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Abstract
Objectives This study evaluated the question whether
length of in utero exposure to selective serotonin
reuptake inhibitor (SSRI) antidepressants might affect
neonatal outcome and psychomotor development in
infancy.
Methods Birth outcome was determined in the offspring of
55 women with major depressive disorder who used SSRI
medication for different durations during their pregnancies.
At an average age of 14 months, children underwent a
pediatric examination and an evaluation with the Bayley
Scales of Infant Development (BSID-II).

Results Duration of in utero exposure to SSRIs was nega-
tively associated with total Apgar scores, specifically the
activity subscale. Odds ratios for a low score (<2) on this scale
were 3.8 and 6.0 at 1 and 5 min, respectively. Newborns with
longer exposure were more often admitted to the Neonatal
Intensive Care Unit (p<.03). Mental Development Index
scores of the infants were not associated with the length of
gestational exposure to SSRIs. A longer duration of exposure
increased the risk for lower Psychomotor Developmental
Index and Behavioral Rating Scale scores in infancy
(p=0.012 and p=0.007, respectively) on the BSID-II.
Conclusions The findings provide evidence that the length
of prenatal SSRI antidepressant use can affect neonatal
adjustment and can have an effect on psychomotor test
scores in infancy. Importantly, the children’s mental
development and motor function by neurological examina-
tion were within the normal range. Timing of exposure to
SSRIs during susceptible periods of fetal development and
variations in the severity of maternal depression may have
contributed to the associations.

Keywords SSRI antidepressants . Duration of fetal
exposure . Apgar scores .Mental and psychomotor
development

Introduction

The relative safety of the selective serotonin reuptake
inhibitors (SSRI) antidepressant medications has led to their
widespread use to treat depressive disorders in women of
childbearing age. Antidepressant use during pregnancy has
been on the increase in the past decade (Bakker et al. 2008),
even though knowledge regarding the risks of prenatal
exposure to SSRI medications remains far from complete.
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SSRI medications cross the placental barrier (Hendrick
et al. 2003; Stowe et al. 2003) and can be measured in
amniotic fluid (Loughhead et al. 2006). Early human
studies have found no detectable effects of SSRI exposure
on overall rates of major congenital malformations
(Chambers et al. 1996; Pastuszak et al. 1993; Simon et
al. 2002) the exception being a Danish cohort study by
Wogelius et al. (2006) who reported an increased risk of
congenital malformations after exposure to SSRIs. Several
population-based studies suggest a small increase in
congenital cardiac defects (Berard et al. 2007; Diav-Citrin
et al. 2008; Louik et al. 2007; Merlob et al. 2009; Pedersen
et al. 2009), albeit Alwan et al. (2007) found no increased
risk of congenital cardiac malformations. In newborns,
maternal use of SSRI medication, especially during the last
trimester, has been linked to an increased risk of persistent
pulmonary hypertension (Chambers et al. 2006), premature
births (Simon et al. 2002; Suri et al. 2007; Toh et al. 2009;
Wisner et al. 2009), and alterations in regulatory processes
reflected in changes in arousal, rapid eye movement sleep,
and pain responses (Laine et al. 2003; Oberlander et al.
2002; Zeskind and Stephens 2004). Studies on the neuro-
development of children exposed prenatally to SSRIs have
shown variable results, from normal mental and psycho-
motor development (Misri et al. 2006; Nulman et al. 1997;
Oberlander et al. 2005) to evidence for a slight delay in
motor development (Casper et al. 2003; Mattson et al.
2004; Mortensen et al. 2003; Pedersen et al. 2010). So far,
surprisingly little has been published as to whether length
of gestational drug exposure bears on birth outcome.
Analyzing population-based health data, Oberlander et al.
(2008) reported with increasing duration of in utero
exposure to SSRIs an increased risk for adverse birth
outcomes. The present study addresses the potential
influence of the duration of SSRI antidepressant use during
pregnancy on birth outcome and on postnatal infant
development in a clinical cohort.

