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Abstract
Objective To examine the risk for persistent pulmonary hypertension
of the newborn associated with antenatal exposure to antidepressants.

Design Systematic review and meta-analysis.

Data sources Embase, Medline, PsycINFO, and CINAHL from inception
to 30 December 2012.

Eligibility English language studies reporting persistent pulmonary
hypertension of the newborn associated with exposure to
antidepressants. Two independent reviewers extracted data and
assessed the quality of each article.

ResultsOf the 3077 abstracts reviewed, 738 papers were retrieved and
seven included. All seven studies were above our quality threshold.
Quantitative analysis was only possible for selective serotonin reuptake
inhibitors (SSRIs). Although exposure to SSRIs in early pregnancy was
not associated with persistent pulmonary hypertension of the newborn
(odds ratio 1.23, 95% confidence interval 0.58 to 2.60; P=0.58), exposure
in late pregnancy was (2.50, 1.32 to 4.73; P=0.005). Effects were not
significant for any of the moderator variables examined, including study
design, congenital malformations, and meconium aspiration. It was not
possible to assess for the effect of caesarean section, body mass index,
or preterm delivery. The absolute risk difference for development of
persistent pulmonary hypertension of the newborn after exposure to

SSRIs in late pregnancy was 2.9 to 3.5 per 1000 infants; therefore an
estimated 286 to 351 women would need to be treated with an SSRI in
late pregnancy to result in an average of one additional case of persistent
pulmonary hypertension of the newborn.

Conclusions The risk of persistent pulmonary hypertension of the
newborn seems to be increased for infants exposed to SSRIs in late
pregnancy, independent of the potential moderator variables examined.
A significant relation for exposure to SSRIs in early pregnancy was not
evident. Although the statistical association was significant, clinically the
absolute risk of persistent pulmonary hypertension of the newborn
remained low even in the context of late exposure to SSRIs.

Introduction
Decisions about using antidepressants to treat major depressive
disorder during pregnancy are complex and require the weighing
of several variables. One potential adverse effect to be
considered may be persistent pulmonary hypertension of the
newborn.1-3 This condition is a relatively rare outcome, with an
estimated baseline prevalence of 1.9 per 1000 live births.4
Normally the blood vessels in the lungs of the infants relax
following delivery, but in persistent pulmonary hypertension
of the newborn the resistance in the pulmonary vasculature
following birth continues, leading to poor oxygenation. It is
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evident soon after birth, and symptoms can range in severity
from mild respiratory distress to the most severe form, with
hypoxia necessitating intensive medical care.5 Persistent
pulmonary hypertension of the newborn has been defined as “a
final common pathway of a variety of risk factors and insults
that can cause pulmonary underdevelopment, maldevelopment,
or poor postnatal adaptation.”6 In 2006, Health Canada and the
US Food and Drug Administration issued advisories7 8 alerting
clinicians to a potential association between maternal use of
selective serotonin reuptake inhibitors (SSRIs) during pregnancy
and persistent pulmonary hypertension of the newborn following
a publication showing such an association. With the
accumulation of more research, the US advisory was revised in
late 2011 to state that “given the conflicting results from
different studies, it is premature to reach any conclusion about
a possible link between SSRI use in pregnancy” and persistent
pulmonary hypertension of the newborn.9 Indeed, in the
scientific literature, evidence on the association between SSRI
use in pregnancy and persistent pulmonary hypertension of the
newborn is contradictory,6 with some studies finding no
association,10-13 others finding some association,1-3 and yet others
reporting differential findings depending on the timing of
exposure (late versus early pregnancy).2 3Recently, three reviews
have been conducted on this topic: the first concluded that a
small statistically increased risk exists,5 the second that exposure
to SSRIs in late pregnancy should be considered, among others,
as a potential risk for persistent pulmonary hypertension of the
newborn,14 and the third that data supporting an association
between persistent pulmonary hypertension of the newborn and
exposure to SSRIs was “weak.”6 To date no meta-analysis has
been published to summarise the data and potentially help
resolve these conflicting findings for clinicians.
Although persistent pulmonary hypertension of the newborn is
not common, and causal mechanisms can be numerous, some
risk factors are known (somemore common than others). These
risk factors include, but are not limited to, certain congenital
malformations, premature birth, meconium aspiration, maternal
obesity, and caesarean section mode of delivery.6 15 However,
many of the current studies on this topic examine exposure to
SSRIs in isolation and do not exclude or control for these or
other known risk factors. As several causative factors potentially
exist, examining one association in isolation may be misleading
as more than one risk factor may need to be present for the
development of persistent pulmonary hypertension of the
newborn.6 14

