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Background
Prenatal selective serotonin reuptake inhibitor (SSRI) anti-
depressant exposure is associated with increased internalising
and anxious behaviours in young children; whether this con-
tinues into early adolescence is unknown. Also, it is not well
established whether it is the in utero exposure to SSRIs or the
underlying maternal mood that contributes more to these
associations.

Aims
To examine associations between maternal depressive symp-
toms, prenatal SSRI antidepressant treatment and internalising
and anxiety behaviours from childhood into pre-adolescence.

Method
From a prospective longitudinal cohort, measures of maternal
depressive symptoms and SSRI use and child outcomes (n = 191
births) were obtained from the second trimester to 12 years.
Maternal reports of internalising and anxiety behaviours in chil-
dren were obtained at 3, 6 and 12 years.

Results
Multilevel mixed-effects models revealed that maternal
depressed mood at the third trimester assessment, not prenatal
SSRI exposure, was associated with longitudinal patterns of
higher levels of internalising and anxiety behaviours across

childhood from 3 to 12 years of age. At each age, hierarchical
regressions showed that maternal mood at the third trimester,
compared with current maternal depression or prenatal SSRI
exposure, explained a greater proportion of the variance in
internalising and anxiety behaviours.

Conclusions
Even with prenatal SSRI treatment, maternal depressed mood
during the third trimester still had an enduring effect as it was
associated with increased levels of internalising and anxiety
behaviours across childhood and into early adolescence.
Importantly, we found no evidence of a ‘main effect’ association
between prenatal SSRI exposure and internalising and anxiety
behaviours in children.
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Approximately 10–20% of women experience mood disturbances
(depression and/or anxiety) during the perinatal period and up to
one-third of these women are treated with an SSRI.1 SSRIs are pre-
scribed during and following pregnancy to treat or even prevent
perinatal depression, with the expectation of benefit to mothers
and their children. However, prenatal SSRI exposure has been
associated with increased internalising and anxious behaviours in
children of mothers treated with an SSRI during pregnancy,2–4

raising critical questions about what underlies apparent associations
between prenatal SSRI treatment and child behaviour, especially in
outcomes beyond infancy and early childhood.5

Prenatal SSRI exposure and behavioural outcomes

SSRIs readily cross the placenta and fetal blood–brain barrier6,7 and
given that SSRIs potentiate presynaptic levels of the key neurodeve-
lopmental neurotransmitter serotonin (5-HT) involved with early
brain growth and development,8 such exposure raises concerns
about whether altered serotonin levels during critical periods of

early brain development are associated with long-term behavioural
outcomes. Prolonged increased levels of 5-HT in the fetal brain, via
negative feedback, constrain development of the 5-HT circuitry,
reduce serotonergic tone and ultimately lower 5-HT levels during
development.9,10 In animal models, increased central 5-HT levels
(e.g. by genetic variations, 5-HT agonists or SSRI exposure) para-
doxically constrain the development of the 5-HT system, leading
to increased anxiety-like behaviours later in life.11

In humans, higher levels of internalising (anxious and depres-
sive) behaviour in 3- to 5-year-olds have been reported in children
with prenatal SSRI exposure;12 however, that study did not control
for pre- or post-natal maternal mood disturbances. A recent Danish
population study reported that maternal prenatal antidepressant
treatment was associated with an increased risk of affective disor-
ders across an 18-year follow-up period; however, as similar associa-
tions were also found in children whose fathers continued
antidepressant treatment across the pregnancy period, these may
be related to parental psychopathology, rather than in utero expos-
ure to antidepressants.13 In other studies, even when controlling for
pre- and postnatal depressive symptoms, internalising behaviours in
3-year-olds14 and 6-year-olds3 remained associated with prenatal
SSRI exposure. Conversely, other studies failed to find significant
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differences in internalising behaviour between SSRI- (or antidepres-
sant) exposed and non-exposed groups.15–18 Group differences were
also not found in relation to conduct problems and affective pro-
blems in children less than 6 years old.19,20 Importantly, these
behavioural outcomes were related to higher levels of either prenatal
mental disturbances,15 postnatal anxiety and depression symptoms
at the time of testing16,20 or a combination of pre- and postnatal
depressive symptoms.17–19

A few studies that have also examined anxiety-specific outcomes
in children. Prenatal antidepressant exposure has been associated
with higher anxiety in 3-year-olds compared with non-exposed
siblings, controlling for pre- and postnatal maternal anxiety and
depressive symptoms.2 Similar results were also found in a longitu-
dinal study that followed mothers and their children from fetal life
in utero to 6 years of age, which showed that children with prenatal
SSRI exposure had increasing levels of anxiety behaviours compared
with children without SSRI exposure, even when controlling
for maternal depressive symptoms.3 Another longitudinal study
found that only SSRI exposure during late pregnancy (28 weeks or
more) was associated with increased levels of anxiety at 5 years of
age, but not at 18months or 3 years of age, even when prenatalmater-
nal anxiety and depressive symptoms were taken into account.21

Another study reported no evidence of associations between SSRI
exposure and diagnosis of an anxiety disorder in young children;22

however, again, pre- and postnatal measures of maternal anxiety or
depressive symptoms were not included in the study.

Thesemixed results may be related to inconsistent measures of pre-
natal16,20 and current maternal mood disturbances,15 which commonly
constrains our ability to distinguish the effect of maternal mood distur-
bances from SSRI exposure in studying internalising and anxiety beha-
viours in children. Distinguishing the effect of the SSRI from that of
maternal mood during pregnancy, which has also been associated
with altered child behaviour, namely the issue of ‘confounding by indi-
cation’, remains a key challenge.5 Specifically, maternal psychopath-
ology may assert its effects through other factors, such as
environmental stress and less than optimal parenting practices,5

thereby contributing to the development of internalising and anxiety
behaviours. In addition, prenatal SSRI exposure has been associated
with increased internalising and anxious behaviours in young children;
however, whether this continues into early adolescence is unknown.
The current studywas undertaken to address these gaps in the literature.

