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Objective: In 2005–2006, several studies
noted an increased risk of cardiovascular
birth defects associated with maternal
use of paroxetine compared with other
antidepressants in the same class. In this
study, the authors sought to determine
whether paroxetine was associated with
an increased risk of cardiovascular defects
in infants of women exposed to the drug
during the first trimester of pregnancy.

Method: From teratology information
services around the world, the authors
collected prospectively ascertained, un-
published cases of infants exposed to par-
oxetine early in the first trimester of preg-
nancy and compared them with an
unexposed cohort. The authors also con-
tacted the authors of published database
studies on antidepressants as a class to

determine how many of the women in
those studies had been exposed to parox-
etine and the rates of cardiovascular de-
fects in their infants.

Results: The authors were able to ascer-
tain the outcomes of 1,174 infants from
eight services. The rates of cardiac defects
in the paroxetine group and in the unex-
posed group were both 0.7%. The rate in
the database studies (2,061 cases from
four studies) was 1.5%.

Conclusions: Paroxetine does not ap-
pear to be associated with an increased
risk of cardiovascular defects following
use in early pregnancy, as the incidence
in more than 3,000 infants was well
within the population incidence of ap-
proximately 1%.

(Am J Psychiatry 2008; 165:749–752)

Prior to late 2005, selective serotonin reuptake inhibitor
(SSRI) antidepressants as a class were considered rela-

tively safe to take in pregnancy, as they had not been
found to be associated with a risk of major malformations

above the baseline rate of 1%–3% in the general popula-

tion. Studies supporting this view included a meta-analy-
sis and two database studies, with a combined total ap-

proaching 4,000 pregnancy outcomes (1–3).

In the fall of 2005, GlaxoSmithKline published on its web

site the results of a claims database study with the finding

that infants exposed in utero to paroxetine may have a
higher risk of congenital malformations, in particular car-

diovascular defects. The study was based on outcomes of
815 infants, and the reported incidence of cardiovascular

malformations, unspecified in terms of severity, was 2%

(4). A more detailed analysis of these data was published
recently in which the incidence was adjusted to 1.5% (5).

The latest results of a prospective longitudinal database
study in Sweden (6), which included 959 exposures to par-

oxetine in early pregnancy, indicated an increased risk of

cardiovascular defects of relatively mild types after mater-
nal use of paroxetine, at a rate of 2%. Finally, a small pro-

spective comparative study from a teratology information
service, presented as an abstract at a meeting, also docu-

mented a higher rate of cardiovascular defects associated

with use of paroxetine, at 1.9% (7).

Based on these three reports, warnings were posted in
late 2005 on the web sites of Health Canada (8) and the
U.S. Food and Drug Administration (FDA) (9) advising
women to avoid paroxetine if possible during pregnancy.
In December 2006, the American College of Obstetricians
and Gynecologists published a similar advisory (10). After
these warnings were publicized in the media, a web site
was developed that invited women to join a class action
suit against GlaxoSmithKline if they had taken paroxetine
in pregnancy and delivered a baby with a cardiovascular
birth defect (11).

We were concerned that, because 50% of pregnancies
are unplanned (12), women who were already pregnant
and taking paroxetine might abruptly discontinue their
medication. Abrupt discontinuation is generally not wise,
although some women may feel that it is the right course
to take (13). Notably, there have been no similar warnings
about the risk of cardiovascular birth defects from the
psychiatric professional bodies. In a study of 201 preg-
nant women recently published by a group of psychia-
trists (14), 86 (43%) women experienced a relapse of ma-
jor depression during pregnancy. Among the 82 women
who maintained their medication throughout their preg-
nancy, 21 (26%) relapsed, compared with 44 (68%) of the
65 women who discontinued medication. The authors
noted that women with a history of depression were less
likely to relapse if they stayed on their medication during
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pregnancy and recommended that each case be consid-
ered individually.

The primary objective of our study was to collect from
teratology information services around the world as many
cases as possible of infants who had first-trimester in
utero exposure to paroxetine and to calculate the rate of
cardiovascular defects in these infants and in a unexposed
cohort. The secondary objective was to contact the au-
thors of database studies that had been published on anti-
depressants as a class to determine how many women in
these studies had been exposed to paroxetine and the
rates of cardiovascular defects in their infants.

Method

We identified pregnancy outcomes of infants exposed in utero
to paroxetine from two sources: teratology information services
and database studies. The Motherisk Program at the Hospital for
Sick Children in Toronto is a teratology information service. We
provide evidence-based information on the safety of and risks as-
sociated with exposures to drugs, chemicals, radiation, and infec-
tious diseases during pregnancy and lactation to pregnant
women, lactating mothers, and their health care providers. We
also conduct observational studies of drugs and other exposures
in pregnancy. We are a member of the Organization of Teratology
Information Services (OTIS), a group with members in North
America. The European Network of Teratology Information Ser-
vices (ENTIS) is a group based in Europe, and similar services op-
erate in other parts of the world, providing services similar to
those we provide and collecting information on women and preg-
nancy outcomes in the same fashion. We have collaborated on
many occasions, including in research on pregnancy outcomes of
women who were exposed to various antidepressants (15–20).

