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Prenatal antidepressant exposure and child development
at kindergarten age: a population-based study
Mina Park1,2, Gillian E. Hanley2,3, Martin Guhn1 and Tim F. Oberlander1,2,4

BACKGROUND: Though prenatal antidepressant exposure has been associated with adverse developmental outcomes, the extent
to which the effects are due to prenatal drug exposure or underlying maternal mood disturbances is unclear.
METHODS: This was a population-based retrospective cohort study using administrative data from British Columbia, Canada (n=
94,712). Analyses were designed to remove confounding effects of prenatal antidepressant exposure from maternal mood. First,
children prenatally exposed to antidepressants were matched to unexposed children using high-dimensional propensity scores
(HDPS). Second, children whose mothers had used antidepressants throughout pregnancy were compared against those whose
mothers discontinued treatment.
RESULTS: In all, 3.87% (n= 3661) of children in the overall study population were prenatally exposed to antidepressants. In both
analyses, we report increased odds for lower levels of physical independence (HDPS: OR, 1.14; 95% CI, 1.00–1.30; continuers/
discontinuers: OR, 1.14; 95% CI, 0.99–1.32), and higher levels of anxious behaviors (HDPS: OR, 1.30; 95% CI, 1.01–1.66; continuers/
discontinuers: OR, 1.32; 95% CI, 1.01–1.72) associated with antidepressant use in pregnancy. All other relationships were not
significant using these methods.
CONCLUSIONS: Prenatal antidepressant exposure was selectively associated with worse anxious behaviors and physical
independence at kindergarten age, with no effects on other developmental domains. Effects are also likely attributable to maternal
mental illness severity or other unmeasured confounding factors.
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IMPACT:

● Selective associations between prenatal antidepressant exposure and children’s anxiety and physical independence at
kindergarten were identified, with no impact on other developmental domains.

● Contradictory reports have emerged regarding the association of adverse child outcomes with prenatal antidepressant
exposure. These inconsistencies may be due to differences in control for confounding.

● Effects of prenatal antidepressant exposure on anxious behaviors and physical independence are likely also attributable to
severity of underlying maternal mood disorders, highlighting the importance of maternal mental health for developmental
health.

INTRODUCTION
Depression during pregnancy affects up to 17% of women,1

making it among the top complications of pregnancy. Almost a
third of treatment-seeking women are prescribed antidepressants,
the most commonly used class of which is selective serotonin
reuptake inhibitors (SSRIs).2,3 The decision to pursue or continue
pharmacotherapy for depression during pregnancy raises challen-
ging questions for women and their clinicians due to the need to
balance maternal mental health needs with concerns of adverse
fetal and developmental effects. While discontinuing antidepres-
sant treatment may increase the risk of relapsing depression
during pregnancy,4,5 which in turn, carries risk for maternal and
fetal health,6 there are legitimate concerns that taking antide-
pressants during pregnancy may adversely impact child

development. Elucidating the effects of prenatal antidepressant
exposure on development, in order to better understand potential
risks to the developing child and help guide treatment decisions,
thus remains an important research objective.
Antidepressants readily cross the placenta and the fetal

blood–brain barrier, and thus, it is plausible that early shifts in
monoamine transmitters during developmentally sensitive peri-
ods could influence early brain development.7 Yet, reports of long-
term effects following such exposure have been inconsistent and
contradictory. Studies have reported higher risk for outcomes,
including autism spectrum disorder;8 attentional disorders;9 and
altered motor, emotional, and language development in chil-
dren;10–14 while recent findings suggest that a broader range of
neurodevelopmental outcomes encompassing overall risk of
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psychiatric disorders may be affected.15 However, central to
understanding the impact of prenatal antidepressant exposure is
the need to disentangle the effects of antidepressant exposure
from those of the underlying maternal mental illness (“confound-
ing by indication”).7

Confounding by indication is a critical methodological conun-
drum when addressing questions of fetal pharmacoepidemiology.
Untreated, maternal depression in and of itself is an independent
risk factor associated with poorer developmental outcomes,
including low birth weight, preterm birth, and socio-emotional
disorders later in childhood.7,16 Moreover, the treatment pregnant
women receive for their depression is also affected by important
contextual factors, such as socio-economic status,17 which
influence child development.18 Addressing these sources of
confounding is vitally important to isolate the unique impact of
prenatal antidepressant exposure, yet challenging to do.
The availability of large administrative datasets presents an

opportunity in this regard. While there are inherent limitations to
using secondarily collected data from health system interactions
for the purposes of research, there are also a number of
advantages. Especially in a single-payor health system with
universal coverage, administrative data allow for population-wide
and near-complete data capture of interactions across the
spectrum of covered healthcare services. Accordingly, it is possible
to gain comprehensive insights into population-level and indivi-
dual health status. Recent studies have taken advantage of these
opportunities and applied methods to administrative data aimed
at adjusting for both known and unknown factors related to
indication for prenatal antidepressant medication. These studies
have found attenuated associations with a range of developmental
outcomes compared to previous research, suggesting that the
overall mixed state of findings in the literature may reflect
differences in control of confounding across studies.19–22

