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SUMMARY

A literature review was conducted to elucidate the respective reproductive safety profiles of different SSRIs to inform the
prescribing practices of doctors treating pregnant women with anxiety and depression.

Background: Women are most likely to be diagnosed with depression or anxiety between the ages of 25 and 44 years, which are
also the years of childbearing potential (Burke et al., 1991). Therefore a substantial number of women face a decision about whether
or not to take an antidepressant or anxiolytic during pregnancy. There are no psychotropic medications that have UK marketing
authorisation (NICE, 2014), no clear clinical consensus has been reached regarding the use of SSRIs in pregnancy, and clinicians
lack a resource which discusses the reproductive safety profiles of different SSRIs rather than the class of drugs as a whole.

Subjects and methods: We performed a search for the English language literature indexed on MEDLINE/PubMed for the period
2012 to 2017, using the following key terms: fluoxetine, prozac, paxil, oxactin, paroxetine, seroxat, sertraline, lustral, citalopram,
cipramil, escitalopram, cipralex, fluvoxamine, faverin, with 'pregnant woman', 'pregnant women', pregnancy. We excluded general
SSRI and pregnancy articles (although we did read these papers for valuable background information) because we are interested in
elucidating the differences between the drugs in this class, rather than the general effects of the SRRI class as a whole.

Results: The literature shows that paroxetine and fluoxetine have the strongest association with negative outcomes (significant
malformations, PPHN and PNAS) whilst the associations between sertraline and citalopram with negative outcomes remains mixed
and generally unsubstantiated when studies that show an association are controlled for the effects of maternal depression and
associated factors. There are too few studies to draw definite conclusions regarding the safety of escitalopram and fluvoxamine.

Conclusions: Sertraline and citalopram should be first-line drug treatments for anxiety and depression in pregnant women in the
SSRI class. Sertraline can be continued in breast-feeding as the concentration found in breast milk is very low and has not been
linked to infant complications. Furthermore, it would be useful to assess GPs current knowledge and confidence levels about
prescribing, to see whether further education is needed in this area to encourage an open discussion of the risks and benefits of
medication or no medication. It would also be useful to conduct further research on escitalopram which is likely to grow in
popularity in the coming years as it came off patent in 2012. When these holes are filled, a clinical protocol for treating anxiety and
depression in pregnant women should be created and implemented for the UK population.

Key words: depression - anxiety - SSRIs - pregnancy - paroxetine - fluoxetine - citalopram - excitalopram - fluvoxamine -
sertraline - malformations - teratogenic - PPHN - PNAS
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INTRODUCTION

Women are most likely to be diagnosed with
depression or anxiety between the ages of 25 and 45
years, which are also the years of childbearing potential
(Burke et al. 1991). Therefore a substantial number of
women face a decision about whether or not to take an
antidepressant or anxiolytic during pregnancy (Einarson
2012). Data varies widely about the estimated number
of pregnant women in the UK who have a diagnosis
requiring administration of SSRIs. According to the
NICE guidelines on antenatal and postnatal mental
health, depression and anxiety are the most common
mental health problems during pregnancy. Prevalence of
maternal depression in pregnancy has been estimated at
between 7% and 15% (Bennett et al. 2004, Llewellyn
et al. 1997), and anxiety disorders have been diag-
nosed in 4% to 39% of all pregnant women (the size of
the interval here suggests the inaccuracy of these

estimations). Some estimates are even higher, stating
that 18.4% of women suffer from antenatal depression.
Anxiety disorders are also common at this time, with a
prevalence of 21.7% among pregnant women by the
3rd trimester of pregnancy (Borriet al. 2008, Reck et
al. 2008).

Studies have argued that anxiety or depression is
more common in pregnancy than at other times in an
individual’s life (Biaggiet al. 2016), not just because
women are generally more likely than men to suffer
from these two mental health conditions, but also
because hormone concentrations change during preg-
nancy and in the puerperium. These altered concentra-
tions are hypothesized to cause potential alterations in a
woman’s mental wellbeing. However, Chaudron argues
that there is little evidence to support such a theory
regarding the etiology or symptoms of depression being
distinct in pregnancy when compared to other periods in
a woman’s life (Chaudron 2013).
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Despite the significant burden of mental health
problems in pregnancy, when compared to postpartum
depression and postpartum anxiety, pre-natal depression
and anxiety have attracted less research scrutiny and
less media attention. A resilient myth that pregnancy is
protective against depression has fuelled this neglect.
According to the NICE guidelines on antenatal and
postnatal mental health, between 2006 and 2008 there
were 1.27 maternal deaths per 100,000 maternal deli-
veries in the UK due to mental health issues. Further-
more, mental health problems are not well recognised
and therefore not effectively treated, potentially having
repercussions far beyond pregnancy (NICE Guidance for
Antenatal and postnatal mental health: clinical manage-
ment and service guidance, 2014 & updated 2017)

Valid ethical concerns about randomised control
trials involving pregnant women has contributed to a
thin evidence base about the treatments potentially
available to women in pregnancy to help alleviate men-
tal health problems. Practically, this means that there are
no psychotropic medications that have UK marketing
authorisation (NICE 2014). The current guidance states
that the prescriber must take full responsibility for off-
license use and the patient must be fully informed of
such ‘un-authorised’ prescribing and consent. The gui-
dance further states that the prescriber should take into
account (1) the woman’s previous response to treat-
ments, (2) her stage of pregnancy, and (3) current
literature on different drugs and their reproductive
safety. The guidance highlights only paroxetine as being
particularly associated with discontinuation symptoms
in the woman, and neonatal adaptation syndrome in the
baby. Other SSRIs are simply described as showing
some risk of these complications. In short, the NICE
guidance leaves it up to the individual doctor to decide
with the patient what action (or inaction) is safest.
Furthermore, the complex environment of the fetus in
utero, as well as multifactorial post-natal environment,
have meant that associations between a mother’s mental
health and infant outcomes are hard to quantify. Many
confounding factors, including socioeconomic status of
the mother, substance use and comorbidities (particu-
larly co-existing mental illness) further complicate the
clinical picture (Chaudron 2013).

Beyond the disputed scale of need for mental health
treatments in pregnancy, a wide range of estimates
regarding the number of women who actually end up
taking SSRIs during these 9 months have been circu-
lated. SSRIs are the mainstay treatment for moderate to
severe peripartum depression. In a randomized con-
trolled trial comparing antidepressants with community-
based psychosocial intervention for peripartum depres-
sion, SSRIs were superior with a number needed to treat
of 4 at four weeks (Goodhead & Langan 2016).

Studies suggest that perceptions of the risk that ma-
ternal SSRI use poses to the fetus vary widely between
patients and health professionals (Widnes 2013). Preg-
nant women were shown to have significantly higher
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perceptions of teratogenic risks associated with SSRIs
and other antidepressants, and lower confidence in the
use of such medicines, when compared with general
practitioners. Amongst the range of drugs (which inclu-
ded medications for pain and other indications as well
as an SSRI) differences in teratogenic risk perception
and confidence in use were highest for escitalopram,
perhaps because this drug is not widely used as it has
only recently been removed from patent in 2012. This
study highlights the importance of educating health
professionals about the specific risks of SSRIs, as well
as educating them about how to counsel women about
the associated risks. Moreover, the wording of informa-
tion leaflets for SSRI medications have been shown to
influence teratogenic risk perception, and thus the pre-
scription of medicines as well as affecting patient adhe-
rence. In a recent study, 69% of women thought it was
definitely or probably acceptable to take such drugs
when not pregnant or not breast feeding; but only 33%
of women thought that it was definitely or probably
acceptable to do so when pregnant (Reefhuis et al. 2015).

However, SSRIs are increasingly used by women of
reproductive age and during pregnancy, despite reported
concern and uncertainty about their safety. Prescribing
patterns in the NHS suggest that women are increa-
singly seeking treatment for depression and anxiety
even while pregnant, and more SSRIs are being prescri-
bed by their doctors than in previous decades. One study
found that use of antidepressant medication in preg-
nancy has increased by over 100% in the last 20 years
(Bérard et al. 2017), and the UK has one of the highest
international rates of antidepressant prescriptions for
pregnant women.

As in the general population, SSRIs are the most fre-
quently prescribed antidepressants and anxiolytics for
pregnant women in the NHS, followed by SNRIs and
tricyclic antidepressants (TCAs). The number of women
taking SSRIs declines with each trimester, meaning that
prescription rates in the third trimester are lower than
the first (Yonkers et al. 2014). This may be due to an
acknowledged association between third-trimester expo-
sure to SSRIs and poor neonatal adaptation syndrome
(PNAS) (Byatt et al. 2013). Moreover, SSRI treatment
of pregnant women is too often at lower doses than
recommended; it is reported that almost 8% of pregnant
women are not receiving an adequate therapeutic dose.
Failure to reach an effective dose may be due to patient
and doctor concerns about a dose-dependent relation-
ship between SSRI exposure and poor neonatal out-
comes (Oliver et al. 2013).

