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Abstract 

Background The diagnosis of depression or anxiety treated by SSRIs has become relatively common in women 
of childbearing age. However, the impact of gestational SSRI treatment on newborn thyroid function is lacking. We 
explored the impact of gestational SSRI treatment on newborn thyroid function as measured by the National New-
born Screening (NBS) Program and identified contributory factors.

Methods An observational large-scale study of mother-infant dyads of liveborn infants delivered between 2011 
and 2022. The Israeli NBS Program thyroid dataset [total thyroxine (TT4) obtained between 36‐72 h after delivery] 
was linked with the electronic medical records of mothers and their infants born at Lis Maternity and Women’s 
Hospital, to generate a unified database. The MDClone big data platform was utilized to extract maternal, perina-
tal, and neonatal characteristics from the medical records of mother-infant dyads. Only term liveborn infants born 
to mothers without documented thyroid disease and/or chronic medication administration, except for SSRIs, were 
included in order to minimize potential confounding effects on the infant’s thyroid function. Group stratification relied 
on the documentation of gestational SSRIs treatment. The variables of interest were maternal, pregnancy, delivery, 
and perinatal characteristics of the mother–infant dyads. Multivariable forward linear regression model was applied 
to evaluate explanatory variables for newborn total thyroxine (TT4) levels.

Results Out of 105,928 infant-mother dyads, 2321(2.2%) mothers had been treated with SSRIs during pregnancy. The 
SSRI-treated mothers were older (34.8 ± 4.7 vs 32.6 ± 4.8 years, p < 0.001) and had a higher pre-pregnancy body mass 
index (23.4 ± 4.5 vs 22.7 ± 4.1, p < 0.001), but similar mean weight gain (13 kg) during pregnancy. Cesarean delivery 
was more common among SSRI-treated mothers than in the general population (p < 0.001). Infants of SSRI-treated 
mothers had lower WHO-classified birthweight z-scores (-0.25 ± 0.93 vs -0.04 ± 0.92, p < 0.001) and a higher rate 
of small-for-gestational-age infants (13.4% vs 8.2%, p < 0.001). A multivariable forward linear regression model revealed 
that SSRI treatment during pregnancy was not a significant contributor to TT4 levels (p = 0.497).
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Conclusions SSRI treatment during pregnancy had no direct effect upon the newborn’s adaptation of the hypotha-
lamic-pituitary-thyroidal axis, but several other maternal and delivery characteristics were revealed to possibly impact 
newborn thyroid function.

Keywords Antidepressant drug, In vitro fertilization (IVF), Oxytocin, Pregnancy, Thyroid function

Introduction
Fetal growth and development can be adversely affected 
by exposure to environmental factors during pregnancy, 
including those that occur as early as conception [1, 
2]. Furthermore, the intrauterine milieu, reflecting the 
maternal health condition, dictates risk for various dis-
eases during postnatal life [3–6]. Modulation of thyroid 
function has been suggested as one of the metabolic pro-
gramming mediators that links between prenatal and 
postnatal life [7–9].

Depression and anxiety are serious morbidities among 
women of childbearing age [10–12]. Selective serotonin 
reuptake inhibitors (SSRIs), the first-line medication pre-
scribed for these indications, act by inhibiting the presyn-
aptic plasma membrane serotonin transporter mediating 
the reuptake of serotonin into the presynaptic terminal 
[13]. SSRI use in pregnancy has increased over the years, 
with a reported prevalence ranging from 1.3 to 12% and 
varying by geography [14–16]. Although the safety profile 
of SSRI use during pregnancy is encouraging [17], some 
studies have shown a link between maternal gestational 
SSRI treatment and adverse birth outcomes, including 
premature birth [18], intrauterine growth restriction 
and low birthweight [15, 19], and persistent pulmonary 
hypertension [20]. It was also questioned whether gesta-
tional SSRI exposure may disrupt fetal hormonal func-
tions, specifically, the secretion of growth hormone [21] 
and thyroid hormone [22].

