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Abstract
Purpose The present study investigates child development
following prenatal exposure to maternal use of selective
serotonin reuptake inhibitors (SSRIs; N= 28), versus pre-
natal exposure to medically untreated depression (N= 42),
and no exposure (N= 33).
Methods When the children reached 5–6 years of age, child
cognitive abilities were measured using selected tests from
Wechsler Preschool and Primary Scale of Intelligence-
Revised (WPPSI-r), Neuropsychological Assessment II
(NEPSY-II), and the Attention Network Test. Maternal reports
of child behavioral problems were collected using the Child
Behavior Checklist (CBCL).
Conclusion Analyses of variance revealed no effects of pre-
natal exposure to depression or SSRIs upon general cognition
or inhibition. Regarding behavioral problems, there was a sig-
nificant negative association between both SSRI and depres-
sion exposure upon externalizing, and between SSRI

exposure and internalizing problems. The results are
interpreted in light of theories on interactive specialization
and reactivity.

Keywords Prenatal SSRI exposure . Inhibition . Child
behavior .Attention network test . TheNorwegianMother and
Child Cohort Study (MoBa)

Introduction

An increasing number of pregnant women use selective sero-
tonin reuptake inhibitors (SSRIs) during pregnancy, as a treat-
ment for major depression (Bakker et al. 2008; Kieler et al.
2012). SSRIs administered during pregnancy will initially en-
ter the maternal blood stream before passing through the pla-
centa and into the blood stream of the fetus (Iqbal et al. 2012).
This transfer may cause an imbalance in fetal neurotransmis-
sion, which in turn may alter neural programming, plasticity,
structural, and functional development (Gaspar et al. 2003;
Homberg et al. 2010). There are mixed reports in terms of
increased risk of birth defects following SSRI exposure
(Tuccori et al. 2009). The risk of neonatal abstinence symp-
toms is fairly high (Klinger and Merlob 2008); however, re-
cent population-based studies indicate no increased risk of
major malformations (Furu et al. 2015; Nordeng et al.
2012). Further, a recent review revealed that studies on early
cognitive development suggest no negative effects, while an
increasing amount of studies report later child behavioral
problems (Hermansen and Melinder 2014), indicating latent
effects of exposure (cf., Lupien et al. 2009). This delayed
effect may be explained by the nature of the serotonergic
system and its projections to the prefrontal cortex (PFC), a
region maturing throughout childhood and central for
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executive functions such as inhibition and in turn behavioral
control (Anderson 2002).

Inhibition

The term executive function (EF) is a psychological construct
referring to higher-order cognitive skills essential for goal-
directed processes and self-regulation (Diamond 2013).
Being a main component of EFs, inhibition is an important
process in the regulation of behavior and social relationships
(Miyake et al. 2000; Phillips et al. 2008).

The ability to inhibit thoughts and responses begins to
emerge toward the end of the first postnatal year and un-
dergoes rapid development across the toddler period and into
the preschool years (Garon et al. 2008), a pattern coinciding
with age-related changes in frontal lobe maturation and con-
nectivity (Anderson 2002; Davidson et al. 2006). Reviewing
studies on child inhibitory control, Casey et al. (2005) found
that younger children generally recruit larger and less fine-
tuned regions of the prefrontal cortex. As development pro-
ceeds, executive abilities are involved in fine-tuning the activ-
ity pattern relevant for the task at hand, involving structures
such as the anterior cingulate and lateral prefrontal cortex
(Bush et al. 2000; Fan et al. 2003). An effect of this improved
efficiency is that as children get older, their ability to inhibit a
response to task-irrelevant but salient stimuli is improved
(McAuley et al. 2011; Rueda et al. 2004). This is an ability
often labeled as interference suppression in contrast to the
inhibition of motor responses (Nigg 2000). Furthermore, al-
terations in the serotonergic system, through tryptophan de-
pletion, have been associated with increased interference ef-
fects (Munafo et al. 2006) and impulsivity (Fikke et al. 2013).

Although EFs such as inhibition rely on PFC functioning,
these processes are also malleable and influenced by the social
environment (Diamond 2011, 2012). Thus, research
attempting to uncover possible negative effects of prenatal
antidepressant exposure should be guided by theories of inter-
active specialization taking into account the interactional pro-
cess between biological and social environment (Johnson
2001, 2005). As suggested by Kaiser and Sachser (2009),
developmental differences are not necessarily deficits or
problems, but rather adaptations following the given social
environment. Along these lines, both the illness itself, i.e.,
depression, and the medical treatment mostly used to reduce
symptoms of depression (e.g., SSRIs) may affect prenatal and
postnatal development.

