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A B S T R A C T   

Background: Depression during pregnancy is relatively undertreated; however, the relationship between prenatal 
exposure to antidepressants and neonatal outcomes remains controversial. 
Methods: This retrospective cohort study used a Japanese nationwide claims database. Data of 114,359 singletons 
born between January 2005 and November 2019 were used to evaluate the relationship between prenatal 
exposure to antidepressants and neonatal morbidity. 
Results: Of 2892 mothers with a history of depression before delivery, 352 (12.1%) received prescriptions within 
three months before delivery (MP3), and 2540 did not (non-MP3). The participants were propensity score 
matched (PSM) in a ratio of 1:3 using logistic regression (MP3_PSM [n = 351] vs non-MP3_PSM [n = 1052]), and 
maternal prescriptions of antidepressants within three months before delivery were associated with neonatal 
morbidity indicators, including admission to the neonatal intensive care unit (NICU) (15.7 vs. 9.1%, odds ratio 
(OR) 1.9 [95% confidence interval (CI): 1.3–2.6]), poor neonatal adaptation syndrome (6.0 vs 1.0%, OR 6.6 
[95% CI: 3.1–14.2]), transient tachycardia (15.7 vs. 6.7%, OR 2.6 [95% CI: 1.8–3.8]), and meconium aspiration 
syndrome (3.1 vs 0.7%, OR 4.8 [95% CI, 1.9–12.5]). There were no significant differences in the long-term 
duration of stay at the NICU (>15 days). 
Limitations: Confounding factors may remain even after the propensity matching. 
Conclusion: Maternal prescription of antidepressants within three months before delivery was associated with 
increased admission to the NICU. However, the absolute risk of severe neonatal morbidity was low. Therefore, 
collaborative care for prenatal depression and the neonatal intensive care is warranted.   

Abbreviations: ATC, Anatomical therapeutic chemical classification; CI, confidence interval; CS, cesarean delivery; GDM, gestational diabetes mellitus; HDP, 
hypertensive disorders in pregnancy; HR, Hazard ratio; ICD-10, International classification of diseases tenth revision; IQR, Interquartile range; JMDC, Japan Medical 
Data Center; MAS, meconium aspiration syndrome; MP3, Maternal Prescription within 3 months before delivery; non-MP3, No Maternal Prescription within 3 months 
before delivery; NICU, Neonatal Intensive Care Unit; OR, Odds ratio; PNAS, Poor neonatal adaptation syndrome; PPHN, persistent pulmonary hypertension of the 
newborn; PS, Propensity score; PSM, Propensity score matched; RWD, real-world data; RDE, real world evidence; SSRI, Selective serotonin reuptake inhibitor; TTN, 
transient tachycardia/other respiratory distress; VENT, Ventilator treatment. 
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1. Introduction 

Perinatal depression is not a rare disorder that affects more than 12% 
of pregnant women (Stewart, 2011). Untreated depression during 
pregnancy is associated with preterm birth, small for gestational age, 
stillbirth, low birth weight, and maternal morbidity; including perinatal 
complications, increased cesarean deliveries, and postpartum depres
sion (Bonari et al., 2004; Jahan et al., 2021). Thus, perinatal depression 
needs to be assessed and well-managed. 

The need for antidepressants during pregnancy is increasing (Mole
naar et al., 2020a). It has been reported that 15.4% of women of 
reproductive age (Dawson et al., 2016) and 5–13% of pregnant women 
(Andrade et al., 2008; Mitchell et al., 2011) are prescribed at least one 
antidepressant. Selective serotonin reuptake inhibitors (SSRIs) are the 
most common treatment for perinatal depression (Huybrechts et al., 
2013; Nishigori et al., 2017). However, pregnant women are likely to 
discontinue antidepressants in pregnancy (Ishikawa et al., 2020; Noh 
et al., 2022) because of concerns about possible safety of antidepressants 
for fetuses (McDonagh et al., 2014), including congenital malformations 
during early pregnancy (Alwan et al., 2007; Huybrechts et al., 2014; 
Louik et al., 2007; Källén and Otterblad Olausson, 2007; Furu et al., 
2015) and neonatal morbidity during late pregnancy (Hayes et al., 2012; 
Singal et al., 2016; Källén, 2004). 

Poor neonatal adaptation syndrome (PNAS) has been linked to SSRI 
exposure during the third trimester of pregnancy (Levinson-Castiel et al., 
2006), with a reported frequency of approximately 30%. Historically, 
the US Food and Drug Administration initially instructed manufacturers 
to issue warnings about their products (Koren et al., 2005). Subse
quently, studies have accumulated risk-benefit assessment data on 
neonatal outcomes (Ornoy and Koren, 2017), including NICU admis
sions (Norby et al., 2016), preterm births (Eke et al., 2016), and low 
birth weight (Nezvalova-Henriksen et al., 2016; Roca et al., 2011), to 
show that they are rare and less serious. Furthermore, some studies have 
suggested the dosage of SSRIs during pregnancy may affect birth weight 
(Molenaar et al., 2020b). However, because of ethical considerations, no 
randomized controlled trial studies have been conducted to evaluate the 
efficacy or safety of antidepressants during pregnancy (Coverdale et al., 
2008; Stewart, 2011). Therefore, new methodology is warranted to 
provide evidence for unmet medical needs on drugs during pregnancy 
(Koren et al., 1998; Murashima et al., 2021). 

Real-world evidence (RWE) is a new methodology recently proposed 
by the U.S. Food and Drug Administration (Sherman et al., 2016). By 
definition, real-world data (RWD) is the routinely collected data from 
various sources, while RWE is the clinical evidence derived from RWD 
analysis. Each data source, including claims databases, patient regis
tries, and electronic medical records, has advantages and disadvantages 
(Nabhan et al., 2019; Ohtsu et al., 2022). Therefore, evaluation of the 
quality and relevance is necessary. 

This is a retrospective cohort study aimed to evaluate a new RWD, a 
nationwide claims database of linked mothers and children in Japan, to 
analyze the association between prenatal exposure to antidepressants 
and neonatal morbidity. 

2. Methods 

2.1. Data source 

This study involved the retrospective observational cohort analysis 
of the Japan Medical Data Center (JMDC) database, an anonymized 
patient-level claims database (Kimura et al., 2010). The JMDC maintains 
one of the largest claims databases from the National Universal Health 
Insurance System, with approximately 8.4 million insured subscribers 
registered as of 2020 (Nagai et al., 2021). JMDC anonymously links 
billing information collected from hospitals, clinics, and pharmacies and 
supplies it as a patient-centric relational database with tables including 
information on healthcare providers, insurance individuals, monthly 

receipts, diagnoses, drugs, surgeries, and diagnostic tests (Hashimoto 
et al., 2021; Ishikawa et al., 2020; Yamamoto-Sasaki et al., 2020). The 
coding system provided by JMDC is based on the International Classi
fication of Disease, 10th edition (ICD-10), for diagnoses and the World 
Health Organization Anatomical Therapeutic Chemical Classification 
(ATC) for drug prescriptions. The codes have been indicated within 
square brackets in the manuscript (Supplementary Tables 1 and 2). 

