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Abstract

Background

Untreated depression during pregnancy increases the risk of morbidity and mortality in the
mother and child. Therefore, specific treatments are required for this population.

Objective

The study aimed to investigating the effect of antidepressant medication used during preg-
nancy with reference to the risk of preterm birth (PTB) and low birth weight (LBW).

Methods

A population-based study was carried out with data provided by the healthcare utilization
database of Lombardy, an Italian region with about ten million inhabitants. The study
included 384,673 births from 2005 to 2010. Maternal use of antidepressants before and dur-
ing pregnancy was investigated. Log-binomial regression was used to estimate the associa-
tion between the use of antidepressants during pregnancy, compared to the non-use or use
just before pregnancy, and the prevalence ratio of PTB and LBW.

Results

Women who used antidepressants during pregnancy had a 20% (95% CI: 10-40%) increased
prevalence of both PTB and LBW compared to those who never used antidepressants. There
was no evidence that women who used antidepressants during pregnancy had a higher prev-
alence of the considered outcomes compared to women who used antidepressants before
pregnancy, but stopped during pregnancy. Such findings were confirmed by considering sep-
arately the effects of SSRIs and other antidepressants together.
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Conclusions

Our findings suggest that depression in itself, rather than antidepressant medication, might
be implicated in the causal pathway of PTB and LBW.

Introduction

Depression affects up to 13% of women in reproductive age [1]. Untreated antenatal depres-
sion has been found to correlate with poor self-care during pregnancy, postpartum depres-
sion, impaired maternal-infant attachment and delays in infant development [2,3], so that
antidepressant medication may be required for the effective treatment of maternal depres-
sion [4,5].

Antidepressant drugs, developed since 1950s to treat depressive symptoms, are nowadays
widely available with several treatment options. Tricyclic Antidepressants and Selective Seroto-
nin Reuptake Inhibitors (SSRIs), are the most commonly prescribed antidepressants. Despite
their similar effectiveness, however, SSRIs have in part replaced Tricyclic Antidepressants due
to better tolerability [6].

Several studies over the past two decades investigated the relationship between the use of
antidepressants in pregnancy and the risk of adverse perinatal and birth outcomes [7]. Expo-
sure in utero to antidepressants has been associated with low birth weight and preterm delivery
[8-11]. The biological mechanisms explaining the relationship between using antidepressants
during pregnancy and delivery outcomes are not entirely known, although some assumptions
have been postulated [12-17]. However, as maternal depression may be related to unhealthy
behaviors—such as smoking and poor attendance of obstetric care [18-20]—it is still unclear
whether the observed adverse perinatal outcomes may be due to direct drug actions or to
depression itself [2, 21-23].

The purpose of this population-based study was to investigate the effect of the use of antide-
pressant medication during pregnancy with reference to the risk of preterm birth (PTB) and
low birth weight (LBW).

Methods
Setting

The data used for this study were provided by the healthcare utilization databases of Lom-
bardy, an Italian Region with about 16% of the country’s population (almost ten million inhab-
itants). In Italy, the population is covered by the National Health Service (NHS), which in
Lombardy has been associated, since 1997, with an automated system of databases to collect a
variety of information including: (1) an archive of those benefitting from the Regional Health
Service (practically coinciding with the whole resident population), reporting demographic
and administrative data; (2) a database concerning diagnoses at discharge from Italian public
or private hospitals; (3) a database concerning outpatient drug prescriptions reimbursed by
the NHS and delivered by pharmacies in Lombardy; and (4) a database reporting the Certifi-
cates of Delivery Assistance (i.e., the so called CeDAP) providing detailed information on the
mother’s socioeconomic traits, as well as medical information on the pregnancy, childbirth,
and child presentation at delivery. The linking of records among databases, owing to a unique
code in all databases, allowed to identify a large and unselected birth cohort and to reconstruct
relevant traits and care pathways of mothers and newborns.
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Cohort selection

The 579,195 childbirths of women resident in Lombardy from 2005 to 2010 were selected
from the CeDAP database. Among these, 182,389 (31.5%) were excluded because the newborn
(i) had no identification code (161,514), (ii) was part of multiple birth (20,206), or (iii) was
stillborn (669). Further 12,133 records (2.1%) were excluded because the mother (i) had a hos-
pital admission ICD-9 code different from the one expected for childbirth (7,210), (ii) had a
too short (<22 weeks) or too long (>46 weeks) gestational age (3,965), or (iii) was under 15
years of age or above 55 years of age (958). The final study population therefore consisted of
384,673 mother-newborn couples (Fig 1).
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Mother-newborn couples included into
the analysis

