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Antidepressants are widely used during pregnancy. Several studies have shown that the

use of antidepressants during pregnancy is linked to adverse outcomes, including
congenital malformations, prematurity, and low birth weight. However, there is a
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Introduction

Antidepressants are widely used during gestation for the
treatment of depression. In the United States, the prevalence
of antidepressant medication use during pregnancy in-
creased from 5.7% in 1999 to 13.3% in 2003'; in Canada,
4.5% of pregnant women reported using them between 2001
and 2006.% It remains, however, that there is continued
confusion regarding their appropriate use during this critical
time period. Gestational exposure to antidepressants has
been associated with an increased risk of spontaneous abor-
tion,> major congenital malformations,*° prematurity,®’ low
birth weight,®’ neonatal withdrawal® and pregnancy-in-
duced hypertension.’ Discontinuation of antidepressants
during pregnancy in severely depressed women was associ-
ated with relapse of maternal depression in some studies.!%"
Nevertheless, up to 20% of women who continue antidepres-
sant use during pregnancy remain depressed,'? suggesting a
lack of efficacy in some pregnant women. Currently, few
studies have investigated the effects of antidepressant use
during pregnancy on the neurodevelopment of children,
including autism spectrum disorders (ASD). Given recent
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knowledge gap regarding the potential association between gestational exposure to
antidepressants and the risk of autism spectrum disorders (ASD). The etiology of ASD
remains unclear, although studies have implicated genetic predispositions and environ-
mental risk factors in the development of ASD in children. In this review, we describe the
association between gestational use of antidepressants, specifically selective serotonin
reuptake inhibitors, and the risk of ASD.

projections by the World Health Organization that depression
will be the second leading cause of death by 2020,'3 anti-
depressants are likely to remain widely used, including during
pregnancy. Therefore, a better understanding of their long-
term neurodevelopmental effects on children, when used
during gestation, is a public health priority.

Autism Spectrum Disorders

Autism spectrum disorder (ASD) is defined as a neurodeve-
lopmental disorder which is characterized by pervasive
impairment of communication, language, and social interac-
tion, and by repetitive/restricted and stereotyped patterns of
behavior.' According to the Diagnostic and Statistical Manu-
al of Mental Disorders, Fourth Edition (DSM-IV), this complex
disorder includes five subgroups: autistic disorder, Rett syn-
drome, childhood disintegrative disorder, pervasive develop-
mental disorder—-not otherwise specified (PDD-NOS), and
Asperger syndrome.'” The diagnosis of ASD is made at 3 years
of age on average. The estimated prevalence of ASD has
increased over time from 0.04% in 1966 to approximately
1% today'®'” in the United States. This observed rise in the
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prevalence of ASD can be partly attributed to extrinsic factors,
including changes in the diagnostic criteria and their overlap
with other diagnoses, better screening of the overall popula-
tion (higher detection), and greater awareness of the general
population.’®'° Nevertheless, both genetic and environmen-
tal factors could also be important in the increase in ASD
prevalence over time.?® These factors may include de novo
mutations,?’ specific genes conferring susceptibility,’ ad-
vanced maternal age,22 maternal diseases such as diabetes
and hypertension,?>** and a maternal history of psychiatric
disorder.?>%°

Genetic Predispositions to Autism Spectrum
Disorders

Accumulating evidence suggests that genetic factors contrib-
ute to the development of ASD. The genetic etiology of ASD
was first reported in a twin study in 1977,%” and numerous
twin studies have since been conducted. In particular, in
Denmark, a study including 21 pairs of twins (11 monozygotic
[MZ]; 10 dizygotic [DZ]) showed that 91% of MZ twins and 0%
of DZ twins?® were concordant with regard to the presence of
ASD. A British twin study suggested that 60% of MZ pairs were
concordant for autism versus 0% for DZ pairs; in the same
study, 92% of MZ pairs were concordant for a broader
spectrum of related cognitive or social abnormalities versus
10% of DZ pairs.29 This later study also suggested that genetic
susceptibility contributed strongly to autism and that multi-
ple genes were involved. It remains, however, that the influ-
ence of genetic factors on the development of ASD is complex
and the cause of ASD is unknown in the majority of cases.

