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Abstract

The objective of this study is to determine whether maternal antidepressant use during pregnancy influences uteroplacental
hemodynamics, thereby affecting fetal growth and gestational age at delivery. The secondary aim was to determine the incidence
of neonatal abstinence syndrome (NAS) among infants exposed to antidepressant medications. The charts of women who
received obstetrical care and had a history of depression from January 2014 to December 2016 at Mount Sinai Hospital in
Toronto, Canada, were reviewed. Exclusion criteria were substance abuse; narcotic or lithium use at the time of delivery.

In total, 205 women met the inclusion criteria (92 took antidepressants; 113 women did not). There were no significant
differences in umbilical artery pulsatility index (PI), gestational age at delivery, or birth weight when comparing women based on
antidepressant use. A small proportion (18%) of neonates had mild withdrawal symptoms; one baby had a score (> 8) consistent
with severe NAS. In women with a history of depression, there was no difference in uteroplacental hemodynamics as measured
by third trimester Doppler ultrasonography when comparing women who took antidepressant medication versus those who did
not. The large majority of babies who were exposed to antidepressants in utero did not show withdrawal symptoms. These results

lend support for the relative safety of antidepressants during pregnancy.
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Introduction

Depression and anxiety occur in up to 20% of pregnancies
(Bennett et al., 2004; Marcus et al., 2003). Untreated antenatal
mood disorders have been linked to preterm birth (PTB), low
birth weight, and intrauterine fetal growth restriction (IUGR)
(Marcus et al., 2003). Women with antenatal depression and
anxiety are more likely to have poor self-care during pregnan-
cy, post-partum depression, and poor maternal-infant bonding
(Marcus et al., 2003; Dubber et al., 2015). A recent
population-based cohort study showed that maternal suicide
accounted for 5.3% of all perinatal maternal deaths
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(encompassing pregnancy and the first year postpartum) in
Ontario, Canada, over a 15-year period (Grigoriadis et al.,
2017). This study highlights the importance of adequate treat-
ment of psychiatric symptoms during pregnancy, which may
include pharmacotherapy. It has been shown that 3—-8% of
women will take antidepressants during pregnancy (Charlton
et al., 2015). However, much remains unknown about
maternal-fetal physiological effects.

Selective serotonin reuptake inhibitors (SSRIs) and seroto-
nin norepinephrine reuptake inhibitors (SNRIs) are the most
commonly used antidepressant medications in pregnancy.
Although these medications are first-line treatments for de-
pression and anxiety, inconsistent reports have suggested an
association with an earlier gestational age at delivery and
lowered birth weights (Lund et al., 2009; Oberlander et al.,
2006; Viktorin et al., 2016; Wen et al., 2006; Eke et al., 2016).
In addition, there remains ongoing concern that babies born to
mothers taking SSRIs may have neurobehavioral distur-
bances, consistent with a neonatal abstinence syndrome
(NAS) (Forsberg et al., 2014; Sanz et al., 2005; Levinson-
Castiel et al., 2006). Studies have reported the incidence of

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00737-019-00954-8&domain=pdf
http://orcid.org/0000-0002-7745-4700
mailto:Alison.shea@utoronto.ca

792

K. McLean et al.

NAS in SSRI-exposed neonates to range from 25 to 30%, with
3-13% rated as severe (> 8 on two or more occasions).

Although many have examined the incidence of preterm
birth and low birth weight in infants born to mothers taking
SSRIs in pregnancy, little is understood about the mechanisms
by which this occurs. Serotonin acts as a potent vasoconstric-
tor but its effect on uteroplacental blood flow is unknown.
Abnormal Doppler studies at the time of ultrasound investiga-
tion reflect uteroplacental insufficiency, and have been asso-
ciated with IUGR and pre-eclampsia (Vythilingum et al.,
2010). Several studies have shown an association between
maternal anxiety in pregnancy and increased uterine artery
pulsatility index (PI), which may help explain the link be-
tween SSRI use and low birth weight (Vythilingum et al.,
2010; Teixeira et al., 1999). However, these findings have
not been consistently reproduced and conflicting studies have
not shown an association between maternal anxiety and sec-
ond and third trimester Doppler indices (Harville et al., 2008;
Kent et al., 2002).