Maternal depression

Children exposed to maternal depression in utero may be at
risk of atypical development due to prenatal and sometimes
prolonged exposure throughout the toddler and preschool
years (Korhonen et al. 2012). Depressed women are found

to be less sensitive and more self-occupied in their parent-
ing style (Cohn and Tronick 1989). Such a parenting style
may be a source of insecure attachment and internalizing
behaviors in the child (Madigan et al. 2013). From a trans-
actional perspective, such child characteristics may in turn
negatively affect the interplay between mother and child
(Sameroff 1975), increasing the likelihood of later child
psychopathology (Cicchetti and Toth 1998; W. Nilsen
et al. 2013).

Child development and maternal depression: cognitive
and behavioral effects

Previous studies have established a close link between mater-
nal depression and child cognitive and behavioral problems
(Choe et al. 2014; Evans et al. 2012; Korhonen et al. 2012;
Van Batenburg-Eddes et al. 2013), with several lines of re-
search suggesting both genetic influences, observational
learning, and parenting behaviors as important predictors
(for a meta analytic review on this topic see Goodman et al.
2011).

As mentioned, a direct association between prenatal
SSRI exposure and atypical cognitive development has so
far not been established. Unfortunately, previous studies
have mainly focused on general cognitive abilities, rather
than specific higher-order cognitive functions (for a
review, see Hermansen and Melinder 2014). As suggested
by recent literature on child cognitive development in an
atypical environment such as maltreatment (Augusti and
Melinder 2013) and prenatal methadone exposure
(Konijnenberg and Melinder 2013), there are limited asso-
ciations between early life stress and global deficits of
cognition. Furthermore, among the previous studies, the
age range is fairly broad (e.g., 2–7-year-olds), complicat-
ing the task of comparing across age groups and
neurocognitive tests (Klinger and Merlob 2008; Nulman
et al. 2012; Nulman et al. 1997; Nulman et al. 2002).

Regarding behavioral problems, the evidence is slightly
more divergent. In some studies, no differences between
SSRI-exposed children and unexposed controls are report-
ed (Galbally et al. 2015; Misri et al. 2006; Nulman et al.
2002; Oberlander et al. 2007). These studies conclude that
maternal levels of depressive symptoms are the main cause
of behavioral differences. Other studies show that the in-
creased risk of internalizing and externalizing behaviors is
predominantly associated with prenatal exposure to SSRIs
(Brandlistuen et al. 2015; Casper et al. 2011; Hanley et al.
2013; Pedersen et al. 2013). Thus, the question is still open
as to whether it is the underlying mental illness or medical
exposure that has the greatest impact on child develop-
ment. In either case, understanding more about the core
mechanism behind these behavioral problems is essential
seeing as behavioral problems during childhood is an
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important mediator of later child psychopathology
(Cicchetti et al. 1998; W. Nilsen et al. 2013).

The present study

The aim of the present paper is to investigate long-term de-
velopmental effects of prenatal exposure to SSRIs in contrast
to medically untreated depression (DEP) and a comparison
group (CON), in preschool-aged children. Abilities of inhibi-
tory control are emerging at this age, which enables us to
examine possible underlying mechanisms of behavioral prob-
lems previously observed among both groups of exposed chil-
dren. We employ selected tests from the Wechsler Preschool
and Primary Scale of Intelligence-Revised (WPPSI-r) and
Neuropsychological Assessment II (NEPSY-II) test batteries,
targeting general cognitive abilities and interference suppres-
sion, respectively. In addition, the children were tested on a
modified version of the Attention Network task (ANT)
developed to target interference control (Rueda et al. 2004).

Methods

Participants and attrition

All children were recruited from a prospective population-
based pregnancy cohort study (The Norwegian Mother and
Child Cohort Study, Norwegian Institute of Public Health
2010), for which participants were recruited in the time period
1999–2008. The women consented to participation in 40.6 %
of the targeted pregnancies. The total cohort today includes
114.500 children, 95.200 mothers, and 75.200 fathers. Within
this total cohort, approximately 0.9 % reported using antide-
pressants in the form of SSRIs (Nordeng et al. 2012). Both the
cohort study in general and the current study were approved
by the Regional Committee for Medical Research Ethics and
utilizes version 8 of the quality-assured data files.