On the other hand, family history studies have shown that
the risk of ASD recurrence in another child was higher than
the general population prevalence (1%),>° and ranged from 3
to 14%.3132 A recent study indicated an even higher proba-
bility of ASD recurrence among siblings (18.7%; 95% confi-
dence interval [CI]: 13.34-25.5).33

Gestational Use of Antidepressants,
Especially SSRIs, and the Risk of ASD—
Biological Plausibility

Several biological mechanisms might underlie the association
between prenatal selective serotonin reuptake inhibitor
(SSRI) exposure and the occurrence of neurodevelopmental
disorders, including ASD. Serotonin plays a critical role in the
development of the brain.3*® Studies have shown that
serotonin modulates numerous pre- and postnatal processes,
as well as developmental processes, including cell division,
neuronal migration, cell differentiation, and synaptogene-
sis.3® Furthermore, some studies have suggested that seroto-
nin acts as a morphogen during embryonic development,
influencing the maturation of the brain.3” Experimental
studies using rodent models have also indicated that tran-
sient inhibition of the serotonin transporter with fluoxetine
hydrochloride, an SSRI, during brain development has con-
sequences for behavior in later life, indicating a critical role for
serotonin in the maturation of the brain systems.>®->° Brain
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imaging research has shown atypical development of the
capacity for serotonin synthesis in the brains of children with
ASD,*%4T and abnormalities in serotonin receptor 2A binding
in the cerebral cortex.*? An intrinsic feedback mechanism
affects circulating serotonin levels and the morphological
modification of serotonergic neurons. There is some evidence
that the serotonergic system plays a role in ASD. SSRIs block
the 5-hydroxytryptamine transporter (5-HTT), leading to
increased levels of serotonin in the extracellular space, and
it was reported that autistic individuals have elevated 5-HT
levels in their blood platelets.*>** Studies of the phenomenon
of elevated platelet serotonin levels, termed hyperserotone-
mia, in rodents have shown an association between blood 5-
HT levels and autistic-like behaviors.*> Furthermore, hyper-
serotonemia was observed in 30% of individuals with au-
tism.*® The mechanism of hyperserotonemia is still unknown.
Some studies suggested an increase uptake of serotonin into
platelet,*” diminishing release from platelets*® and de-
creased catabolism of serotonin.*® Hence, dysfunction of
the serotonin system during pregnancy following SSRI expo-
sure could directly induce changes in fetal brain
development.°

Gestational Use of Antidepressants,
Especially SSRIs, and the Risk of ASD—Review
of Published Studies

To date, seven published studies have explored the associa-
tion between antidepressant use during pregnancy and the
risk of ASD. The results of these studies are presented
in =Table 1 and are illustrated in ~Figs. 1 and 2.

Croen et al®! performed a population-based case-control
study using data from the Kaiser Permanent Medical Care
Program in Northern California (KPNC). Cases were defined as
infants born at KPNC facilities between 1995 and 1999 who
had at least one International Classification of Diseases, 9th
Revision (ICD-9) diagnosis of ASD between 1995 and 2002.
Children without ASD were randomly selected from the
remaining cohort of live births and were matched to cases
on sex, birth year, and hospital of birth (ratio of 5:1). Authors
restricted the analysis to one child per mother. There were
298 cases of ASD, 20 (6.7%) of whom were exposed to an
antidepressant, and 15 (5.0%) were exposed to SSRIs (13 were
exposed to SSRIs only and 2 were exposed to SSRIs in
combination with other antidepressants). After adjusting
for maternal age, race/ethnicity, education, birth year, sex,
hospital of birth, and birth weight, investigators found that
antidepressant use during pregnancy was associated with an
increased risk of ASD in the offspring (adjusted odds ratio
[OR] = 2.0; 95% CI: 1.2-3.6). Authors also showed that cases
of ASD were more than twice as likely to have been exposed to
an SSRI in utero than the controls (adjusted OR = 2.1; 95% CI:
1.0-4.4), after adjustment for maternal history of any mental
disorders was made. The use of SSRIs during any trimester
was also associated with an increased risk of ASD, but the
association was only statistically significant during the first
trimester (adjusted OR = 3.5; 95% CI: 1.5-7.9). In an analysis
restricted to a subgroup of women with mental disorders in
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Fig. 1 Risk of autism spectrum disorder associated with the use of any
antidepressant during pregnancy. Note: no data were available on the
risk of ASD associated with AD use during pregnancy in the studies by
Harrington et al (2014)°> and Huviid et al (2013).>* *0dds ratio (OR);
“*hazards ratio (HR)/rate ratio (RR).