On the other hand, many women do decide to dis-
continue antidepressants in pregnancy (Ruddock, 2004).
Few studies have researched the effect of discontinuing
SSRIs (or initiating SSRIs) during pregnancy compared
to either abstaining from the time of conception or sta-
ying on the medication throughout the 9 months (Roca
et al. 2013). Studies suggest that women who discon-
tinue depression or anxiety medication are at a signi-
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ficantly higher risk of recurring mental illness either
prenatally or soon after delivery (Altshuler et al. 2000).
In one study, women who discontinued their antidepres-
sants were three times more likely to relapse compared
with women who continued their antidepressants throu-
ghout the pregnancy (Marcus & Heringhausen 2009).

Deciding whether to treat pre-existing or new-onset
depression or anxiety with medication poses a chal-
lenge: on the one hand, SSRIs have been linked with
fetal complications (Kovich 2015, Larsen et al. 2015,
Alwan et al. 2016, Byatt et al. 2013, Reefhuis et al.
2015, Bravo et al. 2016, Eleftheriou 2013, Forsberg et al
2014); on the other, untreated maternal depression and
anxiety has been associated with potential risk to the
wellbeing of both the mother as well as the fetus
(Davalos et al. 2012). M.K. Seo et al. (2016) have
shown that early life stress (ELS) of the fetus — due to
the stress of the mother altering the uterine environment
—may exert long-lasting epigenetic influences on the
fetal brain. This is hypothesized to leave the individual
susceptible to depression later in life. Their explanations
are incomplete about whether ELS and later chronic
stress as an adult can be explained via the involvement
of epigenetic mechanisms in utero linked to maternal
mental illness, whether untreated or otherwise (Seo et
al. 2016).

Conflicting data has led to uncertainty and variation
in prescribing patterns amongst doctors, and confusion
amongst the public, regarding the safety of SSRI use
during pregnancy. Concern for fetal safety hinges on the
fact that all SSRIs pass through the placenta into the
fetal circulation (Velasquez et al. 2013). Moreover, the
fetus has additional exposure through the amniotic fluid,
which has the potential to increase serotonin concentra-
tions in the fetus as it develops (Hostetter et al. 2000,
Loughhead et al. 2006). Increased serotonin concentra-
tions may affect the baby’s cardiovascular, respiratory
and neurological development, all of which involve
serotonin.

Short- and long-term effects of SSRIs on the fetus
have been reported in the literature. SSRI exposure in
utero has been linked to negative birth outcomes, such
as higher numbers of spontaneous abortion, low birth
weight, preterm birth, persistent pulmonary hyper-
tension (PPHN) and postnatal adaptation syndrome
(PNAS). Immediately post-partum, these PNAS symp-
toms include infant irritability, excessive crying, a tre-
mor, lethargy, under-activity, reduced feeding, tachyp-
nea and respiratory distress (AK 2015; Larsen et al.
2015; Alwan et al. 2016; Byatt et al. 2013; Reethuis et
al. 2015; Bravo K et al. 2016; Eleftheriou 2013;
Forsberg et al. 2014). Speculative associations have also
been made between maternal SSRI use and their chil-
dren developing autism spectrum disorder and impaired
neurocognitive function into adulthood (Kovich 2015,
HM 2012, Alwan et al. 2016).

Untreated depression and anxiety carry abuse a risk
for mothers, and may not be the safest option for baby

either. Maternal depression in pregnancy is associated
with adverse perinatal outcomes. Pregnant women who
do not receive treatment for depression or anxiety are
more likely to abuse recreational drugs and other sub-
stances such as tobacco, alcohol and caffeine while
pregnant (Flynn et al. 2008), all of which have been
shown to be directly harmful to the fetus, particularly in
excess. A recent study found that repeated episodes of
binge drinking in early pregnancy increases the likelihood
of cardiac defects, which becomes even more risky when
combined with maternal smoking. Other effects include
insufficient maternal weight gain (Bodnaret al. 2009),
decisions to terminate the pregnancy (Suri et al. 2004),
preeclampsia (Cripe et al. 2011), preterm birth (Istvan
1986), intra-uterine growth restriction, increased risk for
delivery of a low birth weight infant (Grote et al. 2010),
anxiety and postpartum depression (Gotlib et al. 1991),
and infant cognitive and emotional complications post-
natally. Fetal distress (Jablensky et al. 2005) and
increased risk of neonatal care unit admission as well as
Caesarian section delivery (Chung et al. 2001) are linked
to maternal depression.

Theories have been posited as to how maternal
depression, stress and anxiety affect the fetus if untrea-
ted. The impact of depression on fetal wellbeing may be
through direct or indirect effects on the hypothalamic-
pituitary-ovarian (HPO) axis and the hypothalamic-
pituitary-adrenal (HPA) axis. Normally, levels of gona-
dal hormones and progesterone increase during preg-
nancy. Placental corticotropin-releasing hormone (CRH),
cortisol, human chorionic gonadotropin (HCG), prolac-
tin, B-endorphin, and thyroid hormone-binding globulin
concentrations also normally increase over the 9
months. Complex feedback systems exist and disrup-
tions of these interactions, usually via suppression due
to stress, anxiety and low mood are potentially
significant (Ahokas et al. 2005, Giesbrecht et al. 2012).

As well as the physiological changes in pregnancy
that might be altered by depression and anxiety, such
changes can interfere with the pharmacokinetics of
SSRIs. Pregnancy-associated changes in absorption,
distribution, metabolism and elimination may result in
lower SSRI concentrations and therefore potentially re-
duced therapeutic effects, particularly in the third
trimester of pregnancy (Feghali et al., 2015). Reported
mechanisms affected by pregnancy include changes in
both phase 1 hepatic cytochrome P450, and phase 2
uridine diphosphate glucuronosyltransferase enzyme
activities, changes in hepatic and renal blood flow and
glomerular filtration rate (Deligiannidis et al. 2014).
Increased metabolism of SSRIs in the third trimester
may require consideration of a higher dose in this later
stage in order to reach sufficient therapeutic effect.

During pregnancy, the concentrations of different
SSRIs in the mother’s blood are affected in different
ways and to varying extents. Average fluoxetine meta-
bolite ratio levels decrease between 20 to 26 weeks, and
between 30 to 36 weeks’ gestation (Deligiannidis et al.
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2014). An increase in sertraline dose is often required
early in the third trimester to treat new-onset depressive
symptoms, with some women experiencing increased
drug metabolism from second to third trimester.
Regarding paroxetine, decreasing plasma levels and
worsening depressive symptoms can occur in pregnancy
if the woman has a CYP2D6-extensive or ultra-rapid
metabolizer genotype. By contrast, antidepressant accu-
mulation can happen in low and intermediate metabo-
lizers, an effect which could potentially have adverse
outcomes for the fetus. Citalopram plasma concen-
tration lowers, as does the concentration of metabolites
during pregnancy, but there is a higher mean es-
methylcitalopram metabolic ratio when compared to 8
weeks postpartum. Such a difference suggests faster rate
of escitalopram metabolism during pregnancy (Deli-
giannidiset al. 2014). Decreased dose ratios are associa-
ted with lowered drug efficacy and therefore a higher
dose requirement in the second half of gestation. No
studies exist on the metabolic changes of fluvoxamine
in pregnancy. Therefore, therapeutic SSRI monitoring is
essential in women who do decide to take an SSRI drug
in pregnancy.

Since Thalidomide in the 1950s, a pharmacological
‘martyrdom’ has been encouraged in pregnant women:
there is a popular assumption that mothers should give
up psychoactive medication for the sake of the fetus.
This is compounded by conflicting advice from obste-
tricians, primary care doctors and psychiatric profes-
sionals, and too often discussion regarding the advis-
ability of taking SSRIs in pregnancy has lacked nuance.
Counseling and education of pregnant women, or those
hoping to conceive, must take into account the severity
of each woman’s mental health diagnosis, her wishes
and values, her socio-economic situation as well as
available support structures and her emotional stability.
The mother’s medical and mental health history, as well
as considerations of any previous risk-taking beha-
viours, are essential to inform this decision.

To this end, health professionals must also be well-
informed about the differences that exist between the 6
medications in the SSRI class currently available on
prescription in the NHS. Many studies have been
undertaken which analyse general effects of SSRIs as a
family of drugs, but these lack a subgroup analysis
examine specific effects of individual drugs in the class
which might influence the risk-benefit analysis.