Fig 1. Flow-chart of inclusion and exclusion criteria.
doi:10.1371/journal.pone.0168115.9001
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Use of antidepressants and other features concerning the mother

All prescriptions of antidepressant medication dispensed to the women considered during the
period of observation, starting from the date corresponding to 9 months before the expected
date of conception and stopping at the date of childbirth, were identified. Mothers were thus
classified in the following mutually exclusive categories: (i) non-users, if antidepressants were
not dispensed during the entire period of observation; (ii) users just before conception, if at
least an antidepressant was dispensed in the 9 months before, but not during, pregnancy; and
(iii) users during pregnancy, otherwise.

Maternal traits, including age at delivery, nationality, marital status, education, employ-
ment, previous miscarriages and parity, and health conditions, including diabetes, preeclamp-
sia, dyslipidaemia and hypertension, were identified through CeDAPs.

Neonatal outcomes

Two outcomes were considered: “preterm birth” (less than 37 weeks’ gestation [24]), and “low
birth weight” (less than 2,500 grams [25]) identified from CeDAPs.

Statistical analysis

Chi-squared, or its version for the trend, was used when appropriate for testing differences or
trends in maternal socio-demographic and clinical features according to maternal use of
antidepressants.

The log-binomial regression model was separately fitted to estimate the prevalence ratio
(PR), and the 95% confidence interval (95% CI) of each neonatal outcome associated with the
use of antidepressants during pregnancy compared to non-use or use just before pregnancy, as
well as of use just before pregnancy compared to non-use. Estimates were adjusted for the
maternal traits and health conditions listed above. A generalized estimating equation was used
to account for the potential correlation of women contributing with more than one birth dur-
ing the considered period. Besides the effect of antidepressants as a whole, the separate effects
of agents belonging to the class of SSRIs and to other antidepressants was investigated.

Data on maternal characteristics were sometimes missing. Indeed, missing data ranged
from 1% for previous miscarriages to 13% for marital status. Restricting analyses to the subset
of women with all the data observed would have resulted in a significant loss of information
and possibly biased estimations. With the aim to generate appropriate values of missing data
for those women with missing covariates, the three-phase iterative procedure known as the
fully conditional specification (FCS) was used [26,27]. First of all, the FCS method was imple-
mented to generate 10 complete data sets. Secondly, the log-binomial model was separately fit-
ted to the 10 complete data sets using the GENMOD procedure. Finally, the MIANALYZE
procedure was used to combine the coefficient estimates (and estimations of their variances)
from the 10 log-binomial analyses, in order to obtain valid statistical inferences about the
model coefficients that take within and between variances into account.

All analyses were performed using the Statistical Analysis System Software (version 9.4;
SAS Institute, Cary, NC, USA). Statistical significance was set at the 0.05 level. All p-values
were two-sided.

Results

During the entire observation period (i.e., from 9 months before starting pregnancy until
childbirth), antidepressant medication were dispensed at least once to 9,843 women among
those the 384,673 included (prevalence: 2.6%). Most women stopped using antidepressants
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Table 1. Selected characteristics of the 384,673 mothers considered in the study according to their use of antidepressants before conception or
during pregnancy. ltaly, Region of Lombardy, 2005-2010.
Use of antidepressants p-value 2
Never (A) N =374,830 | Just before pregnancy (B) N =6,548 | During pregnancy (C)N=3,295 | Avs.C Bvs.C
Age at delivery

< 25years 13.3% 8.2% 8.2% <0.0001 | <0.0001
26-34 years 56.9% 55.9% 48.9%
>34 years 29.8% 35.9% 41.9%

Nationality
Italy 74.6% 85.6% 86.5% <0.0001 0.0004
Other 25.4% 14.4% 13.5%

Marital status
Married 77.0% 73.2% 72.2% <0.0001 0.0006
Unmarried 23.0% 26.8% 27.8%

Education '
Low 31.6% 34.3% 34.4% <0.0001 0.0037
Intermediate 45.4% 47.1% 46.5%
High 23.0% 18.6% 19.1%

Employment
Employed 70.4% 74.1% 71.7% <0.0001 | <0.0001
Unemployed 29.6% 25.9% 28.3%