Based on responses given on questionnaires administered
in the first (15th pregnancy week) and third trimester (30th
pregnancy week), we invited three groups of women with
children born in 2008 and 2009. Groups 1 and 2 consisted
of depressed women with and without SSRI treatment, respec-
tively. Drug exposure was classified and grouped according to
the Anatomical Therapeutic Chemical (ATC) Classification
System developed by the World Health Organization (WHO
Collaborating Centre for Drugs StatisticsMethodology). SSRI
exposure was defined as exposure to drugs belonging to ATC
code N06AB, or serotonergic agents within the N06AX code.
A group of non-depressed women were included as a compar-
ison group. Women were considered ineligible if they had any
chronic illness. Regarding analgesics (ATC code N02A,
N02BE01, M01A), participants recruited for the CON group
were excluded if using any analgesics during pregnancy. As

the population to recruit from was smaller for the DEP and
SSRI groups, participants were included even though they had
used analgesics during pregnancy. Unfortunately, we were not
able to investigate whether the medication was used prior to,
during, or after pregnancy; this information is therefore
discarded in the following analyses. Multiple births were ex-
cluded in all groups.

In total, 1906 womenwere eligible for inclusion: 124 in the
SSRI group, 400 in the DEP group, and 1382 in the compar-
ison group. Two hundred women in each of the latter groups
received invitations, as well as everyone eligible for the SSRI
group. As response rate in the comparison group was low
compared to the two others, we sent out an additional set of
invitations to 143 women, totaling 667 invitations. A reminder
was sent 2 months after the initial invitations to those who had
not yet responded. Informed consent was obtained from each
participant upon recruitment before we could make arrange-
ments about the date and time of assessment.

The present study includes a total of 103 (15 % of the
invited sample) children and their mothers, representing the
three groups: SSRI-exposed (SSRI; N=28 (22 %), 16 girls,
M=69.02 months, SD=4.76); DEP-exposed (DEP; N=42
(21 %), 17 girls, M= 68.41 months, SD= 5,16); and non-
exposed controls (CON; N = 33 (10 %), 18 girls,
M = 67.37 months, SD = 6.34). Most of the participants
belonged to the ethnic majority (N=91), but there were also
children with a different background (N=12). Given this sam-
ple size and depending on the contrasts, the probability of
finding a medium effect (>.5) is approximately 98–99 %.
Small effects (>.2) would be detectable with a 46–53 %
probability (Cohen 1992).

One-way analysis of variance comparing the dyads includ-
ed in the present study with those who did not wish to partic-
ipate showed that there was no significant difference (i.e.,
p> .05) in terms of maternal age, relationship status, and so-
cioeconomic status (data not shown). Further, there was no
difference between the two exposure groups regarding symp-
tom severity during pregnancy for any of the trimesters.

Measures

Maternal variables

Demographic information (Version 8, Magnus et al. and
MoBa Study Group (2006)) Pregnancy-related and demo-
graphic variables of interest were all collected by researchers
from the cohort study. The pregnant women fill in three ques-
tionnaires during pregnancy, two of which are included in the
present study: Q1administered at 15th pregnancy week covers
general health, exposures, and background data, and Q3 ad-
ministered at week 30 and concerning health conditions dur-
ing pregnancy. After birth, further questionnaires are sent to
the participating families, but among these, only Q4

Psychopharmacology (2016) 233:1523–1535 1525



administered 6 months after birth is included in the present
study. The present study includes only a subset of the data
previously collected. In order to gain insight into the degree
of previous depressive episodes, we used the Life Time
History of Depression scale (LHD; Kendler et al. 1993), a
six-item scale consisting of yes/no questions as to whether
given symptoms were present. A high total score indicates
higher levels of previous depressive episodes. We also includ-
ed a short form of the symptom checklist for maternal anxiety
and depressive symptoms during pregnancy (five items in Q1,
and eight items in Q3 and Q4) (Tambs andMoun 1993; Tambs
and Røysamb 2014). Each item on the SCL-5 is scored as
1 = Bnot bothered,^ 2= Ba little bothered,^ 3= Bquite both-
ered,^ or 4= Bvery bothered,^ and an overall mean score is
calculated to reflect the level of depressive symptoms (Strand
et al. 2003). In addition, we collected information on other
exposures during pregnancy such as alcohol and nicotine.
Information on maternal and paternal educational levels as
well as household income was collapsed across the selected
variables to create a composite score of socio-economic status
(SES).

Beck Depression Inventory II (BDI-II; Beck et al. 1996)
Maternal measures of concurrent depressive symptoms were
assessed at the time of testing using BDI-II, a widely used self-
report screening instrument of depressive symptoms, showing
good reliability and validity (Sprinkle et al. 2002; Storch et al.
2004). The questions are composed of cognitive symptoms
such as guilt, irritability, hopelessness, and physical symptoms
such as lack of interest in sex, fatigue, and weight loss. A high
score indicates increased symptom load, with a score above 17
considered borderline clinical depression, 21–30 as moderate
depression, 31–40 severe depression, and above 40 as highly
severe depression.