In general, SSRIs have been linked to many
complications for infants as well as in later childhood.
In 2006, the FDA issued a health advisory for SSRI
use after the 20th week of gestation because of a
reported increased risk of persistent pulmonary hyper-
tension of the newborn (PPHN). This recommendation
was revised in 2011, and now states that conflicting
findings leave it unclear whether use of SSRIs during
pregnancy can cause PPHN (Kovich 2015). A recent
meta-analysis of five trials supported the link between
late pregnancy exposure to SSRIs and PPHN (Grigo-
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riadis et al. 2014). A large case-control study reported
a 600% increase in risk of PPHN among infants born
to mothers taking an SSRI in late pregnancy (FDA
study published in the New England Journal of
Medicine). A correlation has also been made between
SSRI use in pregnancy and lower Apgar scores of the
infant at delivery (Jensen et al. 2013). Other
associations include miscarriage, premature delivery,
neonatal complications and birth defects (specifically
cardiac defects) (Kovich 2015; Larsen et al. 2015;
Alwan et al. 2016; Byatt et al. 2013; Reethuis et al.
2015; Bravo et al. 2016; Eleftheriou 2013; Forsberg et
al. 2014). Late in utero exposure to SSRIs has been
suggested as a risk factor for impaired neonatal
adaptation (PNAS) (Byatt et al., 2013). Infants born to
mothers treated with SSRIs prior to delivery were
reportedly more likely to suffer from respiratory dis-
tress, body temperature instability, feeding problems,
jitteriness and restlessness, convulsions, rigidity, hypo-
glycemia, jaundice, and other symptoms of abnormal
neonatal adaptation. Symptoms appear to be worse and
more common with high-dose maternal SSRI treatment
late in pregnancy.

More recently, neurodevelopmental disorders in
childhood, specifically autism spectrum disorders have
been connected to maternal SSRI use (Kovich 2015;
Larsen et al. 2015; Alwan et al. 2016; Byatt et al. 2013;
Reefhuis et al. 2015; Bravo et al. 2016; Eleftheriou
2013; Forsberg et al. 2014). Later-emerging conditions
including attention-deficit/hyperactivity disorder and
speech delay have been reported, but it is worth noting
that high-quality evidence to support these general
claims is lacking. Conflicting findings about any asso-
ciation between prenatal SSRI exposure and a child
developing autism mean that the issue remains
speculative. The observed risk of SSRIs in pregnancy
with autism of the infant is probably confounded by
severity of maternal illness, and there is inconclusive
evidence for delayed psychomotor and slow fine motor
development.

Given this backdrop of controversy, without diffe-
rentiating between the respective risks of particular
drugs rather than the SSRI drug class as a whole, we
were interested to assess current research differentiating
6 different SSRIs: paroxetine, fluoxetine, sertraline,
citalopram, escitalopram and fluvoxamine. By ana-
lyzing the different risks and benefits of each of these
drugs, our intention is to give health professionals a
clearer picture of what differentiates the 6 SSRIs, so that
doctors and nurses can assist women and their partners
to make an informed choice about the various risks and
benefits of each particular SSRI. By assessing and
distilling the current plethora of evidence, we hope to
enable more accurate risk assessment, better patient
education and empowerment to make a truly collabora-
tive decision about whether medication per se, and
which medication in particular, is best suited for each
individual woman in pregnancy.
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** Whilst there are more studies on escitalopram than on Fluvoxamine, making trends in findings easier to discern, there is still

* All studies examined showed a positive association between PNAS and SSRI exposure in utero, but these studies have been
limited evidence on the safety of escitalopram when compared to other SSRIs

criticised for being low powered, and prone to prejudicial bias;
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METHOD

We performed a search for the English language
literature indexed on MEDLINE/PubMed for the period
2012 to 2017, using the following key terms: fluoxetine,
prozac, paxil, oxactin, paroxetine, seroxat, sertraline,
lustral, citalopram, cipramil, escitalopram, cipralex,
fluvoxamine, faverin, with ‘pregnant woman’, ‘pregnant
women’, pregnancy. We searched for both the SSRI
generic name and any brand names. To ensure that all
relevant articles were identified, which might have been
missed in our initial search, all articles were cross-
referenced. We included animal studies that provided a
model for human physiology, observational studies,
case reports and case series.

We excluded general SSRI and pregnancy articles
(although we did read these papers for valuable
background information) because we are interested in
elucidating the differences between the drugs in this
class, rather than the general effects of the SRRI class as
a whole. We also excluded all papers about antide-
pressants and anxiolytics in other drugs classes, such as
SNRIs and TCAs. We also did not analyze in detail
papers which focus on patient adherence to medication
regimens, or presentation and symptomatology of
prenatal depression and anxiety. Other excluded papers
proved to be irrelevant to our research question.

RESULTS

Full results table as an appendix and summry results
are in Table 1.

Fluoxetine (OR 1.14, 95% CI 1.01-1.30) and par-
oxetine (OR 1.29, 95% CI 1.11-1.49) are associated
with increased risk of major malformations (Ban et al.,
2014). Paroxetine is associated with increased risk of
cardiac malformations (OR 1.44, 95% CI 1.12-1.86),
which is in-line with the 2005 FDA decision to classify
paroxetine as pregnancy category D (of high risk but not
entirely contra-indicated) because of this concern about
congenital cardiac malformations (Myles et al. 2013).
Sertraline and citalopram are not significantly asso-
ciated with congenital malformation.

A meta-analysis suggests that children exposed to
SSRI medications in utero have increased risk of
developing major congenital malformations, not inclu-
ding cardiac or minor congenital malformations (Myles
et al. 2013). However, subgroup analysis suggested that
the aggregate effect for major malformation is driven
specifically by paroxetine (OR 1.29, p=0.001) and
fluoxetine (OR 1.14, p=0.04), with citalopram and ser-
traline exerting a non-significant impact on effect size
Myles et al. 2013).

A Bayesian analysis suggests that none of the five
previously reported birth defects associations with
sertraline was confirmed. The analysis confirmed
reported associations between right ventricular outflow
tract obstruction and other cardiac defects in infants
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with maternal use of fluoxetine or paroxetine early in
pregnancy, and between anencephaly or atrial septal
defects in infants and maternal use of paroxetine. The
Bayesian analysis also confirmed associations between
gastroschisis and omphalocele with paroxetine, and
between craniosynostosis with fluoxetine. There have
been 9 previously reported associations between
maternal SSRI use and birth defects in infants, but
findings were consistent with no association (Reethuis
et al. 2015). Here, the high posterior odds ratios
excluding the null value were observed for five birth
defects with paroxetine (anencephaly 3.2, 95% cre-
dible interval 1.6 to 6.2; atrial septal defects 1.8, 1.1 to
3.0; right ventricular outflow tract obstruction defects
2.4, 1.4 to 3.9; gastroschisis 2.5, 1.2 to 4.8 and
omphalocele 3.5, 1.3 to 8.0) and for two defects with
fluoxetine (right ventricular outflow tract obstruction
defects 2.0, 1.4 to 3.1 and craniosynostosis 1.9, 1.1 to
3.0). These data are reassuring for some SSRIs but
suggest that some birth defects occur 2 to 3 times more
frequently among infants of women treated with
paroxetine or fluoxetine in first trimester of pregnancy
(Reethuis et al. 2015).

DISCUSSION
Clinical Applications

Sertraline and citalopram should be first-line drug
treatments in the SSRI class for pregnant women. The
advantage of sertraline over citalopram is that it can be
continued into breast-feeding, as the concentration
found in breast milk is very low and has not been linked
to infant complications. Paroxetine should be avoided if
possible, as there is the strongest link between this SSRI
and fetal malformations. Paroxetine is associated with
an increased prevalence of cardiac and GI malfor-
mations as well as neonatal complications postpartum.
Escitalopram does not pose any reported problems
during pregnancy, but the volume of evidence is limited.
Fluvoxamine cannot be actively recommended because
there the data is too scarce for conclusions to be made
as to its safety.

Planning and discussion with women taking SSRIs
for anxiety or depression should begin before concep-
tion, if possible. Prescription and control of the patient’s
treatment should ideally be carried out collaboratively
with a psychiatry specialist. If a woman has become
pregnant and is already on an SSRI, she may be advised
to come off medication or switch. Discontinuation of
SSRIs is not recommended if the treatment is still
indicated, due to increased risk of maternal relapse into
depression or anxiety during pregnancy or soon post-
partum. Data suggests that treatment with fluoxetine or
fluvoxamine might be advisedly discontinued if this is
considered safe in relation to the preferences of the
patient, and changed to another SSRI or taken off
medication altogether (and then, psychotherapy offered
if appropriate and necessary). Paroxetine should be
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discontinued unless there is a very strong indication
why a patient should stay on this drug in preference to
other options, within or outside the SSRI class. If taking
escitalopram, current evidence suggests a pregnant
woman may continue this medication without excessive
risk to her or the infant.

Although not the focus of this paper, SSRI choice in
pregnancy should also consider breastfeeding intention.
If a woman anticipates that she will breastfeed the baby
post-partum, sertraline and paroxetine are recommended
as they have the fewest reported side-effects and the
smallest transfer into breast milk. Of the two, prenatally
sertraline has the lower risk profile, so may well be the
best option. By comparison, residual fluoxetine in nur-
sed infants has been reported, as well as symptoms in
the baby from maternal use of fluoxetine and citalo-
pram, and these drugs are therefore not recommended
when breastfeeding. Again, a risk-benefit analysis
should be applied to women who are breastfeeding.
SSRI treatment can continue after delivery and during
breast-feeding as long as sufficient information about
the potential side effects in the infant is communicated
to the mother. Specifically, the child’s wellbeing and
predicted weight gain should be closely monitored. If
doubt arises about possible side effects in the child, the
SSRI concentration can be measured in the baby’s blood.