The hypothesis

This study sought to examine the longitudinal patterns of internalising
and anxious behaviours from 3 to 12 years of age and determine the
relative contributions of maternal prenatal depressive symptoms and
current depressive symptoms and of prenatal SSRI exposure to child
internalising and anxious behaviours at 3, 6 and 12 years.
Internalising behaviours and anxious behaviours were both included
as a reflection of a broader range of the child’s emotional state (i.e. inter-
nalising behaviours) that might include depressive, anxiety and somatic
symptoms, apart from anxiety alone. We expected that across child-
hood and into early adolescence, prenatal SSRI exposure would be asso-
ciated with persistently higher levels of internalising and anxiety
behaviours, even accounting for prenatal and current maternal depres-
sive symptoms. We reported outcomes separately for internalising and
anxiety to allow direct comparisons with previous research.

Method

Participants

Mothers were recruited during their second trimester as part of a
larger longitudinal cohort study from community (family practice,

midwifery) and tertiary referral clinics (reproductive mental
health) examining the developmental effects of prenatal exposure
to SSRI antidepressants. Participants comprised a volunteer
sample of pregnant women who were depressed and treated with
an SSRI, depressed and not treated with an SSRI and not depressed
or treated with an SSRI. Participants were either diagnosed with a
mood disorder and SSRI-treated based on clinical need prior to or
during pregnancy, were depressed and chose not to treat their
depression with antidepressants or were not depressed during
pregnancy. All SSRI-treated mothers had a diagnosed mood dis-
order of depression and/or anxiety (Table 1) and had started
taking medications based on clinical need. Pharmacotherapy
included a range of serotonin reuptake inhibitors and serotonin–
noradrenaline reuptake inhibitors, collectively referred to in this
study as SSRIs. For the present study we relied on self-report of
drug use as shown in Table 1 (prenatal treatment days); however,
drug levels in this cohort have been reported in a previous publica-
tion.23 Among mothers using SSRIs, the most common drug treat-
ment was paroxetine (Table 2) and the mean duration of exposure
for all SSRIs spanned most or almost the entire pregnancy.

Inclusion criteria for this study were singleton pregnancy, con-
firmed gestational age, ability to give informed consent and no fetal
anomalies detected by ultrasound. Exclusion criteria were bipolar
disorder, illicit drug use and significant maternal medical, obstet-
rical or fetal conditions. Written informed consent was obtained
from all mothers. The authors assert that all procedures contributing
to this work comply with the ethical standards of the relevant national
and institutional committees on human experimentation andwith the
Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human participants were approved by the University of
British Columbia/Children’s & Women’s Health Centre of British
Columbia Research Ethics Board (UBC C&W REB).

We had 254 mothers contact us to express interest in the study.
Of these, 21 were excluded from the study (too far along in preg-
nancy (n = 14), miscarried (n = 4), twin pregnancy (n = 2), recre-
ational drug user (n = 1)) and 42 chose to withdraw from the
study (no reason given (n = 22), lived or delivered outside of
study area (n = 9), too much time commitment (n = 7), ultrasound
perceived as dangerous (n = 4)). Of the original 191mothers studied
up to delivery, outcomes for this study included 147 mother–child
dyads at 3 years (61 male children, 86 female), 145 dyads at 6
years (65 males, 80 females) and 112 dyads at 12 years (47 males,
65 females). Of the original 191 mothers (76 mothers with prenatal
SSRI treatment), there were 147mothers at 3 years (59mothers with
prenatal SSRI treatment), 145 mothers at 6 years (56 mothers with
prenatal SSRI treatment) and 112 mothers at 12 years (38 mothers
with prenatal SSRI treatment). In terms of whichmothers continued
SSRI treatment over time, of the original 76 prenatal SSRI-treated
mothers, at 3 years 43 of 59 (72.9%), at 6 years 39 of 56 (69.6%)
and at 12 years 29 of 38 (76.3%) continued SSRI treatment. Of
the original 115 mothers not depressed/not treated with an SSRI
during pregnancy, 8 of 88 at 3 years (9.1%), 7 of 89 (7.9%), at 6
years and 11 of 74 (14.9%) at 12 years subsequently started an
SSRI. Differences in prenatal depression symptoms between
mothers who participated and mothers who dropped out or
where we were not able to obtain child behaviour reports were
examined. Mothers who participated at 12 years were less depressed
prenatally (Hamilton Rating Scale for Depression score in the third
trimester: mean 6.32, s.d. = 5.57) than mothers who withdrew or
had missing data (mean 8.95, s.d. = 5.93; t =−3.14, P = 0.002).
However, there was no significant difference in the proportion of
mothers who had been treated with an SSRI during pregnancy
and participated at 12 years compared with mothers who had
been treated with an SSRI during pregnancy and who withdrew
or had missing data (χ2(1) = 4.10, P > 0.05).
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To examine possible bias in our study due to missing data, we
conducted scenario-based quantitative bias analysis.24 We
assumed the following scenarios for the two groups of children at
12 years of age (with and without SSRI exposure) who had
dropped out or had missing data: (a) no children met the clinical
threshold for anxiety symptoms, (b) 31.4% of children met the clin-
ical threshold for anxiety symptoms (31.4% was selected as this is
the estimated lifetime prevalence of any anxiety disorder among
13- to 14-year-olds based on data from 2001 to 2004 in the
USA25) and (c) 100% of children met the clinical threshold for
anxiety symptoms. These scenarios were selected to represent
both extreme (0%, 100%) and reasonable (31.4% based on current
research estimates) possibilities in our missing data. We also con-
ducted the same analyses for internalising symptoms, but we
selected 25% as the second scenario as there was no previous
research estimating internalising symptoms in adolescents to
draw from. Results showed that the number of children meeting
the clinical threshold for anxiety and internalising would increase
proportionally to the hypothetical scenario examined (details are

given in the supplementary material, available at https://doi.org/
10.1192/bjo.2022.623), suggesting that despite the attrition in our
sample over time, our results would be similar to a complete
cohort with no attrition.