Child variables

Wechsler Preschool and Primary Scale of Intelligence-
Revised (WPPSI-r; Wechsler 1989). The subtests
BVocabulary,^ BSimilarities,^ and BReasoning^ from
WPPSI-r were used to test language development. In these
verbal tasks, the children had to explain a selection of words,
define the similarities between two concepts, and reason on a
given subject, respectively. BBlock design^ was administered
to test practical reasoning and problem solving. On this task,
the child was presented with a block design and instructed to
copy this with the given blocks. Level of performance was
scored according to the WPPSI-r guidelines; the higher the
score the child received on these tasks, the better their
performance.

Neuropsychological Assessment II (NEPSY-II; Korkman
et al. 2000). Two subtests were selected from the NEPSY-II

test battery: (1) BVisual attention^ task, and (2) BStatue^ task.
The Visual attention task was administered to test the child’s
visual attention and strategic planning, and the child had to
search a picture to find a specific figure while resisting
distracting similar information. Visual attention efficiency
was scored by combining the amount of time spent on the task
as a whole with the amount of correct items detected,
subtracting incorrect items. Scores were scaled according to
age-adjusted percentiles. A high score on this task reflects an
inefficient search strategy with slow processing and more
errors when presented with irrelevant but salient stimuli.

To target inhibition of motor responses, we administered
the Statue test, where the child is instructed to stay completely
still with eyes closed for 75 s. For every 5-s interval, a 2-point
score is given when the child inhibits all responses, and a 1-
point score is given if the child displays one inappropriate
response. With more than one inappropriate response, that
interval is scored 0. Scores were scaled according to age-
adjusted percentiles.

Attentional Network Task (ANT; Rueda et al. 2004). The
ANT paradigm was originally developed to test processing
efficiency of the attentional network (Rueda et al. 2004), com-
prising of the three components alerting, orienting, and inter-
ference control, using the principles of the Flanker task
(Eriksen and Eriksen 1974). In our modified version, we have
reduced the task to focus solely on interference control by
removing cues for alerting and spatial orientation, which
makes it more in line with the original Flanker test.

The task was presented to the children as a game where
they had to catch an animal, fish, mouse, or bird, as fast as they
could. More specifically, the stimulus consists of a line with
five identical cartoon animals at the center of the screen
(Fig. 1), with the central animal being the target, and the ones
on the sides are flankers. The children were instructed to focus
on the central animal while ignoring the flanker animals. To
catch the animal, they were instructed to press the arrow key
corresponding to the animals’ orientation. In the congruent
trials, the five animals were oriented in the same direction,
while in the incongruent trials, the flanker and target animals
were oriented in opposite directions. Half of the trials were
congruent and half incongruent.

Initially, the children were presented with a block of eight
practice trials. There was no time limit on the practice trials
and the children could repeat the practice block as many times
as they needed until it was clear that they understood the
instructions. During the practice trials, the experimenter gave
verbal feedback and encouragement to the child. During the
experimental session, the experimenter was in the room but no
longer gave trial-by-trial encouragement. Each trial began
with a fixation period of random variable duration of
500–1000 ms. The target display was presented until a re-
sponse was made, or up to 2000 ms. Correct responses were
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followed by a Bhappy sound^ and a 300-ms animation of the
central animal moving into a net. Incorrect responses and trials
of omission were followed by a Bsad sound^ as the animals
disappeared from the screen. The inter-trial interval was
800 ms. A fixation cross was continuously displayed in the
center of the screen except when targets and feedback were
presented. In total, the task consisted of five experimental
blocks of 16 trials per animal, and the task ended either when
all blocks were completed or the child refused to continue.
The experimental session lasted for a maximum of 19 min.
During the experimental session, the mother was seated in the
back of the room to provide comfort if necessary.

When analyzing these data, mean values for each condition
are derived by including only trials with reaction times (RTs)
equal to or larger than 200 ms, as responses prior to this are
generally considered as prepotent responses (Jensen 2006).
Similarly, the accuracy (ACC) score is based on data from
trials of RT equal to or larger than 200 ms. Trials with no
recorded response are considered as omissions and excluded.
Next, an inverse inefficiency score (IES) was computed for
both congruent and incongruent trials, due to the trade-off
between reaction times and ACC (Townsend and Ashby
1978). A high IES indicates either more errors or slow pro-
cessing. Finally, to assess the impact of interference, a conflict
score (CS) was derived by subtracting performance on con-
gruent from incongruent trials for RT, and IES. For ACC,
conflict scores were derived by subtracting performance on
incongruent from congruent trials. A larger CS reflects a

greater interference effect, with a low CS indicating a speeded
and more efficient processing of conflict with fewer errors
(Stroop 1935).

