
Commentary

Paroxetine Exposure during Pregnancy and the Risk of
Cardiac Malformations: What Is the Evidence?

Anick Bérard*

Faculty of Pharmacy, University of Montreal, Montreal, Quebec, Canada; and Research Center,
Centre Hospitalier Universitaire Ste-Justine, Montreal, Quebec, Canada

Received 13 August 2009; Revised 5 October 2009; Accepted 15 October 2009

INTRODUCTION

In this issue of Birth Defects Research Part A, Wurst
et al. (2009) are presenting results from a comprehensive
meta-analysis on paroxetine exposure during pregnancy
and the risk of congenital malformations, and more spe-
cifically cardiac malformations. This meta-analysis is
timely given the level of controversy surrounding this
topic. Since the Fall of 2005, when the Food and Drug
Administration (FDA), in agreement with the manufac-
turer of the drug, issued a warning determining that ex-
posure to paroxetine in the first trimester of pregnancy
was associated with up to a twofold increased risk of car-
diac malformations (FDA, 2005), multiple studies per-
formed by well-established researchers using recognized
birth cohorts have emerged from the literature. At the
time of the warning, paroxetine, which was the third
most frequently prescribed antidepressant in the United
States (Gentile and Bellantuono, 2009) and the most fre-
quently prescribed in Canada (Ramos et al., 2007), went
from Category C to D at the request of the FDA. This
resulted in a fear of all antidepressant use during preg-
nancy within the health professional community as well
as among women. In this issue of BDRA, Wurst et al.
(2009) gives summary estimates based on all published
studies on the topic, which is an important step forward
in determining paroxetine teratogenicity. This meta-anal-
ysis is presenting an exhaustive and up-to-date list of
studies that aimed to quantify the association between
paroxetine use during the first trimester of pregnancy
and the risk of congenital malformations, and more spe-
cifically cardiac malformations. To calculate their aggre-
gated estimates, Wurst et al. (2009) relied on results pres-
ent in the published literature up to September 2008 as
well as additional unpublished information provided by
authors. Their meta-analysis shows that first trimester
paroxetine use is associated with an overall 24% increase
in the risk of congenital malformations and a 50%
increase in the risk of cardiac malformations. Although
not all studies reported estimates for specific defects,

when present, the most prevalent cardiac defects studied
were septal defects (ventricular and atrial), right and left
ventricular outflow tract obstruction defects, and cono-
truncal defects. The most consistent results between stud-
ies were obtained for estimates of the risk of right ven-
tricular outflow tract obstruction (OR: 3.3, 95% CI: 1.3–
8.8) (Louik et al., 2007); OR: 2.5, 95% CI: 1.0–6.0; Alwan
et al., 2007). In addition, one study using data from the
Swedish Medical Birth Register reported close to a three-
fold increase in the risk of septal defects with paroxetine
exposure at the beginning of pregnancy (OR: 2.91, 95%
CI: 1.07–6.34; Källén and Otterblad, 2007).
To better understand this new evidence, general epide-

miologic principles have to be applied to the field of
perinatal pharmacoepidemiology. More than half preg-
nancies are unplanned (Olesen et al., 1999), resulting in
millions of women and unborn infants exposed to medi-
cations during the organogenesis period because women
did not know they were pregnant. Because the FDA does
not permit the inclusion of pregnant women in clinical
trials assessing drug efficacy, data on the safety of drug
exposure during pregnancy before the medication is on
the market are scarce. Because, from an ethical point of
view, it is almost impossible to randomize pregnant
women to receive medications not known to be safe for
the fetus, the collection and follow-up of observational
data is the only ethical way to close the knowledge gap
between the limited value of animal studies and human
pregnancy exposures. In addition, although randomized
controlled studies with low rates of losses to follow-up
are known to provide the best available evidence of drug
efficacy for a given indication, they are not the best to
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measure rare adverse side effects such as major malfor-
mations. Hence, we need to rely on studies with observa-
tional designs such as cohort studies, traditional case-
control studies, or case-control studies nested in a cohort.
Traditional epidemiology has shown that the best design
to study rare outcomes such as congenital malformations
is the case-control design. Given that the traditional case-
control approach is more subject to biases (recall bias,
selection bias, confounding) than the cohort approach,
the case-control design performed in an already existing
cohort is the design of choice to quantify associations
between medication exposures during pregnancy and the
risk of major malformations. The nested case-control
approach is still subject to biases, and a well-designed
study using valid statistical methods needs to be per-
formed.