Additionally, pregnant women exposed to SSRIs in
early pregnancy should be offered options for prenatal
diagnosis through ultrasound imaging and fetal
echocardiography to detect presence of birth defects.
Tapering off SSRI use or changing to another therapy in
early pregnancy, if appropriate for the individual, may
also be considered on a case-by-case basis.

Limitations of studies

Much of the research in this field has insufficient
power and reliability to be applied to clinical practice.
Several of the studies’ poor design that did not control
for co-morbid maternal illness, that did not prove
ingestion of prescribed SSRI medication, or assess
response to treatment. Also, studies such as (Ban et al
2014; Grigoriadis et al. 2014) were careless not to
highlight the difference between increased risk and
absolute risk, a distinction which is crucial when making
decisions about whether or not to take SSRIs in preg-
nancy. A further limitation is that pharmacy records are
used in studies such as (Dawson et al. 2016) to assume
treatment, and then also to assume therapeutic effect.

The flaw of publication and citation bias is also
possible here, as positive scientific finds are easier to
publish than negative ones. Therefore studies that show
particular SSRIs to be safe without risk of malformation
or without negative effect on the baby, are less
attention-grabbing than reports of negative effect. It is
important to note that studies often report a scarcity of
information about true adherence to prescription regi-
mens during pregnancy, including a lack of accurate

information about doses, duration and exact timing of
fetal exposure.

Some of the studies looked at presentation of the
child at birth, including vague symptoms of fussiness,
crying and distress, all of which were subjectively as-
sessed and so were prone to false positives. Also,
cardiac abnormalities are relatively common in the
general population, and often prove insignificant and
remain un-detected. However, when purposely searched
for, small variations appear to be malformations which
also increases the positive association in a false manner.

Because the effects of depression and anxiety are
manifold, many studies point-out how hard it is to
differentiate between effects of treatment and effects of
the mental health condition being treated. Causation is a
much harder thing to prove than an association, and it is
challenging to differentiate between effects of SSRIs
and the effects of being depressed (e.g. reduced social
interaction with the baby postnatally, low socioeco-
nomic status and negative lifestyle variables). When
these factors are accounted for, many studies’ findings
lose their statistical significance (Byatt et al. 2013 HM
2012, Grigoriadis et al. 2017, Alwan et al. 2016).

Due to the ethical challenges of conducting research
on pregnant women, the vast majority of studies
included are not prospective and do not have matched
controls. Moreover, blinding is not done in pregnancy
for similar ethical reasons, but this remains a limitation
about the evidence.

Unbiased counseling, based on a thorough
understanding of the nuances in existing data, in a
supportive therapeutic professional relationship will be
best for mother and baby. Doctors must be careful to
counsel such that, if a woman does require an SSRI in
the future she does not see this as a failure, or believes
that the risk is out of proportion to what the evidence
actually shows. Informed consent should include the risks
of maternal psychiatric symptoms and treatments. Focus
should be on SSRIs within the many treatment options.

Suggestions for future research questions

This analysis has pointed out the important holes in
current research, which, if filled, could improve the
decision-making process regarding SSRIs in pregnancy
for doctors and patients. It would be useful to assess
GPs current knowledge and confidence levels about
prescribing, to see whether further education is needed
in this area to encourage an open discussion of the risks
and benefits of medication versus no medication. One
study has compared perceptions between pregnant
women and GPs, but not directly looking into GP
confidence and knowledge, and no such research was
found that specifically looked at these issues amongst
UK patients and GPs

It would also be useful to conduct further research
on escitalopram, which is likely to grow in popularity in
coming years as its patent expired in 2012. Escitalopram
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is often chosen in preference to citalopram due to a
reduced profile of side effects, and this is likely to be
preferable in pregnancy too. There is also a need for
further research into the specific effects of fluvoxamine,
which is under-studied but is quite rarely prescribed in
the NHS.

After such gaps in knowledge are filled, it would be
useful to create a protocol regarding the choice of SSRIs
in pregnancy. Only one study to-date has attempted to
create a protocol for treating depressed pregnant
women, which differentiated between the SSRI drugs
for prescription in Denmark. A similar protocol would
be usefully adapted and implemented for the UK
population.

Role of psychotherapy

There is an important role for psychotherapy in the
majority of cases of depression and anxiety, and this is
no different in pregnancy. GPs should endeavour to
connect women who would like this treatment as well as
showing need for it, to a psychotherapist or CBT prac-
titioner. However, it would be wrong to assume that
psychotherapy is sufficient for all women without
pharmacological treatment. SSRIs are the primary
treatment for moderate to severe peripartum depression,
and in a randomized controlled trial comparing anti-
depressants with community-based psychosocial inter-
vention for peripartum depression, SSRIs were superior,
with a number needed to treat of 4 at four weeks
(Langanet al. 2016).

CONCLUSIONS

Anxiety and depression are the most common men-
tal health issues faced by pregnant women. Further-
more, an increasing number of women of reproductive
age are fulfilling prescriptions for SSRIs to treat these
conditions. Yet, no clear clinical consensus has been
reached regarding the use of SSRIs in pregnancy. In this
review we have examined the available evidence
pertaining to individual SSRIs (sertaline, citalopram,
fluoxetine, fluvoxamine, paroxetine, escitalopram) and
their associations with negative fetal outcomes. The
literature shows that paroxetine and fluoxetine have the
strongest association with negative outcomes (signi-
ficant malformations, PPHN and PNAS) whilst the
associations between sertraline and citalopram and
negative outcomes remains mixed and generally unsub-
stantiated when studies are controlled for maternal
depression and associated factors. There are too few
studies to draw definite conclusions regarding the safety
of escitalopram and fluvoxamine. We have summarised
these results into initial clinical guidance for UK
medical practitioners. There are several holes in existing
research and these should be filled to arrive at a more
complete clinical protocol for treating anxiety and
depression in pregnant women.
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J\, K. (2015}, Common Questions About the literature review

of in * D ion during pregnancy is iated with premature birth and d d initiation of br fi
Am Puhmd NCBI . Acuum&.w Amdqmssam use during pregnancy has not been shown to improve these outcomes, and may increase the
Retrieved 13 August 2017, from risk of preterm delivery compared with untreated women who have depression,
.;.,..... nchi.nlm.nih P T636 * S55RIsarc the most prescribed anti for pregnant women.

« In 2008, the FDA classified paroxetine (Paxil) aspngnmcy category D because of concems about
congenital cardiac malformations. More recently, however, a population-based cohort study of nearly 1
million pregnant women suggested that there is no link between first trimester antidepressant use and

cardiac malformations.
* In 2006, the FDA issted a health advisory fer SSRI use afler the 20th wedk of gestation because of
concerns about mcreased risk of persistent p of the newborn (PPHN). This advisory

was revised in 2011, and currently states that aunﬂ:cllng ﬁndmgs make it unclear whether use of S5RIs
during pregnancy can cause PPHN.

A recent meta-analysis of five trials supported the link between late pregnancy exposure to SSRIs and
PPHN, with a number needed to hamm of 286 to 351.34 Studies have also suggested a comelation between
antidepressant use in pregnancy and lower Apgar scores, attention-deficit hyperactivity disorder, and speech
delay. althoueh high-quality evidence is lacking

Conflicting findings on the association between prenatal SSRI exposure and autism.

Breastfeeding

There is little evidence to support any causal link between antidepressant use in breast feeding mothers and

adverse effedts in infanis

. i sfer in low ions into breast mllk

Paroxetine and sertraline (Zoloft) transfer in lower than other

undetectable infant plasma levels,

Fluoxetine (Prozac) and venlafaxine produce the highest infant plasma concentrations.

Potential adverse effects in infants exposed to SSRIs via breast milk have been documented only in case

reports

:r:;iar:.u ded often after to fl ine and cital {Celexa) than other drugs. These
ecls

are nonspecific and include imitability and decreased feeding.

= There are no data on long-term neurocognitive effects.

