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ABSTRACT
Objective: Antidepressants have

been reported in several studies in
the literature to be associated with
the development of autistic disorder
symptoms in children exposed to
them during the time of their
mothers’ pregnancies. There have
also been reports of
neurodevelopment delays associated
with exposure to antidepressants in
the same conditions.

Design: We searched the
PUBMED, MEDLINE,
PsycARTICLES, and ERIC for
original articles published between
January 1983 and May 2013 to
identify studies on the association
between autistic spectrum disorders
(ASD) and neurodevelopment delays
in children and exposure to
antidepressants during pregnancy.

Conclusion: At the end of our
preliminary work, we retained only
three articles that were pertinent to
the purpose of our study. We

extracted the available data in Excel
files and then did a meta-analysis.
The final results showed a positive
association between the exposure to
antidepressants in utero and autistic
spectrum disorders.

INTRODUCTION
It is reported that between 9 and

14 percent of pregnant women show
occasional symptoms of depression.1

Bennett2 reports that the prevalence
rates of depression during pregnancy
are as follows: 7.4 percent in the first
trimester, 12.8 percent in the
second, and 12 percent in the third
trimester. Throughout the years,
antidepressants have been used to
treat depressive symptoms in
pregnant women. Another situation
sometimes met in clinical practice is
women diagnosed with affective
disorders becoming pregnant while
on antidepressant medication. Many
studies have looked into the question
of neurodevelopment defects related
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to the use of antidepressant
medication during pregnancy. In
general, children who were exposed
to antidepressants in utero were
followed up, assessed, and compared
to unexposed children as a control
group. Many studies showed no
statistically significant difference
between the two groups.15,16,17

However, Casper3 and Mortensen4

reported lower developmental scores
in the antidepressant-exposed
children.

We reviewed articles where
autism spectrum disorders were
described according to the
Diagnostic Statistical Manual of
Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR) criteria
as communications and social
interactions impairment manifested
from the time of early childhood and
associated with odd and stereotyped
behaviors. 

The term autism was first
introduced by Leo Kanner in 1943 as
the clinical expression of a major
break in affective communication.5

Today autism is considered a major
developmental disorder, manifested
by the individual’s inability to
interact and communicate with
others adequately and the presence
of stereotyped, rigid, and restrictive
behaviors. There is a 556-percent
increase in the prevalence of autism
in children as measured between
1991 and 1997. This increase is
probably related to our enhanced
awareness of the disease and to the
change in diagnostic criteria.6 For
many years, it has been clear that
autism is not a disorder by itself, but
a syndrome with multiple causes that
could be of genetic nature or not.
For our meta-analysis, we are going
to use the term autistic spectrum
disorders (ASD). By this term, we
mean a large variety of disorders
related to early development and
characterized by major impairments
in the following domains: 
1. Social interaction and affective

expression 
2. Language development and

communication skills 
3. Adequate play 

4. Reduced imagination and interests 
5. Narrowed sphere of activities. 

A review of the literature
published between 1961 and 2007
gives solid evidence for a variable but
significant genetic component in
ASD. However, there is clear
evidence that other etiological
factors may be responsible for the
appearance of ASD, such as in-utero
toxic exposure and infections (e.g.,
rubella, cytomegalovirus). 

Antidepressants are the first line
of treatment for depression and
anxiety for pregnant women, and
they are able to cross the placenta.7

Not many studies have evaluated the
effects of exposure to
antidepressants during pregnancy in
regard to the association with ASD,
and no quantitative review has been
performed so far. The purpose of this
meta-analysis was to review the
literature over the last 30 years to
look for an association between the
mother’s exposure to antidepressants
during pregnancy and the
appearance of ASD symptoms or
neurodevelopmental delays in their
children.

METHOD
We searched PUBMED,

MEDLINE, PsycARTICLES, and
ERIC for original articles published
between January 1983 and May 2013
to identify studies on the association
between ASD, neurodevelopment
delays in children, and exposure to
antidepressants during mother’s
pregnancy. 

We performed literature searches
using the following combination of
terms:
1. Antidepressants and pregnancy

and autistic spectrum disorders
2. Antidepressants and pregnancy
3. Pregnancy and autism and

antidepressants
4. Antidepressants and autism
5. Antidepressants and pregnancy

and autism
6. Antidepressants and

neurodevelopment delays
7. Antidepressants and pregnancy

and neurodevelopment delays.
We found around 2,900 articles

based on their titles, selected 307
articles based on their abstracts, and
selected 15 articles that met the
meta-analysis subject demands. After
reading those articles, we selected
three articles.

The studies were carefully
reviewed, and estimators of relative
risk with the 95-percent confidence
intervals (CIs) were obtained.
Relative risk estimates included the
odds ratios (ORs) in the selected
studies. In the last stage, we could
select only three articles due to the
scarcity of data in subject-related
literature.