To what extent child development is affected by prenatal
antidepressant exposure, and whether this effect can be
distinguished from the impact of prenatal maternal mood
disturbances, remain pressing research questions. The present
study was undertaken to investigate a broad spectrum of
outcomes reflective of typical child development. Using comple-
mentary but different analytic approaches with population-level
administrative data, this study investigated associations between
prenatal antidepressant exposure and multiple domains of child

development at kindergarten age, while adjusting for maternal
factors associated with antidepressant use in pregnancy.

METHODS
Study design and data sources
This was a retrospective cohort study using administrative data
from British Columbia, Canada. Canada has universal healthcare
coverage and British Columbia collects information from all fee-
for-service physician visits (in the Medical Services Plan (MSP)
data), hospitalizations (in the Discharge Abstract Database), and
prescription drug dispensations (through BC PharmaNet) for
registered residents, allowing linkage of individual-level data.
Mothers and their offspring were identified through the Perinatal
Data Registry that includes 99% of births province-wide. Child
development outcomes were available through the Human Early
Learning Partnership. Data across all sources were linked at
Population Data BC using unique individual-level identifiers. This
study received ethics approval from all Data Stewards and the
University of British Columbia Children’s and Women’s Research
Ethics Board. All inferences, opinions, and conclusions drawn are
those of the authors and do not reflect the opinions or policies of
the Data Stewards.

Study cohort
The sampling frame for this study represents children with
completed records of child development collected between 2003
and 2013. We included singleton children born in-province to
mothers registered in the province for at least 275 days during the
year of birth and year prior to birth; this was to ensure that women
included in the study were residing in the province during this
duration and would have reliable data records. Only
maternal–child dyads with complete data on covariates and
outcomes were included (n= 94,712; Fig. 1).

Exposure classification
Antidepressant drugs were identified using the Anatomical
Therapeutic Chemical (ATC) Classification System codes; antide-
pressants belonging to different drug classes were included (see
eTable 2 in Supplementary for list and categorization of antide-
pressant drugs by their corresponding ATC codes). Pregnancy
trimesters were defined as outlined in eTable 2 in Supplementary.

Children born in British Columbia to unique mothers with child development data
collected at kindergarten from 2003 to 2013 (n = 119,200) 

Excluded:
-

-

Mother not registered for at least 275 days during the year of
birth and year prior to birth (n = 14,379)
Missing data on covariates and outcomes (n = 10,109)

Study cohort (n = 94,712)

No antidepressant use
during pregnancy

(n = 91,051)

Antidepressant use
during pregnancy

(n = 3661)

Antidepressant use pre-conception (n = 7307)

Antidepressant continuation/discontinuation comparison groupsMatched comparison groups

Continued antidepressant
use during pregnancy

(n = 2660)

Discontinued
antidepressant use during

pregnancy (n = 4647)

Matched unexposed
(n = 5609)

Matched exposed
(n = 2253)

Fig. 1 Flowchart detailing definition of the comparison groups from the overall study population. Antidepressant use during pregnancy
was defined as at least 2+ prescriptions during pregnancy or at least 1+ prescription during the second or third trimesters. Antidepressant
use pre-conception was defined as any prescription in the 90–365 days before pregnancy.
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Prenatal antidepressant exposure was defined as either two or
more dispensations for antidepressants throughout pregnancy or
at least one dispensation from the second trimester of pregnancy
until delivery. Though antidepressants are generally prescribed for
extended durations, we were concerned that including only single
dispensations would include pregnancies where exposure ceased
shortly after conception due to concerns of adverse fetal effects,
whereas single dispensations occurring during the second
trimester onward were included as they were likely filled with
knowledge of pregnancy status.