The postnatal adaptation of the hypothalamic-pitui-
tary-thyroidal (HPT) axis is sensitive to a range of factors, 
including maternal, delivery, and neonatal characteristics 
[23, 24]. The aim of this study was to explore the impact 
of gestational SSRI treatment on newborns’ thyroid func-
tion as measured by the National Newborn Screen (NBS) 
Program and to identify contributory factors.

Methods
Study design and population
We conducted a retrospective observational study of 
infant-mother dyads of liveborn infants delivered at Lis 
Maternity and Women’s Hospital, Tel Aviv Sourasky 
Medical Center (TASMC), between January 1, 2011, and 
January 1, 2022. Datasets from TASMC and the Israeli 
NBS Program were linked to generate a mother-infant 
database unified with infant thyroid function results.

The NBS Program Database provides information on 
early detection of congenital hypothyroidism by routinely 
screening all newborns through measurement of total 
thyroxine (TT4) at 36–72 h of age [25]. Thyrotropin (thy-
roid-stimulating hormone [TSH]) measurements were 
also obtained in cases with TT4 results which fell in the 
daily lowest 10th centile (range of daily 10th centile: 8– 
12 μg/dL). The Israeli NBS program’s thyroid dataset was 
queried to create a list of all the neonates born at TASMC 
during the study period. The medical records of moth-
ers and their infants born at Lis Maternity Hospital at 
TASMC were accessed with the MDClone platform from 
 MDClone© Ltd in Beer Sheva, Israel [26]. After obtaining 
IRB approval, the platform analyzed large medical data-
sets using sophisticated algorithms, and generated dei-
dentified versions of the data for use in the study. SSRIs 
that were used for MDClone search were those approved 
by the Israeli Ministry of Health and prescribed by the 
Israeli healthcare providers [27].

Included were infants born at term for whom data 
on both mother and infant were available in the hos-
pital’s database. To minimize potential confound-
ing effects on thyroid function of the mother or infant, 
only infants born to mothers without documented thy-
roid disease and/or chronic medication administra-
tion, except for SSRIs, were included. Excluded from the 
study were infants who were preterm (gestational age 
[GA] < 37 weeks) due to perinatal morbidity which could 
affect the HPT axis postnatal adaptation, as well infants 
for whom GA-adjusted thyroid function levels were lack-
ing [28]. The dyads were categorized into two groups: the 
gestational SSRI treatment group (exposed cohort) and 
the general population (non-exposed cohort) (Fig. 1).

Outcome measurement
The variables of interest included data on maternal, preg-
nancy, delivery process, and perinatal characteristics of 
the mother–infant dyads. The information in the elec-
tronic medical files contains both self-reported patient 
information, measured parameters, laboratory results, 
and physician’s notes on diagnoses, management, and 
surveillance.

The mother’s information retrieved from the maternity 
hospital database included: reported SSRI treatment dur-
ing the current pregnancy, obstetric history (gravidity, 
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parity, history of abortion and ectopic pregnancy, and 
previous live births), age at current delivery, and anthro-
pometric measurements (height, reported weight before 
pregnancy, and measured weight before delivery). The 
collected data on the course of pregnancy included: 
number of fetuses (singleton/twins), method of concep-
tion (spontaneous, in-vitro fertilization [IVF], and non-
IVF assisted reproduction), infections during pregnancy 

(Group B Streptococcus [GBS] and active cytomegalovi-
rus [CMV]) as well as gestational morbidity (gestational 
diabetes, hypertension, and proteinuria). Information 
collected on delivery included maternal vital signs (pulse 
[beats per minute], systolic and diastolic blood pres-
sure [mmHg], medication administered during labor 
[oxytocin, antibiotics], use of anesthesia (none, local, 
regional [spinal/epidural], or general), mode of delivery 

Fig. 1 Flow chart of study design and patient selection
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(spontaneous vaginal, vaginal assisted, elective cesar-
ean section, or emergent cesarean section), amniotic 
membranes and fluid (premature rupture of membranes 
[PROM], stained amniotic fluid), and placenta character-
istics (intact, incomplete, or abnormal).