The Institutional Review Board of Juntendo University approved the 
protocol of this study (JM#20-322) according to the ethical guidelines 
for medical research involving human subjects (Ministry of Health, 
Labor, and Welfare of Japan). The need for informed consent was 
waived for this observational study because of the anonymity of the 
data. 

2.2. Study population 

The pregnancy cohort included women aged 15–50 years who gave 
birth to a singleton based on a family code between January 2005 and 
November 2019. As the Japanese insurance system does not include the 
last menstrual period or weeks of pregnancy (Ishikawa et al., 2020), we 
used the month of birth as the index (Hashimoto et al., 2021; Yamamoto- 
Sasaki et al., 2020). To minimize the impact on neonatal outcomes, we 
excluded multiple pregnancies [O30] and chromosomal abnormalities 
in babies [Q90–Q99]. In addition, to assess maternal risk factors, we 
excluded second or subsequent babies and mothers without at least six 
months of JMDC subscriptions before delivery. 

2.3. Diagnosis of depression and antidepressant prescription 

We identified the maternal diagnosis of depression as ICD-10 based 
JMDC code [F32]. The ATC-based JMDC code [N06A] and its sub
divisions (SSRIs [N06A4], serotonin-noradrenaline reuptake inhibitors 
[N06A5], and other antidepressants (Others) [N06A9]) were designated 
as antidepressants. Newborns whose mothers had received at least one 
prescription for antidepressants within three months before birth were 
allocated to the exposed group. 

2.4. Maternal and neonatal characteristics 

We assessed the following covariates as clinical predictors (Supple
mentary Table 1): maternal age, anemia, dyslipidemia, hypertension/ 
hypertensive disorders of pregnancy (HDP), diabetes mellitus/gesta
tional diabetes mellitus (GDM), autoimmune diseases, and ischemic 
heart disease (Hashimoto et al., 2021), sex of the newborn, cesarean 
section (CS), preterm birth, and low birth weight (Norby et al., 2016; 
Källén, 2004). The Japanese health insurance system includes a 
“tentative diagnosis” for billing purposes (Fujihara et al., 2021), which is 
known to reduce the specificity of the diagnosis alone. Therefore, the 
combination of diagnosis and treatment was used to assess the cova
riates as above. 

2.5. Outcomes 

We extracted the neonatal outcomes using JMDC diagnostic codes 
(Supplementary Table 2): admission to neonatal intensive care unit 
(NICU) (all), admission to NICU (>15 days), respiratory distress syn
drome, transient tachycardia/other respiratory distress (TTN), persis
tent pulmonary hypertension of the newborn (PPHN), meconium 
aspiration syndrome (MAS), ventilator treatment (VENT) (all), VENT 
(>5 h), continuous positive airway pressure (CPAP), seizures, congenital 
hyper/hypotonia, intracranial hemorrhage, feeding difficulties, and 
PNAS. These covariates were selected according to previous studies 
(Norby et al., 2016; Hashimoto et al., 2021; Källén, 2004). 
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2.6. Statistical analysis 

Baseline characteristics were summarized using mean values (stan
dard deviation [SD]) for continuous data and counts (percentage, %) for 
categorical data. The groups were compared using crude analysis and 
propensity score (PS) matching (Rubin, 1997). PS was generated using 
logistic regression, with the maternal prescription of antidepressants 
within three months before delivery as the dependent variant. Inde
pendent variables were selected as potential confounding factors based 
on previous studies (Cantarutti et al., 2017; Hayes et al., 2012; Norby 
et al., 2016); they included maternal (age at delivery, birth year, ane
mia, hypertension, diabetes mellitus, autoimmune disease, and cesarean 
delivery) and neonatal (sex and low birth weight) factors. PS matching 
was performed using the greedy pair algorithm (Austin, 2009) with a 1:3 
ratio without replacements and a caliper width of 0.2 (Austin, 2011). 
Standardized differences were used to assess residual differences in the 
subsets of matched participants. In addition, neonatal outcomes with or 
without maternal exposure to antidepressants were compared. All sta
tistical analyses were performed using SAS version 9.4 (SAS Institute 
Inc., Cary, NC, USA). 

3. Results 

3.1. Data source and study population 

Fig. 1 shows a flowchart of the study. From 7,447,761 JMDC sub
scribers and their families during the study period, we identified 
114,359 eligible pregnancies. Only the first singleton babies linked with 
their mothers were been included. Of these, 6593 (5.8%) had a lifetime 
history of depression diagnosis, and 2892 (2.5%) had a diagnosis before 
delivery. These pregnancies were categorized into those prescribed 
within three months before delivery (MP3: n = 352) and those without 
antidepressant prescriptions (non-MP3: n = 2540). After 1:3 PS match
ing, two groups were extracted as MP3_PSM (n = 351) and non- 
MP3_PSM (n = 1052), respectively. 

3.2. Maternal history of depression and antidepressant prescription 

Fig. 2 shows the percentage of women with a diagnosis of depression 
before delivery who have at least one antidepressant prescription, trend 
by three months. The percentage of prescriptions for women with a 
history of depression before delivery was 30.1% (737/2446) 12 months 
before delivery, 12.2% (352/2892) within three months before delivery, 
and 18.6% (406/2180) 1.5 years after delivery (Fig. 2) (Supplementary 
Table 3). 

3.3. Maternal and neonatal characteristics 

The maternal and neonatal characteristics are shown in Table 1. In 
the MP3 group, the maternal mean age at delivery was 33.6 years [SD ±
4.37]. The rate of diagnosis and treatment of gestational diabetes was 
3.7%, and the maternal cesarean delivery rate was 27.3%. After 1:3 
propensity score matching, the maternal age and comorbidities 
mentioned above were corrected for the differences between the two 
groups. Regarding the frequency of preterm birth and low birth weight, 
MP3 had an increased frequency of 13.6% versus 6.5% (odds ratio (OR) 
2.26 [95% confidence interval (CI) 1.60–3.18], P < 0.001) before PS 
matching, which was corrected to 13.4% versus 13.0% after PS 
matching. 

There were few adolescents under the age of 20 (Supplementary 
Fig. 1). 

3.4. Neonatal outcomes 

Table 2 shows the neonatal outcomes. The NICU admission rates 
were significantly higher before propensity score matching (55/352 
(15.6%) vs 165/2540 (6.5%), P < 0.0001, OR 2.67, [95% CI 
1.92–3.70]); after PS matching, there was a significant increase in NICU 
admissions (55/352 (15.7%) vs. 96/1052 (9.1%), p < 0.0001, OR 1.85, 
[95% CI 1.30–2.64]). However, there was no difference in long-term 
hospitalization at the NICU (>15 days) between the two groups, (9/ 

Fig. 1. Flow chart of the study.  
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Fig. 2. Percentage of women with a diagnosis of depression who have at least one antidepressant prescription, trend by three months.  

Table 1 
Maternal and neonatal characteristics.   

