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ABSTRACT

Maternal depression and treatment with selective serotonin reuptake inhibitors (SSRIs), the most common form
of pharmaceutical intervention, can both have an impact on infant development. As such, it is difficult for
healthcare providers to recommend a course of treatment to expectant mothers suffering from depression, or to
women on antidepressant medication prior to pregnancy. This review will discuss the existing research on the
developmental impacts of maternal depression and its treatment with SSRIs, with a particular focus on con-
tributing factors that complicate our attempt to disentangle the consequences of maternal depression and its
treatment such as the timing or severity of the depression. We will explore avenues for translational animal
models to help address the question of “Trick or Treat”, i.e.: which is worse for offspring development: exposure
to maternal depression, or the SSRI treatment? Further, we will explore sex-dependent outcomes for the off-
spring in human and animal studies as male and female offspring may react differently to the presence of
maternal depression or antidepressant treatment. Without more clinical and preclinical data, it remains difficult
for women to make an informed decision regarding their depression treatment before, during, and after their

pregnancy.

1. Introduction

Major depression is one of the most common neuropsychiatric dis-
orders worldwide. According to the World Health Organization (2017),
major depressive disorder is now the leading cause of poor health and
disability in the world. Depression also affects twice as many women as
men, often with a time of onset coinciding with childbearing years (for
review see: Glover and Clinton, 2016; Gutierrez-Lobos et al., 2002;
Kessler, 2003). It is estimated that as many as 30% of pregnant women
with depression are being treated with antidepressant medication, with
selective serotonin reuptake inhibitors (SSRIs) being the most prevalent
form of medication (Glover and Clinton, 2016). SSRIs are currently
often recommended for use during pregnancy, as untreated maternal
depression has been shown to negatively impact the development of the
offspring both during and after pregnancy (Belik, 2008; Brummelte
et al., 2017; Field et al., 2006). The potential risk of the drug effects and
the risks associated with withdrawal from the drug should be weighed
against the known negative effects of exposure to maternal depression
(Belik, 2008), however there is a lack of data to really perform this
evaluation carefully in each case.

Animal models of depression have become a valuable tool to begin
to assess the different long-term risks associated with exposure to

maternal depression, and those associated with exposure to treatment
with antidepressant medication. Currently, little research exists on the
long-term effects of prenatal antidepressant exposure in humans,
especially in regards to gender-specific outcomes, but using rodent
studies allows us to gain a greater insight into the potential impacts of
antidepressant exposure well into adulthood in males and females (also
see reviews on this topic by Zucker (2017, 2018)). In this paper, we
intend to discuss the current research on both the effects of maternal
depression and antidepressant exposure in the perinatal period in both
humans and animals, and compare the effects of these conditions with
an emphasis on sex-differences. We will discuss the values and the
limitations of this research in hopes of encouraging cooperation be-
tween healthcare providers and human and animal researchers. We
hope that this will lead to advances in translational research, thus
eventually helping women to make more informed decisions on treat-
ment avenues for perinatal depression. An overview of clinical and
preclinical findings in regards to SSRI treatment during pregnancy can
be found in Tables 1 and 2.

2. Etiology and consequences of maternal depression

Depressive disorders in pregnant women are one of the most
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Table 1
Humans/clinical.

Drug Dose Timing of exposure Effect Reference(s)

Short-term effects

Physical SSRIs (nonspecific) n/a 1st trimester-birth Spontaneous abortion Rahimi et al., 2006
Fluoxetine n/a 3rd trimester Shorter gestational age/preterm birth Chambers et al., 1996
SSRIs (nonspecific) n/a 2nd trimester Shorter gestational age Hayes et al., 2012
SSRIs (nonspecific) n/a 49+ days after conception Shorter gestational age Oberlander et al., 2006
SSRIs (nonspecific) n/a Within 270 days before delivery Shorter gestational age Simon et al., 2002
Fluoxetine n/a 3rd trimester Shorter birth length Chambers et al., 1996
SSRIs (nonspecific) n/a 49+ days after conception Lower birth weight Oberlander et al., 2006
SSRIs (nonspecific) n/a 3rd trimester Infant convulsions Hayes et al., 2012
Sertraline 113.2 = 72.3mg  3rd trimester Respiratory distress Casper et al., 2003
Fluoxetine 20 * 11.9mg
Paroxetine 17.2 = 10.1mg
Fluoxetine n/a 3rd trimester Respiratory difficulty Chambers et al., 1996
SSRIs (nonspecific) n/a 49+ days after conception Respiratory distress Oberlander et al., 2006
SSRIs (nonspecific) n/a 49+ days after conception Jaundice Oberlander et al., 2006
SSRIs (nonspecific) n/a 49+ days after conception Feeding problems Oberlander et al., 2006
Fluoxetine n/a After 20th week of gestation Persistent pulmonary hypertension (PPHN)  Chambers et al., 2006
Sertraline
Paroxetine
Fluoxetine n/a 1 month before pregnancy through 1st trimester ~ Cardiovascular anomalies Malm et al., 2011
Paroxetine
Sertraline 113.2 = 72.3mg 1st trimester (71%) Lower APGAR scores Casper et al., 2003

3rd trimester (74%)
Fluoxetine 20 = 11.9mg
Paroxetine 17.2 = 10.1 mg
Sertraline 113.2 = 72.3mg 1st trimester (71%) Lower psychomotor development scores Casper et al., 2003
3rd trimester (74%)

Fluoxetine 20 = 11.9mg
Paroxetine 17.2 = 10.1mg

Long-term effects

Behavioral®  SSRIs (nonspecific) n/a Preconception (1 year before delivery) & 1st
trimester
SSRIs (nonspecific) n/a 1st trimester
SSRIs (nonspecific) n/a 1st trimester
3rd trimester
SSRIs (nonspecific) n/a 4 weeks before pregnancy-delivery
SSRIs (nonspecific) n/a Preconception (1 year before delivery) through

birth

Autism Spectrum Disorder Croen et al., 2011
Autism Spectrum Disorder

Autism Spectrum Disorder
Developmental delays

No increased risk of Autism Spectrum
Disorder

Autism Spectrum Disorder
Developmental delays

Harrington et al., 2014
Harrington et al., 2014

Hviid et al., 2013

Man et al., 2015

& Most studies on long-term effects focus on developmental disorders and indicate an increased risk for autism spectrum disorders, however recent meta-analyses
indicate that this effect may disappear when controlling for maternal depression (Gentile, 2015; Kobayashi et al., 2016).

common forms of perinatal disease (Hubner-Liebermann et al., 2012)
and include symptoms such as weight loss and insomnia that can be
unhealthy for both the mother and her developing child.