The data retrieved from the medical files of infants 
included newborn characteristics (sex, gestational age 
[weeks], birthweight [kg], presentation [vertex, face/
brow, breech, other]), APGAR score at 1 and 5 min after 
birth, temperature [°C], and department of hospitaliza-
tion (nursery/ neonatal intensive care unit [NICU]). Data 
obtained from the NBS program included newborn thy-
roid functions (total T4 [µg/dL]), and TSH [mU/L]).

Study variable definitions
The pregestational body mass index (BMI) was calculated 
as the pre-pregnancy weight (kg) divided by squared 
height (meters). The weight gain during pregnancy was 
calculated as the measured weight before delivery minus 
the reported weight before pregnancy [29].

Methods of conception were divided into spontane-
ous pregnancy, IVF, and non-IVF assisted reproduction. 
Non-IVF assisted reproduction was defined as the use 
of any methods of reproduction assistance, including, 
but not limited to, intrauterine insemination, ovulation 
induction medications, or a combination of the two [30].

The recommended infections screen during preg-
nancy includes GBS screening by vaginal and rectal swab 
performed between 36 and 38  weeks of gestation [31]. 
Screening for specific CMV IgM antibodies in CMV 
seronegative mothers was aimed at detecting gestational 
CMV infection [32]. Gestational diabetes (GDM) was 
defined according to Carpenter and Coustan criteria 
using the 3-h 100-g oral glucose tolerance test [33].

Multiple readings of pulse and systolic and diastolic 
blood pressure were recorded for each mother in order 
to obtain a representative measurement of maternal vital 
signs during delivery, and the average of these measure-
ments was calculated. Antibiotics were administered 
during labor for all accepted indications, including 
prophylaxis before cesarean section. Vaginal-assisted 
delivery referred to the use of any instruments to assist 
a vaginal delivery, including vacuum assistance. PROM 
was defined as the rupture of the amniotic sac prior to 
the onset of labor. Meconial or bloody amniotic fluid was 
defined as being "stained". Presentation that was neither 
vertex, face/brow, nor breech was defined as “other”, and 
it included compound, transverse, or diagonal presenta-
tion. The placenta was categorized by gross appearance 
as being intact, incomplete (in which persistence of part 
of the placenta warranted a gynecological procedure) 

or abnormal (in which size, color, shape, and/or general 
appearance were abnormal).

Newborn data-corrected birthweight z-scores were 
calculated for infants by means of PediTools Electronic 
Growth Chart Calculators, based upon the WHO growth 
chart for term infants [34]. Birthweight that was appro-
priate for gestational age (AGA) was defined as cor-
rected birthweight z-scores of −1.28 to 1.28, small for 
gestational age (SGA) as birthweight z-scores < −1.28, 
and large for gestational age (LGA) as birthweight 
z-scores > 1.28 [35].

Length of hospitalization for mothers and their infants 
was calculated as the time that had elapsed between 
admission and release from the hospital.

Statistical analyses
Data were analyzed by the IBM SPSS software (IBM SPSS 
Statistics for Windows, Version 28; IBM Corp., Armonk, 
NY). Continuous data were presented as mean ± stand-
ard deviation (normal distribution) or median [inter-
quartile range] (skewed distribution), and as number and 
percentage for categorical variables. Differences in con-
tinuous data between groups were examined using inde-
pendent-sample t-tests (normally distributed data) or 
Mann–Whitney U-tests (skewed data). The chi-squared 
tests were used to examine the differences in categorical 
data. A multivariable linear regression model was used 
to evaluate the contribution of various factors (mater-
nal, delivery-related, and infant characteristics) which 
affected TT4 levels. In the first block SSRI treatment was 
entered while in the second block which was conducted 
in a forward selection, the following variables entered the 
model: maternal age, IVF pregnancy, oxytocin adminis-
tration, cesarean delivery, infant’s sex (male), gestational 
age and birthweight z-score. A P-value of ≤ 0.05 was con-
sidered significant.