Child Behavior Checklist (CBCL; Achenbach and Rescorla
2001). CBCL is a widely used parent report standardized
questionnaire in which the child is rated on various behavioral
and emotional problems. It has demonstrated excellent reli-
ability and validity (Achenbach and Rescorla 2001; Dutra et
al. 2004). At time of testing, mothers filled out age-
appropriate CBCL questionnaires; for children aged 5 years,
the 99-item CBCL for Ages 1.5–5 was administered and, for
children aged 6 years, the 112-item CBCL for Ages 6–18 was
administered. Responses were scored according to provided
guidelines, standardized for age and gender. In addition to a
composite score of total behavioral problems, the CBCL as-
sesses internalizing (i.e., anxious, depressive, and over con-
trolled) and externalizing (i.e., aggressive, hyperactive, non-
compliant, and under controlled) behaviors. Following con-
version to t scores, the scales range from 1 to 100 for both
versions of the questionnaires, with scores exceeding 60 con-
sidered borderline clinical, and exceeding 64 as clinical levels.

Procedure

Within the national cohort study, demographic information
was collected throughout and after pregnancy. We extended
this data collection by having each child visit the laboratory

Fig. 1 Representation of the experimental procedure for the adapted ANT paradigm
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once, together with his or her parent. Upon arrival, the partic-
ipants were given a short presentation of the study. The exper-
imenter was naive as to which group the dyad was part of. The
neuropsychological tests were administered in a quiet room,
with the parent seated close by. The ANT-task was performed
in an adjacent room with access to the necessary equipment.
Depending on the needs of the child, short breaks were given
in between the different tasks. The children received a small
gift (approximately €10) for their participation after the tests
were finished. For all but two children, they were accompa-
nied by their biological mother; the biological father accom-
panied the last two. In these two cases, the BDI-II and CBCL
questionnaires were sent by mail to the mothers after testing.

Apparatus

ANT stimuli were presented using E-Prime 2.0 software
(Psychology Software Tools Inc., Sharpsburg, PA), and
Windows XP professional, and shown on a 20-in color LCD
monitor (Flex Scan L768) with 1280 by 1024 in screen
resolution and 32-bit color quality. The child was seated
approximately 45 cm from the monitor.

Statistical analyses

All data was analyzed using the statistical software package
SPSS version 22 (SPSS Inc., Chicago, IL, USA).

The amount of missing data was minimal, with only one
missing point onWPPSI-r Reasoning (SSRI;N=1), twomiss-
ing points onWPPSI-r Vocabulary (SSRI;N=2), four missing
data points on NEPSY-II Visual attention test (SSRI; N=1,
DEP; N=3), and six data points on the ANT-task (SSRI;
N=1, DEP; N=4). The missing data were due to different
reasons; regarding NEPSY-II, two children did not understand
the Visual attention task, while two others did not want to
perform this exercise, the latter was the case for missing data
on WPPSI-r Reasoning and Vocabulary as well as the ANT-
task. All women returned the two first questionnaires admin-
istered during pregnancy, while five women failed to return
the questionnaire at 6 months postpartum; all of which were
part of the SSRI-group. Questionnaires received at testing
were answered on the spot or returned by mail if they did
not finish. Six women failed to return the CBCL question-
naires (SSRI; N=1, DEP; N=3, CON; N=3). Missing data
were excluded pairwise for the selected variables.

Normality and homogeneity of distribution were assessed
in order to apply parametric or non-parametric tests. Extreme
values exceeding ±3 SD were replaced with the value corre-
sponding to ±2 SD. Shapiro–Wilk test indicated non-normal
distributions for several of the continuous variables, although
skewness only exceeded ±1 for the ACC variables, and two of
the IES variables from the ANT (see Table 2).

Demographic information was compared between the three
groups using chi-square for the categorical variables, and one-
way analysis of variance (ANOVA) for the continuous vari-
ables. Variables with non-normal distributions were also ana-
lyzed using Kruskal–Wallis. As Kruskal–Wallis indicated no
change in results, only data from the parametric statistics are
reported. For significant associations, planned contrasts were
performed between SSRI- and depression-exposed, as well as
between either exposure group and controls. All tests were
two-tailed, with p values <.05 considered statistically signifi-
cant. Effect sizes are reported in terms of eta-square and con-
sidered small (>.02), medium (>.13), or large (>.26), accord-
ing to Cohen (1992). When significant below the level of .05,
results are reported and commented upon in the following
sections.

Results

Demographic information

A detailed description of demographic information on mater-
nal variables and test statistics is presented in Table 1. There
were no significant differences between the three groups in
terms of maternal age at delivery, and there was no difference
in use of alcohol. There was no overall difference between the
three groups on nicotine use; however, when collapsing across
the two exposure groups, the comparison group showed sig-
nificantly less nicotine use, t (1,40)=−2.22, p= .032, η2 = .03.
On measures of SES, there was a significant group difference,
F (2, 100)=9.29, p= .000, η2 = .16, with the CON group being
of higher SES. There were no significant differences between
the two exposure groups on either measure.