Weperformed a systematic review andmeta-analysis to examine
what, if any, relationship exists between any prenatal exposure
to antidepressants and persistent pulmonary hypertension of the
newborn (as defined by the authors in each study; see
supplementary table1-3 10-13). We pooled data based on the timing
of exposure (such as exposure to antidepressants in early versus
late pregnancy), and where possible assessed for the effects of
potential moderating variables, including original study quality
and design, and the following known risk factors for persistent
pulmonary hypertension of the newborn: preterm birth,
congenital malformation,meconium aspiration,maternal obesity,
and caesarean section mode of delivery.

Methods
Search strategy and study selection
This work is part of a large programme of research, and the
methods have been previously published by our research team.16
In accordance with the Meta-analysis of Observational Studies
in Epidemiology guidelines,17 for the larger programme of

research two professional librarians with expertise within the
areas of both psychopharmacology and psychiatry carried out
independent literature searches up to 30 June 2010. Two further,
updated independent searches were completed for persistent
pulmonary hypertension of the newborn specifically to 30
December 2012. Keyword combinations used included:
depressive/mood disorder, pregnancy/pregnancy trimesters,
antidepressant drugs, infant outcome, and persistent pulmonary
hypertension of the newborn (a full list of keywords is available
from the authors on request).We utilised the following databases
(from inception to 30 December 2012): Medline In-Process
(Ovid), Medline (Ovid) to access current literature (searching
for keywords only), PsycINFO (American Psychological
Association; Ovid), Embase (ExcerptaMedica, Elsevier; Ovid),
CINAHL (Nursing; Allied Health), and Scopus (Elsevier) to
access current literature (through searching for keywords only).
We found no further articles through a search of the reference
lists of reviews as well as meta-analyses.

Inclusion and exclusion criteria
Cohort and case-control English language studies that reported
original data were eligible to be included if they reported on
persistent pulmonary hypertension of the newborn after any
exposure to antidepressants, had a comparison group of
unexposed pregnant women for the antidepressant under
analysis, and, if an effect size was not already provided, included
enough data from which one could be calculated. We excluded
abstracts, conference proceedings, and unpublished data as part
of the search strategy methodology for the larger programme
of research,16 owing to the number of studies potentially eligible
and the lack of important details in their short text. Furthermore,
if more than one paper had been published utilising the same
cohort, we selected for inclusion the most recent study with the
most number of cases of persistent pulmonary hypertension of
the newborn.

Data extraction
Detailed data extraction and quality assessment methods have
been described in a previous publication.16 Two research
assistants independently screened the titles and abstracts of all
studies and retrieved eligible papers. For each eligible study,
data extraction forms were completed, modelled after the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement criteria.18 The forms
included the source, study design, participants (sample, control,
demographics, and clinical characteristics), inclusion and
exclusion criteria, antidepressants examined, dosage, duration
of exposure, primary and secondary outcomes, outcome
assessment methods, and loss to follow-up. Where these were
not provided in the original publication we sent requests for raw
data to the authors of studies. We extracted adjusted estimates
along with their variances if available, otherwise we used the
published data to compute crude odds ratios and sample
variances. When calculating the risk estimate, we added 0.5 to
all cells with a 0 cell count. The primary outcome of interest
for this meta-analysis was persistent pulmonary hypertension
of the newborn, as defined by the authors of the original
publications.

Quality assessment
Quality assessment was conducted for this programme of
research utilising our previously published quality assessment
tool (the Systematic Assessment of Quality in Observational
Research (SAQOR).16 The SAQOR is based on quality
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assessment tools by Downs and Black19 and the
Newcastle-Ottawa scale,20 and was developed specifically for
this area of research. For each study, research assistants assessed
19 criteria within the following categories: sample, control
group, quality of exposure or outcome measure, follow-up, and
distorting influences. The last category included evaluation of
whether studies controlled for confounders—for example,
depression and other psychotropic drugs. We used a
modification of the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system21 and our quality
assessment tool to assign a final rating of high, moderate, low,
or very low to each article. Studies of high, moderate, or low
quality were categorised as being above quality threshold, with
studies of very low quality considered below quality threshold.
The principal investigators resolved any differences in data
extraction or quality assessment results between raters through
consensus.