Measures
Maternal mood

Maternal depressed mood was assessed using the a clinician-rated
measure, the Hamilton Rating Scale for Depression (HAMD)26 at
the third trimester of pregnancy and at 6 and 12 years postpartum.
The HAMD is a clinician-rated measure of depressive symptoms,
with higher scores indicating higher levels of depression; total
scores were used in the analyses. At 3 years, measures of depressive
symptoms were obtained using the 21-item self-reported Beck
Depression Inventory (BDI)27 as we did not have the resources to
conduct in-person assessments at this time point. This multiple-
choice self-report questionnaire is designed to assess the severity
of depression, with higher scores indicating higher levels of depres-
sive symptoms. The BDI is well established as being highly corre-
lated with the HAMD at multiple time points.28 Maternal mood
was treated as a continuous measure, reflecting a dimensional
range of depressive symptoms.

Child internalising and anxiety behaviour

At 3 years and 12 years, maternal reports of internalising and anxiety
problems in their children were obtained using the Child Behavior
Checklist (CBCL) (for 1.5- to 5-year-olds29 and 6- to 18-year-
olds30), a norm-referenced caregiver-completed rating scale that
describes a child’s functioning during the previous 6 months. All
items are scored on a three-point Likert scale (0, not true; 1, some-
what or sometimes true; 2, very true or often true). All CBCL
scales have a T-score mean of 50 and s.d. of 10 and different

Table 1 Descriptive statistics for key variables in mothersa

Not treated with an SSRI
(total n = 115) n

SSRI treated
(total n = 76) n T or χ2 P

Effect size
(r)c or phi

Maternal characteristics
Gestation at second trimester, weeks: mean (s.d.) 26.65 (3.10) 108 24.98 (4.48) 73 2.98 0.003 0.22
Diagnosis at study entry (depression), n (%) 23 (20.2%) 114 62 (81.6%) 76 69.54b < 0.001 0.61d

Diagnosis at study entry (anxiety), n (%) 28 (24.6%) 114 54 (71.0%) 76 40.18 < 0.001 0.46d

Age at delivery, mean (s.d.) 33.65 (5.04) 110 32.70 (5.43) 76 1.22 0.223 0.09
Education, years: mean (s.d.) 17.73 (3.34) 113 16.36 (3.21) 76 2.83 0.005 0.20
Ethnicity, n (%) 1.38 0.495 0.09d

White 90 (47.1%) 60 (31.4%)
Asian 12 (6.3%) 5 (2.6%)
Other 12 (6.3%) 11 (5.8%)

Prenatal SSRI treatment, days: mean (s.d.) 0 (0.00) 115 235 (67.87) 75 −37.21 < 0.001 0.94
Prenatal smoking, mean (s.d.) 108 74 0.673e

No 105 (97.2%) 72 (97.3)
Yes 3 (2.8%) 2 (2.7)

Prenatal alcohol use 3.42 109 4.05 75 −0.55 0.585 0.04
HAMD second trimester, mean (s.d.) 6.68 (6.58) 109 11.90 (6.75) 73 −5.20 < 0.001 0.36
HAMD third trimester, mean (s.d.) 5.58 (5.58) 102 10.12 (5.87) 73 −5.26 < 0.001 0.37
HAMD at 6 years, mean (s.d.) 6.28 (5.67) 72 10.98 (6.91) 51 −4.14 < 0.001 0.35
HAMD at 12 years, mean (s.d.) 5.63 (5.70) 57 9.84 (6.41) 31 −3.17 < 0.001 0.32
BDI at 3 years, mean (s.d.) 4.22 (4.39) 88 8.12 (5.88) 59 −4.59 < 0.001 0.36
BDI at 12 years, mean (s.d.) 6.79 (6.33) 14 7.50 (5.54) 6 −0.24 0.814 0.06

SSRI, selective serotonin reuptake inhibitor; HAMD, Hamilton Rating Scale for Depression; BDI, Beck Depression Inventory.
a. Clarifications: Asian, those who self-identified as Oriental; White, those who self-identified as Caucasian; Other, those who self-identified as the following: Indian (n = 6), Latin (n = 5),
Oriental/White (n = 3), Native North American Indian (n = 2), and one mother in each of the following self-identifying categories: Filipino/Polynesian, Black, Greek, Israeli, Eurasian, Jewish,
West Indian, and preferred not to respond; SSRI treatment days, number of days of prenatal SSRI treatment (range: 41–294 days), no information was collected on timing of treatment but
most mothers were taking SSRIs at the time of conception; prenatal smoking: Yes means <20 cigarettes per day; prenatal alcohol use, maternal alcohol consumption in single drinks during
entire pregnancy; CBCL above threshold, number and percentage of participants with a T-score of 70 or higher on the CBCL; SCARED above threshold risk, number and percentage of
participants with a total score of 25 or higher, which may indicate the presence of an anxiety disorder.
b. χ2 value.
c. Cohen (1988) proposed guidelines of effect sizes for small, medium and large effects for both individual differences (Pearson’s r = 0.10, 0.30 and 0.50, respectively) and group differences
(Cohen’s d or Hedges’ g = 0.20, 0.50 and 0.80).
d. Phi value.
e. As the number of the computed expected clinical cases in the SSRI group was less than 5, Fisher’s exact test is reported; no effect size can be computed.