Crude PS-matched 

MP3 Non-MP3 OR [95% CI] MP3_PSM Non-MP3_PSM OR [95% CI] 

n = 352 n = 2540 p-value n = 351 n = 1052 p-value 

Age at delivery (mean) 33.6 33.3 p = 0.28 33.6 33.5 p = 0.81 
(±SD) (±4.37) (±4.87) (±4.39) (±4.60) 
(Min–max) (22–47) (20–47) (22–47) (20–47) 
Anemia 140 986 OR 1.04 [0.82–1.30] 140 397 OR 1.09 [0.85–1.40] 

(39.77%) (38.82%) p = 0.73 (39.89%) (37.74%) p = 0.47 
DL 4 14 OR 2.07 [0.67–6.34] 4 7 OR 1.72 [0.50–5.91] 

(1.14%) (0.55%) p = 0.26* (1.14%) (0.67%) p = 0.48* 
HT/HDP 23 140 OR 1.20 [0.76–1.89] 23 62 OR 1.31 [0.81–2.13] 

(6.53%) (5.51%) p = 0.44 (6.55%) (5.89%) p = 0.27 
DM/GDM 13 44 OR 2.18 [1.16–4.08] 12 38 OR 0.94 [0.49–1.83] 

(3.69%) (1.73%) p = 0.01 (3.42%) (3.61%) p = 0.87 
Autoimmune disease 3 12 OR 1.81 [0.51–6.45] 3 10 OR 0.90 [0.25–3.28] 

(0.85%) (0.47%) p = 0.23* (0.85%) (0.95%) p = 1* 
IHD 1 1 OR 7.23 [0.45–115.9] 1 1 OR 3.00 [0.19–48.1] 

(0.28%) (0.04%) p = 0.23* (0.10%) (0.34%) p = 0.44* 
CS 96 593 OR 1.23 [0.96–1.58] 96 277 OR 1.05 [0.80–1.38] 

(27.27%) (23.35%) p = 0.11 (27.35%) (26.33%) p = 0.71 
Babis' gender (girl) 162 1244 OR 0.89 [0.71–1.11] 161 472 OR 1.41 [0.81–1.33] 

(46.02%) (48.98%) p = 0.30 (45.87%) (44.87%) p = 0.79 
PB/LBW 48 166 OR 2.26 [1.60–3.18] 47 137 OR 1.03 [0.72–1.47] 

(13.64%) (6.53%) p < 0.01 (13.39%) (13.02%) p = 0.86 

OR, odds ratio. 
SD, standard deviation. 
PS, propensity score. 
DL, dyslipidemia. 
HT, hypertension. 
HDP, hypertensive disorders in pregnancy. 
DM, diabetes mellitus. 
GDM, gestational diabetes mellitus. 
IHD, ischemic heart disease. 
CS, cesarean section. 
PB, preterm birth. 
LBW, low birth weight. 
MP3, maternal prescription, within 3 months before delivery. 
non-MP, no maternal prescription, within 3 months before delivery. 
MP3_PS, MP3, PS matched. 
non-MP3_PSM, non-MP3, PS matched. 

* Fisher's exact test. 
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352 (2.6%) vs. 18/1052 (1.7%), P = 0.31, OR 1.51, [95% CI 
0.67–3.40]). The MP3 group showed increased rates of TTN (matched P 
< 0.0001, OR 2.61, [1.79–3.80]) and MAS (matched P = 0.03, OR 4.83, 
[1.86–12.6]), respectively. VENT (matched P = 0.055, OR 1.70, [95% CI 
0.98–2.94]) were tend to increased risk in MP3 group. There was no 
longer a difference between the two groups related to respiratory 
treatment for more than 5 h (matched P = 0.27, OR 1.42, [95% CI 
0.76–2.66]). Adding the prolonged NICU stay mentioned earlier, the risk 
of developing a serious condition did not seem to increase. There were 
no significant increases in other respiratory diagnoses such as PPHN, 
neurological symptoms such as neonatal seizures, or gastrointestinal 
symptoms. 

Supplementary Table 4 shows the neonatal outcomes, tabulated by 
antidepressant class. SSRIs were the most commonly prescribed anti
depressants in the mothers with a diagnosis before delivery. 

4. Discussion 

To the best of our belief, this is the first study in Japan to investigate 
the relationship between maternal exposure to antidepressants and 
neonatal outcomes using a nationwide claims database. Prenatal pre
scription of antidepressants was associated with increased neonatal 
morbidity and associated events, including a higher rate of admission to 
the NICU. However, the absolute risk of severe neonatal outcomes was 
low. 

Untreated depression in pregnancy could have adverse effects on 
women, their fetuses, other children, and their partners (Bonari et al., 

2004; Jahan et al., 2021). However, concerns about the increased risk of 
several maternal and fetal conditions, including malformations, low 
birth weight, preterm birth, PPHN, and PNAS (MHLW, 2021), have led 
pregnant women with depression to discontinue antidepressants (Ishi
kawa et al., 2020; Noh et al., 2022). In 114,359 eligible mothers, we 
extracted “antepartum history of depression diagnosis” (MP: n = 2892), 
and then “history of antidepressant prescriptions in the 3 months before 
delivery” (MP3: n = 352) (Fig. 1). These numbers are consistent with 
previous reports from Japan (Ishikawa et al., 2020; Nishigori et al., 
2017). Fig. 2 showed a declining rate of antidepressant prescriptions 
among pregnant women with depression. The percentage of pre
scriptions for women with a history of depression before delivery was 
30.1% (737/2446) 12 months before delivery, 12.2% (352/2892) 
within three months before delivery, and 18.6% (406/2180) 1.5 years 
after delivery (Supplementary Table 3). In particular, the lowest rate of 
prescription was during late pregnancy, and this suggests that the pri
mary concern of pregnant women is the impact on neonatal outcomes. 

Antidepressants during late pregnancy have been extensively studied 
(Simon et al., 2002; Källén, 2004; Davis et al., 2007; Colvin et al., 2012), 
and are associated with adverse neonatal outcomes, including preterm 
birth and low birth weight (Bandoli et al., 2020; Eke et al., 2016; Huang 
et al., 2014; Nezvalova-Henriksen et al., 2016; Roca et al., 2011). In 
contrast, depression during pregnancy is associated with increasing risk 
of preterm births (Malm et al., 2015). In other words, the causal rela
tionship between antidepressant treatment and depression has not been 
elucidated yet. In this study, we have taken advantage of the nationwide 
claims database under universal health coverage in Japan and used PS 

Table 2 
Neonatal outcomes.  