Statistical analyses
As persistent pulmonary hypertension of the newborn is a rare
event we included adjusted or unadjusted odds ratios,
prevalence, or relative risks in the analyses as estimates of odds
ratios. If available, we preferred adjusted risk estimates, and we
calculated odds ratios from raw numbers if not reported.Wilson
et al12 reported an odds ratio of zero from amatched case-control
study; to include this study, we needed a non-zero odds ratio.
To calculate a non-zero odds ratio, we utilised values ranging
from 0.0001 to 0.1, and found the summary odds ratio varied
by <0.15. We used an odds ratio of 0.001 for the non-zero odds
ratio, as this gave a summary odds ratio that was the same with
or without the study included. We used the Dersimonian and
Laird random effects model22 to pool estimates of the odds ratios.
For outcomes with only two published studies, we calculated
the pooled estimate using the fixed effects model. To assess for
publication bias in analyses with sufficient studies, we visually
inspected a funnel plot of the study estimates (on the log scale
for odds ratios) against their standard error, and we used Duval
and Tweedie’s trim and fill method23 to determine the number
of missing studies, adjust for potential publication bias, and
estimate adjusted exposure effects.We also conducted sensitivity
analyses to determine the influence of any individual study by
excluding each study one by one and recalculating the pooled
effect. Study heterogeneity was evaluated with Cochrane’s Q
and quantified with I2, using a random effects model.
A small I2 and a non-significant value of the Q statistic suggest
an underlying common effect, with the source of observed
variation being largely random variation rather than
heterogeneity. Commonly used benchmarks for I2 are that 25%,
50%, and 75% represent low, moderate, and high degrees of
heterogeneity, respectively.24 We used a priori specified
subgroup analyses, carried out independently of the significance
of Q, to explore sources of heterogeneity: study quality, study
design (cohort or case-control), preterm birth, if congenital
malformations or meconium aspiration were controlled for or
excluded, maternal obesity, and whether the effect of caesarean
section as a mode of delivery was assessed. Given the small
sizes of the subgroups, these analyses used only fixed effects
models to estimate effects within subgroups. Statistics for
comparisons between subgroups are shown for both fixed and
random effects models. Statistical analyses were conducted with
the metafor package25 in R (3.0.1),26 and were similar to our
other work.27 28

Results
Of the 3077 abstracts reviewed, 2339 were excluded on the
basis of the title and abstract. In total, 738 articles were retrieved
and assessed for eligibility. Eight articles met the inclusion
criteria, but one29 was excluded as it was based on the same
cohort as a more recent study.1 Seven studies were included in
the quantitative analysis (fig 1⇓,30 see supplementary table1-3 10-13).
Although four studies did report data for women using any
antidepressant,1-3 10 not enough comparable data were available
to permit pooling of at least three studies, and thus we limited
our quantitative analysis to use of selective serotonin reuptake
inhibitors (SSRIs, as in the individual study’s definitions). Three
studies reported data on exposure to SSRIs in early pregnancy,1-3
two on exposure at any time or any point in pregnancy,2 11 two
on exposure for most or all of pregnancy,1 13 and five on
exposure in late pregnancy.1-3 10 12 Five studies used a cohort
study design1 3 10 11 13 and two a case-control study design.2 12All
of the studies were above our quality threshold, and as a result
we did not perform subanalyses to examine the effect of study
quality. Regarding preterm birth, two studies excluded infants
aged ≤34 gestational weeks, two studies excluded infants aged
<34 weeks, one study excluded infants aged ≤33 weeks, one
study seemed to exclude infants aged <36 weeks, and one did
not specify. In the late exposure analysis, where there were
enough studies to permit the examination ofmoderator variables,
four of five studies excluded infants in a similar manner for
gestational age cut-offs (four excluded <34 or ≤34 weeks, and
one excluded ≤33 weeks), thus “preterm birth” was not further
assessed as a potential effect modifier. We did not assess
caesarean section as a potential moderator variable, as only one
study assessed the effect in combination with exposure to SSRIs
and reported that this mode of delivery did not significantly
modify the risk of persistent pulmonary hypertension of the
newborn3; the authors did not provide an adjusted risk estimate.
Wewere also unable to assess for maternal obesity as a potential
moderating variable in our analyses. Of the three studies1-3 that
did consider maternal body mass index as a potential
confounding factor, two looked at prepregnancy body mass
index and the other at early pregnancy body mass index; one of
these studies3 dropped the variable after it showed no effect on
the outcome in a subset analysis and so was not further adjusted
for in their analyses. A fourth study12 considered a body mass
index of more than 30 in an analysis of obesity but did not
provide data for antidepressant users versus non-users. Overall,
six of the seven studies accounted for confounders in their
analyses (see supplementary table).