the year before delivery, the risk of ASD was associated with
any SSRI use during pregnancy (OR = 1.6; 95% CI: 0.6-4.0),
but this association was not statistically significant. However,
authors highlighted the possible misclassification of history
of maternal mental disorders, which could have introduced
bias in the stratified analyses. A second concern involved the
small number of ASD-exposed cases in the second (n = 5)and
third trimesters of pregnancy (n = 6), which limited statisti-
cal power for these analyses. Although they have used ICD9
codes for the identification of ASD, a subset of 50 children
underwent clinical evaluation with the Autism Diagnostic
Interview—Revised (ADI-R) and the Autism Diagnostic Obser-

Adjusted OR / RR /HR (38% CI)
Studies 0.0 1.0 2.0 3.0 .0 5.0 .0 7.0

Groen et sl 20117

Borenson eb sl 2013 —-

Flai ot al 2093 f——

Hwlid ot =l 2093 -

Hurrington ot =l.2074" -

Boukhris ot 212094 == = -

Fig. 2 Risk of autism spectrum disorder associated with the use of
SSRIs during pregnancy. Note: no data are available on the risk of ASD
associated with SSRI use during pregnancy in the study by Clements et
al (2014).°% *0dds ratio (OR); **hazards ratio (HR)/rate ratio (RR).

Boukhris, Bérard

vation Schedule-Generic (ADOS), and 94% (47/50) of them
met the criteria for ASD. Although rates of ASD diagnoses have
increased markedly over the past 20 years, analyses were
adjusted for birth year.

In 2013, Rai et al® (~Table 1, ~Figs. 1 and 2) conducted a
nested case-control study within the Stockholm Youth Co-
hort, including all young people (aged 0-17 years) registered
between 2001 and 2007. Cases of ASD were defined using
ICD-9 and ICD-10 codes, or DSM-IV criteria, and a multisource
case ascertainment method, with registers covering all path-
ways of autism diagnosis and care within Stockholm County.
Each case of ASD was matched to 10 controls without ASD on
date of birth (month and year) and sex. Antidepressant use
during pregnancy was reported by mothers at their first
antenatal interview. A parental history of depression was
obtained using the Stockholm County Adult Psychiatric Out-
patient Register, which records the dates and diagnoses of
individuals with visits to any outpatient psychiatric services
in Stockholm County, and the Swedish National Patient
Register, which contains the dates and discharge diagnoses
of all inpatients and outpatients visits in Sweden. In this
cohort, 1,679 cases of ASD were identified; 21 were exposed
to antidepressants in utero. After adjustment for potential
confounders, including any maternal psychiatric disorders,
Rai et al®? reported a statistically significantly increased risk
of ASD associated with antidepressant use during pregnancy
(adjusted OR = 1.90; 95% CI: 1.15-3.14). They also found that
the risk of ASD was 1.65 (95% CI: 0.90-3.03) and 2.69 (95% CI:
1.04-6.96) for the use of SSRIs and nonselective monoamine
reuptake inhibitors during pregnancy, respectively. A history
of depression and antidepressant use in pregnant mothers
was strongly associated with ASD in their offspring (adjusted
OR = 3.34; 95% CI: 1.50-7.47). In contrast, an association
between antidepressant use during pregnancy and ASD was
not seen among women reporting the use of these medica-
tions for reasons other than for depression. Again analyses
were underpowered, and given that the prevalence of ASD
has increased over time, detection bias could not be ruled out.
However, authors attempted to control for this bias by
matching cases and controls by date of birth.