The first objective of this study was to determine whether
maternal antidepressant use during pregnancy influences
uteroplacental hemodynamics as measured by umbilical artery
Doppler flow. It was hypothesized that SSRI/SNRI use during
pregnancy may be negatively associated with altered umbili-
cal artery flow, as measured by Doppler velocimetry. Such
alterations may then result in impaired fetal growth and pre-
term delivery. The second objective of this study was to de-
termine the rate of neonatal abstinence syndrome (NAS)
among infants exposed to maternal SSRI and SNRIs.

Materials and methods

Following research ethics board approval (REB: 14-0207-C),
a retrospective cohort study was performed of women who
received care at Mount Sinai Hospital (MSH) in Toronto,
Ontario, Canada, from January 2014—December 2016.
Pregnant women were included if they had a self-reported
diagnosis of “depression” (current or lifetime). Women were
excluded if they gave birth very prematurely (< 28 weeks ges-
tation), or if they used substances of abuse, narcotics, or lith-
um during pregnancy, as documented in the electronic chart.
Substance abuse was self-reported. These criteria were chosen
a priori as they may influence symptoms of neonatal absti-
nence syndrome. Women who experienced an intrauterine fe-
tal demise (IUFD) in the second trimester were excluded as
third trimester Doppler ultrasound data was unavailable.
Charts were reviewed to abstract basic demographic infor-
mation (age, marital status, BMI, smoking status, substance
use); maternal medical history; current medication use;
Doppler ultrasound indices (umbilical artery PI, systolic/
diastolic ratio (S/D), peak systolic velocity (PSV)); obstetrical
data (gestational age at birth, birth weight, APGARs, presence
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of congenital abnormalities) and neonatal outcomes (duration
of stay in the NICU, presence or absence of NAS, NAS score
and associated symptoms). When a patient self-reported anti-
depressant use during the pregnancy, this was confirmed by
the medical team in the medial record at the time of delivery.
NAS scoring was performed by registered nurses for infants
whose mothers’ self-reported current SSRI or SNRI use at the
time of delivery, and not for those who discontinued their
medication during pregnancy, as per hospital protocol.

The primary outcome was third trimester umbilical artery
Doppler PI. The secondary outcomes were presence of mild
(score of >4 on two or more occasions) or severe (score of > 8
on two or more occasions) NAS, using the Finnegan Scale
which is performed routinely on SSRI-exposed infants at
MSH (Levinson-Castiel et al., 2006; Finnegan, 1990).

Data were analyzed using SPSS statistical software
(Version 25, SPSS Incorporated, Chicago, IL, 2017).
Comparisons of the demographic data between the two groups
were completed using Student’s # test for continuous data and
Chi-square analysis for categorical data. A univariate analysis
of variance (ANOVA) was used to compare the Doppler indi-
ces (PI; S/D; PSV of those taking SSRIs, SNRIs or bupropion
vs. those who did not), using gestational age as a covariate.

Results

In total, 247 charts were identified and reviewed. Of these,
205 women with a self-reported history of depression were
included in the analysis; 42 were excluded. Those excluded
from the study did not differ significantly from those who
were included when comparing demographic data and birth
outcomes. There were co-morbid psychiatric conditions in the
included sample; 12 women also reported a history of bipolar
disorder; 76 reported a history of anxiety; 5 reported a history
of attention deficit disorder; 3 reported a history of post-
traumatic stress disorder; 2 reported a history of obsessive-
compulsive disorder; and 1 reported a history of
schizophrenia.