Regarding measures of depressive symptoms, we found a
significant group difference on symptom severity in the three
different trimesters, F (2,97) = 16.89, p< .000, η2 = .26, F
(2,99) = 13.91, p < .000, η2 = .22, and F (2,91) = 8.81,
p< .000, η2= .16, respectively. The comparison group report-
ed less symptoms in all trimesters as compared to both the
SSRI, and depression group. Data from the BDI-II scale re-
vealed that this group difference was still present at time of
testing, F (2,100)=9.10, p< .000, η2 =0.15, again with the
comparison group reporting less symptoms than the two ex-
posure groups. In terms of Lifetime History of Depression,
there was a significant overall difference between the three
groups, F (2,97) = 55.47, p< .000, η2 = .92, with women in
the SSRI group reporting a significantly higher score than
the women in the DEP group, who in turn reported higher
levels than the CON group (see Table 1 for details). There
was no difference between the two exposure groups on any
measure of depression either during or after pregnancy. These
results confirm that the designated group membership, based
on self-report, can be considered appropriate when comparing
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depression-exposed and controls in the following analyses.
Further, it is plausible to infer that the use of SSRIs may have
contributed to an improvement in maternal mental health
among the women in the SSRI group, as their levels of de-
pression during pregnancy were similar to those of the women
in the DEP group.

Child characteristics are presented in the bottom section of
Table 1 and reveal no significant difference between the
groups on gender, gestational age, birth weight, birth length,
or age at testing. With the exception of birth weight, prelimi-
nary analysis of correlation revealed no significant association
between gender and the different dependent measures
(data not shown). In the following analysis, we have thus
not controlled for gender.

Effects of prenatal exposure

WPPSI-r As indicated in Table 2, children’s performance on
the WPPSI-r tasks (Reasoning, Block design, Vocabulary,
Similarities) was very similar across the three groups and
revealed no relationship with prenatal exposure.

NEPSY-II Similarly, performance on the NEPSY-II tasks
(Visual attention and Statue) was also similar across the three
groups, indicating no effects of prenatal exposure.

ANT To assess whether the different stimuli presented in the
ANT paradigm were eliciting the intended interference effect,
repeated measure ANOVAs were performed with flanker con-
dition and stimuli type as the within-group variables, and
group as between group variable for each of the dependent
measures RT and ACC. There was a significant main effect of
flanker on both RT, F (1,95)=61.81, p< .000, η2 = .39 and
ACC, F (1,95)=20.41, p< .000, η2 = .17, with congruent trials
yielding lower RT (M=1209.56, SD=23.21) and higher ACC
(M= .94, SD= .01) than incongruent trials (RT, M=1287.58,
SD=25.24; ACC, M= .91, SD= .01). There was no main ef-
fect of stimuli type on measures of ACC, or RT. There was no
interaction effect between flanker and group or between stim-
uli type and group, on either RT or ACC measures. For the
following analysis, we thus chose to include all three stimuli
types.

On the ANT task, all groups showed the expected interfer-
ence effect on measures of RT, with congruent trials yielding
faster RT than incongruent (data not shown). However, in
terms of ACC, only the CON and DEP groups revealed a
significant interference effect. All groups showed a significant
interference effect in terms of IES, indicating that the trade-off
between speed and accuracy was larger for the incongruent
than congruent trials. The between-group analysis revealed
only marginal differences between the groups in terms of
either measure; none of which reached statistical significance.

CBCLThe overall between groups ANOVA of the behavioral
data revealed a significant difference between the three groups
of prenatal exposure on externalizing behaviors (F (2,
93)=3.43, p= .037, η2= .07), but only marginally so for inter-
nalizing behaviors (F (2,93) = 2.97, p = .056, η2 = .06).
Planned comparisons revealed that compared to controls, chil-
dren in the SSRI-exposed group showed significantly more
internalizing, t (1,55)=−2.41, p= .018, η2= .10; externalizing,
t (1,55)=−1.96, p= .053, η2 = .07; and total problems com-
pared to controls, t (1, 55) = −2.21, p = .029, η2 = .08.
Children in the depression-exposed group on the other hand
revealed a tendency of increased externalizing behavior com-
pared to controls, t (1,67) =−2.50, p= .014, η2 = .09. There
was no difference between the comparison group and DEP
exposed in terms of internalizing behaviors. There were no
significant differences between the two exposure groups on
either measure.

