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ABSTRACT
Objective:� There is uncertainty around the safety of SSRIs for treating depression during 
pregnancy. Nevertheless, the use of SSRIs has been gradually increasing, especially during the 
COVID-19 pandemic period. We aimed to (1) characterize maternal depression rate and use of 
SSRIs in a recent 10-year period, (2) address confounding by indication, as well as socioeconomic 
and environmental factors, and (3) evaluate associations of the timing of SSRI exposure in 
pregnancy with risk for preterm birth (PTB), low birthweight (LBW), and small for gestational age 
(SGA) infants among women with depression before pregnancy.
Methods:� We conducted propensity score-adjusted regression to calculate odds ratios (ORs) of 
PTB, LBW, and SGA. We accounted for maternal/pregnancy characteristics, comorbidity, depression 
severity, time of delivery, social vulnerability, and rural residence.
Results:�There were 50.3% and 40.3% increases in the prevalence rate of prenatal depression and 
prenatal SSRI prescription rate during the pandemic. We identified women with depression 
�180�days before pregnancy (n�=�8406). Women with no SSRI order during pregnancy (n�=�3760) 
constituted the unexposed group. The late SSRI exposure group consisted of women with an SSRI 
order after the first trimester (n�=�3759). The early-only SSRI exposure group consisted of women 
with SSRI orders only in the first trimester (n� =� 887). The late SSRI exposure group had an 
increased risk of PTB of OR = 1.5 ([1.2,1.8]) and LBW of OR = 1.5 ([1.2,2.0]), relative to the 
unexposed group. Associations between late SSRI exposure and risk of PTB/LBW were similar 
among a subsample of patients who delivered during the pandemic.
Conclusions:� These findings suggest an association between PTB/LBW and SSRI exposure is 
dependent on exposure timing during pregnancy. Small for gestational age is not associated with 
SSRI exposure.

Introduction

Depression is one of the most common comorbidities 
women experience during pregnancy or the postpar-
tum period, with rates ranging from 10% to 24% in 
the United States (US) in 2018, varying by state, 
according to the CDC report [1]. The risk of maternal 
depression has significantly increased during the 

COVID-19 pandemic period [2,3], and depression is a 
common symptom of long COVID [4,5]. According to 
an umbrella review of systemic reviews and 
meta-analyses up to 2023, which reported on perinatal 
depression during the COVID-19 pandemic, the global 
pooled prevalence rate was 29% for prenatal depres-
sion and 26% for postpartum depression [3]. In 2013, 
6–8% of pregnant women in the US took 
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antidepressants [6–11]. With the rising rate of maternal 
depression and some studies suggesting a potentially 
reduced risk of COVID-19 severity associated with SSRIs 
and SNRIs [12,13], we suspect more prevalent use of 
antidepressants among pregnant patients.

Despite the high prevalence of prenatal antidepres-
sant use, its safety during pregnancy is not fully under-
stood. There is little consensus on the association 
between antidepressants and preterm birth (PTB; birth 
prior to 37� weeks gestation). PTB is a key contributor 
to perinatal morbidity and mortality in developed and 
developing countries and occurs in 10% of all live 
births in the US [14–16]. While studies of varying size 
and design have reported results supporting the asso-
ciation between antidepressant use and the risk of PTB 
and related adverse outcomes [8,17–27], findings have 
been inconsistent, and concerns have been raised 
about potential confounding-by-indication due to 
inadequate control for underlying depression [24,28–
30]. Additionally, the timing of antidepressant expo-
sure may influence PTB risk [8,17,18,31,32].

Furthermore, uncertainty around the safety of pre-
natal antidepressant use has potentially led to a high 
discontinuation rate or reduction in dosage before the 
second trimester of pregnancy [7,8,25,33]. SSRIs are 
the most common class of antidepressants [8,18]. This 
study aims to evaluate the risk of PTB and other rele-
vant adverse outcomes, low birthweight (LBW) and 
small for gestational age (SGA) infants, following SSRI 
use during the second or third trimester. To minimize 
confounding-by-indication, we conducted the study 
among women with depression onset before the preg-
nancy. We comprehensively addressed the influences 
of confounding factors, including pregnancy character-
istics, comorbidities, and environmental factors based 
on the geographical region where the patient resides.