Outcomes Crude PS-matched 

MP3 Non-MP3 OR [95% CI] MP3_PSM Non-MP3_PSM OR [95% CI] 

n = 352 n = 2540 p-value n = 351 n = 1052 p-value 

Admission to NICU 55 165 OR 2.67 [1.92–3.70] 55 96 OR 1.85 [1.30–2.64] 
(15.63%) (6.50%) p < 0.01 (15.67%) (9.12%) p < 0.01 

Admission to NICU (over 15 days) 9 30 OR 2.20 [1.03–4.66] 9 18 OR 1.51 [0.67–3.40] 
(2.56%) (1.18%) p = 0.04 (2.56%) (1.71%) p = 0.31 

PNAS 21 16 OR 10.01 [5.17–19.4] 21 10 OR 6.63 [3.09–14.2] 
(6.00%) (0.63%) p < 0.01 (5.98%) (0.95%) p < 0.01 

RDS 6 23 OR 1.90 [0.77–4.69] 6 15 OR 1.20 [0.46–3.12] 
(1.70%) (0.91%) p = 0.16 (1.70%) (1.43%) p = 0.70 

TTN 55 144 OR 3.08 [2.21–4.30] 55 70 OR 2.61 [1.79–3.80] 
(15.63%) (5.67%) p < 0.01 (15.67%) (6.67%) p < 0.01 

PPHN 1 5 OR 1.44 [0.17–12.4] 1 2 OR 1.50 [0.27–8.23] 
(0.28%) (0.20%) p = 0.54** (0.28%) (0.19%) p = 1.00* 

MAS 11 20 OR 4.06 [1.93–8.56] 11 7 OR 4.83 [1.86–12.6] 
(3.12%) (0.79%) p = 0.03 (3.12%) (0.67%) p = 0.03 

Ventilator treatment 21 60 OR 2.62 [1.57–4.37] 21 38 OR 1.70 [0.98–2.94] 
(6.00%) (2.36%) p < 0.01 (5.98%) (3.61%) p = 0.055 

Ventilator treatment (over 5 h) 15 49 OR 2.26 [1.26–4.08] 15 32 OR 1.42 [0.76–2.66] 
(4.26%) (1.93%) p < 0.01 (4.27%) (3.04%) P = 0.27 

CPAP 1 6 OR 1.20 [0.14–10.0] 1 3 OR 1.00 [0.10–9.64] 
(0.28%) (0.24%) p = 0.60* (0.28%) (0.29%) p = 1* 

Seizures 2 8 OR 1.81 [0.38–8.55] 2 4 OR 1.50 [0.27–8.23] 
(0.57%) (0.31%) p = 0.35* (0.57%) (0.38%) p = 0.64* 

Congenital hyper/hypotonia 1 2 OR 3.62 [0.33–40.0] 1 0 NA 
(0.28%) (0.08%) p = 0.32* (0.28%) (0%) p = 0.25* 

Intracranial hemorrhage 5 23 OR 1.58 [0.60–4.17] 5 13 OR 1.15 [0.41–3.26] 
(1.42%) (0.91%) p = 0.38* (1.42%) (1.23%) p = 0.79* 

Feeding difficulties 20 88 OR 1.68 [1.01–2.76] 20 42 OR 1.45 [0.84–2.51] 
(5.69%) (3.46%) p = 0.04 (5.70%) (3.99%) p = 0.18 

Prescription of surfactant 3 20 OR 1.08 [0.32–3.66] 3 14 OR 0.64 [0.18–2.24] 
(0.85%) (0.79%) p = 0.75* (0.85%) (1.33%) p = 0.59 

PNAS, poor neonatal adaptation syndrome. 
RDS, respiratory distress syndrome. 
TTN, transient tachycardia/other respiratory disease. 
PPHN, persistent pulmonary hypertension of the newborn. 
MAS, meconium aspiration syndrome. 
CPAP, continuous positive airway pressure. 

* Fisher's exact test. 
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matching to adjust for potential confounding factors. After PS matching, 
we found a significant increase in the incidence of adverse neonatal 
outcomes, such as admission to the NICU, TTN, MAS, and PNAS. How
ever, there was no difference in severe neonatal outcomes, including 
long-term NICU hospitalization (>15 days), long-term ventilation 
treatment (>5 h), and seizures (Table 2). 

PNAS has been reported in up to 30% of pregnancies after intra
uterine exposure to various SSRIs and serotonin-noradrenaline reuptake 
inhibitors during the third trimester of pregnancy (Ornoy and Koren, 
2017). The clinical features of neonatal maladaptive syndrome include 
irritability, abnormal crying, tremors, jitteriness, lethargy, dyspnea or 
tachypnea, muscle tone and color, and seizures (rarely). These symp
toms are generally mild and transient, and are similar to those seen with 
the use of other psychotropic drugs in late pregnancy. In this study, the 
claims data did not provide detailed descriptions of clinical features. 
Although JMDC has diagnostic codes of PNAS, the specificity of the 
diagnostic codes alone could be low. Therefore, we evaluated with codes 
such as NICU admission, respiratory symptoms, neurological symptoms, 
and gastrointestinal symptoms, all of which have been evaluated in 
previous studies (Cantarutti et al., 2017, Norby et al., 2016, Malm et al., 
2015, Colvin et al., 2012, Källén, 2004), which also represent symptoms 
of PNAS. Our evaluation using these codes showed that symptoms 
considered to be associated with PNAS were few but not severe. The 
rationale for this is that NICU admissions increased but were not pro
longed, and respiratory management tended to increase but was not 
prolonged (Table 2), which was consistent with an earlier study (Norby 
et al., 2016; Colvin et al., 2012). 

One of the main objectives of this study is to assess whether JMDC 
has “fit for purpose” quality and relevance as an RWD. In this study, we 
found advantages of the JMDC, one of the largest nationwide insurance 
claims data-base in Japan, including fee-for-service universal health 
coverage (Hashimoto et al., 2021), few missing values to allow cross- 
hospital analysis between the maternal antidepressant prescriptions in 
clinics and the neonatal care in NICUs, and anonymized data linkage 
(Kimura et al., 2010). For example, as mentioned above, prescriptions 
for women with a history of depression before delivery and neonatal 
outcomes, including severe adverse events. Therefore, we now believe 
that the JMDC claims database, a commercially available database of 
health insurance claims routinely collected from daily practice, can be 
used as one of the new source of data with reasonable quality and 
relevance to conduct future RWD studies for drugs in pregnancy, 
efficiently. 

In developed countries, suicide is the most common cause of peri
natal death (Paschetta et al., 2014), and social support systems have 
been highlighted (Tachibana et al., 2020; Yonemoto et al., 2013). 
Women with a history of depression are at high risk for perinatal 
depression, and it has been suggested that symptoms may worsen when 
antidepressants are discontinued during pregnancy. Our claims-based 
analysis showed an association between maternal prescription of anti
depressants before delivery and admission to the NICU. However, the 
absolute risk of severe neonatal morbidity was low, consistent with 
others (Norby et al., 2016). Therefore, we believe that women with 
depression should not discontinue treatment during late pregnancy only 
because of overconcern regarding neonatal outcomes, as long as they are 
warranted to have access to perinatal care providers, including NICU, 
for high-risk pregnancies. 

4.1. Strength and limitations of this study 

As with any observational study, the present study has some 
strengths and limitations. 

One of the strengths of this study is that it was conducted using a 
nationwide administrative database in Japan with high coverage of data 
because this database shows the sizes of the medical institutions that 
treated the patients. Another strength is the statistical effort, including 
PS matching, to minimize biases. 

