Table 1.

In addition, comparisons across definitions also revealed im-
portant methodological implications. Definitions with longer
exposure windows (Definitions 3-6) included all pregnancies
identified by Definition 1 and captured additional pregnan-
cies with predefined duration. The level of additional exposed
pregnancies varied by medication type. We conducted the
study in two countries, Canada and Denmark, which reflect
different clinical guidelines and prescribing patterns. These
differences may be partly explained by distinctions in health
care systems, including public coverage and the socioeconomic
status of insured people [2, 9]. Overall, we observed a general
decline in weekly filled prescriptions during pregnancy across
both cohorts, suggesting a change in medication use behaviour

during the first trimester once pregnant individuals suspect a
pregnancy.

The identified definitions highlight the importance of pre-
cisely defining first-trimester medication exposure in perina-
tal pharmacoepidemiology. While the dichotomous definitions
presented here do not capture exhaustive exposure definitions
or exposure during specific gestational weeks, this distinction
becomes increasingly relevant for studies that aim to assess out-
comes linked to narrower exposure windows (e.g., spina bifida).
The choice of exposure definition should align with the study
objective, whether describing medication utilisation patterns or
estimating comparative effectiveness or safety, and account for
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potential biases such as immortal time bias, dosage information
and timing of exposure.

5 | Conclusions

The choice of exposure definition influences prevalence esti-
mates of medication use during the first trimester of pregnancy.
This variation depends on the medication, its indication, and the
healthcare system. Defining exposure as >1 filled prescription
during the first trimester yields estimates comparable to those
from more complex definitions, supporting its use as a gold stan-
dard across data sources to facilitate comparability. Sensitivity
analyses using alternative definitions are recommended to as-
sess the robustness of findings. Ultimately, transparency in de-
fining exposure is essential to enable reproducibility and critical
appraisal of study design and findings.

Author Contributions

G.N., A.P. and M.B. initiated the project. G.N. handled the data manage-
ment and analysed the data. G.N. drafted the first version of the manu-
script. All authors contributed to the critical review of the manuscript,
then read and approved the final version.

Funding

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data supporting the findings of this study are available upon re-
quest from the Danish health authorities and the Régie de l'Assur-
ance Maladie du Québec but are not publicly available due to privacy
concerns.

References

1. A. Berard, F. Abbas-Chorfa, B. Kassai, et al., “The French Pregnancy
Cohort: Medication Use During Pregnancy in the French Population,”
PLoS One 14 (2019): €0219095.

2. A. Berard and O. Sheehy, “The Quebec Pregnancy Cohort—Preva-
lence of Medication Use During Gestation and Pregnancy Outcomes,”
PL0S One 9 (2014): €93870.

3. M. K. Bakker, J. Jentink, F. Vroom, P. B. Van Den Berg, H. E. De Walle,
and L. T. De Jong-Van Den Berg, “Drug Prescription Patterns Before,
During and After Pregnancy for Chronic, Occasional and Pregnancy-
Related Drugs in the Netherlands,” BJOG: An International Journal of
Obstetrics & Gynaecology 113 (2006): 559-568.

4.8S. Salvatore, D. Domanska, M. Wood, H. Nordeng, and G. K. Sandve,
“Complex Patterns of Concomitant Medication Use: A Study Among
Norwegian Women Using Paracetamol During Pregnancy,” PLoS One 12
(2017): €0190101.

5. M. O. Thunbo, J. H. Vendelbo, D. R. Witte, A. Larsen, and L. H. Peder-
sen, “Use of Medication in Pregnancy on the Rise: Study on 1.4 Million
Danish Pregnancies From 1998 to 2018,” Acta Obstetricia et Gynecolog-
ica Scandinavica 103 (2024): 1210-1223.

6. M. Schmidt, S. A. J. Schmidt, K. Adelborg, et al., “The Danish
Health Care System and Epidemiological Research: From Health

Care Contacts to Database Records,” Clinical Epidemiology 11 (2019):
563-591.

7. A. Berard, L. Azoulay, G. Koren, L. Blais, S. Perreault, and D. Oraichi,
“Isotretinoin, Pregnancies, Abortions and Birth Defects: A Population-
Based Perspective,” British Journal of Clinical Pharmacology 63 (2007):
196-205.