The influence of the timing of SSRI intake was char-
acterized by distinguishing SSRI exposure groups based 
on exposure status after the first trimester. Multiple sen-
sitivity analyses were performed to assess the influence 
of the COVID-19 pandemic period, prenatal depressive 
symptoms, other classes of antidepressants, and mis-
classification of prescription records. Additionally, SSRI 
drug-specific analyses and additional analyses on the 
other classes of antidepressants were conducted.

Methods

Study setting and study population

We conducted a retrospective study among women 
who delivered between 1 January 2013 and 31 
December 2022 (n� =� 543,408) at Providence St. Joseph 

Health (PSJH) across Alaska, California, Montana, New 
Mexico, Oregon, Texas, and Washington. Figure S1 
shows the study population selection. We selected 
mothers who were continuously enrolled from 180�days 
before the last menstrual period (LMP) to the date of 
delivery. We confirmed the date of delivery was at least 
20� weeks apart from the LMP and “living” delivery sta-
tus of the baby. GA was limited to 20�weeks or greater 
because ascertainment bias is particularly high for EHR 
data earlier in pregnancy. We limited our cohort to sin-
gleton pregnancies. From this source population 
(n� =� 365,075), women with depression onset before 
pregnancy were selected to avoid confounding-by-indi-
cation (n� =� 8816). We first identified women diagnosed 
with depression any time before the pregnancy. From 
this population of women with a history of depression, 
we selected women with a diagnosis of depression or 
any antidepressant prescription order during the 
six-month pre-pregnancy period (LMP-180� days �a LMP). 
Women with bupropion or trazodone prescriptions and 
no other antidepressants were excluded unless they 
had a diagnosis of depression because these medica-
tions are often prescribed for smoking cessation or 
insomnia [34,35]. We excluded women with a diagnosis 
of psychosis or bipolar disorder during the two-year 
pre-pregnancy period (LMP-730� days �a LMP) and fetal 
sex of “other” category. The final analytic population 
consisted of 8406 women.

Measures

Outcome
Our primary outcome was PTB, determined by gesta-
tional age at birth (GA; GA < 37� weeks). Gestational 
age at birth was a proxy outcome of PTB, calculated 
based on the expected date of delivery and actual 
delivery date. Secondary outcomes were LBW (birth-
weight <2500 g) and SGA (birthweight <10th percen-
tile of the same gestational age).

Exposure
The main exposure of interest was SSRI exposure after 
the first trimester (GA � 13� weeks). The secondary 
exposure of interest was SSRI exposure only in the first 
trimester (Figures S2 and S3). Study participants were 
divided into three groups based on SSRI exposure sta-
tus during pregnancy. The control group (no SSRI 
exposure) was women with no SSRI prescribed during 
the pregnancy. The late SSRI exposure group was 
women who had any SSRI order after the first trimes-
ter. The early-only exposure group was of women with 
SSRI orders only in the first trimester.

https://doi.org/10.1080/14767058.2024.2313364
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Covariates

We extracted information on maternal characteristics, 
pre-pregnancy/prenatal mental health conditions, 
and pre-pregnancy comorbidities from the EHR (Table 
S1). Pregnancy and maternal characteristics were col-
lected during prenatal care or at the time of delivery. 
These included parity, preterm history, delivery year, 
fetal sex, age, race, ethnicity, insurance, pregravid 
body mass index (BMI) category, smoking status, ille-
gal drug use status, ethanol consumption status, and 
Centers for Disease Control and Prevention Social 
Vulnerability Index (CDC-SVI). CDC-SVI represents the 
percentile ranking of each census tract on 15 social 
factors. Social factor themes include socioeconomic 
status, household composition, race/ethnicity/lan-
guage, and housing/transportation [36]. Pre-pregnancy 
mental health conditions were determined based on 
prescription orders (Table S2), clinical diagnoses 
(Table S2), and Patient Health Questionnaire-9 (PHQ-9) 
scores [37,38]. We collected the pre-pregnancy expo-
sure status of N06AA, N06AB (SSRI), N06AF, N06AG, 
and N06AX six months before the pregnancy. We 
extracted diagnoses of adjustment disorders and anx-
iety disorders from the two-year pre-pregnancy 
period. Prenatal mental health was determined based 
on depression diagnosis and Patient Health 
Questionnaire-4 (PHQ-4) score during late pregnancy 
[39,40]. Other comorbid diagnoses (anemia, asthma, 
cardiovascular diseases, cystic fibrosis, chronic lung 
diseases, diabetes, renal diseases, leukemia, pneumo-
nia, sepsis, and sickle cell diseases) were included 
when active during the two-year pre-pregnancy 
period (Table S2).