Exposure to SSRIs
Early pregnancy—For the three eligible studies1-3 with data on
exposure to SSRIs in early pregnancy the pooled odds ratio was
1.23 (95% confidence interval 0.58 to 2.60; P=0.58; fig 2⇓).
Significant heterogeneity was found across studies (Q2=9.00,
P=0.01; table 1⇓), in the high range (I2=77.8%).
Any time in pregnancy—The pooled odds ratio of the two
eligible studies2 11 for exposure to SSRIs at any time and
persistent pulmonary hypertension of the newborn was 1.55
(95% confidence interval 0.79 to 3.04; P=0.20). No significant
heterogeneity was found across studies (Q1=0.14, P=0.71,
I2=0.0%; table 1).
Most or all of pregnancy—The pooled odds ratio of the two
studies that classified exposure as “most or all of pregnancy”1 13
was significant (3.33, 1.58 to 7.02; P=0.002). No significant
heterogeneity was found across the studies (Q1=0.18, P=0.67,
I2=0.0%; table 1).

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2013;348:f6932 doi: 10.1136/bmj.f6932 (Published 14 January 2014) Page 3 of 11

RESEARCH

 on 26 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.f6932 on 14 January 2014. D
ow

nloaded from
 

http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


Late pregnancy—The pooled odds ratio of the five studies that
reported data on exposure to SSRIs in late pregnancy and
persistent pulmonary hypertension of the newborn1-3 10 12 was
significant (2.50, 1.32 to 4.73; P=0.005; fig 3⇓). Study
heterogeneity was not significant, although the I2 was in the
moderate degree range of heterogeneity (Q4=8.31, P=0.08,
I2=51.9%; table 1). The potential moderator variables of study
design (case-control versus cohort), congenital malformations,
andmeconium aspiration (table 1) did not account for significant
sources of heterogeneity.

Publication bias and influential studies
We assessed publication bias of the exposure in late pregnancy
as this was the only grouping where data were sufficient to
produce a funnel plot. Publication bias was indicated by the
asymmetry of the funnel plot. The Duval and Tweedie trim and
fill method imputed two missing studies, resulting in a slightly
higher revised estimate of 2.84 (95% confidence interval 1.41
to 5.72; P=0.004).
The studies by Kieler et al3 and Reis and Källén1 accounted for
most of the relative weight of the analysis for exposure in late
pregnancy (41.5% and 29.8%, respectively). In sensitivity
analyses, we recalculated the pooled risk, excluding the studies
one by one. With the exception of one study,1 the odds ratios
remained significant when each study was excluded, including
Kieler et al,3 with odds ratios between 2.11 and 2.81. When we
excluded the study by Reis and Källén1 the odds ratio remained
within this range (odds ratio of 2.4) but was marginally
non-significant (P=0.06).

Estimates of absolute risk difference and
number needed to treat to harm
Given that persistent pulmonary hypertension of the newborn
is rare, the odds ratio approximates the relative risk so we can
multiply the baseline risk of 1.9/1000 by the odds ratio to obtain
the absolute risk for the exposure groups. Our pooled odds ratio
of 2.5 for exposure in late pregnancy resulted in an absolute
risk difference of 2.85/1000 live births and a number needed to
treat to harm (NNTH) of 351 women. Accounting for two
potentially missing studies, the revised odds ratio of 2.84 for
exposure to SSRIs in late pregnancy led to an absolute risk
difference of 3.50/1000 live births. The corresponding NNTH
was 286 women. For exposure to SSRIs in early pregnancy, the
odds ratio of 1.23 led to an absolute risk difference of 0.44/1000
live births and an NNTH of 2288 women (table 2⇓).