Serensen et al®> (~Table 1, =Figs. 1 and 2) conducted a
cohort study of all children born in Denmark between 1996
and 2006, identified using the Danish Civil Registration
System. Authors obtained information on maternal use of
antidepressants during pregnancy from the Danish National
Prescription Registry. Information on ASD diagnoses and
parental psychiatric disorders were obtained from the Danish
Psychiatric Central Register. Analyses were adjusted for pa-
rental age at conception, parental psychiatric history, gesta-
tional age at delivery, birth weight, sex of the newborn, and
parity. Overall, 655,615 children were included in the cohort,
5,437 of who had a diagnosis of ASD; 8,833 (1.3%) were
exposed to antidepressants in utero. When analyses were
restricted to children of mothers with affective disorders, no
statistically significant association was found between gesta-
tional use of antidepressants and the risk of ASD (adjusted
hazard ratio [HR] = 1.2; 95% CI: 0.7-2.1). Similarly, no sta-
tistically significant association was found between SSRI
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exposure during pregnancy and the risk of ASD (adjusted
HR = 1.4;95% CI: 0.8-2.4). Findings did not vary by trimester
of exposure. Using a sibling design, authors further restricted
the cohort to include only families with at least two siblings
and in which at least one had been diagnosed with ASD. In this
analysis, no statistically significant association was found
between prenatal exposure to any antidepressant (adjusted
HR = 1.1; 95% CI: 0.5-2.3) or to SSRIs (adjusted HR = 0.9;
95% Cl: 0.4-2.0) and ASD in children, suggesting that genetic
predisposition is a stronger risk factor for ASD than gesta-
tional antidepressant use. However, sibling pairs with no ASD
diagnosis were excluded from this analysis, resulting in
partial adjustment for genetic predispositions. Indeed, exclu-
sion of sibling pairs without ASD potentially led to overesti-
mation of the association between family history of ASD and
the risk of ASD in another child, and potentially underesti-
mated the association between antidepressant use during
pregnancy and ASD.

Hviid et al°* (~Table 1, ~Fig. 2) conducted a large popula-
tion-based prospective cohort study in Denmark, using data
from national registries (Medical Birth Registry, National
Patient Register, National Prescription Registry, Danish Civil
Registration System, and Danish Psychiatric Central Register)
from 1996 to 2005, with follow-up through 2009. Only single-
ton births were included, and newborns with conditions
associated with an increased risk of ASD, such as congenital
rubella syndrome, were excluded. Only exposure to SSRI
during pregnancy was considered. The authors took into
account the effects of potential confounders, such as maternal
age at pregnancy onset, smoking status during pregnancy,
maternal psychiatric conditions, year of birth, use of medica-
tions other than SSRIs, and maternal level of education.
Children were prospectively followed up from birth until
January 1, 2010, or until the child’s 10th birthday. A total of
626,875 children were included, 6,068 (0.97%) of who were
exposed to SSRIs in utero. Exposure to SSRIs any time from
4 weeks before the beginning of pregnancy until delivery was
associated with a 20% increased risk of ASD (adjusted rate ratio
[RR] = 1.20; 95% CI: 0.90-1.61), but this estimate was not
statistically significant. Results were similar when the analysis
was restricted to SSRI use during pregnancy (adjusted RR
= 1.40; 95% CI: 0.92-2.13). However, when SSRI exposure
was limited to 6 to 24 months before pregnancy, the adjusted
RR was 1.46 (95% CI: 1.17-1.81), suggesting that the observed
association may be partly due to confounding by indication. To
control for detection bias, Hviid et al** adjusted for calendar
year during which the follow-up assessment was made.