.

idep and produce

| AJ, L. (2016). Identification and Management of  literature review * S5RIs are main for mod to severe perip depression - In a randomized controlled trial All 55R1s
Peripartum Depression, - PubMed - comparing antidep with ity-base ' hosocial intervention for periparum depression,
NCBI . Nebinlm.nih.gov. Retrieved 13 August SSRIs were superior, with a number needed to m:at of4 at four weeks.
2017, from = no substantial evidence supports the use of one S5RI over another, BUT: If the patient has a history of
hittps:/www.ncbl.nlm.nih.gov/pubmed 2717572 response to a particular SSR1, it is reasonable to use that medication initially
0 = pregnant women often require higher doses of medications because of larger volumes of distribution
= If the patient is breastfecding, it is reasonable to consider the relative transfer of a medication into breast
milk.
= Moderately safe medications in the ACCG goideline correspond to infant serum medication levels that
reach at least 10% of matemal serum levels. Of note, although the ACOG guideline ligts fluvoxamine,
nertriptyline (Pamelor), and sertraline in the safer category, the AAP places them in the next higher risk
category because of serum medication levels.
* clinicians should be attentive to symptoms of antidepressant toxicity in the infant, such as lethargy,
iritability unresponsive to normal comfort measures, and impaired feeding,
Bellantuono C, e. (2012). The safety of Literature review * ESC exposure seems to be significantly associated with some PC such as lower rates of live births and Escitalopram
during pregnancy and higher rates of newboms with low birth weight.
Dreastfeeding: a comprehensive review. - = Mo short-term adverse effects in newboms were reported in the 5 studies evaluating the safety of ESC
FPubMed - NCEI . Nebinim.nih.gov. Retrieved during breastfecding.
13 August 2017, from * Data coming from DEGRA Center are consistent with the all | were firll term, all
hitps:/www.ncblnlm.nih.gov/pubmed 2304463 newboms were healthy and obtained normal APGAR score; no MM or miscarriage were reported. Only one
] case of mild withdrawal syndrome was reported in a newbom who was also exposed to benzodiazepines

and paroxeting late in pregnancy. Two infants exposed to ESC also during the lactation did not reported any
adverse effects at short-term,

Data coming from published studies and from our cases seem to support the notion that ESC might be
considered safe during pregnancy and breastfeeding, particularly as far as MM is concemed

“There are very few cases analysed and the paucity of the studies so far published, there are no definitive

conchusions
Dawson AL, e. (2016). Antidepressant Secondary data analysis * During 2008-2013, on average, 1542 of reproductive-aged women (range = 15.3% 1015 .6%) filled a Sertraline.
Prescription Claims Among Reproductive-Aged prescription for an mlludrpres.mt from an oulpatient phmmcy each year, citalopram,
Women With Private Employer-Sponsored = The most commonly filled antidepressant prescriptions by reprodud ive-aged women each year were for escitalopram,
Insurance - United Stafes 2008-2013. - PubMed - sertraline (filled by an average of 3.3% of reproductive-aged women each year), bupropion (2.7%), fluoxetine
NCBI . Nebinlm.nih.gov. Retrieved 13 August citalopram (2.6%), escitalopram (2.5%), and fluoxetine (2.3%)
2017, from * Byage group, the percentage of reproductive-aged women who filled a prescription for an antidepressant
lllllps:b’vm nebinlm.nib.gov/p 682127 ranged from an average of 8.3% among women aged 15-19 years to 20.9% among women aged 40-44

years.

Women aged 15-24 years represented 12.5% of women filling preseriptions for duloxetine but 24.0% of
women filling prescriptions for fluoxetine

There was less variation in the proportion of women t’llmg an antidepressant who were aged 25-34 years,
ranging from 26 8% (for done) to 32.9% {for

Women aged 3544 years accounted for the largest proportion of reproductive-aged women filling
preseriptions for all common antidepressant types, including 44.0% who filled prescriptions for sertraline
and 60.3% who filled prescriptions for duloxetin
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0

F, U1, (2015). A pharmacological approach io

| panic disorder during pregnancy. - PubMed -
NCBI . Nebi.nlne.nih.gov. Retrieved 13 Avgust
2017, from
hittps: /www.ncblnlmnih.gov pubmed 2604364
2
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Wide, K. (2014). Neonatal Adaptation In
Infants Prenatally Exposed to Antidepressants.
Clinical Monitoring Using Neonatal Abstinence
Score. Plos ONE, 9(11), e111327.
doi:10.137 1 journalpone. 0111327

| Fraher D, e. (2016). Citalopram and sertraline
bone

development. - PubMed -
NCBI . Nebi.nim.nih.gov. Retrieved 13 August
2017, from
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nebi.nlm.nih 2634731

| Larsen ER, e. (2015). Use of psychotropic drugs
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Literature review

Case report

Literature review

 Retrospective cohort study

Animal model

Literature review

Specific resulis

Summary

i changes in absorption, distribution, metabolizm, and elimination may result in
Iwerod 'psyl:h,utruplc drug levels and poeslhlc treatment effects, particularly in late pregnancy.
Mechanisms include changes in bath phase 1 hepatic cytochrome P450 and phase 2 uridine diphosphate
enzyme changes in hepatic and renal blood flow, and glomemular

filtration rate

bolism of SSRIs in late pregn
trimester to maintain clinical benefits.
F Mean fluoxeti bolite ratio levels d between 20 to 26 weeks and 30 to 36 weeks'

i d during p whereas ite ratio
Imlg increase, suggemng reduced clearance after all\m'y higher maternal serum concentrations of
{l bolite) in the period. compared with the third trimester, have
been reported in women taking the same fluoxetine dose during both
periods.
Sertraline: Dose increases are often required early in the third trimester to treal emengent depressive
symptoms or maintain euthymia with some women experiencing increased drug metabolism from second to
third trimester.
Paroxetine: Steadily decreasing plasma levels of paroxetine and increasing depressive symptoms can
ocaur in pregnancy in women with the CYP2D6 ive or ultra-rapid bolizer genolype.
Antidepressant in poor and i di boli. could ially have adverse effecis
on the fetus.
Citalopram: Doses of citalopram result in lcw lmup,h p]ismi conomtral.lom mdmuxbolllcs during
pregnancy but a suml'icanl:ly higher mean methylci ratio comp with 2
monl nggesting induced boli dunm gy Drecreased level/dose ratios are
mcl.aled wih lowered drug eifcncy and increased dose requirements in the second half of gestation,
Fluvoxamine - no studies found - CYP2D6 activity has been slmwn o be increased during the third
trimester and iated with d d plasma drug ¢ d possibly diminished efficacy. This
effect may be offsct by the decreased CYP1A2 activity seen throughout pregnancy.

v may require higher dosing, especially during the third

and norfl

Late g ional exposure to citalopram, may be d with a neonatal toxicity syndrome with
immediate onset ot birth or soon after birth and sometimes may be mistaken for neonatal withdrawal
syndrome.

A normal weight infant was delivered at 40 weeks gestation. The mother had been taking citalopram 20
meg/day until the day of delivery. Fifteen minutes after birth, the baby became hypertonic. Neonatal
su'utnmn to |t)' due to mla]opwn sums the mest likely mechaniam, though an important differential

Neonatal withdrawal swndmme may follow :uta]opram serotonin tloxicity.
Uﬂlmled PD seems Io be asmclmd with several negative outcomes in the pregnancy.

Citalopram,
Fluvoxamin
e

| Citalopram

| Senaline,
el

and clomipramine at low doses for pure PD, and ine appeared to
be more rmahle than the other pnlmllnl drugs
lled studies examining op dosing, efficacy of antipanic medications and risk-benefit profile of
intrauterine exposure Lo treated or untreated PD are urgently needed.

\!ajonly of all infants Iwm Iomomm with SSRI or SNRI lrcsunm! dlnng pregnancy are hcalr.hy in the
neonatal period. Only % i a severe and 22% signs of mild abstinence, the
symptoms mainly arising from the central nervous system’

Seventy seven women (35%) used citalopram, 76 used (35%) sertraline, 34 (15%) fluoxetine and 33 (15%)
other SSRISNRI.

“Different antideps havt different phar kinetic prop . This may, in theory, influence the
timing of of al or gic ion in exposed Time to peak value
(NAS) wasﬂlcrciou analyzed but failed to show any significant differences between the groups. Individual
factors such as metabolic and transporter capacity of SSRISNRI in mother and child as well as placenta
may be of greater infl an the ¢ of maladaptation and timing of symptoms.”