Table 2 Specific maternal selective serotonin reuptake inhibitors
(SSRIs), prenatal dose and length of prenatal exposure

SSRI type
Mothers taking

SSRI, n (%)
Days of prenatal

exposure, mean (s.d.)

Range
(days of
exposure)

Paroxetine 22 (28.9) 229.41 (68.98) 61–292
Fluoxetine 11 (14.5) 212.27 (74.32) 106–294
Sertraline 12 (15.8) 220.45 (84.45) 65–284
Venlafaxine 16 (21.1) 257.50 (58.66) 41–287
Citalopram 14 (18.4) 246.07 (57.32) 94–290
Escitalopram 1 (0.5) 274.00 (.) 274
All SSRIs 76 (100) 235.28 (67.87) 41–294

Prenatal maternal depression, SSRIs and child behavioural outcomes
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norms are provided for each gender across the age ranges of 6–11
years and 12–18 years. The CBCL yields a total problem score, exter-
nalising and internalising scores, and norm-referenced DSM-
oriented scales, which include an anxiety problems scale. These
DSM-oriented scales were created based on expert consensus of
selected items from the CBCL and were developed to assist practi-
tioners in the differential diagnostic process. The anxiety problems
scale assesses symptoms of separation anxiety disorder, specific
phobia and generalised anxiety disorder. There is substantial psycho-
metric support for the various CBCL scales.30,31 For the current
study, we used the internalising and anxiety problems T-scores,
which are computed based on the gender and age of the child.

When their children were 6 years of age, mothers completed the
MacArthur Health and Behavior Questionnaire (HBQ), which
yielded measures of internalising, externalising, over-anxious and
inattention behaviours. These measures were derived from the
Ontario Child Health Study Measure, which maps onto items from
the CBCL and DSM-III-R symptom criteria for internalising beha-
viours32 in children ages 4 to 8 years.33 We also used the Screen for
Child Anxiety Related Emotional Disorders (SCARED),34 a child
and parent self-report instrument, to compare the mother’s report
of anxiety with that of their child, to examine whether mothers
treated with a prenatal SSRI over-reported internalising and anxiety
behaviours in their children.

Statistical analyses

Group differences in maternal and child characteristics and outcomes
were determined using t-tests or χ2-tests as appropriate. To determine
longitudinal associations between predictor variables, multilevel
mixed model analyses were used to examine repeated measures (at
3, 6 and 12 years) and group differences in child behaviours as this
method prevented listwise deletion owing to missing data35 and
enabled use of 160 mothers and their children from the original
birth cohort (n = 191) where we had data from at least two time
points. For these analyses, we used one continuous predictor variable
(maternal mood at the third trimester), one categorical predictor vari-
able (prenatal SSRI treatment: yes/no) and one interaction term
(maternal mood at the third trimester × prenatal SSRI exposure).
We chose maternal mood at the third trimester because this was the
closest measurement during pregnancy relative to the other time
points (at 3, 6 and 12 years). Standardised internalising and anxiety
behaviour scores (z-scores) were derived from CBCL and HBQ inter-
nalising and anxiety behaviour measures at 3 and 12 years and at 6
years respectively. Two multilevel mixed models were used to assess
whether the selected variables predicted internalising behaviour and
to predict anxiety behaviour during the entire follow-up period.

To determine the relative contributions of each key exposure
(prenatal depressed maternal mood, current maternal mood and
SSRI exposure) on internalising behaviours at each age, three hier-
archical regressions were conducted with internalising behaviour
scores at 3, 6 and 12 years as the dependent variable. To determine
the unique variance explained by each predictor (maternal mood at
the third trimester, current maternal mood, SSRI exposure status) at
each assessment (which is not possible using multilevel mixed
model analyses), three hierarchical regressions were used separately,
with internalising and anxiety measures at 3, 6, and 12 years as the
dependent variables. Child age at the time of the study was entered
at step 1, third trimester maternal HAMD scores were entered at
step 2, current mood was entered at step 3 (e.g. for internalising
measures at 3 years, HAMD scores at 3 years were entered; for inter-
nalising measures at 6 years, HAMD scores at 6 years were entered,
etc.) and SSRI exposure status was entered at step 4.

There were missing maternal HAMD scores (e.g. third trimes-
ter: n = 4; 6 years: n = 22: 12 years: n = 23) and BDI scores (3 years: n

= 8; 12 years: n = 90) as described above. Three mothers at the 12-
year time point did not complete either the HAMD or the BDI.
Missing values were imputed using an expectation maximisation
algorithm to estimate missing data from key population parameter
values (SYSTAT version 13 for Windows).

Order of entry of variables for the hierarchical regressions was
based on previous cross-sectional research demonstrating that mater-
nalmoodwasmore associated with children’s affective behaviour than
was SSRI exposure.15,17,18 All assumptions necessary for multiple
regression analyses to be conducted and considered valid were met
(e.g. absence of multicollinearity for the twomaternal moodmeasures,
as the variance inflation factor (VIF) was <10 and tolerance was >0.2)
and no outliers or influential cases were detected. Maternal mood at
the third trimester was included as a key covariate in the multilevel
mixed models and hierarchical regressions. Current maternal mood
was treated as a predictor for the hierarchical regressions only at
each time point (3, 6 and 12 years). All analyses were conducted
using SPSS version 19 for Windows.