One patient was excluded as she had an umbilical PI value
that was more than 3 standard deviations outside of the mean.
Of'the women included, 113 had a diagnosis of depression but
did not use antidepressant medication during their pregnancy.
Ninety-two other women used SSRIs, SNRIs, or bupropion
during pregnancy, but 8 women discontinued their medication
in the second or third trimester. All women who had taken
antidepressant (AD) medication during pregnancy were
grouped together for the analyses as it was hypothesized that
early exposure would be most predictive of placental hemo-
dynamics, according to the gestational period when the pla-
centa is formed. It should be noted that a sensitivity analysis
showed no differences on any of the outcomes of interest
when those who discontinued were excluded.
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Table 1 shows basic demographic information for the two
groups. There were no statistically significant differences be-
tween the two groups with respect to age, marital status, edu-
cational level, smoking status, or alcohol use in pregnancy.
Body mass index (BMI) was found to be significantly higher
in the AD group, as compared to those who were not exposed
(29.8 vs. 25.1, p<0.002). Of note, there was no significant
difference in incidence of hypertensive disorders of pregnancy
between groups.

Doppler data was available for 195 (95%) women. Ten
women did not have a third trimester ultrasound performed,
rendering Doppler data unavailable. However, these women
were included to assess secondary outcomes. The third trimes-
ter Doppler ultrasound indices are presented in Table 2. There
were no significant differences between umbilical artery PI,
PSYV, and S/D ratio in women exposed to AD in pregnancy, as
compared to those who did not. Maternal BMI was not con-
trolled for as BMI data was missing for n = 34. Additionally, a
Pearson’s correlation statistic was performed, and BMI was
not found to be significantly associated with any of the
Doppler measures.

Birth outcome data was available for 200 (98%) women
(Table 3). Of those included in the study, 6 delivered at an
outside hospital, rendering birth outcome data unobtainable.
There were no significant differences in the gestational age at

Table 2 Third trimester umbilical artery indices in patients with a
history of depression. Stratified by whether or not they took
psychotropic medication in pregnancy. Values represent the means (SD)

Antidepressant
medication during
pregnancy (n =_89)

No antidepressant
medication (n = 106)

GA at ultrasound (weeks) 34 (4.68) 34.7 (2.96)
Umbilical PI 0.95 (0.19) 1.0 (0.2)
Umbilical PSV 492 (11.3) 49.9 (10.5)
Umbilical S/D 2.7(0.6) 2.8 (0.6)

delivery, birth weight, fetal gender, the proportion of infants
delivered preterm, or the delivery type. Median APGAR
scores at 1 and 5 min were comparable between the two
groups. A total of 8 infants were born with congenital abnor-
malities and the incidence did not differ between the two
groups (Table 4). However, the number of infants admitted
to the NICU was significantly higher in the antidepressant
group, as compared to those not taking antidepressants
(22.4% vs. 8.9%, p < 0.02). Further analysis of those admitted
to the NICU revealed that 3 infants were admitted to the NICU
secondary to congenital abnormalities, 1 for meconium aspi-
ration, 3 for transient tachypnea of the newborn and difficult
transition, 1 for observation secondary to maternal myasthenia
gravis, 1 following a “code pink” of unknown etiology, and
11 were admitted for complications secondary to prematurity.

Table1 D hic inft ti . . .
avle crograpme Mrormation Reason for admission did not differ greatly between the two
Antidepressant No groups. The most common reason for admission in both
medication during antidepr.essant groups was prematurity.
?ﬁgg%‘cy :inui?rllca“o“ Of the 92 women in the AD group, 8 stopped medication
pregngancy prior to delivery and thus NAS scoring of their infants was not
(n=113) performed. Eighty-three women who delivered at MSH were
Age 33.6 32.8 Table 3  Birth and neonatal outcomes in women with depression.
BMI 29 8% 25.1% Stratified by whether or not they took psychotropic medication in
Marital status n=86 n=109 pregnancy. Values represent the means
Single 7@8.1) 16 (14.5) Antidepressant No antidepressant
Dating (%) 5(5.8) 1(0.9) medication during medication during
Common law (%) 13(15.1) 21(19.3) pregnancy (n=91)  pregnancy (n=109)
Married (%) 61(70.9) 71(65.1) GA at delivery (SD) 38.1(2.2) 389 (1.7)
Mat.ernal education n=68 n=_88 Male sex (%) 41 (45) 49 (45)
High school (%) 12 21 Preterm (%) 17 (18.7) 15 (13.9)
College (%) 12 19 Birth weight (kg, SD) 3227 (568.2) 3292 (656.6)
University (%) 37 39 .
Delivery type
Masters or professional 7 10 . .
degree (%) Vaginal delivery (%) 44 (48.3) 57 (52.3)
0
Nulliparous (%) 48 (52.2) 66 (58.4) Operative delivery (%) 10 (11) 12 (11)
Smoker (%) 10 (9.1) 10 (12.2) Cesarean section (%) 37 (40.7) 40 (36.7)
Alcohol use (%) 4(3.6) 2(2.2) Median APGAR 1-min 9 9
Hypertensive disease in 12 (13.0) 12 (10.6) Median APGAR 5-min 9 9
pregnancy (%) NICU admission (%) 20 (22.4)* 10 (8.9)*
*p <0.05 *p <0.05
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Table 4 Congenital anomalies identified in the antidepressant
medication and no antidepressant medication groups

