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Abstract

Rationale Use of antidepressants during pregnancy has
been associated with an increased rate of children small
for gestational age (SGA), but it is unclear whether this is
due to an effect of the underlying depressive disorder.
Objectives This study aimed to investigate the effect of
antidepressants on SGA in a nationwide sample and to
separate the effect of exposure to antidepressants in utero
from the effect of maternal depression.

Methods A register study was conducted on all pregnant
women in Denmark from 1996 to 2006 linking nationwide
individualized data from the Medical Birth Register, the
Psychiatric Central Register, and a prescription database.
The rate of SGA (birth weight below the 10 percentile at
given gestational week) was investigated for children ex-
posed in utero to antidepressants or to a maternal psychiatric
diagnosis of depression compared to children not prenatally
exposed to antidepressants or maternal diagnosis.

Results A total of 673,853 pregnancies were included in the
study of which 35.737 women had a diagnosis of depression
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and/or used antidepressants before end of pregnancy.
Antidepressant use during pregnancy was weakly asso-
ciated with SGA (hazard ratios (HR)=1.19; 95 % con-
fidence interval (CI), 1.11-1.28), whereas a psychiatric
diagnosis before or during pregnancy was not (HR=
1.02; 95 % CI, 0.92—1.13). The association for use during
pregnancy was found for selective serotonin reuptake in-
hibitors and newer antidepressants, but not for older
antidepressants.

Conclusions The use of antidepressants during pregnancy
slightly increases the rate of SGA. The association seems
unrelated to the underlying maternal depressive disorder.

Keywords Pregnancy - Depression - Small for gestational
age - Antidepressants

Introduction

Depression is common among pregnant women with an
estimated prevalence of 7-13 % (Bennett et al. 2004;
Evans et al. 2001) and the use of antidepressants during
pregnancy has increased in Western countries (Cooper et al.
2007; Alwan et al. 2011). Antidepressants pass the placental
barrier (Heikkine et al. 2002; Heikkinen et al. 2002;
Hendrick et al. 2003) and neonatal complications, such as
tremors, jitteriness, increased muscle tone (Moses-Kolko et
al. 2005), and low Apgar score (Kallen 2004; Lund et al.
2009; Oberlander et al. 2008; Simon et al. 2002; Wisner et
al. 2009; Jensen et al. 2013) associated with exposure to
antidepressants have been widely reported. Exposure in
utero to antidepressants has further been associated with
low birth weight (Ericson et al. 1999; Simon et al. 2002;
Kallen 2004), preterm delivery (Simon et al. 2002; Hendrick
et al. 2003), and children small for gestational age (Simon et
al. 2002; Ramos et al. 2010).
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However, depression per se may increase the risk of birth
complications (O'Keane and Marsh 2007b; Nakano et al.
2004; Lorenzo et al. 2011; Koren and Nordeng 2012). It is
possible that increased placental secretion of corticotrophin-
releasing hormone resulting in increased activity within the
gestational cortisol system (Wadhwa et al. 2002) as well as
unhealthy behavior related to depression such as smoking
and poor attendance to obstetric care may have adverse
effects (Andrade et al. 2008; Alwan et al. 2011; O'Keane
and Marsh 2007a). So far, only few studies have attempted
to discriminate between the effects of maternal disease and
use of antidepressants in relation to birth outcomes revealing
increased risk of low birth weight, respiratory distress
(Oberlander et al. 2006), preterm birth (EI Marroun et al.
2012), and low Apgar score (Jensen et al. 2013), even when
maternal illness severity was accounted for.

The present paper reports from a register-based study
investigating the rate of small for gestational age (SGA)
and other outcomes in different groups according to mater-
nal depression before or during pregnancy and to exposure
to antidepressants. We have been previously using a similar
data set and design reported on Apgar score as an outcome
(Jensen et al. 2013). In the present paper, we aimed to
determine the potential isolated effects of prenatal antide-
pressant exposure and antenatal maternal depression on fetal
growth. We chose SGA as the outcome measure, as SGA is
a combined measure of gestational age and birth weight and
as SGA seems to be associated with detrimental conse-
quences later on in life. Children born with SGA have a
small, yet increased risk of developing psychiatric disorders
during adolescence and young adulthood (Laursen et al.
2007; Mathiasen et al. 2011) and lower academic
achievement and professional attainment as adults (Strauss
2000).