S5RI in zebrafish d 1 bone mi i isualized by alizarin red staining and

ck d the of mature blast-specific markers during embryogenesis

“In differentiating human MSCs, we obscrw:la decrease in osteoblast activity that was associated with a
decrease in expression of the osteoblast-specific genes Runx 2, Sparc and Sppl, measured with quantitative
real-time PCR (qRT-PCR). Similar to the developing zebrafish, no increase in expression of the apoptotic
marker Caspase 3 was observed’

S5RIs inhibit bone development by affecting osteoblast maturation during embryonic development and
MSC differentiation

no increased risk for miscarriage, still birth or neonatal death with SSRI use in pregnancy (did not
differentiate between different SSRIs)

no overall i d risk of ital aby was found, RR 0.93 (CI: 0.85-1.02)

Cardiac malformations: slightly increased risk was found when cardiac malformations were included , RE
1.36 (CT: 1.08-1.71}. A significant part of this signal is camried by septal defects. RR1.40 (CI: 1.10-1.77) -
most studies point to parexetine and Muoxetine (but not all studies reviewed)

atrial and ventricular septal defects were more frequent in mothers treated w/ SSRIs (but not when they
were described as 'general heart malf ions’}- Among nor licated women, the risk was 0.5%,
whereas it was 0.5% among those taking SSRI

“Number needed to treat, one to harm, (NNH) was calculated to 246, This means that more than 246 women
must be treated with SSR1 to cause one additional case of septal defect **cannot be ruled out that many
septal defects were only found, because the foetuses known to have been exposed to SSRI during pregnancy
were examined extra carefully™=*

Reduced foetal development and premature birth — “Some studies, but not all, suggest that the treatment
with S5R1 during pregnancy can lead to pre-mature birth and that children born at term are smaller.
However, it is difficult to estimate as some studies show that untreated depression in itself may result in
premature birth and low birthweight,

Complications In connection with birth - *Between 15 and 30% of children whose mothers have taken a
SSRI will show symptoms. which possibly are discmtlnuslien symptoms ( irritability. quivering. limpness,
and trouble to suck or sleep). I Cease sp shy and require g llyno

In principle, the can oceur in with all types ot‘SSRI bm one siudy has I’ound
[paroxetine to be particularly frequently associated with these’

PPHN - risk is increased if mother is on SSR1s - “The frequency of PPHN among non-exposed children
was 1.2 per 1000, whereas among children exposed to SSR1s afler week 20, it was 3 per 1000. This gives an
adjusted odds ratio of 2.1 (95% C1 1.5-3.0).The risk was increased roughly in the same degree for all types
of S5RI, which implies that it is a class effect... A new meta-analysis of PPHN showed that early exposure
to SSRI docs not increase the risk, whereas exposure late in the pregnancy (after week 20) increases the risk
by a factor 2.50 (95% CI 1.32-4.73), the absolute frequency was 2.9 1o 3.5 per 1000 newboms, which lead
to NNH being between 286 and 5‘11
Brain d | and fonal de - no comelation between SSRIs and brain development
of the foetus measured with regard to ml:lllgcncc and on a number of emotional and motor parameters,
Studies that look =t this are difficult to interpret as depression in the mother can influence these variables
by affecting the social environment).

| Citalopram,

sertraline,
fluoxetine

| Citalopram,

Sertraline

All S5RIs
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Meta-analysis
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Case report

Bayesian analysis

Animal model

Review of literature and clinical
gnidelines

Secondary data analysis

| Cross-sectional

Literature Review

Animal model

¢ Mindings/results

“Fluoxetine (OR 1.14, 95% CT 1.01— 1_10! and pmﬂme {OR 1.29, 95% C1 1.11-1.49) were associated
with increased risk of major wis i with i A risk of cardiac
malformations (OR. 144, 95% C1 1.12-1 96]
Sertraline and citalopram were not significantly d with | malfo

‘meta-analysis sugeests llnl children exposed in utero to SSRI medications have increased odds of
developing major ¢ lthough not cardiac or minor congenital malformations BUT
Subgrnm analysis suggests that the aggregate effect for major malformation is driven specifically by
paroxetine (OR 1.29, p=0.001) and Mluaxetine (OR. 1.14, p=0.04), with citalopram and sertraline exerting a
non-significant impact on effect size. *

* A woman treated with citalopram during the entirety of her pregnancy bore a child with Hirschsprung’s
disease... Epidemiological studies confirm a correlation between pregnant women's use of S5RIs and congenital
malformations of their children's digestive system, but not specifically Hirschsprung’s discase. Certain
limitations in these studics might explain this lack of specificity”

Sertraline was the most commonly reporied SSRI, but none of the five previously reported birth defects
associations with sertraline was confirmed.
confirmed previously reported associations buwocn right ventricular cutflow tract obstruction cardiac

All SSRIs

Citalopram

Citalopram,
escitalopram,
Tuoxetine,

defects in infants and I use of fl ar p ine early in pregr and between
or atrial septal defects in infants and maternal use of paroxetine,

confirmed associations between gastroschisis or omphalocele and paroxetine and between craniegynodosis
and Muoxetine

For nine p v reported iations |
were consistent with no association.

High posterior odds ratios excluding the null value were observed for five birth defects with paroxetine
(anencephaly 3.2, 95% credible interval 1.6 to 6.2; atrial septal defects 1.8, 1.1 to 3.0; right ventricular flu
tract obstruction defects 2.4, 1.4 to 3.9; gastroschisis 2.5, 1.2 to 4.8 and omphalocele 3.5, 1.3 to 8.0) and for
two defects with fluoxetine (right ventricular outflow tract obstruction defects 2.0, 1.4 to 3.1 and
craniosynostosis 1.9, 1.1 to 3.0).

reassuring evidence for some SSRIs but suggest that some birth defects ocour 2-3.5 times more frequently
among the infants of women treated with paroxetine or fluoxetine early in

pregnancy.

maternal SSRI use and birth defect in infants, findings

Rat pups were separated from their dams (3 h/day from P1-P21). When the pups reached adulthood (3
weeks old), we introduced RS (2 hiday for 3 weeks) followed by escitalog

*both the M5 and RS groups showed decreased levels of acetylated h:aunc H3 and H4 al BDNF promoter
IV, and RS rhated MS-induced d of H3 and H4 k oth the MS and RS groups had
increased MeCP2 levels at BDNF promoter IV, as well as increased IiDACS mBNA. and the combination
of MS and RS exerted a greater effect on these parameters than did RS alone. In the forced swimming test,
the immobility time of the M5 + RS group was significantly higher than that of the RS group®

chronic escitalopram treatment recovered changes.
‘results suggest that p I MS and sub adult RS modulate epigenctic changes in the BDNF gene,
and that these changes may be related to behavioral ph pe. These epi ic mechanisms are involved
in escitalopram action.”

or
sertraline

| Escitalopram

nnly p-mwine lead to an increased risk of 1 whereas 1l
and ine do not appear Lo increase this risk

*For the 2nd or 3rd lunar month of pregnancy (the relevant gestational period), SSRI use for a period of
more than 30 days was higher in case mothers (5%) than control mothers (3%). After adjustment for

matermal amoking and body mass index, the OR for any SSRI use and clubfoot was 1.8 (95% C1 = 1.1-2.8).

When individual S5R1s were examined, ORs were elevated for sertraline (1.6 [0.8-3.2]), paroxetine (9.2
[0.7-484.6]), and escitalopram (2.9 [1.1-7.2]).

*data suggest an increased risk of clubfoot occurrence in relation 1o SSRI use. Drug-specific risks varied
widely, and some estimates were unstable’

; ‘Pi'qmam womm'ﬁﬁ's'i'miﬁcnﬁlly Il'i,gh:r p:mcptiuns nrftﬂogcn'ib risks and lower confidence in use of

medicines compared to GPs. *
‘Differences in teratogenic risk perceptions and confidence in use were highest for escitalopram and lowest
for dexchlorpheniramine, representing texts with different phrasing and length. Neither pregnant women
nor GPs were confident in using Valeriana officinalis.”
“Perceptions of leratogenic risks and confidence in use of medicines during pregnancy differ within pairs of
pregnant women and their GP when they MHLB Phrasing of medicines ml'nlmstm texts can influence
genic risk perceptions and thereby p ibing of medicines and adi

“‘Fluoxetine and paroxetine use in carly pregnancy has been associated with a small increased risk for
specific cardiovascular malformations in some studies, fluoxetine with ventricular septal defects and
paroxetine with right ventricular outflow tract defects. The observed absolute risk for these specific
malformations is small. *

‘Data on preterm blrm low blrlll nughl md bcmg small for gﬂmonal age have been conflicting: and
mother's underlying dep i yan

‘Respiratory distress and neonatal adaplaum plohlcms are common in prenatally exposed infants, and an
increased risk for persistent pulmonary hypertension of the newbom has been observed in several studies.”

P
fuoxetine,
fluvoxamine,
sertraline,
citalopram,
escitalopram

| Citalopram,

escitalopram,
fluvoxamine,
paroxeting,
sertraline,
fluoxetine

All 55RIs

“several studies have not confirmed an i d risk for adverse P a recent study
observed an increased risk for autism sy disorders in p lly exposed ng'
‘Hyperoxia resulted in significant reduction in alveolar density and an increase in pul v end: Fl

cells, as well as increases in muscle layer areas of bronchi and arteries.'

“Fluoxetine trestment generated a further increase in muscularisation and did not significantly modify the
hyperoxia-induced reductions in alveolar density and increases in the endocrine cells.”
“In hyperoxia, Real-Time PCR showed a lower pul v ion of vascular endothelial growth factor
(VEGF) with no significant changes in the of matrix Il (MMP) 2 and 12."
‘Fluoxetine did not affect VEGF or MZMP-} expression but it significantly increased MMP-12 mRNA in
both nermoxic and hyperoxic groups.*

*Zymographic anilysts ofMM'P 2 ar.lwlry in bronchoalveolar fluid showed a significantly reduced MMP-2
activity in hyp while restored MMP-2 adtivity to levels comparable with the
NOMOXic group.”