Congenital anomaly Antidepressant No antidepressant
medication during medication during
pregnancy pregnancy

Bronchogenic cyst 0 1

Cyanotic heart disease 1 0

Ebstein’s anomaly 1 0

Mild ventriculomegaly 0 1

Narrow aortic arch 0 1

Pierre Robin sequence 0 1

Trisomy 21 0 1

Tetrology of Fallot 0 1

Total 2 6

taking AD medication at the time of delivery, and of those,
NAS scoring was performed on 77 infants. NAS scoring is not
routinely done for bupropion (# = 1). Of the remaining infants
who did not have NAS scores available, 3 of them were trans-
ferred out to the Hospital for Sick Children immediately after
birth and 2 had incomplete/missing data.

Of'the 77 infants with completed NAS scores, 14 (18.2%) met
the criteria for mild NAS (score of >4 on two or more occasions)
and 1 (1.3%) met the criteria for severe NAS (score of > 8 on two
or more occasions). In Table 5, the proportion of NAS by drug is
presented. The 1 infant who was affected by severe NAS was
born to a mother taking fluoxetine. This infant was also exposed
to the antipsychotic, quetiapine. Of those classified as mild NAS,
5 (36%) were also exposed to insulin as compared to only 6
(10%) in the no NAS group. Notably, 5 (36%) of the newborns
with mild NAS had evidence of hypoglycemia (BS <
2.5 mmol/L), which may represent a mediating or confounding
factor. Symptoms of NAS varied widely across those classified
as mild NAS. The most common were sleep disturbance in 8
(53%) infants, followed by mild tremors in 5 (33%) infants, and
excessive sucking in 5 (33%) infants.

Discussion

In this retrospective cohort study, we did not find a significant
difference in uteroplacental blood flow, as measured by um-
bilical artery PI, when comparing women who took antide-
pressants during pregnancy to those who did not. There were
no significant differences in birth outcomes (gestational age at
delivery, birth weight, incidence of congenital anomalies) be-
tween the two groups. In babies born to mothers taking anti-
depressants during pregnancy, the incidence of severe NAS
(score of > 8 on two or more occasions) was low (z = 1 infant)
and the incidence of mild NAS (score of >4 on two or more
occasions) was lower than expected at 18.2%. However, the
incidence of NICU admission was higher in the group ex-
posed to antidepressant medication when compared with
those who were not exposed (22.4% vs. 8.9%, p <0.02).
Overall, these findings provide data to support the relative
safety of antidepressant medications taken during pregnancy
for a major depressive episode or an anxiety disorder.

Our Doppler study results, showing no significant effect of
antidepressant medication, were consistent with those found
by Monk et al. in 2012 (Monk et al., 2012). Their study ex-
amined uteroplacental blood flow in pregnant women who
had a lifetime history of mental illness and found no associa-
tion between serotonergic antidepressant use and umbilical or
uterine artery Doppler indices (Monk et al., 2012). Their co-
hort was smaller than ours (V=101 pregnant women with a
lifetime history of mental illness); of which, 72% were ex-
posed to SSRIs, but was prospective in nature (Monk et al.,
2012). Together, these results suggest that maternal antide-
pressant use does not negatively influence blood flow to the
fetus through the maternal-placental unit.