Subjects and methods

Participants (N=55) consisted of the offspring of women
who took SSRI medication for major depressive disorder
(MDD) in pregnancy for different lengths of time. Women
were recruited consecutively from the Women’s Clinic at
Stanford University (38 of the women were recruited before
or early in pregnancy; 17 directly postpartum). All
participants, who started the protocol, completed the study
and the follow-up. Women who had a physical diagnosis
that required treatment were excluded. All received sup-
portive psychotherapy. The study was approved by the
Panel on Human Subjects in Medical Research at Stanford
University. Maternal written informed consent was obtained

with separate assent forms signed for the participating
child.

Maternal diagnostic assessment

The women in this study were interviewed in person using
the Structured Clinical Interview for DSM—IV Axis I
Disorders (First et al. 1997) to confirm the diagnosis of
MDD. Each woman completed a questionnaire on socio-
demographic information, a medical, family, and psychiat-
ric history and information about the index pregnancy. Data
regarding the delivery and the neonatal and postnatal course
were collected from obstetric and neonatal medical records.
Psychological functioning was recorded during the preg-
nancy and then again at follow-up. Women rated levels of
depression using the Beck Depression Inventory (Beck et
al. 1961) and an analog scale after each trimester. At the
follow-up examination, women were interviewed again
(DSM 1994), and maternal mood was interview-rated using
the Hamilton Depression Scale (Hamilton 1960) and self-
rated using the Beck Depression Inventory (Beck 1972) and
the Center for Epidemiologic Studies—Depression Scale
(CES-D; Radloff 1977).

Antidepressant medication use and dose and substance
use during pregnancy

The information about the type and dose of medication was
listed per day for each month. Twenty women took
sertraline, 18 used fluoxetine, 15 took paroxetine, and 2
took citalopram. To adjust for the higher therapeutic doses
of sertraline, an average for each drug dose per day was
calculated: (low=1: <20 mg fluoxetine/paroxetine/citalo-
pram/day or <100 mg sertraline/day; medium=2: 20 mg
fluoxetine/paroxetine/citalopram/day or 100 mg sertraline/
day; high=3: >20 mg fluoxetine/paroxetine/citalopram/day
or >100 mg sertraline/day). Smoking was recorded as
number of cigarettes per day. Alcohol use was defined as
having more than five drinks during the pregnancy. One
drink was defined as one glass of wine, one bottle of beer,
or one mixed drink on any day while pregnant.

Infant evaluation at follow-up

All children, ranging in age from 12 to 40 months,
underwent a pediatric neurological examination per-
formed by pediatricians certified in a standardized
evaluation method for neurological functioning (NIH
Neonatal Network). The pediatricians who examined the
children as newborns and as infants and the psycholo-
gists who conducted outcome evaluations had no
knowledge of the mothers’ medication status. A pediatric
geneticist conducted the dysmorphology examinations for
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major malformations and completed a 130-item checklist
to record minor anomalies. Preterm status was defined as
delivery at <37 weeks gestation. Two developmental
psychologists assessed levels of mental and motor
development using the Bayley Scales of Infant Develop-
ment—Second Edition (BSID-II; Bayley 1993). Both
were reliability certified on the BSID-II annually as part
of a NIH-funded collaborative neonatal outcome study.
The BSID-II consists of three scales: the Mental Devel-
opment Index (MDI), the Psychomotor Development
Index (PDI), and the Behavioral Rating Scale (BRS).
The Mental and Motor Scales assess the child’s level of
cognitive, language, personal–social, and fine and gross
motor development. The Behavioral Rating Scale assesses
qualitative aspects of the child’s behavior during the
testing situation on a 5-point scale with 12 items for
orientation/engagement, ten items for emotional regula-
tion, and eight items for motor quality (Thompson et al.
1996). The data are expressed as standard scores based on
samples for each age group consisting of equal numbers of
males and females.

Statistical analysis

Maternal and qualitative infant characteristics were com-
pared among exposure groups. ANOVA was used for
continuous variables and χ2 analyses for categorical
variables. If a variable showed significant differences
among groups, post hoc analyses using t tests or Fisher’s
exact tests were utilized.