Statistical analyses

Descriptive statistics
We calculated the prevalence rate of maternal depres-
sion, use of antidepressants, and use of SSRI from 2013 
to 2022 (Figure 1). We also compared these rates of 
the pandemic (6 March 2020 to 31 December 2022) 
and control period (6 March 2017 to 31 December 
2019). Descriptive statistics for maternal characteristics, 
outcomes, covariates, and prenatal mental health con-
ditions are presented by exposure group (Table S3). 
We examined the distribution of covariates across 
exposure groups (no, early-only, late SSRI) and out-
come groups (PTB and non-PTB). We used Chi-squared 
test for categorical variables. For continuous variables, 
we used one-way ANOVA test and Welch’s t-test. 
Multiple testing was corrected using Benjamin–
Hochberg method (Table S4).

Main analysis
We used propensity score adjusted log-binomial and 
linear regression to calculate the odds ratio (OR) of 
PTB, LBW, and SGA and the difference in the mean of 
GA corresponding to exposure to SSRIs. We applied 
multivariable imputation for missing values. We 
selected the treatment group and calculated the pro-
pensity score using logistic regression for each com-
parison. Covariates of the main model included 
pregnancy and maternal characteristics, pre-pregnancy 
mental health conditions, and pre-pregnancy comor-
bid conditions as defined above.

We compared the late SSRI exposure group to the 
non-late, early-only, and no SSRI exposure groups (Figure 
S3). We compared the early-only SSRI group to the no 
SSRI exposure group. Additionally, any SSRI exposure 
group was compared with the no SSRI exposure group. 
These associations were further assessed as follows.

First, we subdivided the late SSRI exposure group 
into the late-only and both SSRI exposure groups to 
evaluate the effect of the late-only SSRI exposure 
(Figure S3). Both SSRI exposure groups consisted of 
women who had SSRI orders during and after the first 
trimester. Late-only SSRI exposure group consisted of 
women who had SSRI orders only after the first trimes-
ter. Second, drug-specific analyses were conducted on 
individual SSRI medications: citalopram, escitalopram, 
fluoxetine, paroxetine, sertraline, and fluvoxamine.

Sensitivity analysis
First, we evaluated the impact of the COVID-19 pan-
demic period (n� =� 3217). Second, the influence of late 
SSRI exposure was evaluated among women who had 
depression diagnoses during late pregnancy (n�=�5368). 
This approach was adopted to adjust for the prenatal 
depression severity. We assumed women with severe 
prenatal depression symptoms were likely to have their 
depression diagnosis during pregnancy. Third, we 
assessed the impact of pre-pregnancy depression 
severity on a subsample of women who completed the 
PHQ-9 during the two-year pre-pregnancy period 
(n� =� 3532). Similarly, we assessed the impact of prena-
tal depression severity using the PHQ-4 score [39,40] 
(n� =� 3515). Fifth, we conducted an analysis by exclud-
ing women who were exposed to other categories of 
antidepressants (n� =� 6603). Finally, we restricted the 
analysis to women with more than one prescription 
during pregnancy (n� =� 5986).