Results

Maternal characteristics

Mothers with prenatal SSRI treatment had persistently higher levels
of depressive symptoms during the second and third trimesters, and
at 3 years, 6 years and 12 years, compared withmothers without pre-
natal SSRI treatment (Table 1). Characteristics of mothers with and
without prenatal SSRI treatment did not significantly differ regard-
ing ethnicity, prenatal smoking and prenatal alcohol use.

Mothers in both groups had a range of depressive symptoms at
each assessment. Mothers with prenatal SSRI treatment reported sig-
nificantly higher depressive symptoms than mothers without SSRI
treatment. All group HAMDmeans (<11) were below the typical clin-
ical cut-off for a diagnosis of moderate depression (17–23) and severe
depression (≥24)36; however, we were interested in a range of depres-
sive symptoms and we did not limit our study only to mothers who
met diagnostic criteria for depression at each assessment.

To examine the possibility that mothers with prenatal SSRI treat-
ment were over-reporting internalising and anxiety behaviours in
their children, intraclass correlation coefficients (ICCs) were used to
evaluate the agreement between maternal reports of anxiety and
their children’s self-reports using the SCARED.34 The ICC provides
an index of absolute agreement as it takes into account the ratio
between participant variability and total variability.37 ICCs were com-
puted for the whole sample and by subsample (SSRI exposure versus
no SSRI exposure) to investigate whether there were differences in
mother–child agreement depending on SSRI exposure. ICCs are clas-
sified as follows: <0.40 indicates poor to fair agreement; 0.41–0.60
moderate agreement; 0.61–0.80 good agreement; and 0.81–1.00 excel-
lent agreement.38 At 12 years for the whole sample, the ICC between
maternal report and their child’s self-report for the SCARED total
score was 0.62, P < 0.001 (n = 110). At 12 years among mothers who
had been treated with an SSRI in pregnancy and their child’s self-
report for the SCARED total score, ICC = 0.76, P < 0.001 (n = 37).
At 12 years among mothers without SSRI treatment and their
child’s self-report for the SCARED total score, ICC = 0.76, P < 0.001
(n = 73). In sum, these results suggest convergence of maternal and
child self-reports of anxiety symptoms.

Child characteristics

At the 3- and 6-year assessment points, SSRI-exposed children were
significantly older than children without SSRI exposure (Table 3).
There were no significant differences between children with and
without SSRI exposure in relation to the number of females in
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each group. There were also no gender differences in children’s
internalising and anxiety behaviours at 3, 6 and 12 years (data not
shown, all P in the range 0.243–0.984).

Children’s internalising behaviours across childhood

Multilevel mixed model analyses (n = 160) investigated the impact of
maternalmood at the third trimester, SSRI exposure and an interaction
between maternal mood at the third trimester and SSRI exposure.
Results showed that maternal mood at the third trimester was asso-
ciated with increased internalising behaviours over time (Table 4).

Neither SSRI exposure alone nor an interaction between SSRI exposure
and third trimester maternal mood contributed significantly to the
model.

Hierarchical regressions

To gauge the relative contributions of maternal mood at the
third trimester, current maternal mood and SSRI exposure status
to internalised behaviours at each point over time (which is not pos-
sible using multilevel mixed model analyses), three hierarchical
regressions were conducted with internalising behaviour scores at

Table 4 Estimated fixed effects of predictors for internalising and anxiety behaviours in children with and without prenatal exposure to selective
serotonin reuptake inhibitors (SSRIs)a

Parameter Estimate s.e. d.f. t P

95% CI

Lower Upper

Internalising
Intercept −0.34 0.18 139.26 −1.82 0.071 −0.72 0.03
Maternal mood at the third trimester 0.07 0.02 137.27 4.04 < 0.001 0.03 0.10
SSRI exposure −0.01 0.22 137.98 −0.06 0.955 −0.43 0.41
Interaction (maternal mood at the third trimester × SSRI exposure) −0.03 0.02 146.23 −1.35 0.180 −0.074 0.01

Anxiety
Intercept −0.28 0.18 140.91 −1.54 0.125 −0.64 0.07
Maternal mood at the third trimester 0.05 0.02 138.50 3.36 0.001 0.02 0.08
SSRI exposure 0.07 0.21 139.35 0.35 0.727 −0.34 0.49
Interaction (maternal mood at the third trimester × SSRI exposure) −0.04 0.02 148.01 −1.86 0.066 −0.08 0.00

a. The estimates indicate differences in average internalising and anxiety behaviours over time between groups (SSRI exposure, yes/no) and differences in maternal mood at the third
trimester; n = 160, those with data from to or more time points.

Table 3 Descriptive statistics for key variables in children

No SSRI exposure
(total n = 115) n

SSRI exposure
(total n = 76) n T or χ2 P

Effect size
(r)c or phi

Child characteristics
Gestational age at birth, weeks: mean 39.75 (1.75) 110 39.05 (1.60) 75 2.80 0.006 0.20
Sex at birth (females), n (%) 58 (52.7%) 110 42 (55.2%) 75 0.19a 0.764 0.03d

Delivery mode (Caesarean section), n (%) 30 (23.7%) 110 22 (29.3) 75 0.09 0.760 0.02
Birth weight, g: mean (s.d.) 3492.05 (545.32) 110 3323.12 (517.61) 75 2.11 0.036 0.15
Birth length, cm: meand (s.d.) 51.65 (2.82) 109 50.61 (2.36) 75 2.63 0.009 0.19
Apgar score (1 min), mean (s.d.) 8.24 (1.39) 110 7.48 (1.63) 75 3.38 0.001 0.24
Apgar score (5 min), mean (s.d.) 8.99 (0.57) 110 8.80 (0.74) 73 1.99 0.048 0.15
Age at 3 years, mean (s.d.) 3.53 (0.57) 88 3.85 (0.63) 59 −3.22 0.002 0.26
Age at 6 years, mean (s.d.) 5.81 (0.59) 89 6.12 (0.79) 56 −2.73 0.007 0.22
Age at 12 years, mean (s.d.) 11.68 (1.11) 78 11.88 (1.17) 40 −0.65 0.518 0.06
CBCL score at 3 years, mean (s.d.)