The hypothesis of the present study was that birth com-
plications, as reflected in SGA, are explained by the effect
of the maternal disease.

Methods
Danish register data

Data on all pregnancies from 1996 to 2006 were obtained
from the Medical Birth Register and linked with data from
the National Psychiatric Central Register, the Medicinal
Product Statistics Register, and Statistics Denmark.

The Medical Birth Register (Knudsen and Olsen 1998)
includes information on birth date, gestational age, birth
weight, maternal smoking status at first pregnancy visit,
parity, and age of mother at delivery. Only singleton deliv-
eries with a gestational age of at least 22 weeks during the
period 1996-2006 were included.
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The Medicinal Product Statistics is a nationwide pre-
scription database containing information on all redeemed
prescriptions from all Danish pharmacies from 1994 and
onwards, validated from 1995. The drugs in the register
are coded by the Anatomical Therapeutical Chemical clas-
sification system (ATC) codes (World Health Organization
2003), and we received information on antidepressants,
antipsychotics, antiepileptics, and all other kinds of drugs.
Antidepressants were classified into selective serotonin reup-
take inhibitors (SSRIs; ATC NO6ABO03-10), newer antidepres-
sants (ATC NO6AX06, NO6AX06-11, NO6AX06-16,
NO06AX06-18, and NO6AX06-21) and older antidepressants
consisting mainly of tricyclic antidepressants (ATC
NO6AA02-7, NO6AA09-12, NO6AA16-17, NO6AA21,
NO6AX03, NO6AF01, and NO6AGO02).

The Danish Psychiatric Central Register is a nationwide
psychiatric register (Mors et al. 2011) with data from all
public mental health services for inpatients as well as out-
patients. The included depression diagnosis codes were:
ICD-8 codes 296.09 and 296.29 and from 1994 the ICD-
10 codes DF32.00-DF33.99.

Statistics Denmark provided data on annually updated
social background of the women included grouping them
into either working, unemployed, disability or age pension,
student, children under the age of 18, or other (Statistics
Denmark 2011).

Statistical analyses

Data on diagnosis of depression and medication were avail-
able as time-dependent variables from 1996 to 2006.
Pregnant women were divided into eight exposure groups
according to the exposure of a diagnosis of depression
before end of pregnancy, use of antidepressants before preg-
nancy, and antidepressant use during pregnancy (Table 2,
model 1). Poisson regression analyses were performed to
estimate the relative risk by calculating hazard ratios (HR)
for SGA. Additional analyses were done using a simpler
characterization of exposure groups using three binary vari-
ables: diagnosis in DPC before giving birth (yes/no), use of
antidepressants before pregnancy (yes/no), and use of anti-
depressants during pregnancy (yes/low) (see lower part of
Table 2, model 2).

SGA was defined as birth weight below the 10 percentile of
birth weight at a given gestational week (between weeks 22
and 45). The analyses on the effect of antidepressants and
diagnoses of depression were corrected for the woman's age at
delivery, calendar year of delivery (in 1-year categories), sex
of newborn, use of antiepileptics (yes/no), antipsychotics
(yes/no), and other types of medicine (yes/no) during preg-
nancy, smoking status (nonsmoker, quit smoking, smoking,
and unknown), and social status (student or employed vs.
unemployed, disability pension or retired, and others).
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Results

We aimed to include all singleton deliveries with a gesta-
tional age of at least 22 weeks during the period 1996-2006
in Denmark. Over the 11-year study period, we recorded
963,585 pregnancies including miscarriages, live, and still-
births. After removing pregnancies terminated at a gestational
age of less than 22 weeks, the study cohort included 673,853
pregnancies, 672,601 live-born children by 440,835 mothers,
and 1,252 stillbirths by 1,234 women. A total of 671,175 of
the children were born at a gestational age of 28 to 44 weeks
(i.e., third trimester) and 1,426 children were born at a gesta-
tional age of less than 28 weeks.