Discussion
The results of our meta-analysis suggest that the risk for
persistent pulmonary hypertension of the newborn is increased
with exposure to selective serotonin reuptake inhibitors (SSRIs)
in late pregnancy; we did not find an increased risk from
exposure in early pregnancy. (Although we aimed to examine
exposure to all antidepressants, we limited our analyses to
SSRIs, given the paucity of data on other antidepressant classes.)
Our moderator analyses did not find study design, congenital
malformations, or meconium aspiration to be significant effect
modifiers. All the studies were above our quality threshold and
we were not able to examine if caesarean section mode of
delivery accounted for significant heterogeneity. We were also
unable to examine maternal obesity as a possible moderating
effect. In the late exposure analysis, the infants included were
of either 33 or 34 weeks or more gestation, and thus we were
unable to evaluate preterm birth as a source of heterogeneity as
well. The analysis of exposure to SSRIs throughout gestation

was also significant, whereas exposure at any time was not;
however, both of these analyses were based on the pooling of
only two studies and thus the data were insufficient to permit
meaningful results and should be read with caution. We
estimated risk differences to facilitate interpretation of our
results for clinical practice (table 2). Although the pooled odds
ratio of 2.5 for exposure to SSRIs in late pregnancy was
statistically significant, it is important to consider that the low
incidence of persistent pulmonary hypertension of the newborn
in the general population means that the absolute increase
resulting from such exposure would still be relatively low. We
estimate that we would have to treat 286 to 351 women with an
SSRI in late gestation to see one additional case of persistent
pulmonary hypertension of the newborn. To our knowledge,
ours is the first published meta-analysis to examine the
association of exposure to SSRIs and persistent pulmonary
hypertension of the newborn.

Strengths and limitations of this study
The strength of our work rests on the attention to potential
confounding factors.Wewere only able to assess for the effects
of potential modifying variables on the pooled effects in our
group exposed to SSRIs in late pregnancy. Heterogeneity in the
late exposure group was not significant (although the I2 was
indicative of medium level heterogeneity) and, not surprisingly,
none of the potential moderator variables accounted for
significant heterogeneity. As the late exposure group was based
on only five studies, the lack of significance for the moderator
variable analysis may be a reflection of the limited number of
studies that were pooled. Our modified pooled effect, following
our assessment of publication bias using statistical estimates,
resulted in a marginally higher odds ratio, suggesting that
positive studies were missing.
Although meta-analytical techniques pool all available data,
limitations include those of the original articles. Despite our
attempt to determine if an association exists between all
antidepressants with persistent pulmonary hypertension of the
newborn, we were only able to examine SSRIs because of the
lack of data on the other antidepressant classes; future research
should determine if other classes of antidepressants show similar
associations. The difference in definition of early versus late
exposure among the studies was a further limitation. The early
exposure analysis was not significant whereas the later one was
significant. The early grouping included women exposed from
three months before the start of pregnancy until 55 days’
gestation (<8 weeks),3 before week 20 of pregnancy,2 and before
the first antenatal visit.1 The late exposure included women
exposed after week 20 of pregnancy,2 12 in week 20 or later (from
140 days’ gestation until birth),3 in the third trimester,10 or after
the first antenatal visit.1 Owing to the small number of studies
eligible for inclusion in these analyses, it was not possible to
assess further for this potential confounder beyond a sensitivity
analysis for the late exposure subgroup. Removing the study1
that included an earlier definition of late exposure (after the first
antenatal visit which is generally after the first trimester although
unknownwhen exactly) resulted in a marginally non-significant
result. Interestingly, both the early and the late exposure groups
in the original study were significantly associated with persistent
pulmonary hypertension of the newborn. A more uniform
definition of early and late exposure in future research would
be beneficial towards eliminating this potential confounding.
Our main analysis was based on five studies.1-3 10 12 Two of the
studies1 3 potentially had some overlap in the study samples, as
both included women from the Swedish medical birth register,
with some overlap of the period sampled. These two studies did
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account for the most weight; however, the results were only
altered when one of the studies1 was removed in sensitivity
analyses (P=0.06). Another study10 had few cases of persistent
pulmonary hypertension of the newborn and yet another study12
was underpowered. Although most of the studies did use
adjusted data in an attempt to control for confounding influences,
not all controlled for the same potential confounding variables
(see supplementary table). Two studies,2 12 for example, did
exclude congenital malformations known to be associated with
persistent pulmonary hypertension of the newborn, but they did
not exclude all malformations. Another study3 statistically
controlled for several variables and excluded meconium
aspiration in subanalyses, but did not exclude other known
causes, leaving potential confounding. Moreover, we included
this study3 in our analysis that controlled for meconium, as the
authors reported “after excluding infants with meconium
aspiration, the risk estimates increased slightly,” and in the
discussion they concluded that exclusion ofmeconium aspiration
resulted in no major difference in risk but that the odds ratio
with the exclusion in the group exposed to SSRIs in late
pregnancy was not provided; thus in our “controlled for”
analysis we used the odds ratio for infants with meconium
aspiration. Three of the 33 infants with persistent pulmonary
hypertension of the newborn in this study who were exposed
to SSRIs in late pregnancy had meconium aspiration, one of the
known risk factors for persistent pulmonary hypertension of the
newborn.6 The lack of significance within our moderator
analyses may be secondary to not only the small number of
studies for inclusion but also the way in which the variables
were handled in the studies pooled.
Although we wanted to assess for the effects of preterm birth,
four of the five studies did not assess for gestational age but
rather excluded infants born before at least 33 weeks. One study2
of the five did conduct an analysis restricted to full term births
(≥37 weeks) and found results similar to those when they had
restricted births to greater than 34 weeks’ gestation. However,
persistent pulmonary hypertension of the newborn has been
reported to be more common in infants born at 34 weeks
compared with those born at term (37 to 41 weeks).29 31 It is also
important to note that preterm birth has been associated with
both antidepressant use and maternal depression.28 32 The
independent effects of preterm birth and exposure to SSRIs
remain to be determined.
Only one study in the late exposure analysis3 examined for the
effect of caesarean section on the potential relation between
prenatal exposure to SSRIs and persistent pulmonary
hypertension of the newborn; however, it did not present an
odds ratio with this mode of delivery controlled for or excluded.
Rather, caesarean section was examined as an effect modifier
and was determined to be non-significant (P>0.18). One study12
had no events of persistent pulmonary hypertension of the
newborn in their group exposed to SSRIs and also examined
caesarean section. That study12 found caesarean delivery before
onset of labour to be associated with persistent pulmonary
hypertension of the newborn (odds ratios 4.9, 95% confidence
interval 1.7 to 14.0). Whereas one study10 reported no increased
risk of persistent pulmonary hypertension of the newborn after
exposure to SSRIs in late pregnancy, the rates of caesarean
section were “similar” between exposed and unexposed groups.
The caesarean section mode of delivery, however, has been
found to be more common in infants with persistent pulmonary
hypertension of the newborn,33 34 been considered a risk factor
for persistent pulmonary hypertension of the newborn,6 and
been noted in women with depression.35 It is possible that the
increased prevalence for this mode of delivery may be due to