For the meta-analysis we used the
R package rmeta. We decided to fit
the fixed-effects model using the
function meta.MH to compute the
individual odds ratios, the Mantel-
Haenszel weighted mean estimate,
and Woolf’s test for heterogeneity.
Then we implemented the random
effects model with the same set of
data using R function meta.DSL to
compute the individual odds ratios,
the Mantel-Haenszel weighted mean
estimate, and the Woolf’s test for
heterogeneity along with the
estimate of the random effects
variance. We then compared the
results for both methods.

RESULTS
Table 1 lists the set of data we

selected for our work.
The articles were all case control

studies: One article, Rai et al,8 was a
nested case control study, the
second article was a population-
based case control study,9 and the
third was a population-nested case
control study.10 The first article had a
big sample, and the OR for
association of ASD with exposure to
antidepressants was 3.34. The
second article had a midsized
sample, with an OR of 2.1. And the
third article had a smallest sample,
with an OR of 1.5. The first two
articles checked for the association
between exposure to antidepressants
and ASD, but the third article
checked for the association between
antidepressants and normal
milestones development that is
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lacking in the context of ASD. From
this standpoint, the sample of the
meta-analysis for our data was not
homogenous but we decided to
include the article due to the fact

that delay in milestones development
is a major characteristic of ASD.  

Tables 2 and 3 list the results for
fitting the fixed effects mode for our
set of data.

It is observed from the model fit
that the overall OR is 1.39 with 95-
percent CI from 1.04 to 1.85. The CI
does not include the number 1,
therefore indicating a significant
weak overall positive association.
However, if the meta-analysis would
have encompassed only the first two
studies of the data set, one can see
that an effect size of 2.18 for the first
and 2.10 for the second showing that
excluding the third study from the
meta-analysis would have produced
more convincing results. The
problem is that the chi-squared value
for heterogeneity has a value of
12.53 with a p value of 0.0019
statistically significant heterogeneity.
We then analyzed the data using the
random effects (DerSimonian-Laird)
meta-analysis (Table 4).

It can be seen that the estimated
between-study variance is 0.32, and
the global OR is 1.5 with a 95-
percent CI of 0.74 to 3.03, which
includes the number 1, rendering the
results insignificant. However, the
variance is 0.32 and the CIs are
wider than those for the fixed mode,
which are consistent with the theory
that the random effect mode could
be seen as an extension of the fixed
effect model. We then used
appropriate code to generate a forest
plot (Figure 1).

Looking at the forest plot one can
see that the diamond shows that

TABLE 1. Articles representing the data set we selected for our work 

ARTICLE DESIGN N C NAD CAD STATS OR CI

Rai et al8

2013 Nested C-C 4,429 43,277 1,679 16,845 Logistic Reg 3.34 1.5–7.47

Croen et al9

2011

Population-
based 
C-C

298 1,507 70 1,735 Unconditional
Logistic Reg 2.1 1.2–4.3

Pedersen et
al10 2010

Population-
nested C-C 313 363 31 47 Logistic Reg 1.5 1.1–2.0

N: number of patients; C: number of controls; NAD: number of patients exposed to antidepressants; CAD: number of controls exposed to
antidepressants; STATS: statisical method; OR: odds ration; CI: confidence interval

TABLE 2. Fixed effects (Mantel-Haenszel) meta-analysis

ARTICLE # PATIENTS
WITH ASD

# EXPOSED 
PATIENTS

# CONTROLS
WITH ASD # CONTROLS

Rai et al8

2013 22 1,679 102 16,845

Croen et al9

2011 20 298 50 1,507

Pedersen et al10

2010 31 313 47 363

ASD: autistic spectrum disorder

TABLE 3. Odds ratios (OR) with 95% confidence interval (CI) lower and upper limits

ARTICLE OR LOWER UPPER

Rai et al8

2013 2.18 1.37 3.46

Croen et al9

2011 2.1 1.23 3.58

Pedersen et al10

2010 0.74 0.046 1.2

Mantel-Haenszel OR=1.39; 95% CI (1.04,1.85); test for heterogeneity: chi-squared (2)=12.53
(p value=0.0019)
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altogether there is a positive
association between in utero
exposure to antidepressants and the
development of ASD.

DISCUSSION
The finding of this meta-analysis

shows that there is a possible
association between the exposure to
antidepressants during pregnancy
and the development of ASD
symptoms in child. When analyzed
separately, each article shows a
positive association between
antidepressants exposure and ASD8,9

or antidepressants exposure and
some neurodevelopment
milestones.10 The sample was
heterogeneou, which is a major
limitation of this work. It is likely
that a stratified meta-analysis
working only with the first two
articles that have similar sets of data
would have produced more
convincing results. The forest plot
diamond showed that altogether the
positive association between
antidepressants and ASD symptoms
is very likely.

CONCLUSION
Altogether the results of this

work have demonstrated an
association between the exposure to
antidepressants and ASD and this
could certainly open an avenue for
further work and awareness in the
future.  
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