Additional analysis
In addition, we examined the effect of other antide-
pressants (N06AA, N06AG, N06AF, N06AX) exposure on 

https://doi.org/10.1080/14767058.2024.2313364
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Figure 1. I ncrease in rate of maternal depression, prenatal antidepressant prescription, and prenatal SSRI prescription from 2013 
to 2022. (A) Maternal depression rate from 2013 to 2022. Green line indicates prevalence rate of women who had depression 
diagnosis before the start of the pregnancy. Orange line indicates prevalence rate of prenatal depression. Blue line indicates 
prevalence of postpartum depression. As the de�nition of postpartum depression indicates depression up to one-year postpartum 
period, we did not evaluate the rate of postpartum depression of patients who delivered in 2022. (B) Comparison of prenatal 
depression rate in control period (6 March 2017 to 31 December 2019) and pandemic period (6 March 2020 to 31 December 
2022). There was 50.3% increase in prenatal depression rate during pandemic period. (C) Prenatal antidepressant prescription rate 
from 2013 to 2022. Antidepressant with prescription rate below 0.01% is not displayed. (D) Comparison of prenatal antidepressant 
prescription rate in control period (6 March 2017 to 31 December 2019) and pandemic period (6 March 2020 to 31 December 
2022). There was 36.0% increase in prenatal antidepressant prescription rate during pandemic period. (E) Prenatal SSRI prescription 
rate from 2013 to 2022. SSRI with prescription rate below 0.01% is not displayed. (F) Comparison of prenatal SSRI prescription 
rate in control period (6 March 2017 to 31 December 2019) and pandemic period (6 March 2020 to 31 December 2022). There 
was 36.0% increase in prenatal SSRI prescription rate during pandemic period. +p� <� .1; *p� <� .05; **p� <� .01; ***p� <� .001; 
****p� <� .0001; *****p� <� .00001.
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PTB, SGA, and LBW. This approach was to further dis-
tinguish associations resulting from SSRI and other 
antidepressant exposures. We additionally separated 
serotonin and norepinephrine reuptake inhibitor (SNRI) 
from N06AX, as it is the most common class of N06AX 
antidepressants and shares some similarities to SSRIs.

Results

Descriptive statistics

Figure 1 shows the trend in the prevalence rate of 
maternal depression and prenatal use of SSRIs from 
2013 to 2022. There were 50.3% and 40.3% increases 
in prenatal depression and SSRI prescriptions during 
the COVID-19 pandemic period. Table S3 presents the 
descriptive statistics of covariates, outcomes, and 
maternal mental health. Of 365,075 women, 8406 were 
eligible as our cohort of interest (study participants, 
Figure S1). The study cohort was divided into three 

groups (Figures S2 and S3): 3760 women in the no 
SSRI exposure group, 887 women in the early-only 
SSRI exposure group, and 3759 women in the late SSRI 
exposure group. Among these three exposure groups, 
the late SSRI exposure group had the highest rate of 
PTB (11.7%), the no SSRI exposure had a rate of 9.1%, 
and the early-only SSRI exposure group had the lowest 
PTB prevalence rate (7.0%). Among the subpopulation 
with pre-pregnancy PHQ-9 score (n� =� 3532), PHQ-9 
score was not significantly different across outcome 
groups (p� =� .8, Table S4).

Main analysis

Increased risk of preterm birth and low birthweight 
for late SSRI exposure
Late SSRI exposure was associated with elevated risk 
of PTB and LBW after controlling for confounders 
(Figure 2 and Table S5). The ORs of PTB were 1.4 
([1.2,1.7], p� <� .0001), 1.5 ([1.2,1.8], p� <� .0001), and 1.4 

Figure 2. I ncreased risk of preterm birth and decreased gestational days at birth for women exposed to SSRI in second or third 
trimester. CI: con�dence interval; GA: gestational age. The odds ratio of preterm birth and di�erence in the mean of GA at birth 
were calculated using log-binomial regression and linear regression adjusting for propensity score (top). Exposure groups were 
de�ned as follows. No: women with no SSRI exposure during pregnancy. Early only: women with SSRI exposure only in the �rst 
trimester. Late: women with SSRI exposure in the second or third trimester. Any: women with any SSRI exposure during pregnancy 
(early only� +� late). No-late: women with no SSRI exposure in the 2nd nor 3rd trimester (no� +� early only). This increased risk of 
the late SSRI exposure group was similar among subsample of patients who delivered during COVID-19 pandemic period (bot-
tom). Each comparison (a–e) is de�ned in the table on the left. +p� <� .1; *p� <� .05; **p� <� .01; ***p� <� .001; ****p� <� .0001; 
*****p� <� .00001.
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([1.1,1.9], p�<� .05) and those of LBW were 1.6 ([1.3,2.0], 
p� <� .0001), 1.5 ([1.2,2.0], p� <� .01), and 1.8 ([1.3,2.7], 
p� <� .01) when comparing late SSRI exposure group 
with no-late, no, and early-only SSRI exposure groups, 
respectively.