The women had a diagnosis of depression during preg-
nancy coded in the Danish Psychiatric Central Register in
3,966 of the pregnancies (0.6 % of all pregnancies). In 8,511
pregnancies (1.3 %), the women cashed a prescription of
antidepressant medication during pregnancy. In 7,510
(1.1 %) pregnancies, the women cashed a prescription dur-
ing first trimester, in 3,837 (0.6 %) during second trimester,
and in 3,300 (0.5 %) cases during third trimester. The total
number of pregnancies where the woman had cashed anti-
depressants before pregnancy was 33,599 (5.0 %).
Antiepileptics were used in 2,936 (0.4 %) pregnancies, pre-
scriptions on antipsychotics in 1,300 (0.2 %) pregnancies,
and prescriptions on lithium in 59 (0.01 %) pregnancies.
Prescriptions of “other” medication were recorded in
457,185 (67.9 %) pregnancies. Table 1 shows the character-
istics of the pregnant women according to antidepressant
therapy and depressive diagnosis.

The distribution of pregnancies within the eight exposure
groups (observed at the end of pregnancy) and the adjusted
rate of small children are presented in Table 2 (upper part,
model 1). Pregnancy end points were stillbirth (N=1,252;
0.2 %), term delivery with SGA (N=64,716; 9.6 %), pre-
term delivery before 37 full weeks of gestation (N=32,240;
4.8 %), or preterm delivery before full 32 weeks of gestation
(N=4,074; 0.6 %). Treatment with antidepressants during
pregnancy was associated with increased risk of SGA (ex-
posure groups 3, 4, and 8). No increased risk for SGA was
observed among women with depression who did not use
antidepressants during pregnancy (exposure groups 5 and 6).
The risk was also increased for exposure group 2 using
antidepressants before pregnancy.

Additional analyses using a simpler characterization of
exposure groups (lower part of Table 2, model 2) showed
that compared to not being prenatally exposed to antidepres-
sants or maternal diagnosis, taking antidepressants during
pregnancy was associated with increased risk of SGA (HR=
1.19; 95 % confidence interval (CI), 1.11-1.28). A depres-
sive diagnosis before or during pregnancy was not associat-
ed with SGA (HR=1.02; 95 % CI 0.92—-1.13); however, the
use of antidepressants before pregnancy had a comparable

point estimate with a CI excluding the null (HR=1.06; 95 %
CI, 1.02-1.10).

Comparing women without a depressive episode and
taking antidepressants during pregnancy to women with a
diagnosis but not taking antidepressants during pregnancy
resulted in HR=1.19/1.02=1.17 (95 % CI, 1.01-1.32).

The HRs for antidepressant use by trimester were: 1.07
for the first trimester (95 % CI, 0.98-1.16), 1.15 for the
second trimester (95 % CI, 0.97-1.35), and 1.18 for the third
trimester (95 % CI, 1.00—-1.40). For women who cashed in
prescriptions of antidepressants during pregnancy, the
SSRIs were associated with SGA (HR=1.22; 95 % CI,
1.13—1.32) and a comparable point estimate for the rate of
SGA, but including the null, was found for newer antidepres-
sants (HR=1.16; 95 % CI, 0.97-1.40). For older antidepres-
sants, the estimate did not suggest an association (HR=0.96;
95 % ClI, 0.78-1.20). Taking antidepressants before pregnan-
cy was associated with slightly increased SGA for newer and
older antidepressants, but not for SSRIs (see Table 3).

The study controlled for maternal age. Compared to
pregnant women aged 25-30 years old, the rates of SGA
were: HR=1.36 for <20 years old (95 % CI, 1.31-1.41),
HR=1.14 for 20-25 years old (95 % CI, 1.12-1.17), HR=
0.98 for 30-35 years old (95 % CI, 0.96-1.00), and HR=
1.12 for 36+ years old (95 % CI, 1.09-1.15).

