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World Health Organization report has named
depression as the greatest disease burden for
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Early Pregnancy and the Risk of Fetal Major Malformations:
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Objective: To analyze all studies reporting
primary data on the rate of fetal malformations
after early in utero exposure to paroxetine, inves-
tigated either specifically or jointly with other
antidepressant medications.

Data Sources: Medical literature was identi-
fied through searches of MEDLINE/PubMed,
TOXNET, EMBASE, and The Cochrane Library
(1980 through September 2008). Search terms
were pregnancy, antidepressants, SSRIs, paroxe-
tine, and fetal malformations. Additional studies
were identified from the reference lists of pub-
lished articles.

Data Selection: Twenty-five articles reporting
primary data on the rate of fetal structural malfor-
mations following exposure to paroxetine or se-
lective serotonin reuptake inhibitors as a group
during the first trimester of pregnancy were
electronically or manually selected.

Data Synthesis: Studies on the teratogenic
risk of paroxetine show a high degree of hetero-
geneity. Moreover, research studies performed
with the same methodology and thus showing the
same level of evidence report conflicting results.

Conclusions: Given the inconsistency of the
findings and limitations of the methodology of
the published studies, the teratogenic potential
of paroxetine that has been reported in some stud-
ies remains unproven. This relevant safety ques-
tion is likely to remain unanswered until large,
prospective studies are conducted. Such studies
should be designed to include a control group of
untreated mothers with similar psychiatric diag-
nosis so as to differentiate effects of drug expo-
sure from impact of underlying mental disorder
on the fetus. Moreover, further experimental stud-
ies are warranted to definitively assess clinical
consequences of the impact on fetal development
related to physiologic effects of prenatal paroxe-
tine exposure on different maternal and fetal
parameters.
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women worldwide.1 In particular, the childbearing years
are a time of increased vulnerability to the onset of major
depression for women; unfortunately, even during preg-
nancy, this vulnerability does not diminish. Indeed, a re-
cent epidemiologic study demonstrated that the percent-
age of pregnant women experiencing affective disorders
may be as high as 14%: specifically, major and minor de-
pression were prevalent in 3.3% and 6.9% of women, re-
spectively.2 In specific populations, such as poorer minor-
ity groups and unmarried teenagers, the rate of clinically
relevant mood symptoms in pregnancy may be as high as
51%.3 Moreover, mood disorders at pregnancy onset are
known as strong predictors of postpartum depression.4

Maternal depression induces significant effects on
neonatal physiology: elevated cortisol and norepinephrine
levels, lower dopamine levels, and greater relative right-
frontal electroencephalographic asymmetry have been de-
scribed in newborns of mothers with depression during
pregnancy.5 The detrimental impact of untreated maternal
depression on delivery outcomes and infants’ neuro-
cognitive and psychological development is also well
known.6–8 Neonates born to depressed mothers are at
increased risk of preterm birth and low birth weight
and, later in life, may show shorter stature than children
of healthy mothers.9,10 In addition, mothers with mood
disorders may experience serious bonding difficulties
with their newborns,11–13 which may lead to poorer cog-
nitive functioning during childhood and young adult-
hood.14–16 Thus, seriously depressed mothers may often
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need psychopharmacologic treatment in order to obtain
rapid improvement in their symptoms: indeed, a full
symptomatic remission is an indispensable tool for mini-
mizing risks for the mother-infant pair.17 Furthermore,
discontinuing an effective antidepressant treatment (or
even lowering the optimal dose) during pregnancy may
lead to a relapse of depressive symptoms.18

It must also be stressed that other maternal psychiatric
disorders, responsive to antidepressant medications and
commonly considered as relatively moderate (such as
anxiety disorders), may also have detrimental effects on
the mother-infant relationship.19,20