maternal preference.36 37 The effect of maternal obesity was also
not examined, as in the original papers the authors either did
not examine it as a moderator or they analysed it in a way that
was not comparable. As obesity is a known risk factor for
persistent pulmonary hypertension of the newborn,33 and
depression itself seems to be a reciprocal risk factor for obesity,38
the relation with persistent pulmonary hypertension of the
newborn may be confounded. Future studies should control for
caesarean section and consider obesity when exploring potential
associations with persistent pulmonary hypertension of the
newborn.
None of the five studies evaluated for the effects of a clinical
depression on persistent pulmonary hypertension of the newborn.
One study3 did show that women who were not using
antidepressants while pregnant but who had a history of
admission to hospital for a psychiatric condition also had an
increased risk of delivering an infant with persistent pulmonary
hypertension of the newborn (odds ratios 1.3, 95% confidence
interval 1.1 to 1.6). The adjusted odds ratio in those women
who used SSRIs in late pregnancy and had a history of
admission to hospital for a psychiatric condition was even higher
at 3.1 (95% confidence interval 1.9 to 4.9), suggesting that the
combination of a psychiatric disorder and antidepressant use
might confer a higher risk. One study2 did note that maternal
depression may not be independently associated with persistent
pulmonary hypertension of the newborn, as the study did not
find an association with the condition for non-SSRI
antidepressants or when exposure to SSRIs was restricted to the
first half of pregnancy. Although the effect of depression may
not be direct, it is possible that in combination with other factors
the risk for persistent pulmonary hypertension of the newborn
after exposure to maternal depression may be attenuated—that
is, depression in combination with caesarean section. Women
with depression have been found to have an increase in some
of the known risk factors for persistent pulmonary hypertension
of the newborn, such as caesarean section, obesity, and preterm
delivery, which may also confound the results and association.
As has been often noted in research evaluating possible adverse
outcomes after prenatal exposure to antidepressants, it is
important to emphasise that antidepressants are also prescribed
for other psychiatric conditions that may exert an unknown
independent effect. SSRIs are prescribed for anxiety disorders,
which are increasingly recognised as being common in
pregnancy39 and are themselves associated with adverse birth
outcomes.40-42