The use of antidepressant medication among pregnant
women generally increased during the study period
(Danish National Board of Health 2007), but this study
demonstrated no systematic increase in hazard ratio with
calendar year (results not presented).

Discussion

This study found an increased risk of SGA among women
taking antidepressants during pregnancy. Conversely, we
found no increased risk for SGA among women with de-
pression who did not use antidepressants during pregnancy.
The finding of SGA related to antidepressants is in accor-
dance with findings in some previous studies (Simon et al.
2002; Ramos et al. 2010). An elevated risk of SGA has been
shown for SSRIs but not for tricyclic antidepressants (Simon
et al. 2002), and one study showed an increase in gestational
age-specific birth weight in infants of women who used
non-SSRI drugs (Ericson et al. 1999). In the present study,
we controlled for important confounders including age of
mother, smoking status, social status, calendar year, and
treatment with other medication than antidepressants. The
fact that the rate of SGA was drug class-dependent further
supports that the effect relates to the medication and not the
disease.

The slightly increased risk of SGA among women taking
antidepressants before but not during pregnancy and without
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Table 1 Characteristics of
pregnant women according
to antidepressant therapy
and depressive diagnosis

Each of the three columns is bi-
nary (antidepressant medication
before pregnancy (yes/no), anti-
depressant medication during
pregnancy (yes/no), and depres-
sion diagnosis before end of
pregnancy (yes/no)) and presents
data for those patients fulfilling
the criteria (yes). The columns
are not mutually exclusive

Table 2 The adjusted rate of SGA according to a depressive diagnosis and antidepressant therapy before or during pregnancy

Maternal characteristics Antidepressant Antidepressant Depression All
medication medication diagnosis before  pregnant
before pregnancy  during pregnancy  end of pregnancy ~ women

Age (years), median, quartiles 30 (26-33) 30 (26-33) 29 (25-33) 29 (26-32)

Gestational age (weeks), 39 (38-40) 39 (38-40) 39 (38-40) 40 (39-41)

median, quartiles

Smoking status (%)

Nonsmoker 63.8 57.3 60.5 68.6

Smoking 27.1 314 29.1 16.1

Quit smoking 2.7 2.8 3.0 1.8

Unknown 6.4 8.5 7.4 13.5

Lithium treatment (%)

No 99.9 99.8 99.6 99.99

Yes 0.1 0.2 0.4 0.01

Antiepileptic treatment (%)

No 98.7 97.3 97.9 99.6

Yes 1.3 2.8 22 0.4

Antipsychotic treatment (%)

No 98.0 94.3 95.3 99.8

Yes 2.0 5.7 4.7 0.2

Other medication (%)

No 21.5 17.5 20.1 322

Yes 78.5 82.5 80.0 67.8

Risk group (n)

Diagnosis before
end of pregnancy

Antidepressants
before pregnancy

Antidepressants
during pregnancy

HR® (95 % CI)

Model 1

1 (n=638,116) -
2 (n=24,560) -
3 (n=1,232) -
4 (n=5,979) -
5 (n=740)
6 (n=1,926)
7 (n=166)
8 (n=1,134) +
Antiepileptics during pregnancy

+ o+ o+

Antipsychotics during pregnancy
Other medication during pregnancy
Model 2

Antidepressants before pregnancy
Antidepressants during pregnancy

Diagnosis of depression before end of pregnancy

I+ +

+

1 (reference)

1.07 (1.03-1.11)
1.27 (1.09-1.48)
1.22 (1.13-1.32)
0.91 (0.72-1.16)
1.04 (0.92-1.20)
1.44 (0.89-2.31)
1.42 (1.20-1.68)
1.24 (1.12-1.37)
1.11 (0.96-1.29)
0.99 (0.97-1.00)

1.06 (1.02-1.10)
1.19 (1.11-1.28)
1.02 (0.92-1.13)