Previous miscarriages
None 83.6% 82.6% 83.0% 0.0049 0.1207
One or more 16.4% 17.4% 17.0%

Parity
Nulliparous 55.3% 52.6% 53.0% <0.0001 0.3404
Multiparous 44.7% 47.3% 47.0%

Medical conditions
Diabetes 5.0% 6.3% 7.2% <0.0001 | <0.0001
Hypertension 9.4% 16.2% 18.2% <0.0001 <0.0001
Dyslipidaemia 21% 3.2% 4.4% <0.0001 | <0.0001
Preeclampsia 1.2% 1.3% 1.5% 0.1510 0.0289

" Number of years of formal education completed categorized as 8 or fewer (low), from 9 to 13 (intermediate) and or 14 or more (high)
2 According to the chi-square test, or its version for the trend (age and education)

doi:10.1371/journal.pone.0168115.t001

during pregnancy (users just before pregnancy: 6,548 women), while 3,295 mothers kept on
following the therapy during pregnancy (users during pregnancy). Table 1 shows that, com-
pared to both non-users and users just before pregnancy, women who used antidepressants
during pregnancy were older, with lower education, and more often were Italian, unmarried,
employed, and suffered from the considered medical conditions. Previous pregnancies were
significant predictors of the use of antidepressants during pregnancy compared to non-use.
Out of the 384,673 newborns considered in this study, 20,060 (5.2%) and 19,527 (5.1%) had
preterm birth and low birth weight, respectively. Fig 2 shows that mothers who used antide-
pressants during pregnancy had significant higher prevalence of preterm birth and low birth
weight with respect to those who never used antidepressants, but not to those who used antide-
pressants just before pregnancy. Statistical evidence of higher prevalence of both outcomes
among women who stopped using depressant before pregnancy with respect to those who

PLOS ONE | DOI:10.1371/journal.pone.0168115 December 15, 2016 5/10



@° PLOS | ONE

Preterm Birth, Low Birth Weight and Antidepressant Medication Use during Pregnancy

5 1 PR(95%CI)

Preterm birth —O— 1.2(1.1to 1.4)
————— 1.1(0.9t01.2)

Low birth weight —o— 1.2 (1.1to 1.4)
—— 1.1(0.9t0 1.3)

<& Users of antidepressant medications during pregnancy compared to never users

@ Users of antidepressant medications during pregnancy compared to use just before conception

Fig 2. Adjusted prevalence ratios (and 95% confidence intervals) of selected outcomes associated with the
use of antidepressants during pregnancy, compared to the non-use as well as to the use just before
pregnancy. Prevalence ratio, and 95% confidence interval, estimated with log-binomial regression. Estimates are
adjusted for maternal age, nationality, marital status, education, employment, previous miscarriages, parity, and
medical conditions.

doi:10.1371/journal.pone.0168115.9002

never used them was also found, being the adjusted PRs (and corresponding 95% CI) 1.1 (1.0
to 1.2) and 1.1 (1.0 to 1.3) for preterm birth and low birth weight respectively.

The prevalence of preterm birth among women who used either SSRIs or other antidepres-
sants during pregnancy, as well as the prevalence of low birth weight among women who used
SSRIs during pregnancy, were significantly higher with respect to mothers who never used
antidepressants, but did not differ from those who used antidepressants just before pregnancy
(Table 2). Finally, likely due to inadequate power for pointing out the effect of other antide-
pressants, women using them during pregnancy and those who never used antidepressants did
not show significant difference in prevalence of low birth weight.

Discussion

Our large population-based study found that women who used antidepressants during preg-
nancy had a 20% (95% CI: 10-40%) increased prevalence of both preterm birth and low birth
weight compared to those who never used antidepressants during the entire period of observa-
tion (i.e., from 9 months before pregnancy until childbirth). Such evidence was confirmed by
considering separately the effects of SSRIs and other antidepressants together.
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Table 2. Adjusted prevalence ratios (and 95% confidence intervals) of selected outcomes associated with dispensing selective serotonin reuptake
inhibitors (SSRIs) or other antidepressant medication during pregnancy compared to non-users and users just before pregnancy. ltaly, Region of
Lombardy, 2005-2010.