Results
During the study period, newborn thyroid screen results 
were available for 120,728 infants liveborn at Lis Mater-
nity and Women’s Hospital of TASMC to mothers with 
no chronic medication treatment other than SSRIs. 
Excluded were 14,800 infant-mother dyads of preterm 
infants (gestational age < 37 weeks). In total, 105,928 
infant-mother dyads of term infants were included, of 
whom 2,321 (2.2%) were flagged with gestational SSRI 
use (Fig. 1).

Maternal and gestational characteristics of the 
mother-infant dyads of the gestational SSRI group 
compared to the general population are presented in 
Table 1. Mothers who were treated by SSRIs were older 
(mean age 34.8 ± 4.7 years vs. 32.6 ± 4.8 years, p < 0.001) 
and more likely to be nulliparous (60.6% vs 42.1%, 
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p < 0.001) compared to mothers in the general popu-
lation. Mothers treated by SSRIs had a higher preges-
tational BMI (23.4 ± 4.5 kg/m2 vs 22.7 ± 4.1 kg/m2, 
p < 0.001) compared to mothers in the general popula-
tion, albeit similar mean weight gain of 13 kg.

Methods of conception differed significantly between 
the two groups, with more mothers treated by SSRIs 
having undergone assisted fertility treatments than the 
general population: specifically, they had higher rates 
of IVF (12.6% vs 5.9%, p < 0.001) and non-IVF assisted 
reproduction use (3.7% vs 3.2%, p < 0.001). Pregnan-
cies of mothers treated by SSRIs were characterized by 
increased rates of gestational complications, such as 
gestational diabetes (6.0% vs 4.7%, p = 0.001), hyperten-
sion (1.7% vs 1.1%, P < 0.001), and proteinuria (2.3% vs 
0.9%, p < 0.001), compared to the general population.

In total, 32,492 (30.6%) mothers completed the GBS 
screen, and 7075 (21.9%) of those cultures were positive 
for GBS. There were no significant group differences 
in either the rate of screening or the rate of infec-
tion. CMV seroconversion was present in 2.5% of the 

mothers treated by SSRIs compared to 2.3% of moth-
ers in the general population; there were no significant 
group differences in either the rate of CMV screening 
or the rate of seroconversion.

Labor and delivery-related characteristics of mother-
infant dyads with gestational SSRI use compared to 
those of the general population are presented in Table 2. 
The mode of delivery differed between the groups, with 
a significantly increased rate of cesarean Sects.  (28.7% 
vs 19.7%, p < 0.001) and increased need for instrument 
assistance in vaginal delivery (17.7% vs 8.5%, p < 0.001) 
in mothers treated by SSRIs. Those mothers also had an 
increased rate of stained amniotic fluid (30.1% vs 17.1%, 
p < 0.001). Medication administration during labor dif-
fered significantly between groups, with increased use 
of oxytocin (53.8% vs 40.9% p < 0.001), antibiotics (45.1% 
vs 35.4%, p < 0.001), and anesthesia (86.0% vs 75.6%, 
p < 0.001) in the SSRI group compared to the general 
population.