The eight groups in model 1 are mutually exclusive and sum up to 100 %. Group 1 is the group unexposed to a diagnosis of depression as well as to
antidepressants (the reference group). Groups 2, 4, 6, and 8 are exposed to antidepressants before pregnancy. Groups 3, 4, 7, and 8 are exposed to
antidepressants during pregnancy. Groups 5—8 include patients with a diagnosis of depression before end of pregnancy. The three groups in model 2

are not mutually exclusive

*In both models, HRs are adjusted for maternal age, smoking status, social status, calendar year, sex of newborn, and use of antiepileptics,
antipsychotics, and other types of medication
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Table 3 Associations between risk of SGA child and use of different
classes of antidepressants

HR (95 % CI)

1.22 (1.13-1.32)
1.16 (0.97-1.40)
0.96 (0.78-1.20)
1.00 (0.96-1.04)
1.14 (1.05-1.24)
1.14 (1.05-1.24)
0.99 (0.90-1.10)

SSRIs during pregnancy

Newer antidepressants during pregnancy
Older antidepressants during pregnancy
SSRIs before pregnancy

Newer antidepressants before pregnancy
Older antidepressants before pregnancy
Diagnosis before pregnancy

HRs are adjusted for maternal age, smoking status, social status,
calendar year, sex of newborn, and use of antiepileptics, antipsy-
chotics, and other types of medication

a diagnosis of depression (exposure group 2 and model 2 in
Table 2) and among women using newer or older antide-
pressants before pregnancy (Table 3) may be explained by use
of antidepressants during early pregnancy even if they were
prescribed prior to pregnancy (as some prescription may cover
many months). This type of exposure misclassification would
lead to an underestimation of the effect. Exposure during the
early stage could theoretically interfere with placentation and
subsequently lead to intrauterine growth restriction and thus
an increased occurrence of SGA at birth. The association
between use of antidepressants during pregnancy and SGA
seems unrelated to timing during pregnancy; however, the
study had limitations in determining the precise timing of
intake.

We found a much lower prevalence of depression during
pregnancy (0.7 %) than previously described due to the use
of a hospital-based register that does not include information
from general practitioners or private psychiatrists. As a
consequence, only more severe forms of depression were
included. For these women, we found no association be-
tween depression and the rate of SGA and thus believe that
effects of milder forms of depression are unlikely.

The proportion of women with a prescription of antide-
pressants during pregnancy was low at 1.3 % because it was
uncommon to treat pregnant women with antidepressants in
the early years of the study period (Danish National Board
of Health 2007). The prevalence of pregnant women under-
going treatment has since increased substantially (Danish
National Board of Health 2007). Our study does not suggest
any possible etiology concerning the effect of antidepres-
sants and rate of SGA but demonstrated an association
between the two. Lower birth weight and gestational age
correlate with decreased cognitive function among school-
aged children (Bhutta et al. 2002) and children born with
SGA have a small, yet increased risk of developing psychi-
atric disorders during adolescence and young adulthood
(Laursen et al. 2007; Mathiasen et al. 2011). Findings of

the present study add to the growing body of evidence in the
area and address the clinically important question of wheth-
er a woman taking antidepressants and planning pregnancy
should consider tapering off the medication or continue the
medication.

Strengths

The register data were collected prospectively on a routine
basis and not specifically as part of this study. This is the
case in relation to data from all four registers included in the
study (the Medical Birth Register, the National Psychiatric
Central Register, the Medicinal Product Statistics Register,
and Statistics Denmark) and for all variables included in the
analyses (outcome, exposure, and confounders). Using such
prospectively collected routine data, recall bias is excluded,
which is a major strength of the study.

The number of pregnancies added up to 673,853, of
which 35.737 women had a diagnosis of depression and/or
used antidepressants before the end of pregnancy resulting
in a subsequent substantial statistical power, as expressed in
the narrow confidence intervals. The study controlled for a
number of confounders known to impact the rate of SGA.
The data set is almost complete, as only 24 women could
not be identified in the Medical Birth Register and data on
gestational age were missing or invalid for only 3,545
(0.5 %) live births. The paramount strength of the study is,
however, the ability to at least partly separate the effect of
the disease from the effect of the treatment owing to the
design with various exposure groups. The number of preg-
nancies at which the woman was diagnosed with depression
before the end of pregnancy but at which they did not use
antidepressants during pregnancy was rather large (groups 5
and 6, N=2.666 cases) and we should therefore reveal an
association between the illness and risk of SGA, if there
truly was such an association. Women with a diagnosis of
depression did not differ from users of antidepressant med-
ication before or during pregnancy with respect to several
risk factors for SGA, including smoking status, minimizing
the risk of important residual confounding (see Table 1). In
this way, it is less likely that the finding of an increased rate
of SGA associated with the use of antidepressants during
pregnancy is due to confounding by indication.