“fluoxetine may worsen bronchial and arterial musculari
regulate MMP expression or activity.”

during devel

of BPD and may up-
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hittps:

Systemalic review

Casereport

Case-control study

Pharmacokinetic

Animal model

Antidepressant exposure was not associated with congenital malformations (RR = 0.93; 95% CI, 0.85-1.02;
P = .113) or major malformations (RR = 1.07; 95% CL 0.99-1.17, P = 095},

‘increased risk for cardiovascular malformations (RR = 1.36; 95% C1, 1.08-1.71; P = 008} and septal heart
defects (RR = 1.40; 959 C1, 1.10-1.77; P = .005) were found; the RR for ventral septal defects was similar
to septal defects, although not significant (RR = 1.54; 95% CI, 0.71-3.33, P = .274). Pooled effects were
significant for paroxetine and cardiovascular malformations (RR = 1.43; 95% CI, 1.08-1.88; P= .012).
*overal| antidepressants do not appear to be associated with an increased risk of congenital malformations,
but gatistical significance was found for cardiovascular malformations.”

RRs are marginal, therefore they may be the result of uncontrolled confounders. * Although the RRs were
aatistically significant, none reached clinically significant levels. *

Oddsmmfu'nmu | with matemal £ use was 1.12 (95% CI 0.98 o 1.28)
Fifteen cohont studies evaluated cardiac malformation and yielded an OR of 1.6 (95% C11.31 10 1.95)

cally FL‘{ :xposurt in non- -human nmmals can alter the development of the brain in ways that are relevant
1, decreasing ion and social interaction, and in some cases altering anxiety-
md dcpr:sann -like behaviours®

“fluoxetine inhibits the diff thal itor cells, as d 1 by d

All 85R1s

| Fluoxetine

Fluoxetine

iation of I
mlmbu' nfmmllr: neurons (Neu-N+ cells) ‘and increased number of undifferentiated cells (SOX-2+ cells)®
diced :

and mai of hypothalami nmmwnguuturcelmeadslndmgcsm
the mENA levels m‘nppmle I il

ncluding N ide Y (NPY) and Cocaine-and-
Amphetamine-Regulated- Transcript (CART} J;
first evidence that SSRIs affect the development of hypothalami Prog;
on appetite peplid

cells in vitro with

"Devel 1 f P to prenatal by stressed ol"t‘q']rlng reversed the effect of prenatal stress or
I’Iumictln: expoaure alone on the number of immature neurons,
‘Prenatal stress alone, of develop I 10
cell proliferation and tended 1o decrease m:w cell s.lmva] =

“in adult female offspring, devel greatly i
significantly decreased s'_mqaloph\. sin density in the granule cell layer.”

“There are long-term effects of developmental SSRI exposure on hippocampal plasticity that is
differentially affected by expose to matemnal adversity and offspring sex.”

markedly ds pp I

i new cell survival and

‘Cytogenctic abnormalities were observed in three cases (13%) and consisted of: 47, X3 +mar; mos
47, X0 +marf46,XX; and 46,XX(6;:10)(q13; g24).

“observed cases of OAVS with histories of i ion to £l retinoic acid and crack. One
of our patients was a discordant monozygotic twin who had shown asymmetrical growth restriction during
pregnancy’

“Ultimately, from this data there is no pattern in which PNAS is related to placental transfer of
antidepressant medications, In general, there is large interindividual variability for each type of
antidepressant. To make the most clinically informed decisions about the use of antidepressants in
pregnancy. udies that link matemal, placental and fetal genetic polymorphisms, placental transfer rates
and infant outcomes are needed”

“A late pretesm presented with tachypnoea, jitteriness, irritability and low grade fever, Blood gas showed a
compensated metabolic acidosis. His mother was taking the selective serotonin reuptake inhibitor (SSRI)
fluoxetine, 60 mg/day, and he was exclusively breast-fed.”

“The baby’s serum level of fluoxetine on day § was within the adult therapeutic range and his symptoms
were ascribed to fluoxetine toxicity. On changing to formula feeds, his symptoms resolved. *

“55RIs are commonly administered dunn,v, prtmnnq-' bl.l‘t SSRI toxlnty in infants is rarely n‘pened Itis
possible that this ion is under di ior, iy, a5 SSRI withdrawal in breast
fied infants whose mothers are on S5R1s. *

*There is limited research looking at serotonin excess in neonates, making case reports such as this
important in our leaming. Increased awareness may prompl more frequent measurements of blood levels in
breast-fed infants whose mothers are on SSRIs.

“5SR1 exposure in first trimester pregnancy was associated with CHD overall (OR adjusted for registry
141, 95% C1 1.07-1.86, fluoxetine ad) OR. 1.43 95% CT 0,85-2.40, paroxetine adjOR. 153, 95% CT 0.91-
2.58) and with severe CHD (adjOR. 1.56, 95% C1 1.02-2.39), particularly Tetralogy of Fallot (adjOR 3.16,
95%(1 1.52-6.58) and Hﬂ.clnskmomnl) (adjOR 8.23, 95% C1 2.92-23.16).

ions with SSRI were alzo found for ano-rectal atresia/stenosis (adjoR 246,
95% CI 1.06-5.68), gastroschisis (adjOR. 2,42, 95% CI 1.10-5.29), renal dysplasia (adjOR 3.01, 95% CT
1.61-5.61). and clubfoot (adjOR 241, 95% CI 1.59-3.65).
support a teratogenic effect of S5R1s specific Lo certain anomalies, but cannot exclude confounding by
indication or associated factors

*Vm, at variable [CDNE] (142 + 16 U/mg protein) was 3 times higher than the Vm obtained at variable
[GSH] (49 =4 U/mg protein), On the other hand, the Km for CONB was ~10 times higher than the Km for
GSH (1.99 £ 0.36 mM versus 0.21 + 0,06 mM). The 1C50 value for FLU was 8.6 mM. Both al constant
[CDNB] and variable [GSH] and at constant [GSH] and variable [CDNB] the mhibition types were
competitive with the Ki vaiues of 5,62+ 4,37 and 8.09+ 1.27 mM, respectively.”

Pr:nm:lpcrmaul ﬂlloxctm: did rml affect litter size, birth weight, or the posinatal growth curve.”
V ion under p itions was similar to that of control offspring. Fluoxetine
P reduced il ¥ 1o hyp J i3 a1 PE-PAD (P < 0.001) but not at PO-P5. At P8, it
reduced hypercapnia- |ncilcod neuronal activation in raphe nuclel (P < 0,05) and nucleus tractus solitarius
(P < 0,01} and the acidosis-induced increase in the respirstory frequency in braingtem slices (P < 0.05)"

“Fluoxetine applied acutely on control slices did not modify their respiratory response to acidosis.”

“We concluded that prenatal-perinatal fl i lmpalrs cculnll rcqumnry chcmar:cqiuon
during postnatal life. These results are relevant in und the p of y failures,
auch as sudden infant death syndrome, associated with brainstem serctonin abnormalitics and lhc failure of
respiratory diemoreflexes.”

| Fluoxetine

| Fluoxetine

| Al SsRis

Fluoxetine

Fluoxetine,
paraxetine

Fluoxetine

Fluoxetine
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Cohort study

Mndings’ SS5R1 of
Interesi
wie recommend that pregnant women exposed to any SSRIin early pregnancy be offered options

for prenatal diagnosis through ultrasound examinations and fetal echocardiography to detect the

presence of brth defects. Tapenng off or swalchng o other therapy m early pregnancy, if

appropriate for the individual, may also ba considarad on a casa-by-case basis

late exposure = ‘large case—control sludy reported & sixlold increase in the nsk of PPHN among

miants bom o mothers reated vath an SSRIm lale pregnancy. Lde 1 uteroe exposule Lo SSRls

has baan identifiad as a risk factor for impaired neonatal d findings amaong

nawhom infants whose mathars had been reated with S5RIs prior to dalwar\r include le';plramry

distrass, temperature instability, fesding dificulties, jitteriness, restlessness, convulsions, ndidity,

hypoghycermia, Jaundice, and olher symploms of abnormel [IeUIIHlﬂl adaptation. These wlnplun::‘

appear Lo be especally common with high-dose mateme reatment lale in pregnancy, particulary

with paroxeting’

Development = ‘mixed evidence lor ASD and ADHD - aulhors suggesled thal the observed nsk of
anlidepressants in pregnancy with ASD n the nfant 15 probably conlounded by the sevenly of

maternal iliness Mixed avidence for delayed psychomotor and fine motor development’

Pralonged use of S5R1 during pregnancy associated with lowear lan quage competence in children Al 5E5RIS
by age three independently of depression

Diata sugoest that human fatal brain development is susceptible to S5R1 exposure

Thi adusted relative risk ratios of language delay were 086 (0421 76) for short-term and 2,20

{1.21-4.27) tar long-lerm use

Oinly 57% of the children exposad to S5RIs during at least twoe periods fall in the best language

competence catadary. comparcd with T7% in children who were not eopased

Moderate dalay, that is, use of two- to three-word phrases, was also mare comman amang children

exposed i SSR1 during at least two penods (T%) than amoeng uncxposed children (3%)

wery lew children could be classihed as having cimcally impared language even afler long-lerm

prenatal exposura to S5R1

CET should be first ling, but S5R1s can represant a first line traatment strateqy, and not axclusively SERIs lor
in casas where Anx[) s rafractory o CET anxiety