Primary outcome variables were analyzed as follows:
Apgar scores and subscale scores were converted into
binary variables to avoid concerns about the effects of
outliers when only one or a few infants had the lowest
score. Apgar scores were defined to be low if they were less
than 8. Subscales scores were defined to be low if they
were less than 2, except for skin coloration. Skin coloration
was defined to be low if it was a value of 0. Motor quality
factor items were converted to binary variables and defined
to be low if they were less than 5. Logistic regression was
used to analyze the Apgar scores and motor quality scores
with weeks of in utero exposure as the independent
variable. Linear regression was used to analyze Bayley II
mental and motor development scores and behavioral rating
scales with weeks of in utero exposure as the independent
variable. Odds ratios and SSRI effects in the logistic and
linear regression models were standardized to reflect the
effects of 23 weeks of exposure, which was the median
duration of exposure in our sample. Estimated odds ratios
for logistic regression analyses and correlations for linear
regression analyses are reported. The women and their
children were divided into three comparison groups based
on SSRI medication use: trimester 1 (N=14), trimesters 2

and 3 (N=11) and trimester 3 (N=7), and trimesters 1, 2,
and 3 (N=23). Analyses focusing on timing of SSRI
exposure rather than duration used linear regression with
exposure group (trimester pattern treated as a three-level
factor variable) as the independent variable. Trimester and
duration models were compared in terms of the log-
likelihood. All hypothesis tests were two-sided. Tests and
confidence intervals used 0.05 significance levels and 95%
confidence levels, respectively.

Results

Maternal characteristics and SSRI exposure

Maternal characteristics were similar among women in the
three groups separated by trimester (Table 1). Ninety
percent of the women were Caucasian; all received early
and regular prenatal care. Age at delivery, education,
regular exercise, prenatal vitamin use, miscarriages, gra-
vidity, parity, weight gain during pregnancy, and numbers
of cesarean section did not differ between the three groups.
The proportion of prospectively/retrospectively recruited
women was similar in the three groups.

Depression Numbers of depressive episodes experienced
prior to the index pregnancy were similar in the three
comparison groups. Depressive symptoms measured on the
Beck Depression Inventory (Beck et al. 1961) at their most
severe during the pregnancy did not differ significantly.
Women who took SSRI antidepressants throughout preg-
nancy rated themselves as less depressed on the analog
scale during the first 1–3 (p<0.02) and 4–6 months of
pregnancy (p<0.05) than women in either other group. The
groups did not differ with regard to occasional use of
analgesics, antacids, or decongestants, except for more
frequent occasional use of anti-anxiety medication in the
early-exposure group (29%, 7%, and 5%, respectively; χ2=
4.7; p<0.02).

Antidepressant medication use and dose and substance use
(Table 1) Among the three groups, mean doses of SSRI
medication were in the medium range and were not
significantly different. As would be expected, the groups
differed significantly in length of time SSRI medications
were taken. Women who used SSRIs throughout preg-
nancy spent more hours in labor (p<0.05) than women
in the first trimester group, but time in labor was not
longer when compared to the second/third trimester
group.

Substance use Based on self-report, one woman smoked
cigarettes (during the first 4 months of her pregnancy) and
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five women used alcohol, defined as more than five drinks
during pregnancy (n.s.). Four women reported between 23
and 36 drinks, and one woman reported 56 drinks.

Newborn characteristics and birth outcome

The three groups had similar sex distributions and similar
percentages of first-born children (Table 2). Three preterm
births (at 34, 35, and 36 weeks) were recorded in the
continuously exposed group as compared to none in the
first trimester exposure group (p<0.05) and one (36 weeks)
in the second/third trimester exposure group. Birth weights
and lengths were not different between the three groups.
Newborns with second/third trimester and continuous
exposure to SSRIs were more often admitted to neonatal
intensive care (NICU). NICU admissions were not signif-
icantly associated with duration of exposure. Admitted
newborns did not differ from not-admitted newborns in
drug dose. Reasons for admission included respiratory
distress (in six newborns) and meconium aspiration (in
four) as well as infection, hypoglycemia, low birth weight,
and a cardiac murmur. Findings from the dysmorphology
examination listing major and minor malformations are
displayed in Table 2.