At the teratology information services, women are recruited for
studies when they call to inquire about the use of a drug they are
taking and are currently pregnant. Eligible women are prospec-
tively enrolled in the study after providing informed consent over
the telephone. During the initial telephone contact, demographic
information, medical and obstetrical histories, and details of expo-
sure and concurrent exposures are recorded on a standardized
questionnaire form. Details about the exposure include duration,
timing in pregnancy, dose, frequency, and medical indication for
use of the drug. Women are informed that they will be contacted af-
ter their expected date of delivery for an assessment of pregnancy
outcome. At the follow-up interview, gestational findings and fetal
outcomes are documented on a structured, standardized form by
telephone interview. With the mother’s permission, this report is
corroborated with the report of the physician caring for the baby.

This method of data collection by teratology information ser-
vices involves three critical elements that are not always possible
with database studies: personal interviews with the mothers; con-
firmation of drug exposure, including time and dose; and confir-
mation of the congenital defect by the child’s attending physician.
In addition, because all of the women called the teratology infor-
mation service when they were in early pregnancy and the details
of their pregnancy and drug exposure were recorded at that time,
the possibility of recall bias is eliminated.

We contacted members of OTIS, ENTIS, and the other services
to request available pregnancy outcomes of women who had
taken paroxetine in the first trimester of pregnancy. We requested
details of their cases, with specific information on the rates of car-
diovascular defects and ascertainment of the infant’s age at the
time of diagnosis. To form a comparison group, we obtained an
equal number of pregnancy outcomes of other women who called

teratology information services inquiring about exposures to
drugs that are considered safe in pregnancy, such as acetamin-
ophen, and calculated the rate of cardiovascular defects in infants
of mothers in this group. Women in the comparison group had
similar demographic and clinical characteristics to those of the
study group, such as smoking, alcohol use, and socioeconomic
status, and their infants were not exposed to teratogenic agents or
antidepressants. They were not enrolled in any other study.

Subsequently, we identified published database studies of
pregnancy outcomes following exposure to antidepressants.
Since all of these studies presented SSRI data aggregated by class
(21–24), we contacted the authors and requested the same infor-
mation, specific to paroxetine, as we had from the teratology in-
formation services.

The rate of cardiovascular birth defects following exposure to
paroxetine in pregnancy was compared with the rate in the com-
parison group of unexposed women by means of chi-square test
and expressed as an odds ratio as well as in percentages.

The study protocol was approved by the Hospital for Sick Chil-
dren Research Ethics Board as well as by the research ethics
boards at the other sites.

Results

We were able to ascertain 1,174 unpublished cases of
first-trimester paroxetine exposure from eight teratology
information services and 2,061 cases from five previously
published database studies, including the GlaxoSmith-
Kline study (4) (Table 1). One of the groups of authors we
contacted to request information from their database (24)
was not able to provide details of specific exposure to par-
oxetine because of the confidentiality policy of the data-
base (although the authors did report that there were 320
cases of women exposed to paroxetine in their study).

All of the women in the cases we ascertained had been
taking paroxetine before they became pregnant and con-
tinued well into the first trimester, so their infants were ex-
posed while the fetal heart was developing.

The rates of cardiovascular defects in the teratology in-
formation service cohort were 0.7% in the exposed group
and 0.7% in the unexposed group (odds ratio=1.1, 95%
confidence interval [CI]=0.36–2.78). In the database
group, the rate was 1.5%. When the data sets from the ter-
atology information services and from the database stud-
ies were combined, the mean rate of cardiovascular de-
fects was 1.2% (95% CI=1.1–2.1).

Discussion

To our knowledge, these data represent the largest
documented number of exposures (>3,000) to paroxetine
during the first trimester of pregnancy. The rate of cardio-
vascular defects falls well within the incidence of cardio-
vascular defects in the general population, which was doc-
umented in Hoffman and Kaplan’s landmark study
investigating the incidence of congenital heart disease in
the population (25). Hoffman and Kaplan reviewed 62
studies published since 1955 in an attempt to determine
the reasons for the variability of the reported incidence of
congenital heart disease. After taking into account the tim-
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ing of diagnosis, their estimate of the incidence of moder-
ate and severe forms of cardiovascular defects was about 6
per 1,000 live births, which increases to 19 per 1,000 with
the inclusion of the potentially serious bicuspid aortic
valve, and to 75 per 1,000 with the inclusion of tiny muscu-
lar ventricular septal defects that are present at birth and
may resolve spontaneously and other trivial lesions. Their
estimate of the overall incidence was 0.96% (95% CI=0.7–
1.2). They also concluded that there is no evidence for dif-
ferences in incidence among different countries.