Internalising problems 45.88 (8.43) 88 49.56 (10.53) 59 −2.15 0.034 0.18
Anxiety problems, mean 51.73 (3.40) 88 52.20 (5.58) 59 −0.56 0.648 0.04

HBQ score at 6 years, mean (s.d.)
Internalising symptoms 0.28 (0.21) 88 0.38 (0.26) 54 −2.58 0.011 0.21
Overanxious 0.36 (0.26) 88 0.48 (0.32) 54 −2.42 0.017 0.20

CBCL score at 12 years
Internalising problems, mean (s.d.) 51.16 (10.40) 73 58.14 (10.91) 37 −3.35 0.001 0.31
Above threshold, n (%) 4 (5.5%) 73 6 (16.2%) 37 0.083b

Anxiety problems, mean (s.d.) 54.89 (7.26) 73 58.70 (10.19) 37 −2.46 0.016 0.23
Above threshold, n (%) 6 (8.2%) 73 8 (21.6%) 37 3.97 0.068 0.19d

SCARED at 12 years
Total score, mean (s.d.) 11.62 (9.48) 73 19.55 (13.42) 38 −3.62 < 0.001 0.33
Above threshold risk, n (%) 8 (11.0%) 73 11 (28.9%) 38 5.70a 0.031 0.23d

SCARED at 12 years: child self-report
Total score, mean (s.d.) 16.59 (9.83) 73 19.84 (10.02) 37 −1.63 0.107 0.15
Above threshold risk, n (%) 15 (20.5%) 73 11 (29.7%) 37 1.15a 0.344 0.10d

SSRI, selective serotonin reuptake inhibitor; CBCL, Child Behavior Checklist; HBQ, Health Behavior Questionnaire; SCARED, Screen for Child Anxiety Related Emotional Disorders.
a. Clarifications: Asian, those who self-identified as Oriental; White, those who self-identified as Caucasian; Other, those who self-identified as the following: Indian (n = 6), Latin (n = 5),
Oriental/White (n = 3), Native North American Indian (n = 2), and one mother in each of the following self-identifying categories: Filipino/Polynesian, Black, Greek, Israeli, Eurasian, Jewish,
West Indian, and preferred not to respond; SSRI treatment days, number of days of prenatal SSRI treatment (range: 41–294 days), no information was collected on timing of treatment but
most mothers were taking SSRIs at the time of conception; prenatal smoking: Yes means <20 cigarettes per day; prenatal alcohol use, maternal alcohol consumption in single drinks during
entire pregnancy; CBCL above threshold, number and percentage of participants with a T-score of 70 or higher on the CBCL; SCARED above threshold risk, number and percentage of
participants with a total score of 25 or higher, which may indicate the presence of an anxiety disorder.
b. χ2 value.
c. Cohen (1988)39 proposed guidelines of effect sizes for small, medium and large effects for both individual differences (Pearson’s r = 0.10, 0.30 and 0.50, respectively) and group differences
(Cohen’s dor Hedges’ g = 0.20, 0.50 and 0.80).
d. Phi value.
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3, 6 and 12 years as the dependent variable. Results are detailed in
Table 5. At 3 years, the age of the children was entered in step 1
and was not statistically significant. For step 2, maternal mood at
the third trimester was statistically significant and accounted for
an additional 8.8% of unique variance in internalising behaviours.
For step 3, maternal mood at 3 years was statistically significant
and accounted for an additional 4.6% of unique variance. For step
4, the prenatal SSRI exposure’s contribution to the model was not
statistically significant.

At 6 years, child age was entered in step 1 and was statistically
significant. For step 2, maternal mood at the third trimester was
statistically significant and accounted for an additional 12.6% of
unique variance in internalising behaviours. For step 3, maternal
mood at 6 years was not statistically significant. For step 4, SSRI
exposure was not statistically significant.

At 12 years, child age was entered in step 1 andwas not statistically
significant. For step 2, maternal mood at the third trimester continued
to have a statistically significant impact and accounted for an add-
itional 17.9% of unique variance in internalising behaviours. For

step 3, maternal mood at 12 years was not statistically significant.
For step 4, SSRI exposure was not statistically significant.

Children’s anxiety behaviours

Multilevel mixed model analyses (n = 160) investigated the impact
of prenatal maternal mood, SSRI exposure and the interaction
between prenatal maternal mood and SSRI exposure. Results
showed that maternal mood during the third trimester was asso-
ciated with increased child anxiety behaviour over time (Table 4).
Neither SSRI exposure alone nor the interaction with prenatal
maternal mood contributed significantly to the model.

Hierarchical regressions

To assess the relative contributions of maternal mood during the
third trimester, current maternal mood and SSRI exposure status
to anxiety behaviours at each point over time (which is not possible
using multilevel mixed model analyses), three hierarchical regres-
sions were conducted with anxiety behaviour scores at 3, 6 and 12

Table 5 Hierarchical regression analyses predicting internalising
behaviours across childhood

Step variables β ΔR2 ΔF d.f.