8. H. W. Kildemoes, H. T. Sorensen, and J. Hallas, “The Danish National
Prescription Registry,” Scandinavian Journal of Public Health 39 (2011):
38-41.

9. M. Bliddal, A. Broe, A. Pottegard, J. Olsen, and J. Langhoff-Roos,
“The Danish Medical Birth Register,” European Journal of Epidemiol-
ogy 33 (2018): 27-36.

10. M. Schmidt, L. Pedersen, and H. T. Sorensen, “The Danish Civil
Registration System as a Tool in Epidemiology,” European Journal of
Epidemiology 29 (2014): 541-549.

11. A. Pottegard, S. A. J. Schmidt, H. Wallach-Kildemoes, H. T. So-
rensen, J. Hallas, and M. Schmidt, “Data Resource Profile: The Danish
National Prescription Registry,” International Journal of Epidemiology
46 (2017): 798-798f.

12. A. Vilain, S. Otis, A. Forget, and L. Blais, “Agreement Between Ad-
ministrative Databases and Medical Charts for Pregnancy-Related Vari-
ables Among Asthmatic Women,” Pharmacoepidemiology and Drug
Safety 17 (2008): 345-353.

13. M. Bliddal, R. Wesselhoeft, K. Strandberg-Larsen, et al., “Prenatal
Antidepressant Exposure and Emotional Disorders Until Age 22: A
Danish Register Study,” Child and Adolescent Psychiatry and Mental
Health 17 (2023): 73.

14.N. L. K. Rausgaard, A. Broe, M. Bliddal, et al., “Use of Opioids
Among Pregnant Women 1997-2016: A Danish Drug Utilization Study,”
European Journal of Obstetrics, Gynecology, and Reproductive Biology
289 (2023): 163-172.

15. L. Straub, B. T. Bateman, S. Hernandez-Diaz, et al., “Comparative
Safety of In Utero Exposure to Buprenorphine Combined With Nalox-
one vs Buprenorphine Alone,” Journal of the American Medical Associ-
ation 332 (2024): 805-816.

16. E. M. Breddels, J. Simin, R. Fornes, et al., “Population-Based Cohort
Study: Proton Pump Inhibitor Use During Pregnancy in Sweden and
the Risk of Maternal and Neonatal Adverse Events,” BMC Medicine 20
(2022): 492.

17. E. Moseholm, T. L. Katzenstein, G. Pedersen, et al., “Use of An-
tiretroviral Therapy in Pregnancy and Association With Birth Out-
come Among Women Living With HIV in Denmark: A Nationwide,
Population-Based Cohort Study,” HIV Medicine 23 (2022): 1007-1018.

18. H. Zoega, H. Kieler, M. Norgaard, et al., “Use of SSRI and SNRI
Antidepressants During Pregnancy: A Population-Based Study
From Denmark, Iceland, Norway and Sweden,” PLoS One 10 (2015):
€0144474.

19. A. Berard, J. P. Zhao, and O. Sheehy, “Antidepressant Use During
Pregnancy and the Risk of Major Congenital Malformations in a Cohort
of Depressed Pregnant Women: An Updated Analysis of the Quebec
Pregnancy Cohort,” BMJ Open 7 (2017): e013372.

20. A. Berard and A. Lacasse, “Validity of Perinatal Pharmacoepidemi-
ologic Studies Using Data From the RAMQ Administrative Database,”
Canadian Journal of Clinical Pharmacology 16 (2009): e360-e369.

21.J. P. Zhao, O. Sheehy, J. Gorgui, and A. Berard, “Can We Rely on
Pharmacy Claims Databases to Ascertain Maternal Use of Medications
During Pregnancy?,” Birth Defects Research 109 (2017): 423-431.

22.B. R. Morthorst, A. Erlangsen, M. Nordentoft, K. Hawton, L. C. G.
Hoegberg, and K. P. Dalhoff, “Availability of Paracetamol Sold Over the
Counter in Europe: A Descriptive Cross-Sectional International Survey
of Pack Size Restriction,” Basic & Clinical Pharmacology & Toxicology
122 (2018): 643-649.