Another important limitation of the literature, and thus our
meta-analysis, is that the included studies1-3 10-13 either did or did
not consistently control for or examine the severity of the
persistent pulmonary hypertension of the newborn cases
included, as well as the underlying factors that may result in
higher mortality rates of these infants. Only three studies2 3 10

reported on infant outcome: one reported frequency of infant
death within six months after delivery2; one reported on infant
death, without specifying a time frame3; and one reported the
mechanism of treatment for persistent pulmonary hypertension
of the newborn and outcome (all resolved)10 (see supplementary
table). Furthermore, some studies excluded cases with more or
less severe complications (for example, congenital
malformations, meconium aspiration, preterm delivery (≤34
weeks), neonatal pneumonia, or sepsis, see supplementary table),
whereas others did not. This inconsistency thus inhibits further
analysis of the severity of persistent pulmonary hypertension
of the newborn within the context of SSRI exposure as a risk
factor.
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Lastly, an association between exposure to SSRIs and persistent
pulmonary hypertension of the newborn does not imply
causation, as discussed by one study,15 particularly when there
are questions around whether exposure has occurred (for
example, in prescription based registry studies). The pooled
effects were dominated by the registry studies, and yet we cannot
be confident that the mothers used the drugs as prescribed. Data
collected from prescription registries do not always precisely
reflect that the drug was taken as prescribed.43 Moreover, there
is also uncertainty regarding dose, length of use, and the method
used for handling women who cease to use the medication at
any point in pregnancy.44 In addition, when data are
retrospective, potential bias can exist. In the case of one study,2
for example, the authors determined exposure retrospectively
by telephone interview, and thus recall bias and consequently
inflated or inaccurate odds ratios cannot be ruled out. Proof of
exposure is fundamental for the meaningfulness of these study’s
findings, and yet it is not without question in the data associating
exposure to SSRIs and persistent pulmonary hypertension of
the newborn.15 43 44

Conclusions and policy implications
Depression during pregnancy must not be left untreated, as the
potential for untoward effects is not negligible and can extend
into the postpartum period. Selection of treatment is based on
several factors, and antidepressant drugs may be necessary,
especially in severe depressive episodes.45 Although the odds
for persistent pulmonary hypertension of the newborn seem to
be greater with the use of SSRIs later in pregnancy, despite the
limitations of the original studies, the risk is still low. Results
from this meta-analysis still concur with earlier statements,3 15 46
that fewer than about 1 infant in 100 will develop persistent
pulmonary hypertension of the newborn after antenatal exposure
to SSRIs. Although this condition is serious and death rates
between 5% and 10% have been reported, when it is associated
with other conditions (such as some congenital malformations,
meconium aspiration, sepsis, and idiopathic disease), it can be
managed favourably.46 The death rate in infants with persistent
pulmonary hypertension of the newborn who have been exposed
to SSRIs, however, remains unknown (although one study did
report 9.1% of the infants died who were exposed to SSRIs
compared with 9.5% of those who were not exposed3).
Conversely, although suicide during the perinatal period has
not been well researched, there is some existing data, and during
the postpartum period suicide may not be less common than
suicide at other times of the life cycle in women.47 One study
reported suicide to be the leading cause of maternal mortality
in the United Kingdom, being responsible for 28% of maternal
deaths47; 68% of the women who died by suicide had a major
mental illness such as severe depression or psychosis. Others
have also found maternal psychiatric illness to be a leading
cause of maternal mortality.48Although also poorly researched,
a high proportion of infanticides (murder in the first year of life)
have been cited as occurring in the context of postpartum
psychiatric illness.49 Maternal psychiatric illness is also known
to increase the risk of filicide (child murder by mother),50 and
maternal filicide with suicide, although rare, has been found to
occur in the setting of psychiatric illness (more than the majority
of the mothers in one study were found to have depression51).
It is imperative that the mother’s health be weighed heavily in
treatment decisions; she and her family must be counselled on
both the risks of exposing the fetus to antidepressant drugs and
the risks of severe depressive illness. Although more research
controlling for risk factors discussed in this study as well as
others not reviewed here, is needed, pregnant women

considering or using SSRIs and their families should be educated
about persistent pulmonary hypertension of the newborn, how
the symptoms can range in severity, what treatments are
available for it at the institution where the birth will take place,
and that it can typically be managed successfully if it does occur
in the context of SSRI use. To avoid delays in diagnosis and
treatment of persistent pulmonary hypertension of the newborn,
neonatologists must be made aware of exposure to SSRIs.
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What is already known on this topic