Outcome measures
Child development outcomes were assessed with the Early
Development Instrument (EDI). The EDI is a validated teacher-
report measure of children’s school readiness used in Canada and
Australia.23 The EDI has been administered in British Columbia
every 1–3 years since the 1999/2000 academic year. School and
teacher participation in the EDI is voluntary and child participation
occurs through passive parental consent; if parents choose to
withdraw their consent, their child will not be rated. The EDI
collection captures the majority of the kindergarten population
(92% of the kindergarten population from all public-school
districts), and approximately 88% of children in British Columbia
are enrolled in public schools for kindergarten.
The EDI measures 16 subscales of early childhood develop-

ment that fall into five distinct domains: physical health and
well-being (which are comprised of subscales measuring gross
and fine motor skills, physical independence, and physical
readiness for the school day), emotional maturity (with
subscales for aggressive, anxious and fearful, hyperactive and
inattentive, and prosocial and helping behaviors), social
competence (with subscales for overall social competence,
approaches to learning, readiness to explore new things, and
respect and responsibility), language and cognitive develop-
ment (with the subscales of basic literacy, advanced literacy,
basic numeracy, and interest in literacy, numeracy, and
memory), and communication skills and general knowledge
(no subscales). Its psychometric properties and validity have
been well studied, and EDI scores have been associated with
concurrent and later measures of developmental outcomes.24–26

Children were classified as developmentally “vulnerable” if their
scores fell below previously defined thresholds designed to
capture meaningful differences in developmental status;27 a
binary outcome measure was preferable as the distribution of
responses is skewed and not readily amenable to transforma-
tion. The subscale measuring prosocial and helping behaviors
was not used as it had >5% missing responses.

High-dimensional propensity score (HDPS)
We generated HDPSs28 in order to match exposed and unexposed
comparison populations, as they can help capture both known
and unknown sources of confounding. HDPS takes unknown
sources of confounding into account through a data-driven
approach: by using large administrative datasets that have
thousands of different data fields, or dimensions, this method
generates empirical proxies of factors that differentiate the
comparison populations of interest.28 The following sources of
high-dimensional data, captured in the 365 days prior to
conception, were used to determine the empirical covariates to
be included in the HDPS: (1) Outpatient diagnoses and fee codes,
which were captured in the MSP data. These data include MSP fee
codes and up to five diagnoses based on the International
Classification of Diseases Clinical Modification, Ninth Revision (ICD-
9-CM) for each physician visit. (2) Inpatient diagnoses and
procedures, which were captured in the Discharge Abstract
Database. These data include up to 12 Canadian Classification of
Intervention codes and up to 25 diagnoses from the International
Classification of Diseases Clinical Modification, Ninth and Tenth

Revisions, (ICD-9/10 codes) for each inpatient hospital admission
in the province. (3) Drug dispensations from the BC PharmaNet,
which includes details on the exact medicine dispensed for all
medicines dispensed through community pharmacies in BC. The
HDPS relies on the principle that through measuring many
surrogate variables (e.g., procedure codes, fees, diagnoses) they
are more likely, in combination, to act as a good proxy for relevant
unmeasured confounding. The top 500 variables included in the
HDPS are listed in eTable 3 in the Supplementary. In addition to
these data-driven covariates, we also included child age at EDI,
child sex, gestational age, child English as a second language
status, EDI wave, maternal age at birth, parity, neighborhood
income quintile, health service delivery area, diagnosis of a mood
or anxiety disorder during pregnancy, and use of other
psychotropic or antiepileptic medications during pregnancy for
HDPS estimation. The HDPS was used for 1:4 (maximum) nearest-
neighbor matching (without replacement) of exposed children to
those whose mothers did not take any antidepressants during
pregnancy, within a caliper of 0.2 standard deviations, per
recommendations.29

Main analyses
Demographic characteristics between exposure groups were
compared using standardized differences, which consider
differences between groups in terms of their standard devia-
tions and thus provide meaningful assessments of differences
for large sample sizes across different types of variables.30 First,
to provide a baseline comparison for inferential analyses, odds
ratios (ORs) and 95% confidence intervals (CIs) in the overall
cohort were estimated using multivariable logistic regressions.
Included covariates in these analyses were child age at EDI
assessment, child sex, gestational age, child English as a Second
Language status, year of EDI assessment, maternal age at birth,
neighborhood income quintile, health service delivery area, a
mood or anxiety disorder diagnosis during pregnancy, and use
of other psychotropic or antiepileptic medications during
pregnancy. Second, in the HDPS-matched cohort, conditional
logistic regressions were conducted to estimate ORs and 95%
CIs. These analyses adjusted for other psychotropic or anti-
epileptic medications taken during pregnancy given that a
standardized difference of 0.10, which is considered a mean-
ingful difference,30 remained after matching (Table 1). Third,
analyses were conducted in a subsample of women with an
existing indication for antidepressants, determined based on
dispensations that occurred in the 90–365 days prior to
conception. Within this subsample, we compared the develop-
mental outcomes of children whose mothers continued
antidepressant treatment during pregnancy, against those
whose mothers discontinued treatment, adjusting for the
previous full list of covariates. The definition of comparison
groups from the overall study cohort is illustrated in Fig. 1.