We have been previously using a similar data set and
design reported on Apgar score as an outcome suggesting
that the use of SSRIs during pregnancy increased the risk of
low Apgar score independently of maternal depression
(Jensen et al. 2013). Children exposed to antidepressants
during pregnancy had an increased rate of low Apgar score
(odds ratio (OR)=1.72; 95 % CI, 1.34-2.20), whereas ma-
ternal depression before or during pregnancy, without pre-
scription of antidepressants, was not associated with a low
Apgar score (OR=0.44; 95 % CI, 0.11-1.74). These
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findings with Apgar score as the outcome are rather similar
to those of the present study with SGA as the outcome.

Limitations

The study did not control for alcohol consumption or sever-
ity of depression, as these data were not available. Further,
there are a number of other potential confounding factors,
for instance food intake, sleep pattern, and other lifestyle
factors, that we were not able to take into account. In this
way, residual confounding is possible due to the rather crude
models. We did, however, attempt to adjust for these factors
in the design of the study with several exposure groups.
Importantly, exposure misclassification is possible arising
from women noncompliant with cashed prescriptions or
from women using medication cashed before the study
period. The amount of misclassification may be difficult to
calculate, as it depends on unobserved factors, but, impor-
tantly, the direction of the biases can be predicted. For bias
from noncompliance to prescriptions during pregnancy, this
would normally lead to bias toward the null (as exposed
women would be coded as unexposed) and does not explain
the association between antidepressants and SGA. In addi-
tion, the majority of women in this group had repeated
prescriptions, which is reassuring. Concerning bias arising
from medication prescribed prior to pregnancy and used
during pregnancy, this bias would be away from the null
given a biological effect and does not explain the lack
of association for depression without pharmacological
treatment.

The timing of maternal depression varied in the study and
the extent to which women presented with depressive symp-
toms before compared to during depression may be unclear.
In fact, 3,287 got a diagnosis of depression before pregnan-
cy (with a median period from the time of diagnosis to
pregnancy of 802 days (quartiles, 345, 1,568)) and 929 got
a diagnosis during pregnancy. It is likely that the former
group may have presented with depressive symptoms of
various severity during pregnancy although only 27 %
of this group got antidepressants during pregnancy.
Nevertheless, we can only conclude from our results that
suffering from a depressive disorder at one point of time
before end of pregnancy were not associated with increased
risk of SGA when the pregnant women did not use antide-
pressants during pregnancy (risk groups 5 and 6 in Table 2).
We cannot exclude the possibility that the risk of SGA
would have been increased for these groups if our
sample had included more pregnant women who got a
diagnosis of depression during pregnancy. In parallel to
this, it is a limitation that we do not have a measure of
severity of depression prior to and during pregnancy but
such data are not available on a routine basis from the
register data.
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Generalizability

Antidepressants are used in the study population for a vari-
ety of illnesses not confined to depression. We therefore
believe that the findings can be generalized to all women
taking antidepressants regardless of the indication for treat-
ment or the severity of illness. A differentiated response to
antidepressants depending on the underlying disease would
suggest that antidepressants affected the fetus differently in
women with, e.g., anxiety compared to depression. We are
aware of no such interaction mechanism.

Conclusion

The rate of SGA is slightly increased in pregnant woman
taking SSRIs during pregnancy. The association seems
unrelated to the underlying disorder. However, untreated
depression during pregnancy may have severe detrimental
effects on the mother and the offspring, and these factors are
crucial to consider when treating women with depression
during pregnancy.
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