Model 1: Internalising behaviours at 3 years
Step 1 0.02 2.42 1, 145

Child age at 3 years 0.13
Step 2 0.09 14.09*** 1, 144

Child age at 3 years 0.06
Maternal mood at the third trimester 0.30***

Step 3 0.05 7.80** 1, 143
Child age at 3 years 0.02
Maternal mood at the third trimester 0.18*
Maternal mood at 3 years 0.25**

Step 4 0.00 0.04 1, 142
Child age at 3 years 0.02
Maternal mood at the third trimester 0.18
Maternal mood at 3 years 0.25**
SSRI exposure 0.02

Model 2: Internalising behaviours at 6 years
Step 1 0.04 5.86* 1, 139

Child age at 6 years 0.20*
Step 2 0.13 20.80*** 1, 138

Child age at 6 years 0.22**
Maternal mood at the third trimester 0.36***

Step 3 0.00 0.26 1, 137
Child age at 6 years 0.21*
Maternal mood at the third trimester 0.33**
Maternal mood at 6 years 0.05

Step 4 0.00 0.05 1, 136
Child age at 6 years 0.20*
Maternal mood at the third trimester 0.32**
Maternal mood at 6 years 0.05
SSRI exposure 0.02

Model 3: Internalising behaviours at 12 years
Step 1 0.00 0.15 1, 108

Child age at 12 years −0.04
Step 2 0.18 23.37*** 1, 107

Child age at 12 years 0.02
Maternal mood at the third trimester 0.43***

Step 3 0.02 2.64 1, 106
Child age at 12 years 0.01
Maternal mood at the third trimester 0.36***
Maternal mood at 12 years 0.16

Step 4 0.01 1.27 1, 105
Child age at 12 years −0.01
Maternal mood at the third trimester 0.30**
Maternal mood at 12 years 0.15
SSRI exposure 0.12

SSRI, selective serotonin reuptake inhibitor.
*P < 0.05; **P < 0.01; ***P < 0.001.

Table 6 Hierarchical regression analyses predicting anxiety beha-
viours across childhood

Step variables β ΔR2 ΔF d.f.

Model 1: Anxiety behaviours at 3 years
Step 1 0.00 0.33 1, 145

Child age at 3 years −0.05
Step 2 0.05 6.34** 1, 144

Child age at 3 years −0.09
Maternal mood at the third trimester 0.22**

Step 3 0.01 1.48 1, 143
Child age at 3 years −0.11
Maternal mood at the third trimester 0.16
Maternal mood at 3 years 0.12

Step 4 0.00 0.29 1, 142
Child age at 3 years −0.10
Maternal mood at the third trimester 0.18
Maternal mood at 3 years 0.12
SSRI exposure −0.05

Model 2: Anxiety behaviours at 6 years
Step 1 0.03 3.65 1, 139

Child age at 6 years 0.16
Step 2 0.07 10.80** 1, 138

Child age at 6 years 0.17*
Maternal mood at the third trimester 0.27**

Step 3 0.01 1.16 1, 137
Child age at 6 years 0.15
Maternal mood at the third trimester 0.21*
Maternal mood at 6 years 0.11

Step 4 0.00 0.41 1, 136
Child age at 6 years 0.14
Maternal mood at the third trimester 0.19
Maternal mood at 6 years 0.10
SSRI exposure 0.06

Model 3: Anxiety behaviours at 12 years
Step 1 0.00 0.00 1, 108
Child age at 12 years 0.00
Step 2 0.10 11.58** 1, 107
Child age at 12 years 0.05
Maternal mood at the third trimester 0.32**
Step 3 0.02 2.24 1, 106
Child age at 12 years 0.03
Maternal mood at the third trimester 0.251
Maternal mood at 12 years 0.15
Step 4 0.00 0.60 1, 105
Child age at 12 years 0.02
Maternal mood at the third trimester 0.21
Maternal mood at 12 years 0.15
SSRI Exposure 0.08

SSRI, selective serotonin reuptake inhibitor.
*P < 0.05; **P < 0.01; ***P < 0.001.
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years as the dependent variable. Results are detailed in Table 6. At 3
years, the age of the children was entered in step 1 and was not stat-
istically significant. For step 2, maternal mood at the third trimester
was statistically significant and accounted for an additional 4.5% of
unique variance. For step 3, maternal mood at 3 years was not stat-
istically significant. For step 4, SSRI exposure was not statistically
significant.

At 6 years, child age was entered in step 1 and was not statistic-
ally significant. For step 2, maternal mood during the third trimester
was statistically significant and accounted for an additional 7.1% of
unique variance. For step 3, maternal mood at 6 years was not stat-
istically significant. For step 4, SSRI exposure was not statistically
significant.

At 12 years, child age was entered in step 1 and was not statis-
tically significant. For step 2, maternal mood at the third trimester
was statistically significant and accounted for an additional 9.8%
of unique variance. For step 3, maternal mood at 12 years was not
statistically significant. For step 4, SSRI exposure was not statistic-
ally significant.

Discussion

In this study we examined longitudinal patterns of child internalis-
ing and anxious behaviours from 3 to 12 years of age and associa-
tions with maternal depressive symptoms and prenatal SSRI
treatment. As expected, prenatal maternal depressive symptoms,
not prenatal SSRI exposure, were associated with persistently
higher levels of internalising and anxiety behaviours from toddler-
hood into pre-adolescence. Additional analyses examined the rela-
tive contribution of prenatal maternal depressive symptoms,
current maternal depressive symptoms and prenatal SSRI treat-
ment. We showed that prenatal maternal depressive symptoms
accounted for more variability in child internalising and anxiety
behaviours than current depressive symptoms at each child assess-
ment or prenatal SSRI exposure.