Similar to prenatal exposure (SSRI and DEP), maternal
scores of LHD correlated significantly with child outcome
on the CBCL scores, but not on any of the other measures
(NEPSY and WPPSI). In order to explore the relationship
between LHD and SSRI use during pregnancy and its impact
on the different child outcome measures, we ran separate re-
gression analyses for each of the tests. The interaction term
(LHD*SSRI) never revealed a significant effect on child
outcome, indicating no additively negative effect of the SSRIs

Discussion

Using antidepressants such as SSRIs during pregnancy re-
mains a controversial topic, mostly due to the relatively scarce
literature on long-term effects. The purpose of this study was
to examine whether prenatal exposure to SSRIs in contrast to
medically untreated depression had an adverse impact
on measures of general cognitive abilities, inhibition, and
behavioral problems in preschool children.

In line with previous studies (Klinger et al. 2011; Nulman
et al. 2012; Nulman et al. 1997; Nulman et al. 2002), we found
no significant difference in performance between the three
groups of children in terms of general cognitive abilities as
tested by the WPPSI-r. Further, regarding more specific as-
pects of inhibition, we found no association between prenatal
exposure and performance on the two NEPSY-II tasks.
Preliminary analysis of the ANT paradigm indicated that the
desired conflict effect was elicited in all three groups,
supporting the notion that this task is an appropriate measure
of interference suppression in young age groups. Contrary to
our initial prediction though, our results indicate no simple
association between medical exposure and interference
control on the ANT.

Regarding behavioral problems, we found increased exter-
nalizing problems among both the SSRI-exposed and the
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depression-exposed groups, compared to unexposed controls.
Among the SSRI-exposed, we also found increased internal-
izing behaviors as compared to controls. This suggests that
both SSRI and depression exposure impacts behavioral devel-
opment, although the impact may be greater among the SSRI-
exposed. There was, however, no significant difference be-
tween the SSRI and depression exposed; thus, we cannot
reach any conclusions regarding the relative safety of SSRI
use based on the current data.

The fact that we find increased behavioral problems among
the prenatally exposed children suggests that there is a tenden-
cy toward poor self-regulation. As the literature indicates,
these problems may stem from both biological and environ-
mental influences (Goodman et al. 2011; Lovejoy et al. 2000),
and the interaction between the two (Johnson 2001, 2005). By

including a sample of children with depression exposure with
and without the additional exposure to antidepressant medica-
tion, we sought to control for the underlying mental illness.
There was no significant difference between the two exposure
groups on depressive symptoms neither during nor after
pregnancy or at time of testing.

There was no significant association between prenatal ex-
posure and inhibition; thus, our hypothesis that inhibitory con-
trol could be the underlying mechanism of the observed be-
havioral problems is enfeebled. This could indicate that there
are important aspects in the social environment of these chil-
dren that mainly contributes to the developmental outcome
observed. Alternatively, the lack of an anticipated association
between inhibition and exposure group could be due to the
valence of the stimuli used in the ANT paradigm. Alteration in

Table 2 Scores on WPPSI-r, NEPSY-II, CBCL, and ANT for children prenatally exposed to SSRIs, DEP, and non-depressed mothers

WPPSI-r SSRI (N= 28) DEP (N= 42) CON (N = 33) One-way ANOVA

Mean SD Mean SD Mean SD F df p Eta sq CON versus
DEP

CON versus
SSRI

SSRI versus
DEP

Reasoning 10.92 1.83 11.55 2.02 11.06 1.82 1.05 98 .35 .02

Similarities 11.36 2.38 11.48 2.91 10.94 3.03 .35 100 .70 .01

Vocabulary 12.19 2.40 12.62 2.71 12.78 2.49 .42 98 .66 .01

Block design 9.14 3.87 9.79 3.40 9.82 2.43 .41 100 .66 .01

NEPSY-II

Visual attention 4.52 0.58 4.44 0.55 4.58 0.50 .60 96 .55 .01

Statue 3.68 1.02 3.69 1.22 3.58 1.03 .11 100 .9 .00

CBCL

Internalizing
problems

51.41 10.42 48.46 10.42 44.43 11.56 2.97 93 .056 .06 CON<SSRI**

Externalizing
problems

48.00 10.34 49.03 13.36 41.83 10.98 3.43 93 .037 .07 CON<DEP* CON<SSRI*

Total problems 50.93 9.52 49.46 14.17 43.63 12.30 2.87 93 .062 .06 CON<DEP* CON<SSRI*