This study has some limitations. First, we used PS matching to 
minimize potential bias; however, unmeasured confounding factors may 
remain because this was a retrospective observational study. Random
ized controlled trials remain the gold standard for exploratory studies 
using real-world data to validate causal relationships. Second, the JMDC 
does not contain information, including imaging, laboratory data, and 
clinical symptoms, as a claims database. Therefore, the specificity of the 
PNAS, PPHN, and MAS codes must be carefully interpreted. Third, we 
mainly focused on prescriptions during late pregnancy, and not during 
early pregnancy, and JMDC codes for preterm birth may have some 
margin of error, as in other claims-based analyses. Fourth, there may be 
a survivor bias in this study because we only included pairs of mothers 
and their children. However, previous studies have suggested that pre
natal exposure to antidepressants has few fatal adverse events. Fifth, 
while missing data on antidepressant prescriptions are rare in the fee- 
for-service Japanese health insurance system, it may not be a direct 
indicator of intrauterine exposure because there is no feedback from 
mothers on how many of them have been used and when. Sixth, 
although there were few women under the age of 20 years in our current 
study, it should be noted that there are ongoing debates on the efficacy 
and safety of antidepressant use in children and adolescents (Thapar 
et al., 2012). Finally, the JMDC Claims Database included an employed, 
working-age population. Accordingly, mainly young and middle-aged 
adults were included in the present study, and the average of socio- 
economical status is relatively high (Hashimoto et al., 2021). There
fore, a “healthy worker” bias might be present in this population 
(Hashimoto et al., 2021). Further investigation is needed to determine 
whether our results can be generalizable to other populations of 
different ethnicities, races, educational levels, and incomes. 

4.2. Conclusion 

In conclusion, the claims-based analysis showed an association be
tween maternal prescription of antidepressants within 3 months before 
delivery and admission to the NICU. However, the absolute risk of severe 
neonatal morbidity was low. Furthermore, the prescription rate 
decreased while there was still a need for antidepressants during preg
nancy. Therefore, further studies on treatments for prenatal depression 
and neonatal access to intensive care are warranted. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jad.2022.04.103. 

Acknowledgment 

We thank Shiro Matsuya, MS, for his support on data processing. We 
also thank Naoki Ito, MD, PhD, Department of Pediatrics, Teikyo Uni
versity, School of Medicine, and Yuka Wada, MD, PhD, Division of 
Neonatology, National Center for Child Health and Development, for 
clinical advice on poor neonatal adaptation syndrome. We also thank 
Naomi Nagai, Faculty of Pharmacy, Musashino University, and Taku 
Obara, Department of Pharmaceutical Sciences, Tohoku University 
Hospital, for their advice. 

Funding 

This study was supported by grants from the Ministry of Health, 
Labor, and Welfare of Japan [grant numbers: 20KC2009 for AM and KS], 
Japan Agency for Medical Research and Development [AMED grant: 
20ck0106633h001 for HO and KS], and the Ministry of Education, 
Culture, Sports, Science and Technology [KAKENHI:18K12134, 
20K08427 for HO and KS]. 

Conflict of interest 

Hiroshi Ohtsu received a consultant fee from EPS International 
outside of the submitted study. Naohiro Yonemoto is an employee and 

I. Fujioka et al.                                                                                                                                                                                                                                  

Downloaded for Anonymous User (n/a) at Juntendo University from ClinicalKey.jp by Elsevier on May 20, 2022. 
For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jad.2022.04.103
https://doi.org/10.1016/j.jad.2022.04.103


Journal of Affective Disorders 310 (2022) 60–67

66

shareholder of Pfizer outside the submitted study. Kazuhiro Sase has 
received lecture fees from Daiichi Sankyo, Novartis, Pfizer, and Bristol- 
Myers Squibb, outside the submitted study. The other authors have no 
conflicts of interest to declare. 

IRB information 

The Institutional Review Board of Juntendo University approved the 
protocol of this study (JM#20-322) according to the ethical guidelines 
for medical research involving human subjects (Ministry of Health, 
Labor, and Welfare of Japan) and the World Medical Association (WMA) 
Declaration of Helsinki. Written consent was not required in this 
observational study because of the anonymity of the data. 

CRediT authorship contribution statement 

Izumi Fujioka: Writing – original draft, conceptualization, visuali
zation, formal analysis, and data curation. 

Hiroshi Ohtsu: Formal analysis, Data curation, and Writing—review 
& editing. 

Naohiro Yonemoto: Formal analysis, Data curation, Writing—review 
& editing. 

Kazuhiro Sase: formal analysis, data curation, Writing—review and 
editing, funding acquisition, and supervision. 

Atsuko Murashima: conceptualization, visualization, formal anal
ysis, data curation, writing – review and editing, funding acquisition, 
and supervision. 

Submission declaration 

No prior posting or presentation and no research sponsor is associ
ated with this paper. 

Data availability 

Data may be obtained from a third party and are not publicly 
available. Data may be made available through the JMDC (www.jmdc. 
co.jp/en/jmdc-claims-database/). 

References 

Alwan, S., Reefhuis, J., Rasmussen, S.A., Olney, R.S., Friedman, J.M., National Birth 
Defects Prevention, S.collab, 2007. Use of selective serotonin-reuptake inhibitors in 
pregnancy and the risk of birth defects. N. Engl. J. Med. 356, 2684–2692. https:// 
doi.org/10.1056/NEJMoa066584. 

Andrade, S.E., Raebel, M.A., Brown, J., Lane, K., Livingston, J., Boudreau, D., Rolnick, S. 
J., Roblin, D., Smith, D.H., Willy, M.E., Staffa, J.A., Platt, R., 2008. Use of 
antidepressant medications during pregnancy: a multisite study. Am. J. Obstet. 
Gynecol. 198 (194), e191–e195. https://doi.org/10.1016/j.ajog.2007.07.036. 

Austin, P.C., 2009. Balance diagnostics for comparing the distribution of baseline 
covariates between treatment groups in propensity-score matched samples. Stat. 
Med. 28, 3083–3107. https://doi.org/10.1002/sim.3697. 

Austin, P.C., 2011. Optimal caliper widths for propensity-score matching when 
estimating differences in means and differences in proportions in observational 
studies. Pharm. Stat. 10, 150–161. https://doi.org/10.1002/pst.433. 

Bandoli, G., Chambers, C.D., Wells, A., Palmsten, K., 2020. Prenatal antidepressant use 
and risk of adverse neonatal outcomes. Pediatrics 146. https://doi.org/10.1542/ 
peds.2019-2493. 

Bonari, L., Pinto, N., Ahn, E., Einarson, A., Steiner, M., Koren, G., 2004. Perinatal risks of 
untreated depression during pregnancy. Can. J. Psychiatr. 49, 726–735. https://doi. 
org/10.1177/070674370404901103. 

Cantarutti, A., Merlino, L., Giaquinto, C., Corrao, G., 2017. Use of antidepressant 
medication in pregnancy and adverse neonatal outcomes: a population-based 
investigation. Pharmacoepidemiol. Drug Saf. 26, 1100–1108. https://doi.org/ 
10.1002/pds.4242. 

Colvin, L., Slack-Smith, L., Stanley, F.J., Bower, C., 2012. Early morbidity and mortality 
following in utero exposure to selective serotonin reuptake inhibitors: a population- 
based study in Western Australia. CNS Drugs 1, e1–e14. https://doi.org/10.2165/ 
11634190-000000000-00000. 