Interestingly, a greater proportion of the children ofmothers with
prenatal SSRI treatment had anxiety symptoms in the clinical range
(29.7%) at 12 years of age, compared with children without prenatal
SSRI exposure (10.9%), according to the child self-report SCARED
and maternal report on the CBCL. Even with SSRI treatment,
pregnant women in our study remained symptomatic (mean HAMD
score of 11) during the third trimester, raising the possibility of an
apparent ‘pharmacotherapeutic failure’ which put children of SSRI-
treated mothers at an additional developmental risk. However, further
exploration of the nature of pharmacotherapeutic failure and a discus-
sion on whether there was a negative impact of ‘unneeded SSRI
exposure’ is beyond the scope of this paper.

Our findings are consistent with previous cohort-based studies
investigating relationships between internalising behaviours and
prenatal SSRI exposure16–18 and prenatal antidepressant expos-
ure15,20 in 3- to 6-year-olds. Our outcomes related to anxiety beha-
viours are also consistent with a larger population-based study of
prenatal SSRI exposure and later diagnosis of anxiety with children
up to 14 years of age.22 In contrast, Lupattelli et al.4 found that SSRI
exposure in late pregnancy (after week 29) was associated with
increased levels of anxiety behaviours in 5-year-olds when prenatal
maternal depressive and anxiety symptoms were controlled for.
These contradictory findings may reflect methodological differences
due to varying extents of prenatal exposure in late pregnancy (after
week 29) and controlling for maternal anxiety symptoms in add-
ition to depressive symptoms. As the majority of prenatal SSRI
exposure studies have examined internalising behaviours, very
little attention has been paid to anxiety behaviours as a specific
behavioural phenotype. To date despite the determined efforts to

control for the confounding effects of maternal mental health
(pre- and postnatal and current) and other factors that potentially
contribute to residual confounding (e.g. genetic inheritance, envir-
onment), precise associations and underlying neurodevelopmental
mechanisms that explain associations between prenatal SSRI expos-
ure and behavioural outcomes remain to be determined.

Together, findings from this longitudinal birth cohort study
indicate that children with prenatal SSRI exposure are not at
greater risk for having higher levels of internalising and anxious
behaviours across childhood and into early adolescence. However,
maternal prenatal depressed mood as well as current maternal
mood across childhood persistently accounted for most of the vari-
ance in child behavioural outcomes. It is worth noting that mean
maternal HAMD scores for the current study (≤11) were not in
the clinical range for scores for moderate depression (17−23),36

which is consistent with other studies in mothers with prenatal
SSRI treatment.17,18 With this in mind we need to ask whether
any observed developmental associations with prenatal SSRI expos-
ure reflects a sustained effect related to in utero exposure to SSRIs or
whether SSRI exposure merely represents a ‘proxy exposure’ that
accompanies maternal mood disturbances reflecting the possible
influence of genetic and environmental factors that may also con-
tribute to child development. Importantly, our findings are consist-
ent with a growing literature that increasingly shows that, regardless
of SSRI exposure, maternal mood continues to influence behaviour
across childhood,5 highlighting that regardless of maternal prenatal
SSRI treatment, development in children of depressed mothers
treated with an SSRI during pregnancy remains disproportionality
at risk. These findings have critical implications for ensuring
timely and effective interventions for mothers during and following
pregnancy as well as long-term follow-up for their children. In this
study we observed that all measures of maternal depressive symp-
toms were associated with both internalising and anxiety behaviours
at 12 years and point to the importance of ongoing assessments of
maternal mental health long after delivery. Additional longitudinal
studies are needed to determine risks related to perinatal maternal
depressive symptoms and identify who can benefit from maternal
pre- and postnatal antidepressant treatment.

Limitations

A few key limitations for this study are worth noting. First, the
majority of mothers in our cohort were highly educated, and there-
fore these effects may not generalise across the full socioeconomic
spectrum. Maternal education is only one component of socio-
economic status (SES) and other indicators (e.g. occupation,
income, marital status) are needed to establish a broader perspective
on the influence of SES. Second, as the measures of internalising and
anxiety behaviours were completed by mothers, mothers who were
depressed at the time may have been more likely to have a bias in
over-reporting these behaviours. However, we examined this possi-
bility using additional analyses comparing maternal reports of their
child’s anxiety and the children’s self-reports using the SCARED
and they were significantly associated, suggesting that maternal
reports of anxiety were accurate. Third, as is typical in longitudinal
research, some participants declined to participate over time, so our
original sample of 191 participants had reduced to 118 at 12 years
(62%). We therefore acknowledge an inherent selection bias
(uncontrolled or even unmeasurable) that emerged over time and
the small sample. Although we did conduct scenario-based quanti-
tative bias analysis to partly address this concern, future research is
still needed with larger samples to confirm these results.

Finally, although this was a longitudinal prospective study start-
ing in the second trimester, yet unmeasured factors related tomater-
nal illness severity, genetics and the everyday environment that
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could also have contributed to the impact of exposure to maternal
mood and SSRI antidepressants need to be considered by future
researchers. For example, some studies have found that genetic var-
iations were associated with poor, rapid or ultrarapid metabolism,
which could have an impact on the effectiveness of an SSRI
dose.39 Owing to our sample size, we had to limit the number of cov-
ariates used in the study; however, it is possible that studies in larger
populations with sufficient statistical power might be able to address
this limitation in future research.

In conclusion, this prospective longitudinal study found pre-
natal maternal depressive symptoms, not prenatal SSRI exposure
per se, was associated with persistently increased levels of internal-
izing and anxiety behaviours from 3 to 12 years of age. These find-
ings highlight that regardless of prenatal SSRI treatment,
behavioural risk for affective disturbances associated with perinatal
mood disturbances continued into early adolescence.
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