Confirmation of the timing of diagnosis was not stan-
dardized in either the teratology information services or the
database studies, and the timing varied from 1 month to 3
years of age across all studies. Consequently, some defects
would not have been detected immediately after birth in
the early interviews, and conversely, some would have re-
solved spontaneously by the time of the later examinations.
Källén and Olausson (6), who reported the highest inci-
dence, did state that most of the defects in their cohort were
minor, and in a personal communication (January 2007)
Källén indicated that his group counted all diagnosed car-
diovascular defects, even if they resolved spontaneously. In
contrast, the teratology information service groups did not
include cardiovascular defects that resolved spontaneously
(with the exception of Diav-Citrin et al. [7], who reported a
higher rate; personal communication, December 2006), so
this would account for their lower rates. The GlaxoSmith-
Kline results did not specify whether the defects were mild,
moderate, or severe, so a number of these cases may have
resolved spontaneously, and inclusion of these cases could
have inflated the rate. However, despite these discrepancies
and variations, the overall rate still fell within the limits de-
scribed in Hoffman and Kaplan’s report on population rates
of cardiovascular defects (25).

Our study has several limitations. One of these is the
sample size, which is relatively small for an epidemiologic
study. However, to date the cases we report on constitute
the largest number of prospectively ascertained pregnancy
outcomes after exposure to paroxetine, including the data-
base studies. If, as reported in the Hoffman and Kaplan re-
view (25), cardiovascular defects occur in approximately
1% of cases, our sample size is large enough to rule out a
twofold increased risk. Another limitation may be the com-
bining of cases from different countries. However, as docu-
mented in our previous publications, when maternal char-
acteristics were compared among sites, we found no
differences (17, 20). Women who call teratology informa-
tion services anywhere in the world tend to be more highly
educated, of higher socioeconomic status, and older, with
a mean age of 30 years (SD=2). They do not reflect all preg-
nant women in the general population who use antide-
pressants, but as a group they are homogeneous. For obvi-
ous reasons, it is impossible to conduct a randomized
controlled study of women taking drugs during pregnancy.

A recent study by Berard et al. (26) reported an increased
risk of cardiac defects (1.7%) associated with paroxetine,

but only with dosages above 25 mg/day. In our study, most
of the women received paroxetine at a dosage of 20 mg/
day or less, and there was not enough variability to con-
duct a dose-response analysis. The Berard et al. study is
the first to report a dose response, although it was based
on information from a prescription database, which lacks
any confirmation that the women actually took the medi-
cation as dispensed. It is conceivable that women stopped
taking paroxetine when their pregnancy was diagnosed, or
lowered the dose, especially after seeing media reports of
concerns about paroxetine use in pregnancy. We reported
this phenomenon in a recent publication based on inter-
views of women after reports in the media of concerns re-
garding neonatal effects of antidepressants (27).

In summary, our data suggest that paroxetine is not as-
sociated with an increased risk of cardiovascular birth de-
fects. The number of cases in our analysis is larger than in
other published studies on this topic, which typically have
sample sizes in the range of 100–200 cases (17, 19). With
nearly 1,200 cases from teratology information services
and over 2,200 cases from previously published database
studies, our findings may be considered sufficient evi-
dence to suggest that there is no association between the
use of paroxetine in pregnancy and risk of cardiovascular
defects in exposed infants.

This is important information for women and their
health care providers in their effort to make informed,
evidence-based decisions as to whether to take paroxetine
during pregnancy. Untreated depression during pregnancy
appears to carry substantial perinatal risks, whether they be
direct risks to the fetus and infant or risks secondary to un-
healthy maternal behaviors arising from depression. These
risks include suicidal ideation, an increased risk of miscar-
riage, hypertension, preeclampsia, and lower birth weight.
Moreover, untreated depression in pregnancy is associated
with a sixfold increase in the risk of postpartum depression

TABLE 1. Paroxetine Exposure During Pregrancy and Cases
of Cardiovascular Birth Defects (N=3,379)

Sources of Cases Exposures Cases
Teratogen information services

Florence, Italy 300 0
Rome 170 0
Lausanne, Switzerland 25 0
Sydney, Australia 17 0
Toronto 158 2
Ravensburg, Germany 98 0
Tel Aviv, Israel 252 5
San Diego, Calif. 143 2
Helsinki 11 0
Total 1,174 9a

Previously published cases from 
database studies
Malm et al. (22) 149 1
Wilton et al. (21) 63 0
Källén and Olausson (6) 959 20
Wogelius et al. (23) 219 1
GlaxoSmithKline (4) 815 12
Total 2,205 34b

a Incidence=0.7%; 95% CI=0.4–1.4.
b Incidence=1.5%; 95% CI=1.1–2.1.
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(28, 29). Consequently, appropriate treatment of depres-
sion during pregnancy is essential, and if this includes tak-
ing paroxetine, the findings of this study should reassure
women and their health care providers. A pregnant woman
should always be in the best mental health possible to en-
sure optimal outcomes for herself and her child.
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