Sensitivity analyses
Two sensitivity analyses were performed. To address whether
effects may have been influenced by misclassification of exposure,
exposure was restricted as having had to include dispensations
occurring in the second and third trimesters of pregnancy (i.e.,
eliminating exposures that occurred only in the first trimester).
Second, to determine whether effects differed based on drug
class, associations were estimated based on exposure to SSRIs
only, non-SSRIs only, or both. All data management and statistical
analyses were conducted using SAS 9.4.31

RESULTS
Demographic characteristics of study cohorts
The study population sample included a total of 94,712 children
born to unique mothers (Fig. 1). Of the overall sample, 3661
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children (3.87%) were exposed to antidepressants during preg-
nancy. Children were 48.7% female (n= 46,086), with a mean
gestational age of 38.9 weeks, and a mean age of 5.65 years at the
time of EDI completion. Mothers were a mean age of 30.5 years at
birth and 55.3% (n= 52,387) were multiparous.
Demographic characteristics of unexposed compared to

exposed individuals for the overall and HDPS-matched cohorts
are presented in Table 1. A higher proportion of mothers who

took antidepressants during pregnancy were multiparous (62.1
vs 55.0%). Exposed children had a lower mean gestational age
(38.4 vs 38.9 weeks) and fewer had ESL status (7.3 vs 21.7%)
relative to unexposed children. There were significant differ-
ences between exposed and unexposed mothers in diagnoses
of mood and anxiety disorders (64.2 vs 8.9%) and other
psychotropic or antiepileptic medications taken during preg-
nancy (22.5 vs 3.5%).

Table 1. Characteristics of mother–child dyads in the overall cohort and in a subset of exposed children matched to unexposed children using a
high-dimensional propensity score, by prenatal antidepressant exposure.

Overall Cohort (n= 94,712) Matched cohorta (n= 7862)

Not exposed
(n= 91,051)

Exposed
(n= 3661)

Standardized
difference

Not exposed
(n= 5609)

Exposed
(n= 2253)

Standardized
difference

Maternal characteristics

Maternal age at delivery, mean (SD) 30.51 (5.46) 30.58 (5.54) −0.01 30.26 (5.58) 30.30 (5.58) 0.01

Multiparous 50,115 (55.04) 2272 (62.06) 0.12 3476 (61.97) 1381 (61.30) −0.01

Lowest neighborhood income
quintile

19,425 (21.33) 822 (22.45) 0.05 1256 (22.39) 508 (22.55) 0.01

Mood/anxiety disorders diagnosis
during pregnancy

8061 (8.85) 2352 (64.24) 1.22 2951 (52.61) 1159 (51.44) −0.02

Other psychotropic or antiepileptic
medications during pregnancy

3156 (3.47) 822 (22.45) 1.21 886 (15.80) 394 (17.49) 0.10

Antidepressant exposure during
pregnancy

NA NA

SSRIs only 2450 (66.92) 1546 (68.62)

Non-SSRIs only 870 (23.76) 548 (24.32)

Both SSRI and non-SSRIs 341 (9.31) 159 (7.06)

Second–third trimester 3221 (87.98) 1954 (86.73)

Child characteristics

Child age at EDI, mean (SD) 5.65 (0.29) 5.65 (0.30) −0.01 5.65 (0.30) 5.65 (0.30) −0.01

Gestational age, mean (SD) 38.88 (1.79) 38.36 (1.89) −0.39 38.49 (2.18) 38.50 (1.79) 0.01

Female 44,327 (48.68) 1759 (48.05) −0.01 2756 (49.14) 1092 (48.47) −0.01

English as a second language 19,708 (21.65) 266 (7.27) −0.92 551 (9.82) 205 (9.10) −0.08