Neonatal outcome Comparator SSRI' Other antidepressants’

Preterm birth Non-users 1.2(1.1t01.4) 1.3(1.1t0 1.5)
Users just before pregnancy 1.1(0.9t01.2) 1.0(0.8t01.3)

Low birth weight Non-users 1.3(1.1t0o1.5) 1.3(0.9t01.7)
Users just before pregnancy 1.1(0.9t01.3) 1.1 (0.8t0 1.5)

"Prevalence ratio, and 95% confidence interval, estimated with log-binomial regression. Estimates are adjusted for maternal age, nationality, marital status,
education, employment, previous miscarriages, parity, and medical conditions

doi:10.1371/journal.pone.0168115.t002

These findings confirm and extend the results of (i) meta-analyses showing that prenatal
exposure to antidepressant medication as a whole [8,9], as well as to SSRIs [28], reduces gesta-
tional age and birth weight; and (ii) observational studies reporting an association between
prenatal use of antidepressants and risks for premature delivery [15,29-33] and low birth
weight [32,34,35].

At least two possible explanations are conceivable with our findings. Firstly, the safety of
antidepressants on foetal health might be the mechanistic key explaining the higher prevalence
of adverse neonatal outcomes among drug users. Although the biological mechanisms are not
entirely known, several theories have been postulated on this issue. Antidepressants, mainly
SSRIs, pass the placenta barrier increasing the placental secretion of corticotrophin-releasing
hormone resulting in an increased activity within the gestational cortisol system [11]. Further-
more, fluoxetine reduces maternal appetite and weight gain causing low birth weight [13, 14].
Moreover, the use of SSRIs alters the 5-TH levels increased risk of intrauterine growth retarda-
tion and preterm delivery by impairing placental blood flow [15]. It is also reported that
women using antidepressants had higher saliva estriol levels compared to non-users [16] and
elevated levels of estriol have been associated with preterm birth [17]. Secondly, antidepressant
medication are prescribed to treat depression so that the observed associations could be
explained by the residual depressive symptoms. We tried to account for confounding indica-
tions by constraining women who took antidepressants during pregnancy with those who
interrupted their use during pregnancy. Interestingly, our study did not offer statistical evi-
dence that the considered outcomes differed between using medication before or during preg-
nancy. In addition, higher prevalence of preterm birth and low birth weight among newborns
from women who used antidepressants just before pregnancy than from those who never used
them was observed. All these findings taken together suggest that, at least in our setting,
depression in itself, rather than antidepressant medication, might be implicated in the causal
pathway of these outcomes [36]. The mechanism by which depression may exert its action on
the considered neonatal outcomes might be mediated by the presence of epiphenomena, e.g.,
smoking, alcohol drinking, and other unhealthy behaviours, such as poor attendance to obstet-
ric care [18-20].

Our study has a number of potential limitations. First of all, the exclusion of mother-new-
born pairs lacking identification codes could mainly affect less healthy women. Second, the
implicit exclusion from our analysis of spontaneous and elective pregnancy terminations
affects the possibility for outcomes potentially due to drug foetal-exposure to be selectively
excluded. Third, a main limitation in using dispensing data relates to whether or not the medi-
cine was consumed, or consumed as directed, and there is no information in this study for
either of these aspects [37]. Fourth, privacy concerns prevented us to assess the validity of the
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information recorded in the Certificates of Delivery Assistance, as well as the diagnostic data
from hospital charts. Fifth, we did not assess when antidepressants were used during preg-
nancy, a datum which would have provided information concerning possible heterogeneity in
outcome risks during the observation period. There are two reasons for the lack of assessment:
dispensation data certainly does not correspond to use data; and power considerations did not
allow the assessment of rarer exposures than those observed. Finally, the lack of data on impor-
tant factors—such as smoking, alcohol and illicit drug use—may further contribute to some
unavoidable source of systematic uncertainty.

Despite these limitations, our data on drug utilization patterns in the real-world setting
offer evidence that the prevalence of preterm birth and low birth weight is increased in
pregnant women who use antidepressants during pregnancy compared to pregnant women
who never use antidepressants. However, rather than a direct action of these agents, our
findings suggest that depression in itself may explain the observed adverse neonatal out-
comes, possibly due to the effect of maternal unhealthy behaviours, such as smoking, alco-
hol abuse, unhealthy diet, and poor attendance to obstetric care. Much more research is
needed to better understand risks and benefits of therapeutic strategies for depression care
during pregnancy.
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