Coverdale, J.H., McCullough, L.B., Chervenak, F.A., 2008. The ethics of randomized 
placebo-controlled trials of antidepressants with pregnant women: a systematic 
review. Ostet. Gynecol. 112, 1361–1368. https://doi.org/10.1097/ 
AOG.0b013e31818c2a27. 

Davis, R.L., Rubanowice, D., McPhillips, H., Raebel, M.A., Andrade, S.E., Smith, D., 
Yood, M.U., Platt, R., <collab>HMO Research Network Center for 
Education, Research in Therapeuticscollab, 2007. Risks of congenital malformations 
and perinatal events among infants exposed to antidepressant medications during 
pregnancy. Pharmacoepidemiol. Drug Saf. 16, 1086–1094. https://doi.org/10.1002/ 
pds.1462. 

Dawson, A.L., Ailes, E.C., Gilboa, S.M., Simeone, R.M., Lind, J.N., Farr, S.L., Broussard, C. 
S., Reefhuis, J., Carrino, G., Biermann, J., Honein, M.A., 2016. Antidepressant 
prescription claims among reproductive-aged women with private employer- 
sponsored insurance - United States 2008–2013. MMWR Morb. Mortal. Wkly Rep. 
65, 41–46. https://doi.org/10.15585/mmwr.mm6503a1. 

Eke, A.C., Saccone, G., Berghella, V., 2016. Selective serotonin reuptake inhibitor (SSRI) 
use during pregnancy and risk of preterm birth: a systematic review and meta- 
analysis. BJOG 123, 1900–1907. https://doi.org/10.1111/1471-0528.14144. 

Fujihara, K., Yamada-Harada, M., Matsubayashi, Y., Kitazawa, M., Yamamoto, M., 
Yaguchi, Y., Seida, H., Kodama, S., Akazawa, K., Sone, H., 2021. Accuracy of 
Japanese claims data in identifying diabetes-related complications. 
Pharmacoepidemiol. Drug Saf. 30, 594–601. https://doi.org/10.1002/pds.5213. 

Furu, K., Kieler, H., Haglund, B., Engeland, A., Selmer, R., Stephansson, O., 
Valdimarsdottir, U.A., Zoega, H., Artama, M., Gissler, M., Malm, H., Nørgaard, M., 
2015. Selective serotonin reuptake inhibitors and venlafaxine in early pregnancy and 
risk of birth defects: population based cohort study and sibling design. BMJ 350, 
h1798. https://doi.org/10.1136/bmj.h1798. 

Hashimoto, Y., Michihata, N., Yamana, H., Shigemi, D., Morita, K., Matsui, H., 
Yasunaga, H., Aihara, M., 2021. Intraocular pressure-lowering medications during 
pregnancy and risk of neonatal adverse outcomes: a propensity score analysis using a 
large database. Br. J. Ophthalmol. 105, 1390–1394. https://doi.org/10.1136/ 
bjophthalmol-2020-316198. 

Hayes, R.M., Wu, P., Shelton, R.C., Cooper, W.O., Dupont, W.D., Mitchel, E., Hartert, T. 
V., 2012. Maternal antidepressant use and adverse outcomes: a cohort study of 
228,876 pregnancies. Am. J. Obstet. Gynecol. 207 (49), e41–e49. https://doi.org/ 
10.1016/j.ajog.2012.04.028. 

Huang, H., Coleman, S., Bridge, J.A., Yonkers, K., Katon, W., 2014. A meta-analysis of the 
relationship between antidepressant use in pregnancy and the risk of preterm birth 
and low birth weight. Gen. Hosp. Psychiatry 36, 13–18. https://doi.org/10.1016/j. 
genhosppsych.2013.08.002. 

Huybrechts, K.F., Palmsten, K., Avorn, J., Cohen, L.S., Holmes, L.B., Franklin, J.M., 
Mogun, H., Levin, R., Kowal, M., Setoguchi, S., Hernandez-Diaz, S., 2014. 
Antidepressant use in pregnancy and the risk of cardiac defects. N. Engl. J. Med. 370, 
2397–2407. https://doi.org/10.1056/NEJMoa1312828. 

Huybrechts, K.F., Palmsten, K., Mogun, H., Kowal, M., Avorn, J., Setoguchi-Iwata, S., 
Hernandez-Diaz, S., 2013. National trends in antidepressant medication treatment 
among publicly insured pregnant women. Gen. Hosp. Psychiatry 35, 265–271. 
https://doi.org/10.1016/j.genhosppsych.2012.12.010. 

Ishikawa, T., Obara, T., Kikuchi, S., Kobayashi, N., Miyakoda, K., Nishigori, H., 
Tomita, H., Akazawa, M., Yaegashi, N., Kuriyama, S., Mano, N., 2020. 
Antidepressant prescriptions for prenatal and postpartum women in Japan: a health 
administrative database study. J. Affect. Disord. 264, 295–303. https://doi.org/ 
10.1016/j.jad.2020.01.016. 

Jahan, N., Went, T.R., Sultan, W., Sapkota, A., Khurshid, H., Qureshi, I.A., Alfonso, M., 
2021. Untreated depression during pregnancy and its effect on pregnancy outcomes: 
a systematic review. Cureus 13, e17251. https://doi.org/10.7759/cureus.17251. 

Källén, B., 2004. Neonate characteristics after maternal use of antidepressants in late 
pregnancy. Arch. Pediatr. Adolesc. Med. 158, 312–316. https://doi.org/10.1001/ 
archpedi.158.4.312. 

Källén, B.A., Otterblad Olausson, P., 2007. Maternal use of selective serotonin re-uptake 
inhibitors in early pregnancy and infant congenital malformations. Birth Defects Res. 
A Clin. Mol. Teratol. 79, 301–308. https://doi.org/10.1002/bdra.20327. 

Kimura, S., Sato, T., Ikeda, S., Noda, M., Nakayama, T., 2010. Development of a database 
of health insurance claims: standardization of disease classifications and anonymous 
record linkage. J. Epidemiol. 20, 413–419. https://doi.org/10.2188/jea. 
je20090066. 

Koren, G., Matsui, D., Einarson, A., Knoppert, D., Steiner, M., 2005. Is maternal use of 
selective serotonin reuptake inhibitors in the third trimester of pregnancy harmful to 
neonates? CMAJ 172, 1457–1459. https://doi.org/10.1503/cmaj.1041100. 

Koren, G., Pastuszak, A., Ito, S., 1998. Drugs in pregnancy. N. Engl. J. Med. 338, 
1128–1137. https://doi.org/10.1056/nejm199804163381607. 

Levinson-Castiel, R., Merlob, P., Linder, N., Sirota, L., Klinger, G., 2006. Neonatal 
abstinence syndrome after in utero exposure to selective serotonin reuptake 
inhibitors in term infants. Arch. Pediatr. Adolesc. Med. 160, 173–176. https://doi. 
org/10.1001/archpedi.160.2.173. 

Louik, C., Lin, A.E., Werler, M.M., Hernandez-Diaz, S., Mitchell, A.A., 2007. First- 
trimester use of selective serotonin-reuptake inhibitors and the risk of birth defects. 
N. Engl. J. Med. 356, 2675–2683. https://doi.org/10.1056/NEJMoa067407. 