However, in recent years, several concerns have been
raised about safe utilization of antidepressant medications
during pregnancy; for example, significant concentrations
of antidepressant agents in amniotic fluid have recently
been demonstrated. Although the significance of this find-
ing is still unclear, these results suggest that maternally
administered antidepressants may be accessible to the fe-
tus in an adjunctive way.21 In particular, in 2005, on the
basis of data still unpublished at that time, the U.S. Food
and Drug Administration requested that GlaxoSmithKline
change the pregnancy category of one of its most-used an-
tidepressant medications, paroxetine, from category C to
category D, as the drug had been suspected of increasing
risk of fetal major structural malformations and, particu-
larly, congenital cardiac defects.22 However, despite such
concerns, paroxetine remains one of the most frequently
prescribed antidepressant drugs throughout the gesta-
tional period.23

In the light of this background, the aim of this article is
to review systematically all studies reporting the preva-
lence of fetal major malformations after early in utero ex-
posure to paroxetine, investigated either specifically or
jointly with other antidepressant medications. The anal-
ysis is mainly focused on balancing methodological
strengths against potential weaknesses of each selected
study in order to assess whether this relevant clinical con-
cern could be deemed as definitively demonstrated and, if
so, to determine its magnitude.

METHOD

Data Sources
Medical literature published in English since 1980

was identified through searches of MEDLINE/PubMed,
TOXNET, EMBASE, and The Cochrane Library. Search
terms were pregnancy, antidepressants, SSRIs, paroxe-
tine, and fetal malformations. Additional studies were
identified from the reference lists of published articles.
Searches were last updated on September 23, 2008.

Data Selection
Twenty-two articles reporting primary data on rate of

congenital malformations following exposure to paroxe-

tine or selective serotonin reuptake inhibitors (SSRIs) as a
group during the first trimester of pregnancy were elec-
tronically identified and thus acquired for the review.
The manual search performed on reference lists of these
articles provided 3 additional studies, published as ab-
stracts, investigating the teratogenic risk of paroxetine.
Therefore, in total, 25 articles met the inclusion criteria.

RESULTS

Studies on Paroxetine
Studies specifically investigating the teratogenicity of

paroxetine are shown in Table 1.
Prospective studies. Preliminary data from 2 con-

trolled studies24,25 (including 219 women overall) failed to
demonstrate an increased risk of structural teratogenicity
after early in utero exposure to paroxetine. Nonetheless,
the extension phase26 of the second study suggested that
paroxetine might increase the rate of fetal cardiovascular
anomalies if used during the first trimester of pregnancy.
The first study24 provided a control group of unexposed
infants, whereas in the second study25 and its extension
phase,26 infants exposed to paroxetine were also matched
with a control group of fluoxetine-exposed infants. All of
these studies collected data from one or more teratogen
information services (TISs), but they have been published
only as abstracts; thus, the studies provide no information
as to how length and timing of exposure were determined.
However, one of these groups of researchers, Diav-Citrin
et al., recently published a well-designed study27 suggest-
ing that the use of paroxetine during early pregnancy was
not associated with increased rates of cardiovascular birth
defects.

A report28 from the Swedish Register of Congenital
Malformations (Swedish National Board of Health and
Welfare, Stockholm, Sweden) demonstrated an increased
risk of cardiovascular malformations (especially septal
or ventricular septum defects) in infants exposed early in
utero to paroxetine compared with infants exposed to
other SSRIs. A subsequent research study29 performed on
the same database, and thus using the same source of in-
formation, confirmed that paroxetine is the only SSRI as-
sociated with a statistically significant increase in the risk
of cardiac malformations if used during the first trimester
of pregnancy. This register could theoretically permit col-
lection of crucial information on maternal use of medi-
cations through routine midwife interviews at the first
antenatal care visit; however, in both studies,28,29 the as-
sessment of drug daily dose and of the length and timing
of exposure was often incomplete.