Paediatric and Perinatal Epidemiology, 2026

85U017 SUOWIWIOD BAITER1D 3dedldde sy Ag peusenob ae ssjoiie YO ‘sn Jo sa|nu oy Areiqi 8uljuO 8|1 UO (SUOTHPUOD-pUR-SLLRYLI0D A8 | 1m° Afe.q)1[BU1|UO//SANY) SUOTIPUOD pue SWe | 8L 88S *[9202/90/ST] Uo Akeiqiauliuo A(IM ‘Ariqi usiueq Aoy Aq 85T0.3dd/TTTT OT/I0pAW00 8| 1M Aselq Ul |uoy//Sdny woj pspeojumod ‘0 ‘9TOESIET



Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Filling of SSRIs (NO6AB)
by week from 12months prior to gestation to 3months postpartum.
Figure S2: Filling of antiepileptics (N03) by week from 12 months prior
to gestation to 3months postpartum. Figure S3: Filling of 5-blocking
agents (C07) by week from 12months prior to gestation to 3months
postpartum. Figure S5: Filling of levothyroxine sodium (HO3AA01)
by week from 12months prior to gestation to 3months postpartum.
Figure S4: Filling of other drugs for obstructive airway diseases, in-
halants (R03B) by week from 12months prior to gestation to 3months
postpartum. Figure S6: Filling of psychostimulants, agents used for
ADHD and nootropics (N06B) by week from 12months prior to gesta-
tion to 3 months postpartum. Figure S7: Filling of NSAIDs (M01A) by
week from 12 months prior to gestation to 3 months postpartum. Figure
S8: Filling of paracetamol (NO2BEO1) by week from 12months prior to
gestation to 3 months postpartum. Figure S9: Filling of opioids (N02A)
by week from 12months prior to gestation to 3months postpartum.
Figure S10: Filling of antibacterials for systemic use (JO1) by week from
12months prior to gestation to 3 months postpartum. Table S1: Number
of prevalent users in Denmark (N[/1000]) according to different defi-
nitions with first trimester ending at Week 12. Table S2: Number of
prevalent users in Denmark (N[/1000]) according to different defini-
tions with first trimester ending at Week 13. Table S3: Number of prev-
alent users in Denmark (N[/1000]) according to different definitions
with first trimester ending at Week 14. Table S4: Number of prevalent
users in Québec (N[/1000]) according to different definitions with first
trimester ending at Week 12. Table S5: Number of prevalent users in
Québec (N[/1000]) according to different definitions with first trimes-
ter ending at Week 13. Table S6: Number of prevalent users in Québec
(N[/1000]) according to different definitions with first trimester end-
ing at Week 14. Table S7: Definitions mapping and comparison with
Definition 1 in Denmark. Table S8: Definitions mapping and compari-
son with Definition 1 in Québec.

10

Paediatric and Perinatal Epidemiology, 2026

85U017 SUOWIWIOD BAITER1D 3dedldde sy Ag peusenob ae ssjoiie YO ‘sn Jo sa|nu oy Areiqi 8uljuO 8|1 UO (SUOTHPUOD-pUR-SLLRYLI0D A8 | 1m° Afe.q)1[BU1|UO//SANY) SUOTIPUOD pue SWe | 8L 88S *[9202/90/ST] Uo Akeiqiauliuo A(IM ‘Ariqi usiueq Aoy Aq 85T0.3dd/TTTT OT/I0pAW00 8| 1M Aselq Ul |uoy//Sdny woj pspeojumod ‘0 ‘9TOESIET



	Medication Exposure Definitions in Perinatal Pharmacoepidemiology: Implications for Pregnancy Studies
	ABSTRACT
	1   |   Background
	2   |   Methods
	2.1   |   Danish Data Sources
	2.2   |   Québec Pregnancy Cohort
	2.3   |   Study Populations
	2.4   |   Exposure Definition and Time Window
	2.5   |   Medications of Interest
	2.6   |   Statistical Analysis
	2.7   |   Sensitivity Analyses
	2.8   |   Missing Data
	2.9   |   Ethics Statement

	3   |   Results
	3.1   |   Chronic Medications Use
	3.2   |   Medications Use As-Needed
	3.3   |   Acute Medications Use

	4   |   Comment
	4.1   |   Principal Findings
	4.2   |   Strengths of the Study
	4.3   |   Limitations of the Data
	4.4   |   Interpretation

	5   |   Conclusions
	Author Contributions
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