Malm, H., Sourander, A., Gissler, M., Gyllenberg, D., Hinkka-Yli-Salomaki, S., 
McKeague, I.W., Artama, M., Brown, A.S., 2015. Pregnancy complications following 
prenatal exposure to SSRIs or maternal psychiatric disorders: results from 
population-based national register data. Am. J. Psychiatry 172, 1224–1232. https:// 
doi.org/10.1176/appi.ajp.2015.14121575. 

McDonagh, M.S., Matthews, A., Phillipi, C., Romm, J., Peterson, K., Thakurta, S., 
Guise, J.M., 2014. Depression drug treatment outcomes in pregnancy and the 
postpartum period: a systematic review and meta-analysis. Obstet. Gynecol. 124, 
526–534. https://doi.org/10.1097/aog.0000000000000410. 

MHLW, 2021. Manual for Severe Adverse Drug Reactions: Neonatal Drug Withdrawal 
Syndrome (in Japanese), 2nd ed. Ministry of Health, L.a.W., Tokyo (Ed.).  

I. Fujioka et al.                                                                                                                                                                                                                                  

Downloaded for Anonymous User (n/a) at Juntendo University from ClinicalKey.jp by Elsevier on May 20, 2022. 
For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

http://www.jmdc.co.jp/en/jmdc-claims-database/
http://www.jmdc.co.jp/en/jmdc-claims-database/
https://doi.org/10.1056/NEJMoa066584
https://doi.org/10.1056/NEJMoa066584
https://doi.org/10.1016/j.ajog.2007.07.036
https://doi.org/10.1002/sim.3697
https://doi.org/10.1002/pst.433
https://doi.org/10.1542/peds.2019-2493
https://doi.org/10.1542/peds.2019-2493
https://doi.org/10.1177/070674370404901103
https://doi.org/10.1177/070674370404901103
https://doi.org/10.1002/pds.4242
https://doi.org/10.1002/pds.4242
https://doi.org/10.2165/11634190-000000000-00000
https://doi.org/10.2165/11634190-000000000-00000
https://doi.org/10.1097/AOG.0b013e31818c2a27
https://doi.org/10.1097/AOG.0b013e31818c2a27
https://doi.org/10.1002/pds.1462
https://doi.org/10.1002/pds.1462
https://doi.org/10.15585/mmwr.mm6503a1
https://doi.org/10.1111/1471-0528.14144
https://doi.org/10.1002/pds.5213
https://doi.org/10.1136/bmj.h1798
https://doi.org/10.1136/bjophthalmol-2020-316198
https://doi.org/10.1136/bjophthalmol-2020-316198
https://doi.org/10.1016/j.ajog.2012.04.028
https://doi.org/10.1016/j.ajog.2012.04.028
https://doi.org/10.1016/j.genhosppsych.2013.08.002
https://doi.org/10.1016/j.genhosppsych.2013.08.002
https://doi.org/10.1056/NEJMoa1312828
https://doi.org/10.1016/j.genhosppsych.2012.12.010
https://doi.org/10.1016/j.jad.2020.01.016
https://doi.org/10.1016/j.jad.2020.01.016
https://doi.org/10.7759/cureus.17251
https://doi.org/10.1001/archpedi.158.4.312
https://doi.org/10.1001/archpedi.158.4.312
https://doi.org/10.1002/bdra.20327
https://doi.org/10.2188/jea.je20090066
https://doi.org/10.2188/jea.je20090066
https://doi.org/10.1503/cmaj.1041100
https://doi.org/10.1056/nejm199804163381607
https://doi.org/10.1001/archpedi.160.2.173
https://doi.org/10.1001/archpedi.160.2.173
https://doi.org/10.1056/NEJMoa067407
https://doi.org/10.1176/appi.ajp.2015.14121575
https://doi.org/10.1176/appi.ajp.2015.14121575
https://doi.org/10.1097/aog.0000000000000410
http://refhub.elsevier.com/S0165-0327(22)00441-4/rf202204231118101968
http://refhub.elsevier.com/S0165-0327(22)00441-4/rf202204231118101968


Journal of Affective Disorders 310 (2022) 60–67

67

Mitchell, A.A., Gilboa, S.M., Werler, M.M., Kelley, K.E., Louik, C., Hernandez-Diaz, S., 
<collab>National Birth Defects Prevention, S.collab, 2011. Medication use during 
pregnancy, with particular focus on prescription drugs: 1976-2008. Am. J. Obstet. 
Gynecol. 205 (51), e51–e58. https://doi.org/10.1016/j.ajog.2011.02.029. 

Molenaar, N.M., Bais, B., Lambregtse-van den Berg, M.P., Mulder, C.L., Howell, E.A., 
Fox, N.S., Rommel, A.S., Bergink, V., Kamperman, A.M., 2020a. The international 
prevalence of antidepressant use before, during, and after pregnancy: a systematic 
review and meta-analysis of timing, type of prescriptions and geographical 
variability. J. Affect. Disord. 264, 82–89. https://doi.org/10.1016/j. 
jad.2019.12.014. 

Molenaar, N.M., Houtman, D., Bijma, H.H., Brouwer, M.E., Burger, H., Hoogendijk, W.J. 
G., Bockting, C.L.H., Kamperman, A.M., Lambregtse-van den Berg, M.P., 2020b. 
Dose-effect of maternal serotonin reuptake inhibitor use during pregnancy on birth 
outcomes: a prospective cohort study. J. Affect. Disord. 267, 57–62. https://doi.org/ 
10.1016/j.jad.2020.02.003. 

Murashima, A., Yakuwa, N., Koinuma, S., Uno, C., Takai, C., Fujioka, I., Goto, M., Ito, N., 
Watanabe, O., Yamatani, A., 2021. The advances in dealing with the safety of 
medicated drugs in pregnancy. Glob. Health Med. 3, 175–179. https://doi.org/ 
10.35772/ghm.2020.01120. 

Nabhan, C., Klink, A., Prasad, V., 2019. Real-world evidence-what does it really mean? 
JAMA Oncol. 5, 781–783. https://doi.org/10.1001/jamaoncol.2019.0450. 

Nagai, K., Tanaka, T., Kodaira, N., Kimura, S., Takahashi, Y., Nakayama, T., 2021. Data 
resource profile: JMDC claims database sourced from health insurance societies. 
J. Gen. Fam. Med. 22, 118–127. https://doi.org/10.1002/jgf2.422. 

Nezvalova-Henriksen, K., Spigset, O., Brandlistuen, R.E., Ystrom, E., Koren, G., 
Nordeng, H., 2016. Effect of prenatal selective serotonin reuptake inhibitor (SSRI) 
exposure on birthweight and gestational age: a sibling-controlled cohort study. Int. J. 
Epidemiol. 45, 2018–2029. https://doi.org/10.1093/ije/dyw049. 