Although few studies have looked specifically at changes
in uteroplacental hemodynamics in SSRI-exposed pregnan-
cies, a recent study by Yonkers et al. found an increase in
hypertensive disorders among women who took SSRIs during
pregnancy (Yonkers et al., 2017). Hypertensive disorders of

Table 5 Incidence of NAS

stratified by medication taken Medication Total NoNAS (%) MildNAS (%) Severe NAS (%) Stopped medications during
during pregnancy. Mild NAS is a pregnancy or NAS scoring
score of >4 on two or more not documented (%)
occasions. Severe NAS is a score
of >8 on two or more occasions Bupropion 4 305 0 0 1(25)

Citalopram 16 12 (75) 2 (12.5) 0 2 (12.5)

Duloxetine 3 1 (33.3) 1(33.3) 0 1(33.3)

Escitalopram 26 19 (73.1) 5(19.2) 0 2(7.7)

Fluoxetine 7 4 (57.1) 1(14.2) 1(14.2) 1(14.2)

Paroxetine 2 2 (100) 0 0 0

Sertraline 15 9 (60) 1(6.7) 0 5(33.3)

Venlafaxine 17 12 (70.6) 4(23.5) 0 1(5.9)

Desvenlafaxine 1 0 0 0 1 (100)

Total 92 62 (67.4) 14 (15.2) 1(1.3) 15 (16.3)
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pregnancy are often associated with changes in uteroplacental
hemodynamics. However, our study does not support these
findings. Women in our cohort who took antidepressant med-
ication did not have a higher incidence of hypertensive disor-
ders of pregnancy, as compared to those who did not. This was
further supported by our comparable values of uteroplacental
blood flow among exposed and not exposed pregnancies.

The incidences of low birth weight and preterm birth have
been reported as increased among infants born to mothers
taking SSRIs (Sahingoz et al., 2014; Jarde et al., 2016). In
2014, Sahongiz et al. found that individuals with untreated
depression had lowered birth weights and higher incidences
of preterm delivery when compared to both healthy controls
and those taking antidepressants (Sahingoz et al., 2014).
However, this difference was not seen when comparing
healthy controls to women with treated depression
(Sahingoz et al., 2014). More recently, a systematic review
by Jarde et al. in 2016 showed that pregnant women with
depression who were not receiving any treatment had a sig-
nificantly increased risk of preterm birth and infants with
small size at birth with a trend toward increased risks for
women with more severe depression (Jarde et al., 2016).
Another systematic review performed by Eke et al. in 2016
(Eke et al., 2016) looked at the risk of preterm birth among
women who took SSRIs while pregnant. Their analysis
showed an elevated risk for preterm birth in SSRI-exposed
women, when compared to both healthy controls and de-
pressed women who did not take medication (Eke et al.,
2016). Our study did not demonstrate a significant effect of
maternal antidepressant use on birth weight or the incidence of
preterm birth. However, our comparison group consisted of
non-medicated women with a lifetime diagnosis of depres-
sion, not healthy controls. The mean birth weight in our cohort
was 3263 g which is lower than the Canadian mean of 3344 g
in 2014 (Statistics Canada, 2015). In our cohort, 16% of all
babies born were found to be premature, which is higher than
the national average of 8% (2013 statistics) (Statistics Canada,
2016). We may be limited by not having a healthy control
group for comparison.

The incidence of NAS, both mild and severe, was lower in
our study than previously reported in the literature. Only one
infant was found to have “severe NAS” (score of > 8 on two
or more occasions), who was born to a mother taking fluoxe-
tine and an antipsychotic (quetiapine) during pregnancy. It is
difficult to ascertain the effects of quetiapine as little research
is available regarding the potential influence of concomitant
antipsychotic use on NAS scores. One recent study looked at
the effects of psychotropic medications (including antipsy-
chotics) on infant NAS scores among those exposed to opioid
medications during pregnancy (Huybrechts et al., 2017). The
use of psychotropic medication increased the risk and severity
of NAS among opioid-exposed neonates (Huybrechts et al.,
2017). We speculate that the use of quetiapine may have

contributed to the elevated NAS scores in this infant, and
may not be generalizable to women with monotherapy.