Very recently, a relatively large controlled study ana-
lyzed the outcome of paroxetine-exposed pregnancies by
using 2 sources of information: data from TISs or data in-
corporated in specific databases.30 Data coming from TISs
include clinical findings that are not always possible to
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derive from database investigations: personal (despite
telephonic) interviews with the mothers confirming drug
prescription (including dose and timing of exposure) and
medical confirmation of infants’ birth defects. The rate of
fetal cardiac malformations (1.2%)30 was substantially
similar to that shown by the control group (infants ex-
posed to nonteratogenic agents) and the general popula-
tion (0.7%30 and 0.96%,35 respectively). However, most of
the women had received paroxetine at daily doses of 20
mg or less, and there was not enough variability to per-
form a dose-response analysis.30

Case-control studies. Using different Canadian ad-
ministrative databases linked together into the Medication
and Pregnancy registry (Quebec, Canada), Bérard et al.31

identified a relatively large number of women who had
filled prescriptions for antidepressant monotherapy dur-
ing the first trimester of pregnancy (0 to 14 weeks of ges-
tation) and had had a live birth.31 Two nested case-control
studies were carried out within the study population: the
first used all major congenital malformations combined
as cases; the second used only major cardiac malfor-
mations as cases. The study’s results suggested that early-
pregnancy exposure to paroxetine might be associated
with a 2-fold increase in the risk of major congenital mal-
formations as a whole and a 3-fold increase in the risk of
cardiac defects (bulbus cordis anomalies and anomalies of
septal closure were the most frequently reported cardiac
defects), but only for daily doses higher than 25 mg. How-
ever, the methodology used to categorize drug exposure
was inadequate to establish clearly the length of exposure;
moreover, data from this registry were unable to ensure
that the prescribed medication was actually taken by the
women.31

Retrospective studies. GlaxoSmithKline supported a
large study32–34,36 consisting of 2 retrospective cohort arms
and a nested case-control arm. The risk of malformations
associated with all but 1 (bupropion) of the identified an-
tidepressants, including paroxetine, was only a post hoc
secondary analysis. Preliminary results on births from
1995 through 2002 suggested a statistically significant in-
crease in rates of both congenital anomalies as a whole
and cardiac defects for first-trimester paroxetine expo-
sure.32 Nevertheless, this risk appeared to be attenuated in
an updated analysis based on additional births from Janu-
ary 2003 through September 2004.33 However, neither
analysis included controls of women not taking antide-
pressant medications, and also both were limited by the
retrospective design (associated with potential recall bias)
and the incomplete clinical details available in an insur-
ance database. Moreover, the methodology used to esti-
mate both length and timing of exposure showed further
facets of inaccuracy: in fact, for each infant delivery, se-
quences of diagnosis and procedures in medical claims
data were examined to estimate a window of time when
conception “probably” occurred. The first trimester was

defined as occurring from the earliest possible conception
date through 12 weeks following the latest possible
conception date. In light of these preliminary results,
GlaxoSmithKline refined these retrospective analyses to
confirm or exclude possible increased prevalence of con-
genital malformations among infants born to women ex-
posed to paroxetine during early pregnancy. The results
emerging from this study, labeled EPI40404,36 were
subsequently published in a peer-reviewed article.34 The
prevalence of congenital malformations as a whole was
statistically higher in infants exposed in utero to parox-
etine monotherapy than in infants exposed to other anti-
depressant monotherapies, whereas no association was
found between specific cardiac defects and paroxetine ex-
posure. However, it must be stressed that the study’s de-
sign failed in overcoming methodological limitations
shown by the 2 previous, unpublished analyses.

Studies in Which Paroxetine
Was Investigated Jointly With Other SSRIs

Studies investigating the teratogenicity of SSRIs as a
group are shown in Table 2.