Apgar scores Increased length of SSRI exposure signifi-
cantly increased the odds of low Apgar scores (<8) at 1 and
5 min (p=0.022 and p=0.048, respectively). Odds ratios for
a low Apgar score were 3.0 (CI 1.2, 7.8) and 5.2 (CI 1.0,
26.8), respectively. Analysis of Apgar subscale scores
revealed that only the activity/muscle tone subscale score
was significantly decreased by longer SSRI use. Odds
ratios for a low score (<2) on this scale were 3.8 (CI 1.3,
10.6, p=0.0121) and 6.0 (CI 1.3, 27.8, p=0.0221) at 1 and
5 min, respectively. No significant relationship was found
for the other subscales.

Figure 1 illustrates how the probability of a low Apgar
score (<8) depends on the weeks of exposure. For the 1-min
Apgar, the estimated probability increases from 17% for
1 week of exposure to 58% for 40 weeks of exposure. For
the 5-min Apgar, the estimated probability increases from
2% for 1 week of exposure to 29% for 40 weeks duration of
exposure.

Follow-up examinations

Maternal characteristics At follow-up examination, 64%
of women who had taken SSRIs in the first trimester, 94%
of the women in the second/third trimester group, and 87%

Table 1 Maternal characteristics of women with major depressive disorder who took SSRIs during the first trimester, or the second/third or third
trimester, or the first, second and third trimester of pregnancy

Variables Children exposed
during the first
trimester to SSRI
medication (n=14)

Children exposed during
the second/third trimester
to SSRI medication
(n=18)

Children exposed during the
first, second, third trimester to
SSRI medication (n=23)

Frequency χ2 p

Prior miscarriages 4/14 5/18 6/23 0.03 0.99

Alcohol use 0/14 1/18 4/23 3.6 0.17

Illness or flu during pregnancy 5/14 6/18 8/23 0.02 0.99

Caesarian delivery 4/13 5/18 3/23 2.0 0.37

Mean (SD) F p

Age at delivery (years) 34.1 (4.0) 34. 4 (3.2) 35. 4 (4.4) 0.54 0.59

Gravidity 2.4 (1.4) 2.5 (1.7) 2.0 (0.9) 0.69 0.51

Parity 1.7 (1.1) 2.1 (1.2) 1.6 (0.7) 1.3 0.32

Hours in labor 7.4 (8.8) 9.5 (8.3) 14.2 (6.5)* 3.7 0.03

Weight gain during pregnancy (lbs) 31.1 (17.5) 30.0 (11.7) 31.2 (13.0) 0.04 0.95

# of prior major depressive episodes 2.2 (0.9) 2.1 (1.4) 2.3 (1.1) 1.4 0.32

Beck Depression maximum score 25.3 (1.1) 25.6 (3.5) 19.6 (5.5) 0.8 0.45

Average SSRI dose 1.57 (0.7) 1.78 (0.8) 1.91 (0.8) 0.82 0.45

Number of weeks on SSRI antidepressants 5.1 (3.5) 17.5 (8.7)** 38.8 (2.3)** 11.0 0.001

ANOVA with post hoc tests for pair-wise comparisons; parentheses indicate standard deviations

*p<0.05 (significantly different from first trimester group); **p<0.001 (significantly different from first trimester group)
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of women who took SSRIs throughout pregnancy took
SSRI medication (�

2
=5.6; p<0.06). Maternal depressive

symptom levels ranged from normal to mildly depressed
mood. There were no significant differences between the
groups for severity of depression as rated by the Hamilton
Depression scale (F=0.46; p=0.6), the Beck Depression
Inventory (F=0.57; p=0.6), the Beck Anxiety Scale (F=1.1;
p=0.3), or the CES-D (F=0.68; p=0.52).

Infant characteristics At follow-up (see Table 2), the
infants in the three groups did not differ in chronological
age, body weight, height, or fronto-occipital head circum-
ference. Results from the pediatric/neurological examina-
tions revealed no between group differences. One child in
the first trimester exposure group was noted to have slight
hypotonia and one had a slight tremor. In the two to three
trimester exposure group, one child was noted to have
slight hypotonia and another “gross motor delay,” whereas
in the continuous exposure group, two children showed
gross motor delay, one had hypotonia, one had a broad
based gait and one child a slightly increased tone at the
hips.