Given the observational nature of studies we rely on to
quantify the risk of medication exposure during the ges-
tational period, numerous methodological issues need to
be addressed to weight each study result:

1. Inherent to the consideration of study design is the
reference group or category. The major limitation in
pharmacoepidemiologic studies is that they are prone to
indication bias, which is defined by the fact that a group
of patients exposed to a medication might be more likely
to have adverse outcomes just because they are sicker
than the general population or because they have the in-
dication for which they have been prescribed the study
drug. Indication bias is dealt with at the planning stage
by excluding patients without the indication and thus
studying only patients with the indications for drug use,
or at the analysis stage by adjusting on the indication for
use.

2. The selection of an appropriate reference category is
also important (mostly in traditional case-control studies)
to limit selection bias, which is almost impossible to
adjust for at the analysis stage. In cohort studies, selec-
tion bias will manifest itself if a high rate of loss to fol-
low-up is present and is differential between the exposed
and nonexposed groups.

3. Statistical power and thus sample sizes are also im-
portant factors to consider. Although several small sam-
ple size studies published in the 1990s have shown no
increase in the risk of congenital malformations with the
use of selective serotonin reuptake inhibitors (SSRIs),
these studies had <50% chance (statistical power) to
detect a statistically significant association even for the
more common birth defects such as cardiac defects. As is
presented in the meta-analysis by Wurst et al. (2009),
more recent studies with larger sample sizes have dem-
onstrated an approximate doubling of risk for heart
defects with first trimester exposure to paroxetine. How-
ever, statistical power remains a function of sample size
(the larger the sample size, the higher the statistical
power and the narrower the confidence interval) and the
risk estimate provided in individual studies (odds ratio
or relative risk) remains the best estimate of the popula-
tion effect. Statistical significance is a function of sample
size, and it measures precision (absence of random error)
as opposed to validity (absence of systematic error or
bias). Statistical power is driven by the number of
exposed cases, which is often small in studies on medica-
tion use during pregnancy and congenital malformations,
more specifically cardiac malformations. Hence, lack of
statistical significance does not necessarily invalidate

results given that it could just mean that there was low
statistical power. This is especially important when sub-
group analyses within studies are performed on much
smaller groups of subjects and are showing nonstatisti-
cally significant findings that are consistent with all other
evidence-based literature. Indeed, overall cardiac malfor-
mations are rare events, and studies are being performed
to answer one main research question. It is appropriate
and many times justified to do subgroup analyses on
specific cardiac malformations that do not have sufficient
sample sizes and thus power. Validity should not be con-
fused with precision. As more studies on a specific
research question are being published, consistency of
results becomes as important as statistical significance.
4. Data source used can have a significant impact on

study findings. Sources of data that rely on retrospective
recall of medication exposures are subject to recall bias.
Medical charts are usually more precise to assess comor-
bidity or indications for drug use or laboratory tests
results; subjects are usually better at reporting lifestyle
habits than medical charts. Administrative databases that
are used more and more give the opportunity to have
high statistical power and prospectively collected medi-
cation prescribings or fillings. When actual use of medi-
cations cannot be confirmed, mechanisms should be put
in place to validate actual maternal intake of prescribed
medications.
5. Accurate and precise diagnostic information regard-