Prospective studies. Using ongoing information col-
lected prospectively from TISs,37–39 the Swedish Medical
Birth Defect Register,40 and obstetric/pediatric records,41

5 studies identified a relatively large number of women
who reported antidepressant use during early pregnancy.
In all these studies, SSRIs showed no liability to increase
the rate of fetal structural malformations. In studies that
analyzed data from TISs,37–39 the methodology most com-
monly used to collect relevant clinical information (such
as length and timing of exposure, type of drug, and dose)
was based on reports from pregnant women who were
referred to TISs for assessing risk related to drugs used
to treat their depression; prospective data collection oc-
curred at the time of enquiry and at 1 month after the ex-
pected date of delivery. The study that analyzed data from
the Swedish Medical Birth Defect Register40 used the
same methodology described in the preceding sentence,
whereas in the study by Hendrick et al.,41 data were drawn
from a population of women who were followed up on an
individual basis at a specific Pregnancy and Postpartum
Mood Disorder Program.

Case-control studies. The possible association of ma-
ternal use of SSRIs during early pregnancy and duration
of antidepressant exposure with congenital cardiovascular
defects was excluded in 3 case-control studies.42–44 The
first42 of these studies collected data from the Swedish
Medical Birth Registry (The National Board of Health
and Welfare, Stockholm, Sweden), the second43 from a
national Finnish project (which linked information from 4
drug reimbursement and medical registries), and the
third44 from 3 administrative databases of the province of
Quebec, Canada. Among these 3 studies, only the last
one44 attempted to differentiate effects of antidepressant
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exposure on pregnancy outcome from the detrimental im-
pact of the underlying psychiatric disorder.

On the other hand, a statistical association between
SSRI use during early pregnancy and a number of birth
defects (omphalocele, craniosynostosis, and anenceph-
aly) that had not been previously associated with pla-
cental exposure to SSRI was found in the National Birth
Defects Prevention Study (a large, ongoing, multisite
study).45 Four significant associations were specifically
found for paroxetine (gastroschisis, right ventricular out-
flow tract obstruction defects, omphalocele, and anen-
cephaly). In this study, information on exposure to SSRIs
during pregnancy was collected by standardized tele-
phone interviews with mothers; exposure was defined
as reported use of any SSRIs from 1 month before to
3 months after conception. Although the study was of
relatively large size (9622 case infants identified with
major birth defects), the small number of exposed infants
for each individual typology of malformation remains
a relevant limitation of this study.45 Conversely, most
of these associations were not found in a contemporary
study46 (reporting 9849 case infants with major birth
defects) showing not only a similar experimental design
but also analogous limitations; however, the relationship
between prenatal paroxetine exposure and increased
rates of congenital ventricular outflow tract obstruction
defects was confirmed. Incidentally, it must be high-
lighted that the study also suggested an association be-
tween placental exposure to sertraline and an increased
risk of omphalocele.46

Retrospective studies. A retrospective cohort study
from a prepaid health plan identified a small number of
SSRI prescriptions filled or refilled during the 360 days
before delivery.47 The number of pregnancies exposed to
paroxetine was limited. Moreover, the study showed
other limitations, such as the analysis performed on phar-
macy records, which indicated drug dispensing rather
than actual use, and the lack of any information on daily
doses and timing of exposure (all women with antide-
pressant prescriptions filled or refilled during the 270
days before delivery were considered exposed). Infants
exposed to these antidepressant medications through the
placenta did not show increased rates of fetal malfor-
mations compared with both unexposed and tricyclic
antidepressant–exposed infants.47

Conflicting results were obtained by Wogelius et al.,48

who documented an increased risk of congenital anoma-
lies as a whole in 1051 infants of women treated with
SSRI medications during early pregnancy. Malformations
most frequently reported were muscle and bone, cardio-
vascular, and digestive system anomalies (31%, 29%, and
14%, respectively). However, the exact length of antide-
pressant exposure was not established, since the study
pooled data from women with SSRI prescriptions any
time during early pregnancy (from 30 days before con-

ception until the end of the first trimester). Moreover, be-
cause of the methodological design, the study was unable
to clarify whether these effects were causal or due to other
factors related to the underlying psychiatric disorder.48