Infant characteristics stratified according to gesta-
tional SSRI exposure are presented in Table 3. Despite 

Table 1 Characteristics of mother and pregnancy of mother-infant dyads with gestational SSRI use compared to the general 
population

The data are expressed as number and (percent), median [interquartile range], and mean ± standard deviation. Statistical significance is set at P ≤ 0.05. For the cohort 
as a whole, screen for gestational hypertension was available in 75.3% and screen for proteinuria in 70.5%

n number, kg kilograms, BMI body mass index, IVF in vitro fertilization

General population SSRI exposed group P value

Number 103,607 2,321

Obstetric history

 Gravidity 2 [1, 3] 2 [1, 3] < 0.001

 Nulliparity, n (%) 43,519 (42.1) 1405 (60.6) < 0.001

 Parity 1 [0, 2] 0 [0, 1] < 0.001

 Abortion 0 [0, 1] 0 [0, 1] < 0.001

 Ectopic pregnancy 1483 (1.4) 50 (2.2) < 0.001

 Previous live births 1 [0, 2] 0 [0, 1] < 0.001

Anthropometrics

 Height, meters 1.64 ± 0.06 1.64 ± 0.06 0.596

 Pregestational weight, kg 61.2 ± 11.7 63.1 ± 12.5 < 0.001

 Pregestational BMI, kg/m2 22.7 ± 4.1 23.4 ± 4.5 < 0.001

Pregnancy

 Age at delivery, years 32.6 ± 4.8 34.8 ± 4.7 < 0.001

 Twin gestation, n (%) 2157 (2.1) 25 (1.1) < 0.001

Method of conception, n (%)

 Spontaneous pregnancy 94,252 (91.0) 1918 (82.6) < 0.001

 IVF 6079 (5.9) 923 (12.6)

 Non-IVF assisted reproduction 3276 (3.2) 110 (3.7)

Gestational morbidity, n (%)

 Gestational diabetes 4826 (4.7) 140 (6.0) 0.001

 Hypertension 888/77,972 (1.1) 31/1820 (1.7) < 0.001

 Proteinuria 632/73,354 (0.9) 39/1709 (2.3) < 0.001
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clinical similarity in gestational age between the groups 
(39.6 ± 1.1 weeks for the entire cohort), infants in the 
SSRI group were significantly smaller, had lower birth-
weight z-scores (−0.25 ± 0.93 vs −0.04 ± 0.92, p < 0.001), 
and more frequently categorized as SGA (13.4% vs 
8.2%, p < 0.001) compared to the general population. 
NICU hospitalization was almost three times more 
common among the infants in the SSRI group (6.5% 
vs 2.2%) and their mean hospitalization duration was 
longer (p < 0.001). The mean TT4 levels did not differ 
between the groups, however, a greater proportion of 
newborns in the SSRI group required TSH testing due 
to a relatively low TT4 level (14% vs 9.1%, p < 0.001). 

Notably, the TSH levels did not differ between the SSRI 
group and the general population.

A multivariable forward linear regression model was 
applied to evaluate contributing factors for newborn 
TT4 levels. Included in the final model were only the 
variables that were significantly associated with TT4 
values, apart from gestational SSRI treatment, which 
was not associated with TT4 levels. The final model for 
higher newborn TT4  (R2 = 0.022, p < 0.001) included 
younger maternal age (p < 0.001), IVF-conceived preg-
nancy (p < 0.001), oxytocin administration during deliv-
ery (p < 0.001), cesarean delivery (p = 0.003), female sex 
(p < 0.001), older GA (p < 0.001), and higher birthweight 

Table 2 Characteristics of labor and delivery of mother-infant dyads with gestational SSRI use compared to the general population

The data are expressed as number and (percent), mean ± standard deviation. Statistical significance set at P ≤ 0.05

min minutes, mmHg millimeters of mercury, n number, PROM premature rupture of membranes

General population SSRI exposed group P value

Number 103,607 2,321

Maternal vital signs

 Pulse beats/min 84.0 ± 17.3 81.9 ± 14.8 < 0.001

 Systolic blood pressure, mmHg 119.7 ± 10.1 118.3 ± 17.3 < 0.001

 Diastolic blood pressure, mmHg 71.7 ± 9.6 71.0 ± 13.2 < 0.001

Amniotic membranes and fluid, n (%)

 PROM 4210 (4.1) 104 (4.5) 0.016

 Stained amniotic fluid 17,686 (17.1) 699 (30.1) < 0.001

Fetal presentation, n (%)