Duration of in utero exposure to SSRIs and physical
and developmental outcome

Length of in utero exposure to SSRIs was not signifi-
cantly related to physical growth as reflected in birth
weight, birth length, in follow-up weight, height, or head
circumference. MDI scores of the infants were not
associated with duration of SSRI exposure. Significant
negative correlations of the Psychomotor Development
Index with length of exposure were observed (p=0.012,
R2=0.11, r=−0.34; Fig. 2).There was a significant
negative correlation between the Behavior Rating Scale
and duration of exposure (p=0.007, R2=0.13, r=−0.36;
Fig. 3). Length of exposure was also significantly
negatively correlated with the BRS factor scales: orienta-
tion/engagement (p=0.001, R2=0.21, r=−0.46), emotional
regulation (p=0.004, R2=0.18, r=−0.42) and motor
quality (p=0.024, R2=0.09, r=−0.31). In the trimester
model, infants with early exposure were rated significantly
higher on the PDI than infants with continuous exposure
(p=0.048) and on the BRS (p=0.014). Trimester of
exposure and duration of exposure are clearly associated,

Table 2 Characteristics at birth and at the follow-up examination of infants of women with major depressive disorder who took SSRIs during the
first trimester, the second/third or third trimester, or during the first, second, and third trimester of pregnancy

Children exposed
during the first
trimester to SSRI
medication (n=14)

Children exposed
during the second/third
trimester to SSRI
medication (n=18)

Children exposed during the
first, second, third trimester
to SSRI medication (n=23)

At birth Frequency χ2 p

Preterm 0/14 1/18 3/23* 4.3 0.04

Admission to neonatal intensive care 0/14 6/18* 5/23* 5.2 0.03

Colicky disposition 1/14 7/18 3/23 6.2 0.05

Major structural Malformations 0/14 0/18a 1/23 1.4 0.50

Minor physical anomalies 9/14 11/18a 17/23 1.3 0.79

Mean (SD) F p

Gestational Age (weeks) 39.5 (1.3) 38.6 (1.5) 38.9 (1.2) 2.0 0.14

Birth weight (grams) 3243 (291) 3433 (354) 3360 (496) 0.82 0.45

Birth length (cm) 49.9 (2.2) 49.8 (1.4) 50.1 (2.8) 0.12 0.89

At follow-up F p

Age of child in months 14.6 (7.9) 11.0 (6.7) 16.2 (10.8) 1.8 0.18

Weight, percentile 45.9 (28.1) 45.1 (24.8) 49.2 (31.8) 0.12 0.89

Height, percentile 48.4 (24.3) 38.3 (24.7) 44.9 (32.0) 0.55 0.58

Fronto-occipital circumference, percentile 49.8 (23.9) 53.2 (31.2) 57.9 (23.7) 0.43 0.65

ANOVA with post hoc tests for pair-wise comparisons; parentheses indicate standard deviations

*p<0.05 (significantly different from first trimester group)
a This group had no first trimester exposure to SSRI drugs and therefore might be considered a control group
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with the early-exposure group having the shortest dura-
tion. Thus, the effects of timing of exposure cannot be
separately estimated. We conducted a secondary analysis
in which the PDI and BRS scores were regressed on
timing of exposure group by trimester treated as a factor
variable and then compared the results to the regression
results for duration of exposure. Exposure group was also
significant for both PDI and BRS (p=0.049 and p=0.049)
but yielded a slightly less good fit than the linear duration
model as measured by their respective log-likelihoods
(PDI −219.1 vs. −218.8; BRS −246.6 vs. −245.9). The
lowest PDI and BRS scale scores were seen in the children
with the longest, continuous, exposure to SSRIs.