Harrington et al>® (~Table 1, ~Fig. 2) performed a popula-
tion-based case-control study to investigate the association
between prenatal SSRI exposure and the risk of ASD. The
participants were families enrolled in the Childhood Autism
Risks from Genetics and the Environment (CHARGE) study
between April 2003 and August 2010. The population controls
were identified using state birth files, and were matched to
autism cases by age, sex, and regional center. ASD diagnoses
were confirmed with ADI-R, and ADOS. The Vineland Adaptive
Behavior Scales and the Mullen Scales of Early Learning were
used to define developmental delay (DD). Maternal interviews
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were conducted to ascertain prenatal SSRI use, maternal
mental health, and sociodemographic status. A total of 966
mother—child pairs were included: 492 with ASD, 154 with DD,
and 320 with typical development; 48 (5%) mothers were
prenatally exposed to SSRIs. After adjustment for potential
confounders (regional center, child’s year of birth, and birth-
place of mother), prenatal exposure to SSRIs was associated
with a nonsignificant increased risk of ASD (adjusted OR
= 1.55; 95% CI: 0.59-4.08); the association was, however,
statistically significant among male children (adjusted OR
= 2.92; 95% CI: 1.07-7.93). No significant associations were
noted when restricting analyses to mothers with anxiety or
mood disorder at any time before delivery. No adjustment was
made for genetic predisposition to ASD; detection bias was
taken into account by adjusting for the child’s year of birth.

Recently, Clements and colleagues (~Table 1, =Fig. 1)
published a case-control study on prenatal antidepressant
exposure and the risk of ASD in a large health system
database.®® Data on maternal health, ASD diagnosis, and
antidepressant prescription were collected from electronic
health records of a large health care system in Massachusetts,
and were linked to birth records in the Massachusetts Regis-
try of Vital Records and Statistics. Children with an ASD
diagnosis were matched in a ratio of 1:3 with non-ASD
children (controls) according to year of birth, delivery hospi-
tal, sex, insurance type, race/ethnicity, and prematurity sta-
tus. Exposure to antidepressants was defined as (1) any time
during pregnancy and (2) according to trimester of use. After
adjustment for history of maternal depression, the risk of ASD
associated with antidepressant exposure during pregnancy
was elevated but not statistically significant (adjusted OR in
first trimester = 1.43; 95% ClI: 0.85-2.38; adjusted OR in
second trimester = 1.34; 95% ClI: 0.77-2.27). Considering
the possibility of confounding by indication, the authors
evaluated the association between the use of antidepressants
before pregnancy (any time before the last menstrual period)
and the risk of ASD. They reported that the use of antide-
pressants before pregnancy was significantly associated with
ASD (adjusted OR = 1.62; 95% CI: 1.17-2.23) after adjust-
ment for maternal history of depression. The authors stressed
that a potential source of bias was the systematic misclassifi-
cation of case and control status, which could have led to the
nonsignificant estimates. Again, detection bias was adjusted
for by taking into account year of birth.

Finally, Boukhris et al*’ (=Table 1, =Figs. 1 and 2) assessed
the risk of ASD in children exposed to gestational antide-
pressants, taking into account potential confounding factors
and any family history of ASD. A cohort study was conducted
using data from the Quebec Pregnancy Cohort, and included
data on all pregnancies and children in Quebec in 1998 to
2009. Only singleton births were considered in this study.
Antidepressant use during pregnancy was defined as having
atleast one prescription filled during gestation, and according
to the trimester of use; antidepressant classes were also
studied (=Table 2). ASD outcomes were defined as infants
with at least one diagnosis of ASD before December 31, 2009
(=Table 2). The cohort included 145,456 live-born children in
1998 to 2009; 1,054 (0.72%) children had a diagnosis of ASD.
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examining the association between antidepressant use during pregnancy and

(2014)>7

nosis between birth and
the end of the study pe-
riod (2009):

Childhood autism (ICD-9
299.0 or ICD-10 F84.0)
Atypical autism (ICD-9
299.0 or ICD-10 F84.1)
Asperger syndrome (ICD-
9 299.8 or ICD-10 F84.5)
Other pervasive develop-
mental disorders (ICD-9
299.8 or ICD-10 F84.8)
Pervasive developmental
disorder unspecified
(ICD-9 299.9 or ICD-10
F84.9)

defined as having at
least one prescrip-
tion filled

AD classes consid-
ered: SSRIs, SNRIs,
TCAs, MAOIs, and
others AD.