Though the etiology of depression, and particularly maternal de-
pression, is still not well understood, stress is often cited as a preceding
factor in many cases of depression (Parker et al., 2003). Depressed
patients often show abnormal hypothalamus-pituitary-adrenal (HPA)
axis function and a flattened, but generally high diurnal profile of
cortisol release (Parker et al., 2003; Schule, 2007). Further, a recent
systematic review revealed that the cortisol awakening response is
blunted in cases of major maternal depression (Seth et al., 2016). In this
study, hypercortisolemia was linked to transient depressive states while
hypocortisolemia was more closely associated with chronic postpartum
depression (Seth et al., 2016), underlining the complexity of HPA
dysregulation in depressed patients during this period. Moreover, a
study by Scheyer and Urizar Jr. (2016) found that lower cortisol awa-
kening response in the first and second trimester of pregnancy, and
lower daily average cortisol levels in the second trimester, were asso-
ciated with higher levels of depression postpartum, suggesting that
HPA-axis functioning during pregnancy may play role in the risk for
developing postpartum depression.

Any form of dysregulation of the HPA axis during pregnancy or the
postpartum may have detrimental consequences for the mother and the
child, as stress and HPA axis activation also regulate our immune
system. Normally, there is a down-regulation of HPA axis function

32

during pregnancy (Brunton et al., 2008), however, chronic stress and
depression may result in the opposite, and this has been associated with
an increase in inflammatory markers in a state of stress-induced im-
munocompromise (Stix, 2007). Increased inflammatory response sti-
mulates lymphocytes to release cytokines, prostaglandins, and inter-
leukins, which are involved in the contractions of uterine muscle in
labor and delivery, thus heightening the risk for preterm labor and
delivery. In fact, women with symptoms of depression are 1.5 times
more likely to give birth to a preterm baby than non-depressed women
(Smith et al., 2011).

Interestingly, a new study by Pawluski et al. (2017) showed that the
neurobiology of perinatal depression seems to differ from major de-
pression at other times in a woman's life. In particular, they found that
depressed postpartum women exhibited an opposite activation pattern
of the amygdala and striatum in response to emotional stimuli com-
pared to women with major depressive disorder who did not recently
give birth. This further underlines that maternal depression is unique in
its underlying etiology and that we need more research to better un-
derstand its cause, consequences, and contributing factors. This in-
cludes better understanding of the factors relating to the experience of
depression in pregnant women in order to determine the best treatment
for mitigating the associated risks for both the mother and her child.
Some of these factors include: the timing of the onset of depression, its
severity and chronicity, and environmental factors contributing to or
remediating the depression. As all of these components play a role in
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the experience of depression during pregnancy and the postpartum, it is
crucial to investigate their exact contribution in hopes of lessening the
negative developmental consequences associated with maternal de-
pression.

2.1. Timing of onset of maternal depression matters for the outcome of the
offspring

In many research studies, women are recruited at a variety of points
throughout pregnancy, or at times only during the postpartum period,
and thus many studies, but not all, distinguish between antenatal and
postpartum depression. Women suffering from prenatal depression
have shorter gestation lengths, restricted fetal growth, and lower birth
weights than women without depression (Apter et al., 2011; Davalos
et al., 2012; Hubner-Liebermann et al., 2012). In addition, it has been
reported that maternal depressive symptoms, specifically during the
second trimester, are negatively correlated with cortical thickness in
areas of the right hemisphere that are involved in inhibition and at-
tention control in preschool-aged children (Lebel et al., 2016). Inter-
estingly, this was not the case for depressive symptoms experienced
during the first or third trimesters, further demonstrating that the
timing of the onset or experiences of depressive symptoms during
pregnancy may differentially impact the development of the offspring.
Another study correlated depression during the third trimester, but not
the first or second trimester, with increased rates of operative deliveries
(Chung et al., 2001). These studies indicate that depression during
pregnancy alone can have negative developmental consequences, be-
fore the infant is exposed to depression postpartum.

Assessing the effects of maternal depression becomes more com-
plicated after parturition. For instance, it has been repeatedly shown
that children of mothers suffering from postnatal depression are at an
increased risk for mood disorders in adolescence (Halligan et al., 2007;
Murray et al., 2011). However, as mentioned below, postpartum de-
pression affects several aspects of parenting and maternal attachment,
including more missed pediatric outpatient visits (Flynn et al., 2004),
mothers touching the infant less (Ferber, 2004), less positivity overall
toward the infant (Field, 1998), and less positive enrichment such as
singing and reading with the infant (Paulson et al., 2006). For com-
prehensive reviews of the impact of maternal depression on mother-
infant interaction see: (Beck, 1995; Brummelte and Galea, 2016; Field,
2010; Lovejoy et al., 2000; Martins and Gaffan, 2000). These factors are
critical components to the development of the infant, including the
resulting attachment style in the mother-infant relationship. In fact, it
has been shown that maternal depression during the postpartum period
predicts higher rates of insecure attachment (Campbell et al., 2004).
Thus, it is difficult to distinguish between the effects of the actual de-
pressive symptoms of the mothers on the child and the effects of her
altered parenting behaviors, though one could argue that those go
hand-in-hand. However, it is also important to consider the contribu-
tion of antenatal depression, as that can lead to a disturbed mother-fetal
attachment during pregnancy and this in turn can also impact the re-
lationship between the mother and her child in the postpartum (Dubber
et al., 2014), in addition to the fact that many mothers who experience
postpartum depression were already suffering from depressive symp-
toms during pregnancy. Bergman et al. (2010) attempted to address this
by measuring prenatal cortisol exposure and assessing attachment
styles after birth, and found that higher levels of prenatal cortisol ex-
posure was negatively correlated with cognitive ability in the infant,
but this was only true for infants with insecure attachments. Another
essential factor in regard to the timing and onset of depression is that
women may also enter pregnancy with a concurrent depression. As
discussed below, this adds another layer of complexity as this often
means that women are already taking antidepressant medication at the
time of conception. However, less research has been done to compare
the effects of maternal depression that started before or during preg-
nancy. Taken together, it is clear there is a critical need to collect more
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detailed information on the occurrence of depressive mood before,
during, and after pregnancy due to differences in the consequences for
the outcome on child development that may further depend on the
child's gender.

2.2. More severe and chronic maternal depression is associated with more
drastic outcomes

Depression can manifest in many ways, from mild mood dis-
turbances that may be transient in nature, to a debilitating experience
affecting the body, mind, and behavior. The vast array of combinations
of severity and duration of depression makes it a complex issue to study
in pregnant women and mothers. Existing studies show a variety of
results, highlighting the need to take into account the severity of the
depression, its chronicity, and the interaction between these two vari-
ables.