Treatment decisions about the use of antidepressant drugs during pregnancy are multifactorial and must consider potential risks to the
fetus/neonate
Contradictory evidence exists on the association between SSRI use during pregnancy and the development of persistent pulmonary
hypertension of the newborn in the neonate

What this study adds

The risk for persistent pulmonary hypertension of the newborn in infants exposed to SSRIs during late pregnancy is small although
significantly increased
The absolute risk of persistent pulmonary hypertension of the newborn remains low even in the context of exposure to SSRIs in late
pregnancy
Given that persistent pulmonary hypertension of the newborn occurs in about 1.9/1000 livebirths, about 286 to 351 women would need
to be treated with an SSRI during late gestation to result in an average of one associated case of persistent pulmonary hypertension of
the newborn

study being reported; that no important aspects of the study have been
omitted; and that any discrepancies from the study as planned (and, if
relevant, registered) have been explained.
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Tables

Table 1| Exposure to selective serotonin reuptake inhibitors (SSRIs) and risk of persistent pulmonary hypertension of the newborn: results
of meta-analyses

Effect of moderatorWithin groupNo of
studies

Analysis

HeterogeneityP valueOdds ratio (95% CI)

I2 (% variance
explained)

P valueQ between studiesI2P valueQ within studies

Timing of exposure to SSRIs

77.80.019.00 (df=2)0.581.23 (0.58 to 2.60)*3Early pregnancy

0.00.710.14 (df=1)0.201.55 (0.79 to 3.04)‡2†Any time

0.00.670.18 (df=1)0.0023.33 (1.58 to 7.02)‡2†Most or all of pregnancy

51.90.088.31 (df=4)0.0052.50 (1.32 to 4.73)*5Late pregnancy:

34.0‡, 4.0*0.09‡, 0.58*2.85 (df=1)‡, 0.31
(df=1)*

Study design:

77.70.034.48 (df=1)0.0015.31 (1.94 to 14.56)‡2Case-control

0.00.610.98 (df=2)<0.0012.14 (1.57 to 2.92)‡3Cohort

34.0‡, 4.0*0.09‡, 0.58*2.85 (df=1)‡, 0.31
(df=1)1*

Congenital malformations:

77.70.034.48 (df=1)0.0015.31 (1.94 to 14.56)‡2Excluded

0.00.610.98 (df=2)<0.0012.14 (1.57 to 2.92)‡3Uncontrolled

18.0‡, 9.0*0.23‡, 0.40*1.47 (df=1)‡, 0.72
(df=1)*

Meconium aspiration:

71.40.063.50 (df=1)<0.0012.07 (1.46 to 2.93)‡2Controlled for

40.20.193.35 (df=2)<0.0013.12 (1.77 to 5.48)‡3Uncontrolled

*Pooled effect size estimated using random effects model.
†Insufficient number of studies for meaningful meta-analyses.
‡Pooled effect size estimated using fixed effects model.
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Table 2| Risk of persistent pulmonary hypertension of the newborn and number needed to treat to harm (NNTH) for population risk of
1.9/1000 liveborn infants4

NNTH (No of women)

Per 1000 liveborn infants (%)

Pooled odds ratio Absolute risk differenceRisk of persistent pulmonary hypertension of the newborn

SSRIs in late pregnancy:

2863.50 (0.35)5.40 (0.54)2.84 (trim and fill revised)

3512.85 (0.29)4.75 (0.48)2.5

SSRIs in early pregnancy:

22880.44 (0.04)2.34 (0.23)1.23
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Figures

Fig 1 Identification of independent studies for inclusion in meta-analysis (adapted from PRISMA 2009 flow diagram30)

Fig 2 Exposure to selective serotonin reuptake inhibitors in early pregnancy and risk of persistent pulmonary hypertension
of the newborn: meta-analysis of all studies

Fig 3 Exposure to selective serotonin reuptake inhibitors in late pregnancy and risk of persistent pulmonary hypertension
of the newborn: meta-analysis of all studies
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