Early-only SSRI exposure was not associated with 
either PTB (OR = 1.2, [0.7,1.9]) and LBW (OR = 0.7, 
[0.4,1.3]). Women exposed to SSRI at any time during 
pregnancy had 1.4 ([1.1,1.8], p�<� .01) fold higher risk of 
PTB, 1.4 ([1.1,1.9], p�<� .01) fold higher risk of LBW than 
the unexposed to SSRI group (Figure 2 and Table S5). 
Most (both SSRI exposure group, n� =� 3328, 88.5%) of 
the late SSRI exposure group took SSRIs throughout 
the pregnancy. The late-only SSRI exposure group 
(n� =� 431) had similar PTB and LBW risk (PTB OR = 1.1 
[0.7,1.6]; LBW OR = 1.0 [0.6,1.7]) compared with both 
SSRI exposure group (Table S6).

Drug-speci�c analysis

In relation to PTB, drug-specific analyses demonstrated 
consistent results as the main SSRI analysis and 
remained statistically significant, except for paroxetine 
(Table S7). There was an increased risk of PTB with 
early-only exposure to paroxetine (OR = 2.7 [1.1,6.8]). 
In relation to LBW, all drugs showed similar results as 
the main SSRI analysis.

Sensitivity analysis

The strong and significant association between late 
SSRI exposures and PTB/LBW persisted throughout 
sensitivity analyses (Table S8).

Discussion

In this study, we characterized the prevalence rate of 
maternal depression and the prescription rate of anti-
depressants over a recent 10-year period. Our objec-
tive was to examine the relationship between the 
timing of prenatal SSRI exposure and three outcomes 
(PTB, LBW, and SGA) among women with a history of 
depression. We adjusted for confounding factors 
known to be associated with PTB, including parity, 
preterm history, maternal mental health, and comor-
bidities. Notably, we observed a 50.3% increase in the 
prevalence rate of prenatal depression and a 40.3% 
increase in prescription rate of prenatal SSRI prescrip-
tion rate during the COVID-19 pandemic. We found 
that women prescribed SSRIs in late pregnancy were 
1.5 times more likely to deliver preterm compared to 
women who were not prescribed SSRIs. These findings 

remained robust across several sensitivity analyses, 
which accounted for factors such as the COVID-19 
pandemic period, depression severity and exposure to 
other categories of antidepressants (N06AA and N06AX).

Our observation of an increased rate of prenatal 
depression rate during the pandemic aligns with find-
ings from previous studies [2,3,41–44]. An observa-
tional study conducted on pregnant women during 
the pandemic in US Northern California reported that 
these patients were twice as likely to have possible 
depression (Edinburgh Postnatal Depression Scale [45] 
score �11; EPDS) compared to those who were preg-
nant before the pandemic [41]. In their study, King 
et�al. [41] identified key factors contributing to the rise 
in the prevalence rate of prenatal depression during 
the pandemic, categorizing them into objective adver-
sity and subjective stress related to COVID-19. Objective 
adversity encompassed changes in financial and 
employment situations and disruptions in prenatal 
care. Subjective stress involved women’s concern and 
fear about the infection, along with a lack of support 
during labor and delivery. Our sensitivity analysis on a 
subsample of patients who delivered during the pan-
demic period aims to assess the impact of these col-
lective factors on the association between SSRI 
exposure and the risk of PTB. The outcome of this sen-
sitivity analysis closely paralleled that of the main 
analysis.

Our findings are consistent with several prior obser-
vational studies that have investigated the timing of 
prenatal antidepressant or SSRI-specific exposures and 
PTB [8,17,19–21,24,25]. A systematic review and 
meta-analysis comprising 41 observational studies 
reported that second and third trimester antidepres-
sant exposure increased the risk of PTB; notably, 22 
(53.6%) of studies examined SSRI exposure [17]. 
Additionally, a retrospective study on a similar-sized 
singleton pregnancy cohort covered by Tennessee 
Medicaid also suggested an association between sec-
ond trimester antidepressant (SSRI or non-SSRI antide-
pressant) exposures and PTB, though no such 
association was found with first trimester exposures [8].