Vulnerability in child development

Physical well-being

Readiness 3266 (3.59) 222 (6.06) 0.55 297 (5.30) 137 (6.08) 0.15

Independence 12,531 (13.76) 731 (19.97) 0.37 935 (16.67) 428 (19.00) 0.13

Motor skills 29,245 (32.12) 1448 (39.55) 0.21 2051 (36.57) 866 (38.44) 0.05

Social competence

Competence 10,317 (11.33) 616 (16.83) 0.40 806 (14.37) 365 (16.20) 0.12

Learning 8885 (9.76) 481 (13.14) 0.31 694 (12.37) 300 (13.32) 0.08

Exploring 2254 (2.48) 131 (3.58) 0.43 133 (2.37) 84 (3.73) 0.52

Respect 5816 (6.39) 339 (9.26) 0.39 473 (8.43) 209 (9.28) 0.10

Emotional maturity

Anxious 2809 (3.09) 191 (5.22) 0.57 201 (3.58) 111 (4.93) 0.36

Aggressive 7908 (8.69) 416 (11.36) 0.28 600 (10.70) 258 (11.45) 0.07

Hyperactive 13,148 (14.44) 664 (18.14) 0.23 997 (17.78) 398 (17.67) −0.01

Language/cognitive development

Basic literacy 9508 (10.44) 509 (13.90) 0.29 723 (12.89) 298 (13.23) 0.03

Interest 10,198 (11.20) 490 (13.38) 0.18 717 (12.78) 304 (13.49) 0.06

Advanced literacy 18,716 (20.56) 925 (25.27) 0.21 1334 (23.78) 568 (25.21) 0.06

Basic numeracy 12,599 (13.84) 654 (17.86) 0.26 891 (15.89) 389 (17.27) 0.09

Communication skills 30,472 (33.47) 1317 (35.97) 0.07 1,916 (34.16) 794 (35.24) 0.03

All results are presented as n (%) unless otherwise stated.
NA not applicable.
aBased on matching using a high-dimensional propensity score estimated for prenatal antidepressant use.
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After matching based on the HDPS, demographic characteristics
became more similar between exposed and unexposed groups;
differences were no longer meaningful with the exception of
having taken other psychotropic or antiepileptic medications
during pregnancy (17.5 vs 15.8%; Table 1). Because the matching
strategy restricted to a certain width of the HDPS, not all exposed
children were successfully matched. Demographic characteristics
of unmatched and matched exposed mother–child dyads and of
antidepressant continuation and discontinuation groups can be
found in eTables 4 and 5 in Supplementary.

Results from main analyses
Results from the main analyses are presented in Table 2, illustrating
the odds of being assessed as vulnerable on each developmental
scale associated with prenatal antidepressant exposure. Prior to
HDPS matching, children with prenatal antidepressant exposure
were significantly more likely to be assessed as vulnerable on most
developmental scales. These results were significantly attenuated in
analyses that incorporated better control of confounding.
In the HDPS-matched cohort, prenatal antidepressant exposure

was associated with developmental vulnerability in physical
independence (OR, 1.14; 95% CI, 1.00–1.30), social exploration
(OR, 1.64; 95% CI, 1.23–2.20), and anxious behaviors (OR, 1.30; 95%
CI, 1.01–1.66). Comparing development in children of mothers
who continued antidepressant treatment during pregnancy
relative to those who discontinued, only the association with
anxious behaviors was significant (OR, 1.32; 95% CI, 1.01–1.72)
though the association with physical independence was nearly
significant (OR, 1.14; 95% CI, 0.99–1.32) (Table 2).

Sensitivity analyses
Results from analyses that excluded children with prenatal
antidepressant exposure occurring only in the first trimester of
pregnancy were consistent with the analyses that considered
exposure throughout pregnancy, with slightly elevated effect sizes
(Table 3). Notably, the association of prenatal antidepressant
exposure with vulnerability in physical independence was
statistically significant among children whose mothers continued
antidepressants during pregnancy compared with those whose
mothers discontinued antidepressants (OR, 1.19; 95% CI,
1.03–1.38).
In drug class-specific analyses, directions of effect were

consistent with those found in overall analyses, though statistical
precision was reduced. Focusing on associations with physical
independence, anxious behaviors, and social exploration, there
were elevated point estimates with exposure to non-SSRIs and
both SSRI and non-SSRI exposure, compared to SSRIs only, though
results were not robust across analyses and CIs were wide
(eTables 6 and 7 in Supplementary).