 Vertex 99,101 (95.7) 2221 (95.7) 0.272

 Face/brow 123 (0.1) 6 (0.3)

 Breech 4069 (3.9) 88 (3.8)

 Other 314 (0.3) 6 (0.3)

Mode of delivery, n (%)

 Spontaneous vaginal 76,128 (73.5) 1360 (58.6) < 0.001

 Vaginal assisted 7,104 (6.9) 292 (12.6)

 Elective cesarean section 11,492 (11.1) 356 (15.3)

 Emergent cesarean section 8883 (8.6) 312 (13.4)

Medication administered during labor, n (%)

 Oxytocin 42,388 (40.9) 1072 (53.8) < 0.001

 Antibiotics 36,726 (35.4) 1274 (45.1) < 0.001

Anesthesia, n (%)

 No anesthesia 25,328 (24.4) 325 (14.0) < 0.001

 Local 1042 (1.0) 12 (0.5)

 Regional (spinal/epidural) 76,111 (73.5) 1950 (84.0)

 General 1126 (1.1) 34 (1.5)

Placenta, n (%)

 Intact 101,525 (98.0) 2258 (97.3) < 0.001

 Incomplete 963 (0.9) 27 (1.2)

 Abnormal 1119 (1.1) 36 (1.6)

 Hospitalization

 Duration, days 2.9 ± 1.7 3.2 ± 2.1 < 0.001
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z-scores (p < 0.001) (Fig.  2). Maternal pregestational 
BMI and weight gain during pregnancy were not asso-
ciated with newborn TT4 levels and therefore were not 
included in the model.

Discussion
We analyzed the characteristics of the mother-infant 
dyads of mothers treated with SSRIs during pregnancy to 
establish whether such treatment might affect the post-
natal function of the newborn’s HPT axis. The results of 
our analyses revealed that it did not have any direct effect 
on the infant’s thyroid function. Our analyses did, how-
ever, reveal that the SSRI-treated mothers were older, 
that more of them were nulliparous, and that they more 
commonly conceived via IVF compared to the general 
population. They also had increased gestational morbid-
ity as well as greater need for medical intervention during 
labor (drugs and instrumental delivery), and gave birth 
to smaller infants. Each of those characteristics may have 
affected the newborn thyroid screen levels, while gesta-
tional SSRI use alone did not.

Various aspects of maternal health, including nutri-
tion, stress levels, and exposure to medication may 
affect the development and metabolic programming of 

the offspring [35, 36]. Infants exposed to an intrauter-
ine environment influenced by maternal depression and 
anxiety may show compromised extrauterine adaptation 
[37]. Epigenetic modifications to fetal DNA have been 
suggested as a link between maternal stress and anxi-
ety and the child’s health [37]. While SSRI treatment can 
alleviate psychological distress, it does not eliminate all 
the circumstances affecting the intrauterine environ-
ment. Indeed, we identified several characteristics in 
the mother-infant dyads of mothers treated with SSRIs, 
which may play a role in the postnatal adaptation of the 
HPT axis.

Conception of the index pregnancy in mothers treated 
with SSRIs was associated with an increased utilization of 
assistive reproduction technology (ART). While there is 
insufficient evidence to suggest that SSRI treatment itself 
induces or reduces infertility [38], depression and anxi-
ety may compromise fertility [39], which may further be 
augmented by infertility [40]. Increased gestational and 
obstetric complications have been described in IVF preg-
nancies, however, most were attributed to the maternal 
preconception characteristics [41]. IVF in our cohort 
was identified as an effector of newborn TT4 levels. 
Other studies have suggested that IVF may induce fetal 

Table 3 Characteristics of newborns in mother-infant dyads with gestational SSRI use compared to the general population

The data are expressed as number and (percent), median [interquartile range], mean ± standard deviation. Statistical significance set at P ≤ 0.05

n number, kg kilograms, WHO World Health Organization, APGAR  appearance (skin color), pulse, grimace (reflex), activity (muscle tone) and respiration, NICU neonatal 
intensive care unit, Total T4 total thyroxine, TSH thyroid-stimulating hormone