A study by Brennan et al. (2000) demonstrated that higher maternal
depressive scores were associated with greater impairment in vocabu-
lary and more reported behavioral problems in children at age 5. Si-
milarly, the more chronic the depression was, the higher the levels of
behavioral problems were and the lower the vocabulary scores. This
was further evidenced in a study that found the duration of the ma-
ternal depression negatively predicted cognitive scores, while the
number of depressive episodes after pregnancy was negatively corre-
lated with language scores in childhood (Nulman et al., 2002), em-
phasizing why both severity and chronicity should be assessed
throughout and after pregnancy, and each may play a separate role in
the developmental outcomes of the child. Another study found that
infants of mothers with high scores on a depression questionnaire at
26 weeks gestation had lower fractional anisotropy and axial diffusivity
in the right amygdala on a magnetic resonance imaging scan at two
weeks old compared to infants from mothers with low depression scores
(Rifkin-Graboi et al., 2013). In a follow-up study, greater prenatal
maternal depressive symptoms were associated with larger right
amygdala volume in girls, but not in boys at 4.5 years of age (Wen et al.,
2017). These measures indicate a reduced structural connectivity and
maturation of an area associated with anxiety and mood. Separating
severe depression from moderate or mild depression during pregnancy
may enable researchers to more accurately assess the risk of pharma-
cological intervention during the vulnerable time for the infant's de-
velopment. However, distinguishing between levels of severity of de-
pression during pregnancy is often difficult, as the DSM-V does not
specify exact criteria how to define whether a depressive episode is
mild, moderate or more severe. Further research is necessary to clarify
the developmental outcomes of depression during pregnancy, while
trying to account for the severity of the depression.

2.3. Contributing factors to effects of maternal depression

Environmental factors play an important role in the experience and
consequences of maternal depression and should be taken into account
whenever possible. For example, low socioeconomic status (SES) has
been shown to potentiate the adverse outcomes of maternal depression,
possibly related to the limited availability of emotional and mental
health resources (Hoffman and Hatch, 2000). One study by Herba et al.
(2016) linked the income level of families to a variety of other factors
such as food insecurity, perinatal infections, crowded or rural living
conditions, and interpersonal violence that may all impact the experi-
ence of maternal depression, demonstrating that SES itself may be
multifaceted as a modulator to development. On the other hand, studies
have suggested that a positive and stimulating environment may re-
verse some of the negative consequences of maternal depression
(Murray et al., 1996). This idea is supported by Black et al. (2007), who
demonstrated that parental responsiveness to the infant and opportu-
nities to play at home played key roles in mediating effects of maternal
depressive symptoms on the infant. A review by Leung and Kaplan
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(2009) indicates factors contributing to the severity of the maternal
depression to include: partner or marital difficulties, lack of social
support, social isolation, major life events, family violence or history of
abuse, and substance abuse.

Depression can also impact maternal health behaviors and maternal
bonding in a negative way (Dubber et al., 2014), which in turn may
contribute to the negative consequences for the children of mothers
with untreated depression. For instance, women with maternal de-
pression are 1.5 times more likely to engage in less healthy feeding and
sleep behaviors with their infant (Paulson et al., 2006) and are less
likely to seek prepartum care and support (Miller, 1999). Further, they
are more likely to smoke cigarettes, drink alcohol, and use cocaine than
non-depressed mothers (Zuckerman et al., 1989). These ‘unhealthy’
maternal behaviors could amplify adverse effects for children exposed
to maternal depression, which increases the complexity of studying the
consequences of this mental illness and further complicates the decision
of whether or not to pharmaceutically treat the maternal depression. It
is critical for researchers to investigate as much of the woman's day-to-
day life as possible in order to tease apart the relation of environmental
factors from the experience of maternal depression and their related
developmental effects.

2.4. Gender-specific outcomes after exposure to maternal depression

So far, only a fraction of studies has focused on gender differences in
the consequences of maternal depression, and many studies in-
vestigating early outcomes relating to mother-infant interactions have
not looked at whether maternal depression affects this relationship
differently if the infant is male or female, though most studies control
for gender in their analysis and aim for an even gender distribution
within their study sample (Ali et al., 2013; Evans et al., 2012; Kaplan
et al., 2015; Kaplan et al., 2012; Koutra et al., 2013; Nulman et al.,
2002; Pargas et al., 2010; Piteo et al., 2012; Sutter-Dallay et al., 2011).
Longitudinal human studies are more likely to assess the role of a child's
gender in developmental and psychological outcomes after exposure to
maternal depression. One recent study by Wen et al. (2017) looking at
brain development found an association between prenatal maternal
depressive symptoms and amygdala volume in girls but not boys at
4.5 years of age. In line with this, Buss et al. (2012) found an association
between higher maternal cortisol levels (albeit in healthy women) in
early gestation and an increased amygdala volume and more affective
problems in girls, but not boys at 7 years of age. Further, (Lebel et al.,
2016) found a stronger negative association between maternal prenatal
depressive symptoms and cortical thickness in girls than boys, but more
negative correlations between maternal postpartum depression and
white matter tract diffusivity in the superior frontal region in boys. This
again indicates that boys and girls may have different “sensitive per-
iods” when they are more susceptible to the exposure to maternal de-
pression.

In a measure of cognitive and behavioral development at 18 months
postpartum, it was reported that approximately 51% of males and 49%
of females suffered developmental delays as a result of antenatal ma-
ternal depression, suggesting equal rates of impairment for both sexes
(Deave et al., 2008). However, a different study revealed that though
both, males and females from 6 to 18 months old had lower cognitive
scores if they were exposed to maternal depression, females displayed a
greater increase in their scores during this time period than males
(Azak, 2012). Similarly, Murray et al. (2010) reported lower cognitive
scores in boys at 16 years of age, but not girls exposed to postnatal
depression, which suggests that potential gender-differences in resi-
lience or vulnerability to the long-term effects of maternal depression
may not be noticeable until later in life. Interestingly, Halligan et al.
(2007) demonstrated that more adolescent girls developed depressive
disorders after exposure to maternal depression than boys, however,
other research failed to find such gender-dependent outcome for de-
pressive-symptoms after exposure to maternal depression (Murray
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et al.,, 2011). It is conceivable that the timing of the exposure to de-
pression has an impact on these results, as (Quarini et al., 2016) de-
monstrated that rates of developing depressive disorders were greater
in females if the maternal depression was experienced during preg-
nancy, but risk was higher in males that experienced maternal de-
pression postpartum. Further, one study had found that adolescent girls
who were exposed to maternal depression in early childhood were more
likely to suffer from an emotional disorder when compared to boys
(Naicker et al., 2012). Looking specifically at anxiety, a study noted
that boys had an inverse relationship between intensity of maternal
depression and symptoms of anxiety while no association was found in
girls (Glasheen et al., 2013). This variation in findings again emphasizes
the need to consider the timing as well as severity of maternal de-
pression when investigating its developmental effects in boys and girls.
To date, the research does not seem to support a specific phenotype of
vulnerability for either boys or girls due to the high heterogeneity of the
available data, though some outcomes suggest that females may be
more sensitive to depression exposure during gestation, while boys may
be more vulnerable to postpartum depression. However, it is clear that
we need more research to determine whether there are consistent
gender-specific risks for developing emotional or cognitive deficits later
in life in response to maternal depression exposure.

3. Consequences of treating maternal depression with
antidepressants

As the literature cited above suggests, there is a great need for ef-
fective intervention strategies for treating maternal depression due to
the adverse associated consequences for the mother and the child.
While there are a wide variety of treatment recommendations by
healthcare providers for maternal depression, including pharmacolo-
gical treatment, cognitive behavioral therapy (CBT), or even electro-
convulsive therapy (ECT), we will focus mainly on the effects of the
pharmacologic approach in this paper. The reason for this is that as
many as 30% of depressed women are on antidepressant medication at
some point during pregnancy, despite little knowledge on how this
impacts fetal development in the long-term (Glover and Clinton, 2016).