DISCUSSION
In this population-based study examining child development
outcomes at kindergarten age, we investigated the impact of
prenatal antidepressant exposure on a diverse range of beha-
vioral and developmental outcomes, reflecting the overall health
of typically developing children. Prenatal antidepressant exposure
was associated with small but significant increases in the odds of
being assessed as vulnerable in anxious behaviors and physical

Table 2. Results from main analyses calculating associations between prenatal antidepressant exposure and child development in the overall
study cohort, the HDPS-matched cohort, and in the antidepressant continuers vs discontinuers cohort.

Developmental vulnerability in Overall cohort (n= 94,712) HDPS-matched cohort
(n= 7862)

Antidepressant continuers vs discontinuers
(n= 7307)

OR (95% CI)a OR (95% CI)b OR (95% CI)a

Physical well-being

Readiness 1.32 (1.13–1.55) 1.13 (0.91–1.41) 1.09 (0.85–1.39)

Independence 1.26 (1.15–1.38) 1.14 (1.00–1.30) 1.14 (0.99–1.32)

Motor skills 1.20 (1.11–1.29) 1.06 (0.95–1.18) 1.04 (0.93–1.17)

Social competence

Competence 1.27 (1.15–1.40) 1.11 (0.96–1.28) 1.03 (0.88–1.20)

Learning 1.08 (0.97–1.21) 1.06 (0.91–1.23) 0.96 (0.81–1.14)

Exploring 1.32 (1.08–1.61) 1.64 (1.23–2.20) 1.23 (0.89–1.70)

Respect 1.14 (1.00–1.30) 1.07 (0.89–1.27) 0.93 (0.76–1.13)

Emotional maturity

Anxious 1.41 (1.20–1.67) 1.30 (1.01–1.66) 1.32 (1.01–1.72)

Aggressive 1.10 (0.98–1.24) 1.00 (0.86–1.18) 0.87 (0.73–1.04)

Hyperactive 1.05 (0.96–1.16) 0.95 (0.83–1.08) 0.90 (0.77–1.04)

Language/cognitive development

Basic literacy 1.19 (1.07–1.33) 1.01 (0.87–1.17) 0.97 (0.82–1.15)

Interest 1.11 (1.00–1.24) 1.05 (0.90–1.21) 1.00 (0.85–1.17)

Advanced literacy 1.18 (1.08–1.28) 1.08 (0.96–1.22) 0.96 (0.84–1.10)

Basic numeracy 1.20 (1.09–1.32) 1.07 (0.94–1.23) 1.00 (0.87–1.16)

Communication skills 1.16 (1.07–1.25) 1.04 (0.93–1.16) 1.01 (0.89–1.14)

Comparison groups were exposed children against unexposed children in the overall cohort, exposed children matched to unexposed children using a high-
dimensional propensity score, and children whose mothers had antidepressant dispensations in the 90–365 days prior to conception and continued vs
discontinued treatment during pregnancy.
OR odds ratio, CI confidence interval, EDI Early Development Instrument, ESL English as a second language.
aAdjusted for maternal age at birth, neighborhood income quintile, parity, maternal mood or anxiety diagnoses during pregnancy, other psychotropic or
antiepileptic medications dispensed during pregnancy, wave of EDI collection, gestational age at birth, child age at EDI, child sex, and child ESL status.
bAdjusted for exposure to other psychotropic or antiepileptic medications during pregnancy.
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independence, even after controlling for confounding by under-
lying maternal mental health. In particular, these associations
remained significant following the use of HDPS matching to proxy
for relevant unmeasured confounding and the comparisons
between antidepressant continuers vs discontinuers also showed
a significantly increased risk for anxious behaviors. Associations
with the other domains of child development that were
investigated were not statistically significant.

Comparison with previous findings
Associations between prenatal antidepressant exposure and
anxious behaviors have been previously investigated using
various study designs.7 In a prospective cohort study, prenatal
antidepressant exposure was associated with higher risk for
anxious behaviors at 3 years of age, after adjusting for maternal
depression symptoms during pregnancy and after birth, an effect
that was sustained when children were 6 years old.32 Simi-
larly, using a discordant-exposure sibling-based study design to
control for familial factors, a population-based study reported that
prenatal antidepressant exposure was only associated with
anxious symptoms at 36 months.33