General population SSRI exposed group P value

Number 103,607 2,321

Male sex, n (%) 53,298 (51.4) 1,220 (52.6) 0.147

Gestational age, weeks 39.6 ± 1.1 39.2 ± 1.1 < 0.001

Birthweight, kg 3.291 ± 0.423 3.191 ± 0.427 < 0.001

WHO birthweight, z-scores −0.04 ± 0.92 −0.25 ± 0.93 < 0.001

Birthweight categories, n (%)

 Small for gestational age 8453 (8.2) 312 (13.4) < 0.001

 Appropriate for gestational age 88,327 (85.3) 1906 (82.1)

 Large for gestational age 6827 (6.6) 103 (4.4)

APGAR score

 1 min 9 [9] 9 [8, 9] < 0.001

 5 min 10 [10] 10 [9, 10] < 0.001

 Temperature, ºC 36.9 ± 0.3 36.9 ± 0.2 0.304

Hospitalization

 Nursery, n (%) 101,329 (97.8) 2171 (93.5) < 0.001

 NICU, n (%) 2278 (2.2) 150 (6.5)

 Duration, days, n (%) 2.4 ± 2.4 2.7 ± 2.9 < 0.001

Newborn thyroid screen

 Total T4, µg/dL 14.97 ± 3.70 14.96 ± 3.80 0.847

 TSH, n (%) 9454 (9.1%) 325 (14%) < 0.001

 TSH, mU/L 4.7 [2.9, 7.7] 4.7 [2.7, 7.3] 0.432
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epigenetic alterations, which could have long-term health 
consequences [42]. The combined effect of the maternal 
characteristics, the conception process, and the com-
plicated gestational course observed in mothers treated 
with SSRIs may provide an explanation for the com-
promised fetal growth observed in their infants. Both 
hormonal and epigenetic alterations may serve as mod-
erators of future health consequences for these infants.

Our study found that mothers treated with SSRIs were 
more likely to be older and nulliparous, which are known 
risk factors for pregnancy complications. Advanced 
maternal age, especially at first delivery, has been linked 
with increased risk for pregnancy complications [43, 44], 
and older nulliparous women have a lower probability of 
achieving a vaginal delivery [45]. In our study, only 56.8% 
of mothers treated with SSRIs achieved a vaginal deliv-
ery, and of those, there was a double risk for instrumental 
assistance.

Cesarean delivery has both short- and long-term impli-
cations on the health of the mother and her infant [46]. 
The mode of delivery is crucial in determining the new-
born’s acquisition of intestinal microbiota [47]. Cesarean 
birth prevents the beneficial exposure to maternal vagi-
nal microbiota [48], which may predispose the offspring 
to metabolic disorders during childhood and adulthood 
[49]. Our study results demonstrated that infants born via 

cesarean section had unique postnatal HPT axis adapta-
tion, unlike previous studies that reported no interaction 
between mode of delivery and newborn thyroid function 
[50]. Variations in the mode of delivery also result in dif-
ferences in the use of anesthesia, with increased use of 
epidural anesthesia in mothers treated with SSRIs. This 
is particularly concerning since a recent study suggested 
that there is an increased risk for autism spectrum disor-
der in the offspring who have been exposed to intrapar-
tum epidural analgesia [51].