ing the presence of congenital malformations is impor-
tant. Diagnostics of congenital malformations based on
the International Classification of Diseases, 9th edition
(ICD9), or ICD10 codes alone are more prone to missclas-
sification bias and thus should be validated against medi-
cal charts data. Recently recognized birth cohorts have
been put in place using exhaustive birth defect classifica-
tion schemes such as the one used in the National Birth
Defects and Prevention Study. It remains however that
studies using different birth defect assessments still have
the potential to produce different results.
6. Exposure and outcome ascertainments should be

made in a way to limit information bias, which is defined
as an inequality in the quality or quantity of the collected
information between study groups (cases and controls or
exposed and nonexposed groups).
7. Ascertainment of the timing, duration, and quantity

of drug exposure is essential in teratology. Although this
has not been done systematically, the overall impact of
drug exposure during pregnancy, and more specifically
during embryogenesis, on the occurrence of congenital
malformations needs to be assessed. To do this, exact
timing of the beginning of pregnancy based on the last
menstrual period confirmed by ultrasound should be
determined.
8. Adjustment on important confounders needs to be

done. Given the observational nature of the studies per-
formed in pregnancy, lack of adjustment could lead to
bias. As was said above, the most important potential
bias in assessing the risk of congenital, including cardiac,
malformations is indication bias. Additional potential
confounders include smoking status, alcohol intake,
maternal prepregnancy weight, and folic acid use before
and during pregnancy. Given that these variables are of-
ten missing in administrative databases, assessment of
the impact of the lack of adjustment for important miss-
ing confounders should be done using methods such as
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the one described by Schneeweiss (2006). However, when
individual studies make adjustments for different sets of
confounders, consistency of findings is of primary impor-
tance.

9. Subgroup analyses lead to multiple testing and
potential chance finding. At the 5% significance level
(95% confidence interval), there is a 5% chance of obtain-
ing a statistically significant result that is false (that is,
due to chance alone). Ideally, adjustment for multiple
testings should be made.

10. Finally, publication bias should be assessed. Publi-
cation bias is present when studies with nonsignificant
findings are systematically excluded from the published
literature. As was shown by Wurst et al. (2009), it is
unlikely that publication bias is present in the case of
paroxetine use during pregnancy and congenital malfor-
mations given that studies with nonsignificant findings
are present in the evidence-based literature.

Once individual studies have been assessed for poten-
tial biases and thus internal validity as well as precision
of the estimates using general epidemiologic principles,
causation needs to be established. Epidemiologic studies
performed on populations are important to assess general
causation. General causation is assessed using all relevant
evidence on a subject. Therefore, to assess whether
paroxetine causes cardiac malformations, the following
Bradford-Hill criteria (1965) need to be fulfilled:

1. Strength of association: The stronger the relationship
between the independent variable and the dependent
variable, the less likely it is that the relationship is due to
an extraneous variable. In the case of paroxetine and car-
diac malformations, Wurst et al. (2009) have shown that
paroxetine increases the risk of cardiac malformations by
at least 50%.

2. Temporality: Exposure always preceded events in
all studies presented in Wurst et al. (2009) as well as
those excluded in their meta-analysis, even when it was
assessed retrospectively.

3. Consistency: Multiple observations of an association
with different people under different circumstances and
with different measurement instruments increase the
credibility of a finding. As was shown by Wurst et al.
(2009), major studies consistently show that paroxetine
increases the risk of cardiac defects.

4. Theoretical plausibility: It is estimated that 10% of
congenital malformations are explained by drug/medica-
tion exposures during pregnancy (Webster and Fried-
man, 2003). A specific role of serotonin in cardiac mor-
phogenesis in rodent embryos has been established
(Shuey et al., 1993; Yavarone et al., 1993; Choi et al.,
1998). Mechanisms of action have also been put forward
by Sari and Zhou (2003). They have shown that other
than the neuronal transmission, serotonin (5-HT) also
acts as a trophic signal during the development of the
neural crest cells and increases the proliferation of fetal
heart cells. However, paroxetine blocks 5-HT uptake and
thus may alter the heart development. Furthermore, Sloot
et al. (2009) compared rat whole embryo culture (WEC)
results with in vivo animal to human epidemiologic tera-
togenicity data, and found that in vitro, paroxetine was
the only SSRI that was a clear teratogen. In addition,
they have reported that observed specific malformations
in vitro may be early ontogenetic indicators for cardiac
malformations explained by perturbed neural crest cell
migration (Sloot et al., 2009). Hence, available data on