ANT

N_Con 84.85 34.06 91.29 30.04 85.15 28.57 .49 95 .62 .01

N_InCon 82.19 34.10 90.29 29.80 84.33 28.82 .63 95 .54 .01

RT_Con 1220.12 256.88 1175.63 200.49 1232.95 231.40 .62 95 .54 .01

RT_Incon 1324.34 304.67 1240.35 213.82 1297.99 231.17 1.00 95 .37 .02

ACC_Cona 0.94 0.05 0.93 0.08 0.94 0.06 .72 95 .49 .01

ACC_Incona 0.91 0.13 0.90 0.10 0.90 0.11 .23 95 .80 .00

RT Conflict score 104.22 112.62 64.72 88.93 65.05 93.07 1.60 95 .21 .03

ACC Conflict
scorea

0.02 0.06 0.03 0.05 0.04 0.05 1.73 95 .18 .04

IES_Con 1295.78 279.08 1287.07 286.70 1318.21 283.08 .11 95 .90 .00

IES_Incona 1453.01 371.25 1408.58 312.63 1464.42 366.48 .26 95 .78 .00

IES_Conflict
scorea

146.21 201.41 121.51 117.12 156.74 216.95 .36 95 .70 .01

Conflict effects were calculated by subtracting congruent form incongruent trials for RTand IES. For measures of ACC, the calculation of conflict effects
was performed by subtracting incongruent from congruent trials

*p< .05; **p < .01; ***p< .001
a Skew> ±1
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the serotonergic system has been found to be especially asso-
ciated with task performance during interference tasks with
negative emotional valence, as compared to neutral or positive
(Merens et al. 2008). As our stimuli were emotionally neutral,
it may not have been ideal to target the specific inhibitory
problems underlying self-regulation.

Overall, our findings from the cognitive tests indicate that
the effect of prenatal SSRI exposure as contrasted with med-
ically untreated depression and the non-exposed comparison
group is fairly small (η2 = .001–.04). Given that we had a
98–99 % chance of detecting a medium effect, our lack of
findings in the current study indicates that any difference in
effects between these groups is at least less thanmedium. Still,
we did find increased reports of internalizing and externaliz-
ing behaviors among the exposed children and the control
group, with medium effects (η2= .05–.10), underscoring that
more effort needs to be directed toward uncovering the
underlying cause of these problems.

Strengths and limitations of the present study

There are some important aspects of this particular study sam-
ple that must be considered before reaching conclusions about
the relative safety of SSRI use during pregnancy. The women
in this study are generally highly educated with the majority
having studied at the university level, nearly all are in a rela-
tionship with the child’s father, and overall they have healthy
pregnancies with little use of medications, nicotine, and alco-
hol, all of which are variables contributing to a good develop-
mental outcome (Anderson and Arnstead 1995). This homo-
geneity is fairly rare in terms of studies of antidepressant use,
and it is an important strength in terms of increased statistical
control over the effects of SSRIs. At the same time, high
socioeconomic status may be buffering against possibly un-
fortunate consequences of the prenatal exposure, as is sug-
gested by several lines of research (Belsky and Pluess 2009;
Branchi 2011; Hayden et al. 2013; Homberg and Lesch 2010;
Pluess et al. 2011). Literature on the reciprocal interaction
between serotonin and social behavior suggest that the envi-
ronmental context affects the degree to which elevated sero-
tonin levels are beneficial or not (Kiser et al. 2012). As is
highlighted by Branchi (2011), this responsiveness toward
the environment means that reactive individuals highly benefit
from a nurturing environment, while an adverse environment
affects them more negatively. In our homogenous sample,
such buffering effects are difficult to investigate.

A second issue regarding this study sample is that there is
no clinical evaluation of the mothers’ depression, only self-
reports. Effects may therefore be less prominent than if all
women in the exposed groups were prone to clinical levels
of depression. However, studies report that even when mater-
nal depressive symptoms are within subclinical levels, they

represent a risk for child development (Conners-Burrow
et al. 2015).

Finally, although our sample size is comparable to that of
previous studies, it is still fairly small and thus limits us from
exploring the impact of early, late, or prolonged exposure to
SSRIs and/or depression. Also, we are unable to investigate
the impact of different medications, dosages, and timings of
exposure.

Concluding remarks

Adding to the existing literature on developmental effects fol-
lowing prenatal exposure to depression and SSRIs, the present
study indicates no negative long-term effects upon executive
function in general or inhibitory control in particular. Both
groups of exposed children revealed higher levels of external-
izing behaviors compared to non-exposed controls, the SSRI
exposed also showed higher levels of internalizing behaviors.
Due to the lack of group differences in terms of inhibitory
control, we could not investigate any mediating effects be-
tween the behavioral scores and individual differences in in-
hibition.We suggest that this lack of association may be due to
the ANT stimuli lacking emotional valence. Whether this is in
fact the case should be further explored in future studies, in
order to better address the underlying mechanisms of the be-
havioral problems observed. Future follow-up of these
children will also be of interest, so as to understand more
about the developmental trajectories contributing to resilience
versus risk of later psychopathological outcomes.
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