A single class expo-
sure was defined as
the filling of pre-
scriptions for only
one AD classes.
Combined classes
of ADs were defined
as the filling of a
prescription for at
least two or more
different AD classes

Authors Definition of outcome Years of Dx | Definition of expo- | Exposure period Indication control
sure
Boukhris et al | Children with ASD diag- | 1998-2009 | AD exposure was 1. The year before Maternal psychiatric

the first day of ges-
tation (1DG) de-
fined as the first day
of the last menstru-
al period

2. The 1st trimester
of pregnancy de-
fined as the time
from the 1DG until
the 14th completed
week of gestation
3. The 2nd/3rd tri-
mesters (between
the 15th week until
the end of

pregnancy)

disorders other than
depression in the
year prior (adjusted)
Maternal depression/
anxiety/bipolar disor-
der (stratified)

Abbreviations: AD, antidepressants; ASD, autism spectrum disorder; MAOI, monoamine oxydase inhibitor; SNRI, serotonin-norepinephrine reuptake

inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

The mean age of children at the end of follow-up was 6.24
years (standard deviation [SD] = 3.19). Adjusting for poten-
tial confounders, overall antidepressant use during the sec-
ond or third trimester of pregnancy was statistically
significantly associated with ASD (adjusted HR = 1.87; 95%
CI: 1.15-3.04); SSRI use during the second or third trimester
of pregnancy (adjusted HR = 2.17; 95% CI: 1.20-3.93) and the
combined use of more than one antidepressant class during
the same period (adjusted HR = 4.39; 95% CI: 1.44-13.32)
was associated with the risk of ASD. To separate the effects of
antidepressants from the underlying indication, a stratified
analysis on maternal depression status was performed, re-
sulting in a significantly increased risk of ASD associated with
antidepressant use during the second or third trimester
among children of depressed mothers (adjusted HR = 1.75;
95% CI: 1.03-2.97); no statistically significant association was
found among nondepressed mothers (adjusted HR = 1.36;
95% Cl: 0.34-5.50; 2 exposed cases). Genetic predispositions,
defined as having a sibling with ASD, were further taken into
account. In the subgroup of children with no genetic predis-
position to ASD, second/third trimester use of antidepres-
sants was increasing the risk of ASD (adjusted HR = 1.87; 95%
CI: 1.14-3.06); having a child with ASD increased the risk of
having another child with the disorder but nonstatistically
significant (adjusted HR = 8.36; 95% CI: 0.31-221.71), which
could be explained by the lack of power for analyses on this
stratum. All analyses were adjusted for calendar year of birth
to control for detection bias.

Conclusion

Taken together, studies are suggestive of an increased risk of
ASD associated with antidepressant use during pregnancy.

The hyperserotonemia in autistic patients provides a possible
biological explanation for this association. Although, some
findings are not statistically significant, this could partly be
explained by lack of statistical power. Lack of statistical power
should not be mistaken for lack of effect.

Presented studies®'~>’ used different approaches to control
for the possible confounding effect of the indication (i.e., adjust-
ment for maternal depression and other psychiatric disorders,
sibling analysis, restricting the analysis to the children of
mothers with affective disorders, and stratified analyses accord-
ing to maternal depression status). Nevertheless, although con-
founding by indication was adjusted for in the majority of studies
presented, we cannot completely rule out residual confounding
by indication given the observational nature of the data. None of
the seven studies controlled for the severity of maternal depres-
sion per se; however, Boukhris et al®>’ adjusted for proxies for
severity, such as use of antidepressants before pregnancy, use of
other antipsychotics, maternal diagnoses of other psychiatric
disorders such as schizophrenia, and personality disorders. It
remains that given the strength of the reported associations,
serotonin inhibition during gestation seems to play an important
role in the occurrence of ASD. Further research is needed to
specifically assess the risk of ASD associated with antidepressant
types and dosages during pregnancy. More research is also
required to determine the most relevant temporal window of
exposure during pregnancy.
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