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INTRODUCTION

In late 2005 the manufacturer of Paxil and the U.S.
Food and Drug Administration agreed to change the
labeling for paroxetine to reflect Pregnancy Category D,
with a statement that epidemiology studies had shown
that infants born to women with first-trimester paroxe-
tine exposure had an increase in cardiovascular malfor-
mations, particularly ventricular and atrial septal defects.
This statement was based on unpublished preliminary
results of two studies. One of these studies used insur-
ance company databases and was ultimately published
by Cole et al. (2007). The other study used the Swedish
Medical Birth Register and was published in this journal
by Källén and Otterblad Olausson (2007). The adjusted
odds ratio for cardiovascular malformations and paroxe-
tine monotherapy in the study by Cole et al. was 1.46
(95% confidence interval [CI] 0.74–2.88), and the adjusted
odds ratio in the published Swedish study was 1.63 (95%
CI 1.05–2.53). Since the change in the paroxetine labeling,
several additional studies have included information on
paroxetine exposure during pregnancy and cardiovascu-
lar malformations.

In this issue of Birth Defects Research Part A, Wurst
et al. (2010) present the most recent of three meta-analy-
ses on paroxetine exposure during pregnancy in relation
to cardiovascular malformations in the offspring. The
first meta-analysis (Bar-Oz et al., 2007) reported a sum-
mary odds ratio of 1.72 (95% CI 1.22–2.42). The same
group published an updated meta-analysis, which
included stratification by study design, the following
year (O’Brien et al., 2008) and reported a summary odds
ratio for case-control studies of 1.18 (95% CI 0.88–1.59)
and lack of a statistically significant difference between
paroxetine-exposed and unexposed pregnancies in cohort
studies. The differences between these two meta-analyses
from the same group are emblematic of the question of
whether paroxetine is associated with congenital cardio-
vascular disease, a question on which the literature
shows no consistency.

The Wurst et al. meta-analysis identified a prevalence
odds ratio for paroxetine use and combined cardiac mal-
formations of 1.46 (95% CI 1.17–1.82), but rather than set-
tle the question about the putative role of paroxetine in
heart defects, this paper is best seen as an example of the
limitations of meta-analysis. These limitations are, in fact,
identified by the authors themselves and consist largely
of limitations in the underlying data set, which is the
substrate, after all, for the meta-analysis.
Under ideal circumstances, a meta-analysis includes all

relevant data, published and unpublished, and Wurst
et al. made diligent efforts to contact investigators who
might have data. However, of the 37 studies identified
for possible inclusion in the meta-analysis, 15 authors
responded to requests for more information and only 10
provided additional information. Among the studies not
represented in the meta-analysis because of lack of infor-
mation from the authors was that of Einarson et al.
(2008), which included follow-up information on 1174
first-trimester exposures to paroxetine collected in nine
centers and which showed no increase in cardiovascular
malformations. As Wurst et al. point out, inclusion of the
data from Einarson et al. would have decreased the esti-
mate of the prevalence odds ratio in their meta-analysis.
Wurst et al. used a publication cutoff date of Septem-

ber 30, 2008, for papers to be considered. Use of a cutoff
date is a necessary limitation, but in an active area of
research, this limitation prevents the meta-analysis from
being exhaustive or up to date. Among the studies that
have appeared in the 15 months since the cutoff are
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Pedersen et al. (2009), including online supplemental
data, which reported outcomes of 539 first-trimester
exposures to paroxetine with an odds ratio for cardiovas-
cular defects of 0.72 (95% CI 0.23–2.23). It is likely that
inclusion of this study also would have decreased the
odds ratio identified by Wurst et al.

The weighting of studies by the inverse of their var-
iance tends to give larger studies greater impact in meta-
analyses. The Swedish Medical Birth Register paper by
Källén and Otterblad Olausson (2007) was given a weight
of 20% of the total, almost twice as much as the next
most heavily weighted study. The authors of this study
described an increase in congenital heart defects in the
offspring of women who used paroxetine during preg-
nancy, and they indicated that the increase was made up
of ventricular and atrial septal defects in 8 of 405 paroxe-
tine-exposed pregnancies.

Septal defects are prone to diagnostic bias. If unse-
lected term newborns undergo echocardiography in the
neonatal period, ventricular septal defect can be identi-
fied in 5.3% of them (Roguin et al., 1995). Most of these
abnormalities are small muscular defects that resolve
without treatment. Women taking paroxetine may repre-
sent a more anxious group of mothers than women not
on paroxetine, inasmuch as this drug was indicated for
treatment of anxiety disorders at a time when other sero-
tonin reuptake inhibitors were not, and these mothers
may have prompted more diagnostic studies of their
fetuses or newborns. Moreover, clinicians may have or-
dered more studies on paroxetine-exposed neonates in
response to symptoms in the nursery associated with use
of maternal serotonin reuptake inhibitors (Moses-Kolko
et al., 2005), symptoms that have been described as more
common or more severe with paroxetine than with other
antidepressants, including other serotonin reuptake
inhibitors. It is not possible to identify how much of the
effect of the Swedish study may have been due to diag-
nostic bias.