Selective serotonin reuptake inhibitors (SSRIs) and serotonin nor-
epinephrine reuptake inhibitors (SNRIs) contain a warning by the Food
and Drug Administration for the potential for related complications
after birth, but they remain commonly used during pregnancy (Koren
and Nordeng, 2012) and are widely recognized as a reasonable treat-
ment option (Ray and Stowe, 2014). There are, however, several re-
ports of an increased risk for preterm birth and lower birth weights for
infants of women on SSRIs, in addition to cognitive and developmental
effects that can last well into childhood (Chambers et al., 1996; Hayes
et al., 2012; Oberlander et al., 2006; Simon et al., 2002). In addition,
heightened risks for spontaneous abortion (Rahimi et al., 2006), infant
convulsions (Hayes et al., 2012), and respiratory distress (Casper et al.,
2003; Chambers et al., 1996) have been reported. Recently, SSRI use
during pregnancy has also been correlated with higher risks for autism
spectrum disorders (Croen et al., 2011), though as reviewed by Gentile
(2015), these results remain controversial and the effect can disappear
when controlling for the maternal depression (Hviid et al., 2013;
Kobayashi et al., 2016; Petersen et al., 2014). Additionally, other re-
ports suggest no associated increased risk for premature birth, lower
birth weights, or other major malformations (Casper et al., 2003;
Einarson and Einarson, 2005; Emslie and Judge, 2000; Koren and
Nordeng, 2012; Rahimi et al., 2006), especially when medications are
used as directed within their recommended doses (Kulin et al., 1998).
The wide variety in results relating to antidepressant use during preg-
nancy and lack of a firm consensus amongst research studies may be
related to the wide range of variables involved in each study. These
variables may include: when the medication was administered, whether
the woman takes the medication throughout her pregnancy or dis-
continues during, what type of antidepressant is being used, and what
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dose is being prescribed (Brummelte, 2018). Not to mention all the
factors related to the maternal depression itself as discussed above (e.g.
onset, chronicity and severity of the depression). Any combination of
these factors may differentially impact the results of the research, and
more studies are necessary to elucidate the specific impact of each of
these variables.

3.1. Timing of antidepressant exposure matters

Studies demonstrate different effects on infant development de-
pending on when the antidepressant treatment was administered.
Hayes et al. (2012) correlated filling antidepressant prescriptions in the
second trimester of pregnancy with a shortened gestational age, and
third trimester SSRI use with infant convulsions (Hayes et al., 2012).
Another study found that infants born to mothers who took fluoxetine
throughout pregnancy had higher rates of premature delivery, lower
birth weights, shorter birth lengths, increased admittance to special-
care nurseries, and poorer neonatal adaptation compared to infants
born to women who only took fluoxetine in the first and second tri-
mester (Chambers et al., 1996). Interestingly, Harrington et al., 2014
found the highest association with autism spectrum disorder in their
sample with first trimester exposure to SSRIs, however more research in
this area is necessary, as other studies find no difference in infant
outcome between timing or continuing and discontinuing SSRI ex-
posure during pregnancy (Warburton et al., 2010).

In many cases, a woman is already on an antidepressant medication
when she becomes pregnant, however it is not uncommon that an an-
tidepressant intervention for depression becomes necessary during
pregnancy (Nonacs and Cohen, 2002). The timing of the start of the
antidepressant medication is relevant, as the neurotransmitter systems
of the fetus begin developing as early as the fifth week of gestation
(Sundstrom et al., 1993) and SSRIs can freely cross the placental barrier
(Loughhead et al., 2006; Rampono et al., 2009; Wang et al., 2007). The
presence of antidepressant medication during pregnancy may result in
higher than normal levels of these neurotransmitters in the fetus and
considering that they can act as neurotrophic factors this in turn may
result in an altered developmental trajectory (Brummelte et al., 2016;
Oberlander et al., 2009).

In the fetus, serotonin is originally synthesized in the placenta from
a maternal precursor, tryptophan, and accumulates in the forebrain of
the fetus early in pregnancy (Bonnin and Levitt, 2011). It then begins
modulating developmental processes, including neurogenesis and
apoptosis, and guiding axon branching and dendritogenesis (Gaspar
et al., 2003). By the tenth week of gestation, serotonergic fibers are
present in the cortex (Riccio et al., 2009). Several studies have de-
monstrated that disrupting 5-HT signaling during fetal development
disrupts normal neural development, including the formation of tha-
lamocortical axons (Bonnin et al., 2007). As 5-HT is directly involved in
the growth and guidance of these axons (Bonnin et al., 2007), the
timing of altered 5-HT in the fetus may differentially impact the de-
velopment of this pathway and can thus play a crucial role in cortical
organization (van Kleef et al., 2012). Another example of this is a study
by Janusonis et al. (2004) in which they injected pregnant rats with 5-
methoxytryptamine (5-MT), a full agonist at several 5-HT receptors, at
embryonic day 12. Offspring of rats treated with 5-MT had lower levels
of reelin, a glycoprotein heavily involved in cortical laminar and co-
lumnar organization, demonstrating a mechanism by which increased
levels of serotonin during development may create abnormalities in the
organization of the cortex (Janusonis et al., 2004). Interestingly, human
infants exposed to SSRIs during gestation also revealed lower levels of
reelin in their umbilical cords at birth (Brummelte et al., 2013). As
reelin levels usually decrease throughout gestation, these lower levels
may indicate that neurodevelopment may be occurring at an ac-
celerated rate triggered by the SSRI-induced increase of serotonin levels
during development (Brummelte et al., 2013). In line with this, levels of
S100B, an astroglial-specific Ca2 + - binding protein that is involved in
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proliferation and survival of glial cells and neurons and thus important
for brain maturation, have also been found to be lower in SSRI-exposed
neonates at birth (Pawluski et al., 2009). Considering that the role of
serotonin during development shifts from neurotrophic factor to neu-
rotransmitter, with different roles during different stages of develop-
ment, it is conceivable that the timing of exposure to SSRIs - and thus
increased levels of serotonin - matters significantly during brain ma-
turation. Thus, the outcome for the fetal brain may be very different if a
woman is taking SSRIs only during the first or last trimester or
throughout pregnancy. Similarly, reducing SSRI dose or withdrawing
from the drug completely and thus removing some or all of the (ele-
vated) serotonin levels from the fetus may also affect brain maturation
differently depending on when this change happens. Riccio et al. (2009)
demonstrated that increasing 5-HT in mouse cortical slices that were
extracted at embryonic day 17, decreased migration of interneurons.
After washing out 5-HT, the migratory speed resumed its normal pace
and there were no lasting effects on cell fate indicating that the effect of
serotonin was reversible. This demonstrates the adaptive plasticity of
the fetal brain, and gives plausible support to the idea that dis-
continuing antidepressant medication during pregnancy may differen-
tially affect the development of the fetus compared to continuing the
medication throughout gestation. There is evidence of withdrawal
syndromes in up to 30% infants after antidepressant use until parturi-
tion (Klinger and Merlob, 2008; Levinson-Castiel et al., 2006;
Oberlander et al., 2004). If there are high rates of withdrawal syn-
dromes in newborns after prenatal antidepressant exposure, it is plau-
sible that there may also be a withdrawal syndrome in utero if the
medication is discontinued during pregnancy. Depending on the timing
of discontinuation, this may also have differential impacts on the in-
fant's development. This is especially important to investigate as studies
assessing placental transfer of SSRIs to the fetus estimate exposure to
the parent drug at rates ranging from 8 to 78% depending on the type of
SSRI (Ewing et al., 2015, for review). Through knowledge of the timing
of the development of the serotonergic system, we may be better able to
make predictions about which points in embryonic development may
be more or less vulnerable to the effects of an antidepressant medica-
tion.