Neither Apgar total scores nor Apgar muscle tone
scores at 1 or 5 min significantly predicted PDI or BRS
scores. PDI scores were positively correlated with BRS

total scores (p=0.001, r=0.45), motor quality factor
scores (p<0.001, r=0.56), and orientation factor scores
(p<0.001, r=0.52), but not with the emotional regulation
factor scores (p=0.41, r=0.12).

We further considered whether age at examination might
have affected the results. Age, itself, was not a significant
predictor of outcome. Age-adjusted linear regression results
for PDI and total BRS scores on exposure duration were
qualitatively identical to previous results when age was
included as a covariate. When these analyses were
restricted to 28 infants between 12 and 24 months of age,
the association for PDI and BRS total score remained
significant (p=0.03 and 0.01, respectively).

Discussion

Our data indicate that length of gestational exposure to
SSRI antidepressants may have effects on neonatal adjust-
ment and psychomotor development in infancy. Children
born to mothers who used SSRI medication for a period of
over 5 months were at greater risk for lower Apgar scores at
delivery and delayed onset of spontaneous movements at
birth. More frequent NICU admissions appear to be related
to late gestational exposure, since we observed no associ-
ation with duration of exposure.

Most previous investigations that have evaluated out-
comes following late pregnancy exposure to SSRIs have
not considered duration of exposure as a contributing
factor, even though in many of these studies exposure
occurred throughout gestation. There is one recent report
from a Health Database analysis by Oberlander et al. (2008)
that found an increased risk for reduced gestational age, for
lower birth weight for gestational age, and for signs of
respiratory distress with longer duration of prenatal SSRI
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exposure. However, it is unclear whether the logistic
regression analysis of the effect of duration fully eliminated
the effect of timing. An analysis of a matched subsample
adjusted for maternal treatment characteristics using pro-
pensity score matching designed to correct for the effects of
timing found a lower birth weight, only. In the present
study, the duration model provided a better fit to the data
than the timing of exposure (trimester) model, although the
study cannot statistically exclude an effect of time of
exposure. Another point worth considering with regard to
timing is that serotonergic neurons and their projection
networks evolve and change during brain development
(Jacobs and Azmitia 1992). Therefore, the effects of the
SSRIs on the developing brain may differ depending on the
time of exposure, while a longer duration of exposure
increases the chance that exposure occurs during critical
periods of development.

Women in our study had good prenatal care and were
essentially free of substance use, yet an increase in preterm
births was noted in newborns exposed to SSRIs during late
gestation compared to newborns exposed briefly during the
first trimester confirming previous findings (Simon et al.
2002; Suri et al. 2007; Toh et al. 2009; Wisner et al. 2009).

Length of exposure to SSRIs was negatively associated
with Apgar scores at 1 and at 5 minutes. The higher rate of
newborn admissions to the NICU was not associated with
duration of exposure, supporting the conclusions by Moses-
Kolko et al. (2005) that late in utero exposure to SSRIs
increases the risk for neonatal adaptation problems. Both
lower Apgar scores and more frequent NICU admissions
have been reported in clinical and registry studies that
compared women with gestational SSRI use to medication
free healthy controls or unmedicated depressed women
(Casper et al. 2003; Chambers et al. 1996; Lund et al. 2009;
Oberlander et al. 2002; Simon et al. 2002). Our data
suggest that the risk for an Apgar of <8 and for a delayed
onset of spontaneous movements at birth at both 1 and
5 min increased with the duration of gestational exposure to
SSRIs. Still, it is important to note that the Apgar scores,
including the activity subscale scores, improved at 5 min,
suggesting a quick recovery over time. We observed no
relationship between Apgar scores and developmental
outcome assessed in infancy which would agree with the
overall good prognosis for moderately reduced Apgar
scores in normal weighed term infants described in the
literature (Ehrenstein et al. 2009).

Consistent with previous research, we found no associ-
ation between length of gestational SSRI exposure and
mental development. However, longer prenatal exposure to
SSRIs was associated with lower scores on the Bayley PDI
and with reduced scores on the motor quality as well as the
orientation/engagement and emotional regulation factors on
the BRS.