animal studies does suggest that paroxetine taken during
pregnancy have the potential to interfer with morphogen-
esis (Shuey et al., 1993; Yavarone et al., 1993; Choi et al.,
1998; Buznikov et al., 2001; Sari and Zhou, 2003).
5. Coherence: A cause-and-effect interpretation for an

association is clearest when it does not conflict with what
is known about the variables under study and when
there are no plausible competing theories or rival
hypotheses. In other words, the association must be
coherent with other knowledge, which is the case for
paroxetine as was presented previously.
6. Specificity of the cause: In the ideal world, the effect

would have only one cause. In other words, showing
causal specificity adds credibility to a causal claim, but
this is rarely the case in human birth defects. Indeed,
given the observational nature of the studies performed
on pregnant women taking medications, the specificity of
the cause is not always achieved. Given the difficulty of
achieving this, more weight should be given to consis-
tency and replication of results.
7. Dose-response relationship: Studies have shown that

patients are at risk of developing cardiac malformations
at any dose, and Bérard et al. (2007) have shown that the
risk is even higher with high doses. Small sample sizes
within dosage categories and thus low statistical power
could partly explain the lack of statistically significant
findings for all categories. These findings do, however,
support a dose-response relationship, which is an impor-
tant tenet of epidemiology.
8. Experimental evidence: All studies considered here

are observational and are prone to biases. Nevertheless, a
nonstatistically significant finding is not a clear indication
of absence of association given the probable low statistical
power that resulted from subgroup analyses with small
sample sizes. However, given the consistency of results
presented in Wurst et al. (2009) (statistically significant or
nonstatistically significant), it is unlikely that all studies
are biased in the same direction because the majority of the
estimates were adjusted for potential confounders.
9. Analogy: We know that environmental exposures

including medications during the first trimester of preg-
nancy (or even before pregnancy such as in the case of
folic acid use) have a direct effect on the risk of major
congenital malformations and more specifically cardiac
malformations.
Finally, at present, the majority of congenital malfor-

mations are of unknown causes. However, at the popula-
tion level, to assess the added risk of being exposed to a
drug (above and beyond the baseline risk in the compari-
son group), this is irrelevant. Indeed, given that we are
working with ratios (relative risks, risk ratios, odds
ratios), the proportion of cases of cardiac malformations
of unknown causes in women who took paroxetine in
the first trimester of pregnancy (included in the numera-
tor) will be canceled out when dividing by the number
of cases of cardiac malformations of unknown causes in
women who did not take paroxetine in the first trimester
of pregnancy (included in the denominator) unless we
have reasons to believe that there is an interaction
between exposure status and the presence of unknown
causes in the development of cardiac malformations,
which is an unlikely scenario. Therefore, the increased
risk of cardiac malformation seen in users of paroxetine
in the first trimester of pregnancy is beyond and above
the baseline risk and the occurrence resulting from

173PAROXETINE EXPOSURE DURING PREGNANCY

Birth Defects Research (Part A) 88:171�174 (2010)



unknown causes, which is highlighted in the meta-analy-
sis of Wurst et al. (2009) presented in this issue of BDRA.

Given the Bradford-Hill criteria (1965), evidence-based
literature shows consistent epidemiologic evidence that
paroxetine use during pregnancy increases the risk of
cardiac malformations in newborns. This is well pre-
sented and supported by the meta-analysis of Wurst
et al. (2009). The studies looking specifically at right ven-
tricular outflow tract obstruction defect (Alwan et al.,
2007; Louik et al., 2007) show consistent and, in fact,
nearly identical results, which is mounting evidence of a
causal relationship.
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