The most important issue raised by Wurst et al. is the
statement that it is more informative to examine malfor-
mations ‘‘at a much greater level of specificity than the
aggregation of all congenital or combined cardiac
defects.’’ These authors explain that their only reason for
including broad outcome definitions in the meta-analysis
was the exclusive use of these definitions in some of the
underlying studies. There are, however, no known terato-
genic exposures that cause every type of birth defect or
every type of cardiovascular defect. Isotretinoin, for
example, is associated specifically with conotruncal and
aortic arch abnormalities, not with all cardiovascular
defects (Lammer et al., 1985).

With respect to specific cardiovascular malformations,
only one study (Källén and Otterblad Olausson, 2007),
which may have suffered from diagnostic bias, has iden-
tified an increase in cardiac septal defects, whereas three
other studies that looked at cardiac septal defects did not
show a statistically significant association with paroxetine
(Alwan et al., 2007; Louik et al., 2007; Pedersen et al.,
2009). A fourth study also did not identify a statistically
significant increase in cardiac septal defects, although it
identified an increase in atrial septal defects based on
three exposed cases (Bakker et al., 2009). The only two
studies that called attention to right ventricular outflow
tract obstructions are those of Alwan et al. (2007) and
Louik et al. (2007). No other category of cardiovascular

malformation has a statistically significant association
with maternal exposure to paroxetine in any study.
When all is said and done, patients and clinicians want

to know whether paroxetine causes cardiovascular mal-
formations. One method of analysis uses these criteria
articulated by Sir Austin Bradford Hill (1965):
1. Strength of the association: The prevalence odds ra-

tio identified by Wurst et al. of 1.46 is not high, and the
lower bound of the 95% confidence interval (1.17) is not
much above unity. Inclusion of the missing data sets of
Einarson et al. (2008) and Pedersen et al. (2009) would
have further attenuated this weak association.
2. Temporality: Whether exposure occurred during

sensitive time periods in the underlying studies cannot
be evaluated. Use of ‘‘first trimester’’ as an indicator of
sensitivity to birth defects misses the specific time peri-
ods during which some of the specific cardiovascular
malformations are formed.
3. Consistency: There is lack of consistency in the

underlying studies with respect to combined cardiovas-
cular malformations. As Wurst et al. explain, individual
study characteristics such as data source appear to sig-
nificantly impact risk estimates. With respect to the
more informative individual types of cardiovascular
malformations, there is virtually a complete lack of
consistency.
4. Plausibility: There is no plausible mechanism by

which paroxetine would cause cardiovascular malforma-
tions. Although it has been proposed based on mouse
whole embryo culture studies that serotonin plays a role
in cardiovascular and craniofacial development (Shuey
et al., 1992, 1993; Yavarone et al., 1993), the only sero-
tonin reuptake inhibitors evaluated in these studies were
sertraline and fluoxetine. A decrease in mesenchymal
proliferation was shown with fluoxetine at 10 lM, an
order of magnitude higher than plasma concentrations
achieved clinically. Abnormal cranial development was
found in mouse embryos exposed to sertraline at 10 but
not 5 lM. These authors indicated that 5 lM would be a
lethal plasma concentration in mice (Shuey et al., 1992).
Sari and Zhou (2003) reported that paroxetine 1 lM
decreased serotonin-mediated proliferation of dissociated
rat embryonic cardiac myocytes. This concentration is six
times the plasma concentration achieved in humans on
therapy. Sloot et al. (2009) showed an increase in bran-
chial bar fusion but not cardiac malformations in cul-
tured rat embryos exposed to paroxetine at a concentra-
tion more than two orders of magnitude higher than
those achieved clinically. There are other in vitro studies
using serotonin receptor blockers, but these studies are
not relevant because paroxetine does not block any of the
serotonin receptors. Paroxetine inhibits the serotonin
transporter. Serotonin transporter knockout mice are
noted to reproduce normally (Bengel et al., 1998) and to
have no morphologic abnormalities of the heart (Pavone
et al., 2009), decreasing the plausibility of serotonin trans-
porter inhibitors as causes of cardiovascular malforma-
tions.
5. Coherence: Other serotonin reuptake inhibitors have

not been demonstrated to be associated with an increase
in cardiovascular malformations, although there are iso-
lated studies with inconsistent findings of statistically sig-
nificant associations.
6. Specificity: Teratogenic exposures are associated

with specific abnormalities. No specific type of cardiovas-
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cular malformation has been shown to be increased by
paroxetine in more than one independent study.

7. Dose-response relationship: The only study examin-
ing an association with dose was that of Bérard et al.
(2007). This study reported that women who were esti-
mated to have taken paroxetine at more than 25 mg/day
had an increase in cardiovascular malformations based
on five affected children at this estimated exposure level
(adjusted odds ratio 3.07, 95% CI 1.0–9.42).

8. Experiment: Studies in rats and rabbits used for
registration showed no increase in cardiovascular or any
other malformation (summarized by Baldwin et al.,
1989). Treatment of pregnant mice with paroxetine did
not result in a decrease in pup viability to postnatal day
5, when litters were standardized, and did not affect
achievement of developmental milestones or reproduc-
tion in the offspring (Rayburn et al., 2000).

9. Analogy: There is no analogous evidence.
The scientific evidence, then, does not support the con-

clusion that paroxetine causes cardiovascular defects. As
Wurst et al. recognize in their report, their findings are
limited by the limitations of the underlying studies and
by the lack of available information on other large data
sets that would have decreased their calculated preva-
lence odds ratio.
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