The literature contains few longitudinal studies on the
neurodevelopment of infants with gestational exposure to
SSRIs. Two groups (Nulman et al. 1997, 2002; Oberlander
et al. 2005) have reported normal motor developmental
outcomes and one study noted advanced motor develop-
ment (DiPietro et al. 2006) in children with gestational
exposure to SSRIs compared to children of healthy
controls. Psychomotor delay after in utero SSRI exposure
has been recorded before by Simon et al. (2002) and has
been reported by Casper et al. (2003). Of interest is a report
by Pedersen et al. (2010) based on an analysis of data
collected from the Danish National Birth Cohort. The
investigators found a small developmental delay in gross
motor function and a reduced ability for engagement in
SSRI exposed children. Children with second or third
trimester exposure to SSRI antidepressants showed a delay
in sitting without support at 6 months and fewer of SSRI
exposed children were able to occupy themselves for more
than 15 min compared to not exposed children. Pedersen et
al. (2010) found the delay in sitting without support to
occur within the normal time range of development.

Similarly, the lowered psychomotor and motor quality
ratings in our study can probably be best understood as a
developmental delay, since clinically discernable functional
motor symptoms were absent when the children were
examined by the pediatric neurologist. A link between in
utero exposure to SSRIs and motor control would not be
entirely unexpected considering that muscle tone is under
serotonergic control (Jacobs and Fornal 1995) and that
alterations in muscle tone control can be side effects of the
SSRI drugs (Laine et al. 2003; Loubinoux et al. 2002).

The reduced scores in the orientation and emotional
regulation factor suggest less persistence—a behavior also
observed in the study by Pedersen et al. (2010)—and a less
easily engaged and flexible disposition in the children
during the testing session. In contrast, Misri et al. (2006)
and Oberlander et al. (2007) reported that levels of
internalizing behaviors (withdrawal, anxiety, depression)
and externalizing behaviors (attention difficulties, activity
levels, problem solving) did not differ significantly in 4- to
5-year-old children with prenatal psychotropic medication
exposure and those not exposed; mothers who were
depressed reported more anxious/avoidant behavior and
increased externalizing behaviors in their children than
asymptomatic mothers. Oberlander et al. (2007) found
elevated cord SSRI plasma levels to be associated with
increasing parental reports of externalizing behaviors, but
the effect was reduced after controlling for maternal
depressed mood.

In rodents, developmental SSRI exposure causes a
reduction in serotonin transporter (5-HTT) expression in
adults (Hansen and Mikkelsen 1998). More specifically,
Ansorge et al. (2004) have shown that chronic fluoxetine
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treatment early in development resulted in reduced explor-
atory and increased anxiety-related behavior, resembling
the 5-HTT−/− phenotype in mice. Since these symptoms are
the opposite of those induced by adult SSRI exposure, more
research is required to answer the question to what extent
conclusions about the effects of SSRI exposure in humans
can be drawn from rodent studies (Homberg et al. 2009).

We cannot answer the question whether differences in
depression severity during pregnancy may have contributed
to the observed associations because our study lacked
frequent maternal mood assessments. The data suggest
overall comparable levels of illness severity in the groups
given that the women in our sample had similar numbers of
pre-pregnancy major depressive disorder episodes, similar
mild to moderate levels of depressive symptoms during
pregnancy and that the majority took antidepressant
medications at the time of the follow-up evaluation. Two
recent well-designed prospective studies did control for
depressed mood and reported conflicting results. Suri et al.
(2007) found the presence of depressive symptoms not to
be associated with an increased risk of preterm birth, while
Wisner et al. (2009) documented an effect of continued
untreated depression on preterm birth rates.

Another limitation derives from the fact that the
obstetricians who delivered the children were most likely
or ought to have been aware of the mother’s diagnosis and
treatment. This problem is unavoidable and is shared by
other outcome studies, since keeping physicians blind to
treatment status would raise ethical concerns. For the same
reasons, random assignment was not possible. The sample
size limits the statistical power for assessing some
variables.

In conclusion, while the increased risks for greater
difficulties in neonatal adjustment with longer prenatal
exposure to SSRIs are consistent with findings from
published studies, a further follow-up will be needed the
clarify the nature of the motor and behavioral findings in
infancy.
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