The association between antidepressant exposure and physical
independence, but not motor skills, is inconsistent with previous
studies reporting associations between prenatal antidepressant
exposure and poorer motor development.10,34,35 This apparent
discrepancy may be related to how outcomes were assessed across
different studies. It is important to note that, as the EDI is a behavioral
assessment, questions related to physical independence capture

information beyond the realm of motor skills alone (i.e., “is
independent in washroom activities”). It is thus possible that the
significant association using the EDI physical independence measure
may be driven by yet unaccounted environmental influences that
could be related to antidepressant use during pregnancy or maternal
mental health. Conversely, it is also possible that any effects of
prenatal antidepressant exposure on motor skills are highly
differentiated and require assessments beyond the EDI.
The insignificant associations with other developmental out-

comes, such as language, cognitive, and communication skills,
even where stringent approaches were used to control for
confounding suggests that observed associations in the overall
cohort may be due to confounding by indication or other
unmeasured environmental differences. A similar attenuation of
differences has been reported after controling for confounding in
studies investigating associations with intellectual disability36 and
attention-deficit/hyperactivity disorder.9 The critical need to
account for the impact of poor maternal mental health and
associated factors that also shape developmental risk has been
further highlighted in a recent systematic review illustrating that
many developmental outcomes may be driven by factors related
to the underlying mood disorder itself, thereby reflecting an
impact of maternal illness severity and not SSRI exposure per se.37

Preclinical models present biologically plausible rationales for the
effects observed in this study. Antidepressants typically act via
manipulations of central levels of key neurotransmitters including
serotonin. Serotonin plays a number of different roles during
embryogenesis in motor and central nervous system development.

Table 3. Results from sensitivity analyses calculating associations between prenatal antidepressant exposure and child development in the HDPS-
matched cohort and the antidepressant continuers vs discontinuers cohort, where the definition of antidepressant exposure was restricted to those
where antidepressant dispensations occurred in the 2nd and/or 3rd trimesters of pregnancy.

Developmental vulnerability in HDPS-matched cohort (n= 7862) Antidepressant continuers vs discontinuers (n= 7307)

No. vulnerable (%) in exposed
(n= 1954)

OR (95% CI)a No. vulnerable (%) in exposed
(n= 2384)

OR (95% CI)b

Physical well-being

Readiness 115 (5.89) 1.09 (0.86–1.38) 138 (5.79) 1.07 (0.82–1.38)

Independence 382 (19.55) 1.15 (1.01–1.33) 497 (20.85) 1.19 (1.03–1.38)

Motor skills 751 (38.43) 1.04 (0.93–1.16) 958 (40.18) 1.05 (0.93–1.18)

Social competence

Competence 321 (16.43) 1.13 (0.97–1.31) 393 (16.48) 1.01 (0.86–1.19)

Learning 266 (13.61) 1.08 (0.92–1.27) 309 (12.96) 0.97 (0.81–1.16)

Exploring 74 (3.79) 1.73 (1.26–2.37) 82 (3.44) 1.29 (0.92–1.80)

Respect 184 (9.42) 1.10 (0.91–1.33) 208 (8.72) 0.91 (0.74–1.12)

Emotional maturity

Anxious 100 (5.12) 1.37 (1.05–1.79) 139 (5.83) 1.40 (1.07–1.83)

Aggressive 224 (11.46) 1.01 (0.85–1.20) 262 (10.99) 0.84 (0.70–1.01)

Hyperactive 350 (17.91) 0.96 (0.83–1.10) 431 (18.08) 0.90 (0.77–1.05)

Language/cognitive development

Basic literacy 267 (13.66) 1.03 (0.88–1.21) 336 (14.09) 1.00 (0.84–1.18)

Interest 274 (14.02) 1.10 (0.94–1.29) 326 (13.67) 1.01 (0.85–1.20)

Advanced literacy 491 (25.13) 1.10 (0.97–1.24) 591 (24.79) 0.95 (0.83–1.09)

Basic numeracy 338 (17.30) 1.07 (0.92–1.24) 429 (17.99) 1.01 (0.86–1.17)

Communication skills 678 (34.70) 1.00 (0.89–1.13) 850 (35.65) 1.00 (0.88–1.13)

Antidepressant exposure was restricted to pregnancies where exposure had to span the second and/or third trimesters. Comparison groups were exposed
children matched to unexposed children using a high-dimensional propensity score and children whose mothers had antidepressant dispensations in the
90–365 days prior to conception and continued vs discontinued treatment during pregnancy.
OR odds ratio, CI confidence interval, EDI Early Development Instrument, ESL English as a second language.
aAdjusted for exposure to other psychotropic or antiepileptic medications during pregnancy.
bAdjusted for maternal age at birth, neighborhood income quintile, parity, maternal mood or anxiety diagnoses during pregnancy, other psychotropic or
antiepileptic medications dispensed during pregnancy, wave of EDI collection, gestational age at birth, child age at EDI, child sex, and child ESL status.
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Developmental changes in serotonin may later act to influence
maturation and function of the serotonin system, explaining why
increased intrasynaptic serotonin associated with antidepressant
exposure may predispose to affective disorders later in life.7,38,39