Mothers treated with SSRIs had a higher utilization of 
oxytocin during labor, indicating a potential interaction 
between SSRIs and the intrinsic oxytocin hormone. 
Studies measuring oxytocin levels in patients with 
depression under SSRIs treatment presented incon-
clusive results [52]. Preliminary data in animal models 
suggest that chronic SSRI treatment induced delayed 
ejaculation in males due to variable degree of desen-
sitization of 5-HT(1A) receptors on oxytocin neurons 
[53]. It is possible that SSRIs interfere with the mother’s 
intrinsic oxytocin secretion during the progression of 
labor, necessitating medical intervention to promote 
uterine contractions. Our findings revealed that oxy-
tocin administration during labor was associated with 
elevated levels of newborn TT4. This may be explained 
by the cross-talk between oxytocin and thyroid 

Fig. 2 Graphic presentation of the multivariable forward linear regression model applied to evaluate contributing factors for newborn TT4 levels. 
Included in the final model were only the variables that were significantly associated with TT4 values, apart from gestational SSRI treatment, which 
was not associated with TT4 levels (R2 = 0.022, p < 0.001)
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hormone. Oxytocin has been shown to interfere with 
the synthesis and release of thyroid-releasing hormone 
(TRH) and suppress TRH-induced TSH release [54]. 
Conversely, thyroid hormone was found to bind to the 
promotor of oxytocin and increase its expression [54]. 
Our previous research also indicated an increased rate 
of oxytocin administration during labor in newborns 
with permanent congenital hypothyroidism [55]. How-
ever, the mechanism by which oxytocin administration 
during labor affects the HPT axis function in newborns 
has yet to be fully elucidated.

Infants born to mothers treated with SSRIs were 
smaller and had an increased rate of SGA, which could be 
attributed to the direct pharmacological effect of SSRIs. 
Term infants born to mothers treated with SSRIs had 
higher rates of NICU hospitalization and longer duration 
of stay, indicating increased perinatal morbidity. These 
adverse outcomes warrant attention since they may 
increase the risk of infection and complications for the 
newborn [56, 57]. The increased neonatal morbidity may 
also trigger parental psychological distress and poten-
tially damage the early development of the mother-infant 
relationship [58]. Compromised fetal growth, a complex 
perinatal course, and maternal postpartum depression 
have been linked to increased risk of metabolic compli-
cations in offspring [59, 60], highlighting the need for 
further studies to evaluate the growth and development 
patterns of children who were exposed to SSRIs in utero.

Although our study provides important insights into 
the effects of gestational SSRI treatment on the HPT 
axis of infants, it is not without limitations. Firstly, our 
data obtained from the computerized database includes 
self-reported information, such as general health of 
the mother, obstetric history, gestational SSRI treat-
ment, and pregestational weight. Secondly, our study 
lacks specific information on the type of SSRIs used, 
as well as their dose, duration of treatment, and com-
pliance. It also lacks objective information on socio-
economic circumstances and lifestyle habits which may 
affect maternal health. Thirdly, the observational design 
of the study precludes our ability to establish causality 
between SSRI treatment and the distinct characteristics 
observed in the mother-infant dyads. Analyses of large-
scale datasets may reveal statistical significance, but 
clinical significance could be uncertain, and the results 
should be interpreted with caution. Despite these limi-
tations, our study has several strengths. The uniform-
ity of obstetric protocol of a single medical center and 
the comprehensive data obtained from the Obstetric 
and Neonatal Departments of the Maternity Hospi-
tal are its major strengths. Furthermore, we utilized a 
large dataset comprising numerous variables to investi-
gate a broad spectrum of factors that could potentially 

correlate with the outcomes of the thyroid screening 
for newborns. Finally, the comprehensive medical care 
provided to all pregnant citizens and non-citizen resi-
dents in Israel probably limits socioeconomic bias in 
healthcare.

Conclusions
The findings of our large-scale population-based cohort 
study have demonstrated that mother-infant dyads with 
gestational SSRI treatment have unique characteristics. 
While the function of the neonatal thyroid axis may have 
been affected by those factors, it was not directly affected 
by SSRI treatment. The role of neonatal thyroid secretion 
in modulating infants’ metabolic outcomes remains to 
be elucidated. Additional research is necessary to inves-
tigate the various effects of gestational SSRI treatment 
on short-term and long-term outcomes for mothers and 
infants, including both term and preterm newborns.
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