Further, placental exposure to paroxetine has been spe-
cifically associated with an increased rate of congenital
ocular anomalies.49 The authors also reported a statisti-
cally significant increase in the rate of limb anomalies in
infants exposed in utero to the drug; however, the re-
ported statistical data (RR = 0.72, 95% CI = 0.18 to 2.83)
seem not to support this last conclusion. For analysis of
congenital anomalies, data were drawn from automated
health system databases. Use of prescribed drugs during
the first trimester was evaluated by assuming a gesta-
tional age of 270 days.49

A recent Canadian study,50 conducted on administra-
tive data reporting prenatal prescription records linked to
neonatal records, suggested that prenatal exposure to
SSRI and serotonin-norepinephrine reuptake inhibitor
(SNRI) monotherapy may specifically increase risk of
atrial septal defects; in contrast, risk of major malforma-
tions as a whole seemed to be increased only in the case
of concomitant exposure to benzodiazepines.50

DISCUSSION

Reviewed studies on the risk of fetal major malfor-
mations associated with early-pregnancy exposure to
paroxetine show a high degree of methodological hetero-
geneity. Moreover, research studies performed with
the same methodology and thus showing the same level
of evidence51 reported conflicting results. Indispensable
cautions in preparing the studies’ designs, such as the ex-
clusion of possible confounders, were only partially pro-
vided or neglected altogether. Regrettably, such method-
ological bias affects both studies focused on specifically
investigating teratogenicity of paroxetine and studies in-
vestigating teratogenicity of SSRIs as a class.

Regarding studies designed specifically to investigate
teratogenicity of paroxetine, 3 of the 7 prospective studies
have been published only as abstracts and showed contra-
dictory findings.24–26 In addition, such studies reported
neither timing of exposure nor daily dosages; further, no
analyses of potential confounding factors were provided.
For these reasons, their results must be interpreted with
great caution. When these factors were investigated in
prospective, controlled studies, the results on the repro-
ductive safety of paroxetine were quite reassuring.27 Two
prospective studies published as peer-reviewed articles
(and suggesting an increased risk of cardiac birth defects
in pregnant women who had been treated with paroxetine
during early pregnancy) were based on data collected
from the same medical registry and were both un-
controlled.28,29 Conversely, the last update of the retro-
spective research funded by GlaxoSmithKline showed
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that whereas the risk of fetal malformations as a whole
may rise, no increase in the rate of specific cardiac defects
seems to occur.34 Moreover, the largest prospective, con-
trolled study30 so far performed has shown quite reassur-
ing results. However, most of the women in this study had
been treated with relatively low doses of paroxetine; for
this reason, this study was inadequate in denying findings
(until now not replicated) emerging from a case-control
study31 that found increased rates in both fetal structural
malformation as a whole and cardiac defects following
pregnancy exposure to daily doses of paroxetine higher
than 25 mg.

Among studies investigating teratogenicity of SSRIs
as a class, 5 prospective studies showed concordant reas-
suring results.37–41 However, all 5 studies had relevant
limitations: the number of pregnancies exposed to paroxe-
tine and other SSRIs was relatively or absolutely too
small to allow investigation of teratogenicity of specific
drugs; the analysis of potential confounding factors
was limited; the timing of exposure was rarely clarified;
and only 2 of these studies38,39 provided a comparison
with control groups of infants exposed to nonteratogen
agents and/or infants who were unexposed. Three case-
control studies42–44 also failed to demonstrate association
between prenatal SSRI exposure and increased rates of
birth defects; however, no post hoc secondary analyses
were performed specifically on paroxetine. When this
analysis was included in the methodological design,45,46

paroxetine was alternatively associated with increased
rates of right ventricular outflow tract obstruction defects
plus other noncardiac anomalies (gastroschisis, anen-
cephaly, omphalocele) and right ventricular outflow tract
obstruction defects without concomitant risks of other
categories of fetal malformations.45,46 Increased rates of
either fetal malformations as a whole48 or eye defects49

have been reported in 2 retrospective studies investigating
teratogenic risk of SSRIs as a class, whereas a similarly
designed study50 recently suggested that prenatal expo-
sure to both SSRIs and SNRIs may be considered a risk
factor for birth defects in general, but only in the event of
concomitant exposure to a benzodiazepine.