3.2. Contributing factors to antidepressant action

Another factor that is often neglected when considering anti-
depressant use and efficacy during pregnancy and the postpartum, is
the fact that pharmacokinetics can drastically change during these time
periods. Though only a few studies have been conducted to specifically
investigate the changes in SSRI kinetics during the perinatal period,
studies on other drugs suggest tremendous changes in metabolism and
thus bioavailability of psychoactive drugs during reproductive phases
(Tasnif et al., 2016). For instance, drug distribution, protein binding,
levels of metabolizing enzymes, renal filtration and secretion can
change during pregnancy and postpartum. For sertraline, an SSRI
commonly prescribed during pregnancy, one study with 6 participants
found no significant mean pharmacokinetic changes across pregnancy,
but the range of pharmacokinetic changes between individuals was
broad, indicating heterogeneity regarding the impact of pregnancy on
sertraline metabolism (Freeman et al., 2008). Further, most women
displayed the lowest area under the curve and C-max levels for ser-
traline in the third trimester suggesting that SSRIs may be less effective
in late pregnancy, but this may also result in less exposure to the fetus.
Overall, it is conceivable that the large individual differences in preg-
nancy-induced alterations in pharmacokinetics of antidepressants may
play a role in the varying effects on the outcome of exposed children.

Additionally, the extent of the ability of alterations to the 5-HT
system to impact neurodevelopment may be linked to genetics. For
instance, a polymorphism (short (s) or long (1) alleles) in the promoter
region of the serotonin transporter (5-HTT) gene (SLC6A4) has been
shown to relate to differences in SSRI efficacy. Collier et al. (1996)
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demonstrated this by showing that the short allele is associated with
reduced 5-HTT binding and expression, and thus 5-HT reuptake com-
pared to the long allele. Oberlander et al. (2008) investigated whether
SLC6A4 genotype will moderate the association between SSRI exposure
and adverse consequences for fetal development and found effects that
highlight the association between genetic factors and neonatal out-
come. First, neonates with the short/short (s/s) allele form in the pro-
motor region of the SLC6A4 gene in combination with SSRI exposure
had lower APGAR scores at 5 min after birth, in addition to and higher
birth weights after controlling for gestational age. Further, infants with
the 1/1 genotype and SSRI exposure had an increased risk of rapid
breathing and jitteriness than infants with other genotypes. Another
study by Brummelte et al. (2013) found that infants with at least one
short allele of the SLC6A4 gene had higher levels of reelin than infants
with both long alleles, and though SRI exposed infants had overall
lower reelin levels compared to non-exposed infants, there was no in-
teraction effect of genotype and SRI exposure in this study.

Taken together, it may be beneficial to investigate the maternal and
fetal genotype when conducting research on SSRI efficacy and impact
during pregnancy (Brummelte et al., 2016). This may help alleviate
some discrepancies amongst the literature on the effects of SSRIs during
pregnancy, and allow for a more certain consensus amongst re-
searchers.

3.3. Gender-differences in human studies after gestational antidepressant
exposure

Unfortunately, not many studies have reported outcomes of gesta-
tional antidepressant exposure separately for boys and girls, though
most studies control for gender in their analysis. As mentioned above,
some recent studies have found an association between antidepressants
during gestation and Autism Spectrum Disorder (ASD) or Attention-
Deficit Hyperactivity Disorder (ADHD) (Croen et al., 2011; Man et al.,
2015). Considering that these neurodevelopmental disorders are
usually more prevalent in males, it is not surprising that one study
found stronger positive correlation between prenatal antidepressant
exposure and susceptibility for developing ASD in boys alone than in a
gender-combined analysis (Harrington et al., 2014). Though studies
investigating antidepressant exposure separately in males and females
are sparse, the few studies out there suggest that there may indeed be
sex-dependent outcomes. For instance, our results revealed that girls,
but not boys, had lower reelin levels in umbilical cord blood after ge-
stational SRI exposure compared to non-exposed infants (Brummelte
et al., 2013). Considering reelin's important role for cell migration
during neonatal development it is conceivable that this early sex-de-
pendent effect may contribute to gender-specific differences later in life
in SRI-exposed children. Further, it is well-known that serotonin plays a
role in sexual differentiation by mediating the hypothalamic pituitary
gonadal axis development, which could further explain how SSRI ex-
posure could result in sex-dependent outcomes (Pawluski and Gemmel,
2018).

4. Unique challenges to modeling perinatal depression in animals

Animal research is a valuable tool to help investigate the varying
consequences of maternal depression and antidepressant treatment
before, during, and after pregnancy. However, due to the subjective and
intrinsic nature of the experience of depression, it remains a challenge
for researchers to model this disorder in animals. Extensive research has
linked high levels of stress or the experience of a stressful event to an
increased risk of depression in humans (Fava et al., 1981; Lloyd, 1980;
Mitchell et al., 2003) and cortisol, the human stress hormone, is im-
plicated in depression via dysregulation of the HPA axis (Herbert, 2013;
Piwowarska et al., 2012) including perinatal depression (Gelman et al.,
2015), and depression occurring postpartum (Glynn et al., 2013). This
led to the theory that exposure to chronic, unpredictable stress in
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animals can create a depressive-like phenotype. Briefly, animal models
usually involve using an uncontrollable source of chronic stress in order
to achieve a detriment in functioning that parallels the experience of
depression in humans. Another commonly-used stress-based approach
is the direct administration of CORT, the main stress hormone in ro-
dents, instead of subjecting the animal to a particular stressor or set of
stressors. Chronic CORT administration at levels similar to those evoked
by a stressful event has been shown to increase depressive-like behavior
(Gregus et al., 2005; Kott et al., 2016), reduce body weight, and
maintain high levels of CORT in serum (Brummelte and Galea, 2010;
Kott et al., 2016). Administering exogenous CORT instead of a para-
digm of stressful procedures may help to standardize the results of
animal models based on stress by limiting factors such as the handling
involved in many of the other paradigms and differences in the in-
dividual response to chronic stressors amongst animals and sexes.