Nishigori, H., Obara, T., Nishigori, T., Metoki, H., Ishikuro, M., Mizuno, S., Sakurai, K., 
Tatsuta, N., Nishijima, I., Fujiwara, I., Arima, T., Nakai, K., Mano, N., Kuriyama, S., 
Yaegashi, N., Japan, E., Children's Study, G., 2017. Drug use before and during 
pregnancy in Japan: the Japan Environment and Children's Study. Pharmacy (Basel) 
5. https://doi.org/10.3390/pharmacy5020021. 

Noh, Y., Choe, S.A., Kim, W.J., Shin, J.Y., 2022. Discontinuation and re-initiation of 
antidepressants during pregnancy: a nationwide cohort study. J. Affect. Disord. 298, 
500–507. https://doi.org/10.1016/j.jad.2021.10.069. 

Norby, U., Forsberg, L., Wide, K., Sjors, G., Winbladh, B., Källén, K., 2016. Neonatal 
morbidity after maternal use of antidepressant drugs during pregnancy. Pediatrics 
138. https://doi.org/10.1542/peds.2016-0181. 

Ohtsu, H., Shimomura, A., Sase, K., 2022. Real-world evidence in cardio-oncology. JACC: 
CardioOncology 4, 95–97. https://doi.org/10.1016/j.jaccao.2022.02.002. 

Ornoy, A., Koren, G., 2017. Selective serotonin reuptake inhibitors during pregnancy: do 
we have now more definite answers related to prenatal exposure? Birth Defects Res. 
109, 898–908. https://doi.org/10.1002/bdr2.1078.nab. 

Paschetta, E., Berrisford, G., Coccia, F., Whitmore, J., Wood, A.G., Pretlove, S., Ismail, K. 
M., 2014. Perinatal psychiatric disorders: an overview. Am. J. Obstet. Gynecol. 210 
(501–509), e506 https://doi.org/10.1016/j.ajog.2013.10.009. 

Roca, A., Garcia-Esteve, L., Imaz, M.L., Torres, A., Hernandez, S., Botet, F., Gelabert, E., 
Subira, S., Plaza, A., Valdes, M., Martin-Santos, R., 2011. Obstetrical and neonatal 
outcomes after prenatal exposure to selective serotonin reuptake inhibitors: the 
relevance of dose. J. Affect. Disord. 135, 208–215. https://doi.org/10.1016/j. 
jad.2011.07.022. 

Rubin, D.B., 1997. Estimating causal effects from large data sets using propensity scores. 
Ann. Intern. Med. 127, 757–763. https://doi.org/10.7326/0003-4819-127-8_part_2- 
199710151-00064. 

Sherman, R.E., Anderson, S.A., Dal Pan, G.J., Gray, G.W., Gross, T., Hunter, N.L., 
LaVange, L., Marinac-Dabic, D., Marks, P.W., Robb, M.A., Shuren, J., Temple, R., 
Woodcock, J., Yue, L.Q., Califf, R.M., 2016. Real-world evidence - what is it and 
what can it tell us? N. Engl. J. Med. 375, 2293–2297. https://doi.org/10.1056/ 
NEJMsb1609216. 

Simon, G.E., Cunningham, M.L., Davis, R.L., 2002. Outcomes of prenatal antidepressant 
exposure. Am. J. Psychiatry 159, 2055–2061. https://doi.org/10.1176/appi. 
ajp.159.12.2055. 

Singal, D., Brownell, M., Chateau, D., Ruth, C., Katz, L.Y., 2016. Neonatal and childhood 
neurodevelopmental, health and educational outcomes of children exposed to 
antidepressants and maternal depression during pregnancy: protocol for a 
retrospective population-based cohort study using linked administrative data. BMJ 
Open 6, e013293. https://doi.org/10.1136/bmjopen-2016-013293. 

Stewart, D.E., 2011. Depression during pregnancy. N. Engl. J. Med. 365, 1605–1611. 
https://doi.org/10.1056/NEJMcp1102730. 

Tachibana, Y., Koizumi, N., Mikami, M., Shikada, K., Yamashita, S., Shimizu, M., 
Machida, K., Ito, H., 2020. An integrated community mental healthcare program to 
reduce suicidal ideation and improve maternal mental health during the postnatal 
period: the findings from the Nagano trial. BMC Psychiatry 20, 389. https://doi.org/ 
10.1186/s12888-020-02765-z. 

Thapar, A., Collishaw, S., Pine, D.S., Thapar, A.K., 2012. Depression in adolescence. 
Lancet 379, 1056–1067. https://doi.org/10.1016/S0140-6736(11)60871-4. 

Yamamoto-Sasaki, M., Yoshida, S., Takeuchi, M., Tanaka-Mizuno, S., Kawakami, K., 
2020. Association between antidepressant use during pregnancy and congenital 
anomalies in children: a retrospective cohort study based on japanese claims data. 
Congenit. Anom. (Kyoto) 60, 180–188. https://doi.org/10.1111/cga.12386. 

Yonemoto, N., Dowswell, T., Nagai, S., Mori, R., 2013. Schedules for home visits in the 
early postpartum period. Cochrane Database Syst. Rev., CD009326 https://doi.org/ 
10.1002/14651858.CD009326.pub2. 

I. Fujioka et al.                                                                                                                                                                                                                                  

Downloaded for Anonymous User (n/a) at Juntendo University from ClinicalKey.jp by Elsevier on May 20, 2022. 
For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.ajog.2011.02.029
https://doi.org/10.1016/j.jad.2019.12.014
https://doi.org/10.1016/j.jad.2019.12.014
https://doi.org/10.1016/j.jad.2020.02.003
https://doi.org/10.1016/j.jad.2020.02.003
https://doi.org/10.35772/ghm.2020.01120
https://doi.org/10.35772/ghm.2020.01120
https://doi.org/10.1001/jamaoncol.2019.0450
https://doi.org/10.1002/jgf2.422
https://doi.org/10.1093/ije/dyw049
https://doi.org/10.3390/pharmacy5020021
https://doi.org/10.1016/j.jad.2021.10.069
https://doi.org/10.1542/peds.2016-0181
https://doi.org/10.1016/j.jaccao.2022.02.002
https://doi.org/10.1002/bdr2.1078.nab
https://doi.org/10.1016/j.ajog.2013.10.009
https://doi.org/10.1016/j.jad.2011.07.022
https://doi.org/10.1016/j.jad.2011.07.022
https://doi.org/10.7326/0003-4819-127-8_part_2-199710151-00064
https://doi.org/10.7326/0003-4819-127-8_part_2-199710151-00064
https://doi.org/10.1056/NEJMsb1609216
https://doi.org/10.1056/NEJMsb1609216
https://doi.org/10.1176/appi.ajp.159.12.2055
https://doi.org/10.1176/appi.ajp.159.12.2055
https://doi.org/10.1136/bmjopen-2016-013293
https://doi.org/10.1056/NEJMcp1102730
https://doi.org/10.1186/s12888-020-02765-z
https://doi.org/10.1186/s12888-020-02765-z
https://doi.org/10.1016/S0140-6736(11)60871-4
https://doi.org/10.1111/cga.12386
https://doi.org/10.1002/14651858.CD009326.pub2
https://doi.org/10.1002/14651858.CD009326.pub2