Given this background, although a valuable attempt
has been recently performed,52 a meta-analytic approach
based on highly selective criteria (i.e., selection and inclu-
sion of studies that enrolled women treated with the same
range of daily drug dose, exposed to paroxetine during the
same period of pregnancy, and showing equivalent length
of exposure) remains impracticable.

CONCLUSIONS

Several mechanisms have been proposed to explain
hypothetical teratogenicity of some SSRIs, but research
studies focused specifically on paroxetine are scarce.
Data from animal investigations53–55 have demonstrated

that SSRIs, through increase in serotonergic neurotrans-
mission, may interfere with a variety of physiologic sys-
tems, such as the sleep-wake cycle, circadian rhythms,
and the hypothalamic-pituitary-adrenal axis53; each of
these systems seem to play an important role in regulat-
ing fetal development.53 Moreover, maternal treatment
with SSRIs, specifically fluoxetine, may have an adverse
impact on the developing fetus via interference with se-
rotonin 5-HT2B receptors54; information from animal
studies has demonstrated that this receptorial subtype is
involved in controlling fetal cardiovascular system de-
velopment.55 This interference is directly correlated to
the degree of placental passage of SSRIs, which is rela-
tively high for fluoxetine.54 However, a relatively high
amount of placental passage has also been demonstrated
for paroxetine.56

In humans, preliminary findings have already high-
lighted that placental exposure to such a class of antide-
pressants may induce relevant physiologic changes in
both mother and fetus. In the mother, antidepressant
therapy during pregnancy has been associated with an in-
crease in the saliva estriol levels57; in the fetus, studies
conducted with an elegant methodology have suggested
that prenatal exposure to SSRIs may increase blood
flow velocity in the middle cerebral artery.58 Gestational
exposure to SSRIs has also been associated with a sub-
stantial reduction in platelet serotonergic reuptake in the
newborn.59 Such findings seem to suggest that in utero
exposure to SSRIs may have specific physiologic effects
on the fetus, albeit their clinical relevance remains
undetermined.

Unfortunately, reviewed data are too controversial for
confirming or excluding teratogenicity of paroxetine and
also suffer from several relevant methodological limita-
tions. Hence, even now, this relevant clinical concern re-
mains unanswered. This situation is not surprising, since
it is unethical to include pregnant women in randomized
controlled trials. However, in order to obtain definitive
conclusions about this still-open question, future re-
search agendas should include the following:

(1) Large, epidemiologic, prospective, controlled
studies should be designed to include a control
group of untreated women diagnosed with the
same disorder as the mothers who accept taking
paroxetine during pregnancy. This design seems
to be the only way to differentiate effects of drug
exposure from the well-known impact of un-
treated psychiatric disorder on the fetus.6–10 More-
over, prospective studies conducted with rigorous
methodologies may make possible a correct
meta-analytic strategy: this strategy is completely
warranted for investigating rare events (such as
congenital anomalies), which are likely to remain
unclear even after single, large cohort studies.
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(2) Further experimental studies are warranted to de-
finitively assess clinical consequences of the im-
pact on fetal development induced by the physi-
ologic effects of prenatal paroxetine exposure on
different maternal and fetal parameters.

Drug names: bupropion (Aplenzin, Wellbutrin, and others), fluoxetine
(Prozac and others), paroxetine (Paxil, Pexeva, and others), sertraline
(Zoloft and others).
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