Another approach to modeling maternal depression is based on
ovarian-hormone withdrawal. In these studies, animals undergo a
hormone-simulated pregnancy and the following withdrawal from
elevated ovarian hormones induced depressive-like behaviors including
increased immobility in the forced swim test (FST), sucrose anhedonia,
learned helplessness, anxiety-like behavior and increased aggression
(Galea et al., 2001; Green et al., 2009; Suda et al., 2008). Further, they
found decreased hippocampal neurogenesis (Green and Galea, 2008)
and increased mRNA levels of varying hippocampal transporters and
receptors (Suda et al., 2008) following a hormone-simulated pregnancy.
However, this model focuses on the effects of the depression on the
dam, as there are no offspring produced with a simulated pregnancy.

Modeling perinatal depression poses other unique challenges.
Procedures such as olfactory bulbectomy or similarly invasive proce-
dures may not be practical approaches during pregnancy. Further, fe-
male rats have a different physiology compared to traditionally-used
male rats that may impact the effectiveness of common stress-based
models. In fact, female and male rats have been shown to vary in re-
sponsiveness to different stressors (Dalla et al., 2010) and females have
higher basal CORT levels than males, indicating their ability to adapt to
stress differently than the opposite sex (Weinstock et al., 1998). Dalla
et al. (2008) found that female rats are more sensitive to the forced
swim test than males are, but show less helplessness behavior in re-
sponse to a foot shock than males. Further, pregnancy is associated with
a down-regulation of HPA axis sensitivity and thus stress reactivity in
females (Brunton et al., 2008; Neumann, 2001). In addition, modeling
depression after pregnancy requires some practical considerations.
Subjecting a dam to a chronic unpredictable stress paradigm or learned
helplessness paradigm would involve periods of separating the dam
from her litter, exposing the litter to the stress of separation. Further,
the pups would be directly exposed to some stressors such as wet
bedding, strobe light etc. This added stressor to the litter may confound
the results, as it is different than the litter being exposed to a stressed/
depressed dam alone. It is thus a necessary component to models of
maternal depression to find a way to model depression in the dam,
without impacting the litter with unintentional stress. Therefore, one of
the commonly used approaches to model maternal depression during
pregnancy or the postpartum is the direct administration of CORT. It
avoids the subjective changes in stress sensitivity between animals
during these periods and does not expose the litter to any prolonged
separation from the dam (Brummelte and Galea, 2010; Brummelte
et al., 2012; Brummelte et al., 2006; Gobinath et al., 2016). Despite the
challenges in modeling depression in an animal, it is essential to study
the effects of antidepressant exposure in animals models of depression,
to a) distinguish between effects of the disorder per se compared to the
medication and b) because the effects of the medication may differ
between healthy and ‘depressed’ animals.
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4.1. Modeling timing of onset, severity and other contributing factors of
maternal depression in animals

The confounds previously mentioned in the human literature such
as the timing of onset of the depression, the severity and chronicity of
the depression, and environmental factors associated with the experi-
ence of depression and their impact on development can all be studied
in animal models with a substantial degree of control over those vari-
ables. Further, we have detailed information on neurodevelopmental
milestones and sensitive phases in rodent that will help to better un-
derstand the underlying mechanisms involved in altered brain ma-
turation after exposure to maternal depression or its treatment. For
example, we know that the functional maturation of the fetal HPA axis
is completed around gestational day 17 in rats (Boudouresque et al.,
1988), a level of specificity that is difficult to obtain in humans and
valuable information when studying the effects of maternal depression
in a translational manner. Studies have shown that an acute stressor to
a dam at gestational day 10 resulted in an increase in adrenocortico-
tropic hormone (ACTH) and subsequent increase in CORT in the dam,
but only an increase in CORT (and not ACTH) in the fetus, indicating a
maternal source of CORT only for the fetus at this stage in gestation
(Erisman et al., 1990). Other studies have confirmed that administering
glucocorticoids or stressing the dam on gestational days 15-19 is the
developmental timeframe most vulnerable to cause a long-lasting dys-
regulation of the HPA axis in the offspring (Fride et al., 1986; see
Weinstock (2005) for a complete review). We can use this information
from animal studies to develop a timeline of the HPA axis maturation as
a means to draw parallels to the developmental processes in humans
and gain better insight into the timing at which a fetus may be more
vulnerable to the effects of maternal stress and depression. It is neces-
sary, however, to keep in mind that in rodents, the third trimester of
pregnancy occurs postnatally (Maier et al., 1997), which poses another
challenge to investigating the effects of maternal depression in a
translational manner.

Animal models also allow researchers to tease apart the effects of
depression occurring before pregnancy, with an onset during preg-
nancy, during the postpartum period only, or encompassing the entire
perinatal period. For example, some studies show that prepartum stress
and depression in the dam is related to long-lasting hyperactivation of
the HPA response, altered circadian rhythm, high levels of anxiety and
depression-like behavior, reduced social interaction, sleep abnormal-
ities, and hedonic deficits in the offspring (Darnaudery and Maccari,
2008; Weinstock, 2001, for review). In a model of postpartum depres-
sion, high levels of CORT given via a subcutaneous injection to the dam
from postnatal days 1-27 resulted in a depressive-like phenotype in the
dams and altered behavioral outcome in the offspring. In particular,
offspring of the depressed mothers had high scores in a resistance to
capture task, greater locomotor activity, and male offspring showed
decreased cell proliferation levels in the dentate gyrus at weaning age
(Brummelte et al., 2006). This type of research allows for further in-
vestigation on the importance of the timing of maternal depression on
the developmental outcomes of the offspring, and can aid in studying
the remedial effects of various treatment options to moderate the ne-
gative effects of maternal depression in the perinatal period.

Another adaptive feature of animal models of maternal depression is
the ability to adjust between mild and severe stress/depression. For
instance, offspring of dams given a high dose of CORT (40 mg/kg,
~severe depression) during pregnancy showed more depressive-like
behavior in the forced swim test compared to controls, but offspring
from dams receiving a low dose (10 mg/kg, ~mild depression) did not
show any alterations in forced swim test behaviors (Brummelte et al.,
2012). Further, 1 h after a restraint stressor, all high CORT groups had
significantly lower CORT levels compared to undisturbed controls,
while low CORT offspring showed no significant alteration compared to
controls. Interestingly, this study also revealed timing and dosing in-
teraction effects such, i.e. if animals were exposed to low or high CORT
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in utero they had lower baseline CORT levels compared to controls, but
animals exposed to low CORT (but not high CORT) during the post-
partum period had higher baseline levels. Taken together, this study
demonstrated that maternal glucocorticoid exposure and thus induced
depressive-like behaviors in the dam have long-lasting, dose- and
timing- dependent effects on offspring's behavioral and neuroendocrine
outcome, underlining the importance of taking these factors into ac-
count when investigating the consequences of maternal depressive-like
behavior.

4.2. Animal models of perinatal antidepressant exposure

Much of our current knowledge on the long-term developmental
effects of antidepressant exposure in utero comes from animal research.
Animal studies have been invaluable to studying this, as rodents have
short gestations, large litter sizes, and the offspring reach adulthood
relatively quickly. This is particularly important as the effects of anti-
depressant exposure early in life may not emerge until well into
adulthood and thus we are mainly lacking the human data to in-
vestigate these long-term effects (Olivier et al., 2011). A review by
Glover and Clinton (2016) highlights some of the present findings on
developmental SSRI exposure in rodent models, indicating prominent
long-term neurobehavioral and brain adaptations, including disruptions
in social behavior, cognition, and behavioral inhibition and despair as
well as long lasting changes in serotonergic tone, hippocampal neuro-
genesis, and epigenetic programming.