In contrast with our study, some studies reported 
an elevated risk for PTB for first trimester SSRI or anti-
depressant (non-SSRI antidepressant) exposures 
[18,31,32]. However, the first trimester exposure in 
their studies included women who continued the use 
throughout the pregnancy. Their definition of 
first-trimester exposure differs from ours, making it 
challenging to compare our findings with theirs 
directly. A population-based cohort study conducted 
in Finland reported a lower risk of PTB for women who 
purchased SSRIs during pregnancy; the risk of PTB was 
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16% lower even when accounting for the underlying 
condition [46]. However, they compared women 
exposed to SSRIs to unexposed ones with psychiatric 
diagnoses during the pregnancy. Our study compared 
only those participants experiencing depression before 
the pregnancy.

The precise mechanisms of preterm labor and birth 
are not yet fully understood, making it challenging to 
speculate on the association between late-pregnancy 
SSRI exposure and an increased risk of PTB. However, 
insights from studies on animals suggest a potential 
link [26]. When pregnant individuals take SSRI, it results 
in higher levels of serotonin in both the mother and 
the fetus. This increased serotonin concentration and 
elevated serotonin signaling rates likely induce vaso-
constriction in uterine and placental blood vessels, 
consequently reducing blood flow to the fetus and 
placenta. These changes are associated with a smaller 
placental size/weight and a higher likelihood of PTB. 
Throughout pregnancy, serotonin metabolism under-
goes changes, with fetal serotonin synthesis increasing 
as gestation progresses. This results in a decrease in 
placental serotonin synthesis and the transfer of fetal 
serotonin into the placenta. Considering the 
time-related changes in serotonin metabolism observed 
during a physiological pregnancy, variations in the 
timing of SSRI exposure may impact serotonin signal-
ing metabolism related to pregnancy outcomes.

Surprisingly, pre-pregnancy depression severity, 
indicated by PHQ-9 scores, did not appear to be rele-
vant to the risk of PTB. Among the patients who met 
our eligibility criteria for the analytic cohort, we col-
lected the most recent PHQ-9 score before conception 
to reflect the patient’s pre-pregnancy depression 
severity. These findings are contrary to earlier studies 
suggesting a correlation between preconception stress, 
mental health, and PTB [28,47,48]. However, it is 
important to note that our study was restricted to par-
ticipants with a diagnosis of depression before the 
pregnancy. Therefore, within this group of patients 
who had depression before pregnancy, pre-pregnancy 
depression severity did not correlate with an increased 
risk of PTB. We speculate that the presence of 
pre-pregnancy depression may be a more significant 
contributor to PTB than the severity of depressive 
symptoms. One possible explanation for this result is 
the saturation of maternal stress-induced response. 
Maternal stress may induce a response, such as 
hypothalamic-pituitary-adrenal (HPA) axis dysfunction 
[49,50] or inflammatory immune response [51], which 
potentially activates a mechanism leading to PTB. 
However, this response may saturate and plateau once 
stress hits the level of depression.

Strengths and limitations

In this study, we minimized confounding-by-indication 
by analyzing women with depression onset before 
pregnancy. Depression is an acknowledged risk factor 
for PTB [52]. In our study, we aimed to differentiate the 
impact of the depression itself from the association 
between prenatal SSRI use and the risk of PTB. To 
achieve this, we limited our analytic cohort to include 
patients who were diagnosed with depression before 
pregnancy and showed indications of depression within 
six months before conception. Notably, pre-pregnancy 
depression severity was not correlated with an elevated 
risk of PTB. Furthermore, we conducted multiple sensi-
tivity analyses to assess the impact of both pre-pregnancy 
and prenatal depression severity. Our key finding, the 
association between late SSRI exposure and an increased 
risk of PTB, remained robust across these sensitivity 
analyses. This strengthens our confidence that the 
depression did not confound our main finding.