A mild neonatal abstinence syndrome (score of >4 on two
or more occasions) was seen in 14 (18.2%) of infants exposed
to SSRIs or SNRIs during pregnancy, which is lower than
previously reported. Levinson-Castiel et al. (Levinson-
Castiel et al., 2006) were the first group to use the Finnegan
score to quantify symptoms of neonatal withdrawal among
SSRI-exposed babies. They reported the incidence of severe
NAS to be 13% and the incidence of mild NAS to be 17%
among a cohort of 60 infants exposed to SSRIs in utero
(Levinson-Castiel et al., 2006). More recently, Forsberg
et al. (Forsberg et al., 2014) performed a retrospective cohort
study of women taking SSRIs during pregnancy. Among 205
infants exposed to SSRIs in utero, they reported severe NAS
in 7 infants (3.4%) and mild NAS in 46 infants (22%)
(Forsberg et al., 2014). Among our cohort at MSH, the symp-
toms of withdrawal exhibited by those infants with mild and
severe NAS varied widely. The most common symptoms seen
were sleep disturbances (i.e., sleeping less than 2 or 3 h be-
tween feedings), excessive sucking, and mild tremors. It is
important to note that similar symptoms can be seen in non-
exposed newborns. To highlight this point, Zimmermann-
Baer et al. investigated the variability in NAS scoring in 103
infants born to mothers who did not take medication during
pregnancy (Zimmerman-Baer et al., 2010). They found 5/103
infants had high scores between 8 and 11 points, on at least
one occasion with the most common symptoms being high-
pitched cry, short sleep after feeding, vomiting, and sneezing
(Zimmerman-Baer et al., 2010). Although none of the healthy
infants in their study met the criteria for severe NAS, the
presence of mild NAS was not mentioned. Given that healthy
infants can display similar symptoms to infants exhibiting
“withdrawal,” and that no treatment is required for infants
meeting the criteria for mild NAS, patients should be
counseled appropriately. Patients can be reassured that 80%
of exposed babies who underwent NAS scoring did not meet
the criteria for even mild NAS. Further, among babies that
exhibit withdrawal, the symptoms are most often mild and
self-limited. Based on our results, we hope to reassure patients
taking SSRIs and SNRIs that the incidence of clinically sig-
nificant withdrawal is extremely low (1.3%) and is more likely
to occur among those with multiple risk factors.

This study has several limitations. Firstly, it is a retrospec-
tive cohort study and some data, including that containing
primary and secondary outcomes, were unavailable. It should
be noted that the psychiatric diagnoses were reliant on self-
report, rather than a formal psychiatric evaluation. Self-report
was also used for medication use. Although this was con-
firmed again at the time of delivery, it is possible that some
women did not take their medication as prescribed. In addi-
tion, it was difficult to determine the indication for antidepres-
sant use. It is possible that women in the antidepressant group
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had more severe symptoms requiring medication, or alterna-
tively, it may be that women in the unmedicated group elected
to stop medications prior to pregnancy for personal reasons.
We did not have a healthy control group for comparison. As
uterine artery measures were unavailable, we used umbilical
artery indices as a marker of uteroplacental insufficiency.
Some studies have indicated that the uterine artery may be a
more reliable marker. Future prospective cohort studies would
be beneficial to elucidate a more comprehensive understand-
ing of the possible influence of antidepressant medication on
uteroplacental hemodynamics. Lastly, we were unable to de-
termine breastfeeding status of individuals based on chart re-
view alone. This information would be helpful in determining
whether or not breastfeeding in exposed infants increases the
incidence of severe NAS.

In conclusion, our study demonstrates no difference in
uteroplacental blood flow hemodynamics in the third trimester
in women taking antidepressant medications. Additionally,
infants born to mothers taking antidepressants did not have
lower birth weights or more preterm deliveries than their un-
exposed counterparts. Only a very small proportion of babies
exposed to maternal antidepressant medication exhibited se-
vere withdrawal symptoms. These results of this retrospective
study lend support for the women who require antidepressant
medications during pregnancy.
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