Animal studies will help us to gain a better understanding of the
underlying mechanisms responsible for the antidepressant-induced
changes in behavior and cognitive outcome. Several studies indicate
that exposure to SSRIs during the perinatal period disrupts the devel-
opment of the serotonergic system in rodents by resulting in excess
serotonin levels in the immature, fetal brain (Liao and Lee, 2011;
Maciag et al., 2006; Weaver et al., 2010). Further, a microarray ex-
periment found that perinatal SSRI exposure induced changes in gene
expression for genes involved in neurogenesis, synaptic plasticity, and
epigenetic processes in the hippocampus (Glover et al., 2015). Altered
gene expression and excess levels of serotonin during early develop-
ment could result in permanent changes in the functional connectivity
and wiring of brain networks that in turn may lead to the behavioral,
social, and cognitive changes reported with perinatal SSRI exposure
(Brummelte et al., 2013). These findings will eventually help us to
understand the complexities of the effects of antidepressant exposure in
the peripartum period.

However, there are still many discrepancies amongst animal find-
ings on antidepressant exposure in the perinatal period, and these are
likely related to studies using: different SSRI antidepressants, different
administration routes, different strains and species of rodents, different
timing of drug administration, and different behavioral assays and test
conditions in assessing offspring behavior (Glover and Clinton, 2016).
Further, animal studies frequently administer antidepressants at the
beginning or half-way through pregnancy or early in the postpartum
period, an approach that does not resemble the human condition very
well. Most frequently, a woman is already on antidepressants before
becoming pregnant, and is forced to choose whether or not to continue
the medication. Only a few women start the medication during preg-
nancy and, if so, usually not until symptoms emerge (i.e. not right after
conception). This is important as the brain and body will adapt to the
presence of the drug in the system, and will try to re-establish its
homeostasis with the new continuous presence of the drug. Thus, the
body's reaction to the drug will be different in an established versus a
new user. However, this is something animal models often do not ac-
count for in their approaches, as they begin administration at the first
day of pregnancy or on the first day of the postpartum period
(Brummelte, 2018).

It is also necessary to investigate the effects of antidepressant ex-
posure during pregnancy using clinically-relevant doses and
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administration routes, although this may be difficult to determine
sometimes due the different physiology and metabolism between hu-
mans and rodents. Doses for fluoxetine administration seem to vary
from 5 to 25mg/kg and oral, subcutaneous and i.p. injections have
been used to administer the drug to either the dam or neonatal pups,
themselves, with obviously varying effects (for review see Glover and
Clinton, 2016). Unfortunately, hardly any study actually measured the
drug or metabolite levels in the blood of the dam or pup after admin-
istration, which makes it difficult to determine which dose and ad-
ministration route may be the most appropriate. We recently completed
a study investigating the effects of sertraline during pregnancy and
measured serum levels on gestational day 16 (treatment started at least
7 days prior to conception). Our findings showed that 20 mg/kg given
daily via oral gavage results in clinically-relevant serum concentrations
of sertraline (60 ng/ml) that are within the range of human exposure
levels (30-150 ng/ml) (Kott et al., 2018). It is important to mention,
that serum levels do not necessarily represent levels in the brain,
however, brain levels are even more rarely measured.

Another key factor in investigating the effects of antidepressant
exposure in the perinatal period in a translational fashion is that it
should be done in animal models of depression. Without the combi-
nation of exposure to maternal depression and the potential for mod-
ulation by antidepressant exposure, the effects of antidepressant ex-
posure alone lose a great deal of translational value, as a healthy
pregnant woman would not be on antidepressant medication. As dis-
cussed above, there are certain challenges in modeling perinatal de-
pression in animals, but it is important to be able to compare the effects
of antidepressant effects in healthy and ‘depressed’ animals and dis-
tinguish them from the effects of the maternal depression alone. One
study by Ehrlich et al. (2015) investigated the effects of escitalopram
(an SSRI) treatment in a model of maternal stress/depression based on a
chronic unpredictable mild stress paradigm and found that regardless of
antidepressant treatment, the stress exposure increased anxiety-like
behavior in adolescent offspring (Ehrlich et al., 2015). Similarly, a
study by Bourke et al. (2013) using the same design found no effect of
escitalopram treatment on behavior in adult offspring from either the
stressed or the non-stressed dams. Another study used a rodent model of
maternal postpartum depression based on high levels of CORT given
during the postpartum period and found that pups exposed to CORT
and fluoxetine had lower body mass compared to CORT alone or
fluoxetine alone (Gobinath et al., 2016).

Last, but not least, another area for improvement in terms of animal
research lies in the lack of studies investigating the discontinuation of
antidepressant drugs during critical periods of development
(Brummelte, 2018; Kott et al., 2018). As discussed earlier, many women
are already on antidepressant medication and faced with the decision of
whether to continue or discontinue the treatment. In fact, many women
do decide to stop their medication shortly after the first trimester
(Hayes et al., 2012) and the effect of this has —to our knowledge- not
been modeled in animals until recently (Kott et al., 2018). Considering
the high prevalence of serotonin withdrawal syndrome in neonatal in-
fants exposed to SSRIs during gestation, it is conceivable that the fetus
will undergo a similar withdrawal syndrome in utero if the mother
decides to discontinue the drug. Animal models would allow for a de-
tailed study of this phenomenon and whether there are sensitive per-
iods during fetal development that may be more vulnerable to the
sudden withdrawal of excess serotonin levels.

4.3. Sex-specific effects of maternal depression exposure and its treatment
in animal models

Human studies are often underpowered to fully investigate gender
differences in response to gestational antidepressant exposure. Animal
research could help fill this gap though many studies still only report
data for both sexes combined or only one sex (most commonly males,
see Glover and Clinton (2016), review). There is emerging evidence,
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however, that males and females may have different vulnerabilities for
the exposure to maternal depression and its treatment. For instance,
male offspring, but not females of dams exposed to high levels of CORT
in the postpartum period exhibited more anxiety-like behavior in the
elevated plus maze, while both males and females of high CORT at any
time (pregnancy, postpartum, or both) had higher resistance to capture
scores, which are indicative of more anxious or aggressive-like behavior
(Brummelte et al., 2006). Further, several studies have shown sex-
specific effects of gestational or postpartum antidepressant exposure.
For instance, Gobinath et al. (2016) found that postpartum maternal
fluoxetine treatment increased anxiety-like behavior in adult male, but
not female offspring, in addition to increasing the density of immature
neurons in the hippocampus of males, but decreasing the density in
females, regardless of the maternal depression state. Interestingly,
Sarkar et al. (2014) found a similar effect of increased anxiety in male
offspring after administering 10 mg/kg fluoxetine directly to the pups
during postnatal day 2-21. Unfortunately, female offspring were not
investigated in this study. Another study investigated the effects of
perinatal fluoxetine on anxiety-like and explorative behaviors and
found effects of drug-exposure but no differences in the outcome be-
tween males and females (Lisboa et al., 2007). Intriguingly, several
studies have reported significant decreases in sexual activity in male
offspring after perinatal antidepressant exposure (Harris et al., 2012;
Rayen et al., 2013; Soga et al., 2010), however, females seem to re-
spond with an increase in sexual activity (Rayen et al., 2014). Further,
Pawluski and Gemmel (2018) recently summarized sex-specific findings
for SSRI exposure on neurogenesis and hippocampal plasticity and
concluded that males may be more sensitive to the effect of maternal
stress, while females seemed more vulnerable to the exposure to SSRIs.
This underlines that the preference for studying only male offspring
creates a gap in our understanding of the full effects of maternal de-
pression and perinatal antidepressant exposure.