We analyzed a large sample to provide sufficient sta-
tistical power to examine PTB, SGA, and LBW. This 
allowed observations of statistically significant results in 
subgroup analyses and sensitivity analyses. We applied 
rigorous sensitivity analyses to test the robustness of 
associations observed in the main analysis. We 
accounted for the COVID-19 pandemic, depression 
severities before and during the pregnancy, and expo-
sure to antidepressant polytherapy. Many prior studies 
on the association between SSRI and PTB were limited 
due to lack of severity data [8,21,31,53–57]. We included 
the CDC social vulnerability index as a covariate. CDC 
uses U.S. Census data to calculate the social vulnerabil-
ity of each census tract, a subdivision of counties [36]. 
This index allows us to account for social disparity 
based on the location of residence. To our knowledge, 
this is the first study that accounted for social vulnera-
bility when assessing the impact of SSRIs on the risk of 
adverse pregnancy outcomes. Additionally, we assessed 
SSRI drug-specific associations and N06AA/N06AX asso-
ciations with PTB, SGA, and LBW. This helps us under-
stand the magnitude of individual drug association 
with PTB, SGA, and LBW and to discern the contribu-
tions of other antidepressants (N06AA/N06AX).

A potential area for improvement in this study was 
the potential misclassification of exposures. Prescription 
orders may not necessarily indicate actual exposures. 
Non-differential misclassification of exposure biases 
toward the null potentially attenuates the strength of 
the association. This is an inherent limitation of EHR 
data; however, we assessed the impact of exposure 
misclassification in sensitivity analysis.
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While our study benefited from a large sample size 
to assess the association between SSRI exposure and 
the elevated risk of PTB, this sample size was inade-
quate for stratified analyses or for drawing definitive 
conclusions from the stratified analyses we conducted. 
First, we faced limitations in the number of patients 
for whom depression severity was assessed. Utilizing 
standardized scoring systems such as the PHQ-9 and 
PHQ-4, we performed sensitivity analyses on a sub-
population that took the assessments (3532 out of 
8406; 42%). However, the sample size was insufficient 
for stratified analyses based on the depression sever-
ity. Moving forward, stratified analysis based on 
pre-pregnancy and prenatal depression severity 
should be conducted to elucidate the impact of SSRI 
on PTB further. Such analyses would strengthen our 
findings on the association between late SSRI expo-
sure and the risk of PTB, particularly if a similar rela-
tive risk of PTB was observed between these 
subgroups (non-severe and severe).

Second, a primary limitation of our analysis was the 
assumption of independence among individual preg-
nancy cases, disregarding potential correlations 
between multiple pregnancies within the same popu-
lation. A stratified analysis will enhance the accuracy 
of our findings, acknowledging the unique characteris-
tics of nulliparous pregnancies.

Third, we conducted a drug-specific analysis assess-
ing different SSRI compounds, observing a contrary 
observation for paroxetine compared to the entire 
SSRI group. However, we refrained from an in-depth 
discussion on this observation due to the consider-
ably smaller sample size of paroxetine compared to 
other SSRI compounds. The early-only and late parox-
etine groups were comprised of 56 and 55 patients, 
respectively, while the sample size of other SSRI com-
pound exposure groups ranged from hundreds to 
thousands. Instead, we presented the sample size, rel-
ative risk, and confidence interval, anticipating that 
this observation could be valuable for future 
meta-analysis studies.

Unfortunately, conducting a stratified analysis based 
on dosage was not feasible for this study. Our primary 
focus was to characterize the timing of SSRI exposure 
during pregnancy and its correlation with the risk of 
PTB. We faced limitations in sample size, preventing 
further categorizing our timing-specific exposure 
groups by dosage. Future retrospective or prospective 
studies that investigate the impact of the dosage on 
the association between SSRI exposure and risk of PTB 
would be valuable.

Conclusions

Among women with depression onset prior to preg-
nancy, SSRI exposure after the first trimester is asso-
ciated with an increased risk for PTB and LBW. 
Although our findings suggest that there is an asso-
ciation between SSRI exposures after the first trimes-
ter of pregnancy and the risk of PTB and LBW, 
depression should not be left untreated during preg-
nancy. Untreated depression increases the chance of 
adverse pregnancy outcomes and high-risk health 
behaviors [58,59]. Both patients and physicians should 
be informed on both the risks and benefits of all 
treatment options during pregnancy to make optimal 
patient-specific decisions given the patient’s health 
conditions.
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