Strengths and limitations
This study is strengthened by its population-based nature that
included detailed developmental data from the EDI, and the
relatively objective nature of teacher-reported behaviors that
avoids potential biases inherent to parental or clinical report.
Further, investigating developmental subscales allowed for
exploration of potential impacts on a comprehensive suite of
normative child development outcomes and allows general-
izability of findings to general pediatric populations. Our study is
also strengthened by the methodology employed to attempt to
better control for potential unobserved confounding by other
related yet unmeasured factors through the use of HDPS
matching. However, despite these efforts, a meaningful difference
in use of other psychotropic or antiepileptic medications during
pregnancy between the exposed and unexposed groups per-
sisted. A continuer/discontinuer analysis was also conducted to
attempt to distinguish a drug effect from a disease effect, as
finding no difference between those who discontinued their
antidepressant 90 days before conception would suggest an
enduring disease effect. We found that risk for anxious behaviors
remained elevated in children of mothers who continued treat-
ment throughout pregnancy but cannot rule out that this effect
may be due to women who continued treatment having more
severe mental illness than those who discontinued. It is likely that
the decision to continue antidepressant treatment during
pregnancy is related to illness severity necessitating ongoing
treatment or remittance of symptoms coinciding with pregnancy.
Across both the HDPS-matched and the discontinuer/continuer

analyses, differences between exposure groups reflect an incon-
gruity in maternal illness severity between groups. Despite attempts
to control for confounding, we coud not rule out that differences in
maternal illness severity underlie the increased risk for anxious
behaviors and physical independence. We were unable to control
for differences related to factors that were not represented in
available data sources, such as education levels, ethnicity, or
immigrant status. Moreover, it is not clear how accurately diagnoses
captured in administrative datasets reflect differences in the range
of psychiatric symptoms or their impact on everyday maternal/
family life. We were also unable to address the role of genetic
confounding. It is conceivable that prenatal antidepressant exposure
may reflect a genetic propensity inherent to a mother’s depression
during pregnancy, which itself confers a risk for affective disorders in
her child. In this sense, prenatal antidepressant exposure would
represent a proxy measure of a yet unidentified genetic risk.
An inherent limitation of studies that rely on administrative data

is misclassification of antidepressant exposure, as dispensations
may not reflect whether women took their medications, and as
such, we used a relatively strict definition of antidepressant
exposure. Results from sensitivity analyses that restricted exposure
as having to occur in later stages of pregnancy showed increased
effect sizes without compromising statistical precision, supporting
the use of a stricter definition of exposure. Nonetheless, there are
limitations to this approach as filling a prescription later in
pregnancy can indicate greater severity of maternal depression,
and the timing of exposure occurs during a sensitive period of
fetal development.
The results of this study may not be generalizable to all women

and children exposed to antidepressants during pregnancy. We
applied strict criteria for inclusion in the study cohort by requiring
registration in the healthcare system and complete data; however,
this likely resulted in excluding maternal–child pairs at the tail
ends of the socio-economic distribution who are at higher risk of
adverse mental health and developmental outcomes.40 Within the

study population, we intentionally chose to restrict our analyses to
exposed individuals who could be compared to an appropriate
population in the HDPS analysis, thereby excluding women with
the most severe depression as they could not be matched.
Conversely, the continuer/discontinuer analysis compared women
with less severe mental illness to those with more severe illness.
Finally, a limitation of using the EDI is that we may have missed
associations with child behaviors or symptoms whose onset only
occur later in childhood. Applying the results of this study to other
populations who differ in terms of baseline demographic and
disease characteristics should be done with caution.

CONCLUSIONS
To conclude, we report that prenatal antidepressant exposure was
selectively associated with more anxious behaviors and
poorer physical independence in children at kindergarten age,
and not with other domains of child development. While it is
possible that these findings reflect effects associated with prenatal
antidepressant exposure, we cannot rule out the impact of
maternal illness severity and related genetic risk. Our findings
concur with a large body of literature highlighting the importance
of overall maternal mental health for the long-term health and
well-being of mothers and their children. While our findings might
point to a development impact of prenatal antidepressant
exposure, this association cannot be unambiguously distinguished
from exposure to poor maternal mental health during pregnancy
and once again highlight the importance of treatment that
optimizes maternal mental health and child well-being.
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