Taken together, animal models of maternal depression and anti-
depressant exposure have significantly advanced our understanding of
the consequences of exposure to the offspring, and have helped to il-
luminate potential underlying mechanisms behind the developmental
effects. However, we should strive to improve the translational features
of the current model to eventually help human mothers to make more
informed decisions about their depression treatment during pregnancy
and the postpartum.

5. Conclusion: comparing the effects of maternal depression to
those of antidepressants: what should we do?

Researchers have been able to determine that the consequences of
developmental exposure to maternal depression are contingent on
several components, including the timing of the onset of the depression,
the severity and chronicity of the depression, and a variety of en-
vironmental factors. This, in combination with a variety of factors re-
lating to the treatment options for depression in pregnant women,
creates a complex issue for a woman who is attempting to choose
whether or not to continue antidepressant treatment during pregnancy.

Previous strategies have included developing a “risk-benefit” deci-
sion-making model for women, where psychiatrists work in tandem
with pregnant women and their families and physicians to assess the
possible outcomes of the various treatment options in order to ensure
that every option is discussed in a clear manner to help depressed
women make informed decisions regarding their treatment during
pregnancy (Wisner et al., 1999). However, currently there is not a clear
enough consensus amongst research finding to make an easy decision.
This is highlighted in a recent review by Molenaar et al. (2018), that
demonstrated the current discrepancies between clinical practice
guidelines for pregnant women on antidepressant medications. For
women with existing depression, 4 treatment guidelines suggested
continuation of the medication, while 5 guidelines did not advise or
discourage the use of the medication during pregnancy (Molenaar et al.,
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2018). The severity of the maternal depression may play a role in de-
termining whether or not to treat and/or continue antidepressant
treatment: for new mild episodes of depression, the recommendations
suggest psychotherapy, while for severe cases, medicating with an SSRI,
preferably sertraline and not paroxetine, may be the better option
(Molenaar et al., 2018). Additionally, as discussed by Nonacs and
Cohen (2002), and Belik (2008) it may be safer for a woman suffering
from recurrent depression to continue pharmacological treatment
during pregnancy than expose the fetus to the detrimental con-
sequences of maternal depression as described above. Especially con-
sidering that research has indicated higher frequencies of relapse of
depressive symptoms during pregnancy after discontinuation of anti-
depressant treatment (Chisolm and Payne, 2016; Cohen et al., 2006).
Thus, the decision to continue treatment may need to be based on
highly individualized factors incorporating the woman's experience of
depression, her home environment, the timing of exposure, and even
epigenetic factors (McAllister-Williams et al., 2017).

Due to the potential risks of treating depression during pregnancy
by pharmacological means, it is noteworthy to assess valuable treat-
ment avenues that may remediate depression with potentially fewer
developmental consequences for the offspring, such as CBT and ECT.
Both of these methods have shown some success in treating depression,
with ECT being especially beneficial for depression resistant to phar-
macological interventions (for review, see Saatcioglu and Tomruk,
2011; Sockol, 2015). Both treatment with antidepressant medication
and psychotherapy options may be beneficial for alleviating the
symptoms of depression during pregnancy on a situational basis and
depending on the preference of the mother after weighing out risks for
the offspring. Additionally, in recent years novel treatments for post-
partum depression, such as brexanolone, have shown promise in re-
mediating depressive symptoms (Meltzer-Brody and Thorp, 2011), of-
fering additional options for women for symptom relief after parturi-
tion.

Though recent studies are indicating that the risk of SSRI medica-
tions overall seems relatively low, and that previous studies that had
reported higher risks may have failed to control for the underlying
depression (Chisolm et al., 2015), the developmental impacts of dis-
continuing treatment during pregnancy for the fetus are still mostly
unknown. In fact, the British Association for Psychopharmacology re-
commends to avoid sudden antidepressant discontinuation at the be-
ginning of pregnancy due to risks of discontinuation syndrome and
relapse (McAllister-Williams et al., 2017). Thus, the goal of present and
future research should be to better enable women and healthcare pro-
viders to make an educated choice about available treatment options
and whether and when to consider discontinuing pharmacological
treatment for maternal depression.

Animal studies are valuable in assessing any harmful effects of an-
tidepressant use and understanding the impact of different exposure
times, however, animal research also needs to prioritize assessing the
therapeutic potential of these medications in animal models of de-
pression to enhance the translational value of this research. Animal
models are additionally essential in studying the many effects of dis-
continuing the antidepressant exposure and withdrawal syndromes,
further aiding human research in understanding the consequences of
discontinuing antidepressant use and investigating possibilities for re-
mediating the negative effects of withdrawal. From human research, it
is apparent that the timing of exposure does play a role in the outcomes
of the infant, as such, it stands to reason that the time of discontinuation
is equally important.

Taking into consideration the above research and the factors con-
tributing to the variations in results, it is apparent that there is a critical
need for a strong collaborative effort between healthcare providers and
researchers in both human and animal domains in researching the de-
velopmental effects of maternal depression and antidepressant exposure
in the perinatal period. Healthcare providers and human researchers
can make a concerted effort to gain as much information as possible on
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each woman's experience of depression, including information on its
severity, chronicity, timing of onset, and any environmental factors
contributing to her depression. As environmental factors including the
lack of a support network at home, low SES, financial insecurity, and a
host of other stressors are closely related to the experience of depression
and its outcomes, it is necessary to consider all of this information when
deciding appropriate treatment options. This increased awareness of
the highly individualized and multifaceted experience of depression
during and after pregnancy will allow animal researchers to improve
existing models of depression to be more reflective of the human ex-
perience and gain results with greater translational value. This may
include having several animal models of maternal depression, each
applicable to a particular manifestation of the depression in humans.
Variations in models may include different combinations of the se-
verity, chronicity, and timing of onset of the depression, in order to
enable researchers to investigate the effects of antidepressant exposure
in different models paralleling the depressive experience in humans and
further enhancing the translational value. The intention of this review is
to highlight the great progress that has been made thus far, and to in-
spire collaborative efforts amongst researchers in order to better enable
women to make informed decisions on treatment options for depression
during the perinatal period.
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