Muother had taken paroxetine dunng the pregnancy and smoked cgarelles. Faroeting
Mafirm conclusions about parcsetine's rola

“Prior to 2005, studias had not suggested an increasad risk of major congenital malformation s with AlssRIs
in utaro exposure to S5R1s These studies, as wall as those since, wera generally limited by
insufficient power, confounding variables, concerns with the method of birth autcome classification,
and limited exposure information™

“Ciscrapant findings havea fuslad confusion, and it is unclear whather un-replicated results represant
true associations®

"Cna example of conflicting findings is tha refrospective case—control shides by Alwan at al and
Louik et d that linkad the use of S5R| drugs with rare maformations. Both studies carry a risk for
recall bias and have a high rate of non-responders”

“Cther studias are so small that they lack statistical power 1o detect anything, but exirame risk
increasas that are unlikely to occur with S5R1 exposurs "

“specihc palterns of congenilal mallormabions have not been demonstrated with S5R1s across
studias, and teratogenicity is usually determinad by a consistent risk and pattem of malformation "
“Specific individual studies have found malformations associated with specific SSRIs as isolated
repoits. These include hyperlropiuc stenoas, congenital heart defects, and olher major
abnormalities with fluoxeting, omphalocale and cardiac septal dafects with seriraline, and
omphalocale, congenital hear defacts, and neural tube dafects with citalopram. Other studies,
however, have not suggested an association batween flucxating, serraling, or citdlopram and majar
congemta abnormalbies. While the data are very hmited, esalalopram has nol been assoaaled
with nsk of major mallormation.”

“Five meta-analyses have investigated the risk for major malformations in asseciation with
antidepressant use duning pregnancy, Four of these studies found no statistically significant
mereased sk of major in the first ol pregnancy "

FAROXETINE - "multipls studias, akhoudgh not al, have found an association between prenatal
paroxeting exposure and an increased risk of congenital malformations, yet the causality and
magnitude of that nsk are unclear”, "recenl mela-anakyss based on research prior Lo 2006 found
that paroxeting was associatad wﬂh 1 T-fold risk increase of cardiac malformation”; "authors
concluded that first-trimeaster parcxating axposure is associated with an increased pravdanca af
combined cardac defects [prevalence adds ratio (POR) = 1.46%, 95% C 1.17-1.82) and
aggregated defects (FOR = 1.24, 95% CI 1.08-1.43) ~

PMAS - "1986, Chambers et al [25] published the first cohort study axamining PMAS and found
that late pregnancy exposune to fludxeting was associated with an ncreased special cane nurseny
admission rate when compared wath exposure garler m pregnancy. = "Another sludy that
prospechively compared neonatal complications inoinfants found that third-Inmester paroxeting
axposura had a high rate of neonatal complications compared with contrals (22% vs 5 5%,
respactively)”, "PMAS appaars to be multifactonial in nature, with late pregnancy antidepressant use
accounting, in part, for nesnatal symptoms., =

FPHM - Although studies have also reported an association between mode of delivery and PPHM,
sevoral were small and laclked control groups,

Parcwetine showed a larger distribution volume in placental tissue and a smaller transplacental Paroxating
transfer as comparad with antipyring, & passive diffusion marker,

Drespite controwersy over possibbe negative effects, prascribing of antidepréssants during Al 55RIs,
pregnancy increased between 2002 and 2010 Paroxating
Prascribing of paroxating, likely in response to wamings by the U S Food and Drug Administration,

dropped dramatically

“Absolute risks of MCA wara 2 7% (95% confidence interval, 95% CI, 2 62 8%) in children aof Al 55RIs
rothers without dizgnosed depression, 28% (5% C1 2.5-3.2%) in children of mothars with
unmedicated deprassion, and 2.7% (95% C1 2.2-3.2%) and 3.1% (95% CI 2.2-4.1%) in children of
muolhers with SSR15 o TCAS, respeclively.

Comparad with women without deprassion, MCA avarall was not associated with unmedicated
depression (a0R 107, 95% O 0.96-1.18), S5RIs (a0R 1.01, 95% CI 0.85-1.17), or TCAs (aOR
1.09, 95% C1 0.57-1.28).

Parcwetine was associated with ncreased heart anomalies (absolute sk 1.4% in the exposed
group companad with 0.8% in women without depression; a0R 1,78, 95% C1 1.09-2 88), which
decreased margnally when cmrlpared walh wormen with deegnosed bul unmedicaled depression
(a0 1.67. 95% CI 1.00-2.801."
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Prenatal paroxetine exposure may enhance the risks of major malformation,
particularly cardiac defects

Low-strength evidence suggested neonates of pregnant women with depression
taking SSRIs had higher risk of respiratory distress than neonates of untreated
women (13.9% compared with 7.8%; P<.001)

No difference in risk of neonatal convulsions (0.14% compared with 0.11%; P=264)
or preterm birth (17% compared with 10%, P=.07).

Evidence was insufficient for other cutcomes, including depression symptoms,
functional capacity, breastfeeding, and infant and child development.

In the year p di | of SERI p ibing was highest in
Wales [9.6%; 95% confidence |ninrval (Cl195 ), 9.4-9. B%] and lowest in Emilia
Romagna (3.3%; CI95, 3.2-3.4%).

During pregnancy, SSRI P ibing had dropped to k 11.2% (C195, 1.1-
1.3%) in Emilia Romagna and 4.5% (C195 , 4.3-4.6%) in Wales.
higher SSRI prescribing rates in the UK, F i with other Europ

Paroxetine was more commonly prescribed in the Netherlands and ltalian regluns
than in Denmark and the UK.

Compared with non-exposure to paroxetine, first trimester use of paroxetine was
associated with an increased risk of any major congenital malformations combined
(pooled OR 1.23, 95% CI 1.10, 1.38; n = 15 studies), major cardiac malformations
(pooled OR 1.28, 85% CI 1.11, 1.47; n = 18 studies), specifically bulbus cordis
anomalies and anomalies of cardiac septal closure (pooled OR 1.42, 95% CI 1.07,
1.89; n = 8 studies), atrial septal defects {pooled OR 2.38, 95% Cl1.14, 487, n=4
studies) and right ventricular outflow track defect (pooled OR 2.29, 95% Cl 1.08,
4.93; n =4 studies).

trend towards increased risk

A preterm infant was exposed to sertraline in utero and via breastmilk.

Beyond the ﬁrsl 48 hnurs aﬂsr birth, the infant developed increasing clinical signs
of ser iated with sut 1ce intake via breastmilk,
until breastfeeding was d|scnnhnued on postnatal Day 9.

Despite low calculated daily substance intake via br the serum
levels of the preterm infant were within the therapeutic range of adults.
Serotonergic overstimulation may be explained by the limited metabolic capacity of
the infant and the immaturity of the blood-brain barrier

"Similar to the effects of depression on the fetal environment, antidepressants have
the potential to affect the fetus in many ways, including pregnancy loss (38, 39),
growth reduction (reduced head growth, low birth weight, small for gestational age)
(25, 40-43), preterm birth (43, 44), and malformations (43, 45-50).

In addition, antidepressants may have an impact on neonates, as suggested by
recent studies of neonatal adaption (41, 51), neonatal and infant motor
development (52, 53), persistent pulmonary hypertension (45, 54-57), and infant
and child behavicral effects (58-80).

Finally, antidepressants may also affect the mother's health (61, 62). While some of
these studies have shown associations between antidepressant use and outcomes,
often others have not. It is difficult to determine cause and effect, as well as the
increased likelihood and absolute risk, on the basis of these studies.”

"strong data to suggest that antidepressants overall and sertraline in pamcular are
not associated with increased risk of cardiac malf ions in the

"theoretically maximum harm could be one additional malformation per 9000
pregnant women taking antidepressants.”

"continuing the antidepressant may decrease the possibility of depression
recurrence from B0-60% to 40-30%."

18,493 eligible pregnancies, 366 were exposed to sertraline, 1963 to other S5Ris
Sertraline use was not statistically significantly associated with risk of overall major
malformations when compared to nonuse of antidepressants.

sertraline exposure was associated with an increased risk of atrialiventricular
defects specifically (risk ratio [RR], 1.34; 85% CI, 1.02-1.76; 9 exposed cases),
and craniosynostosis (RR, 2.03; 95% Cl, 1.09-3.75; 3 exposed cases).

Exposure to SSRIs other than sertraline during the first trimester of pregnancy was
associated with craniosynostosis (RR, 2.43; 85% CI, 1.44-4 11, 18 exposed
cases), and musculoskeletal defects (RR, 1.28; 95% CI, 1.03-1.58; 104 exposed

cases).

S5R1 of
Interest
Paroxetine

All B5RIs

All 55RIs

Paroxetine

Sertraline

All 5SRIs

Sertraline

All SSRIs,
Sertraline





