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Delivery outcome after maternal use of
antidepressant drugs in pregnancy: an update
using Swedish data
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Background. Concerns have been expressed about possible adverse effects of the use of antidepressant medication
during pregnancy, including risk for neonatal pathology and the presence of congenital malformations.

Method. Data from the Swedish Medical Birth Register (MBR) from 1 July 1995 up to 2007 were used to identify
women who reported the use of antidepressants in early pregnancy or were prescribed antidepressants during
pregnancy by antenatal care: a total of 14 821 women with 15017 infants. Maternal characteristics, maternal delivery
diagnoses, infant neonatal diagnoses and the presence of congenital malformations were compared with all other
women who gave birth, using the Mantel-Haenszel technique and with adjustments for certain characteristics.

Results. There was an association between antidepressant treatment and pre-existing diabetes and chronic hyper-
tension but also with many pregnancy complications. Rates of induced delivery and caesarean section were increased.
The preterm birth rate was increased but not that of intrauterine growth retardation. Neonatal complications were
common, notably after tricyclic antidepressant (TCA) use. An increased risk of persistent pulmonary hypertension of
the newborn (PPHN) was verified. The congenital malformation rate was increased after TCAs. An association
between use of paroxetine and congenital heart defects was verified and a similar effect on hypospadias was seen.

Conclusions. Women using antidepressants during pregnancy and their newborns have increased pathology. It is
not clear how much of this is due to drug use or underlying pathology. Use of TCAs was found to carry a higher risk
than other antidepressants and paroxetine seems to be associated with a specific teratogenic property.
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Introduction various adverse outcomes. In most studies, first-
trimester exposure to any antidepressant has not been
associated with an increased risk for congenital mal-
formations, but an association between paroxetine use
and cardiac defects has been suggested by some
authors (Diav-Citrin et al. 2005; Bar-Oz et al. 2007;
Bérard et al. 2007; Cole et al. 2007 ; Kéllén & Otterblad
Olausson, 2007) but not others (e.g. Davis ef al. 2007).
A similar association with fluoxetine has also been
found in some studies (Diav-Citrin et al. 2008;
Oberlander et al. 2008 b) but not in others (e.g. Kéllén &
Otterblad Olausson, 2007). A recent study (Pedersen
et al. 2009) found an increased risk for septal defects
after sertraline and citalopram but not after fluoxetine
or paroxetine, but confidence intervals were large and
based on only a few cases and the difference between

There is common concern over the use during
pregnancy of antidepressant drugs, notably selective
serotonin receptor inhibitors (SSRIs) and serotonin-
noradrenaline reuptake inhibitors or selective nor-
adrenergic reuptake inhibitors (SNRIs). Comparatively
little has been published on the use of tri- or tetracyclic
antidepressants (TCAs or TeCAs) and monoamine
oxidase A inhibitors (MOAIs).

Many reviews have been published on pregnancy
outcome after maternal use of antidepressants (e.g.
Hines et al. 2004; Einarson & Einarson, 2005; Hallberg
& Sjoblom, 2005; Kaillén, 2007, 2008). Exposure to
antidepressants during pregnancy has been linked to
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Olausson, 2003) but there is little evidence for an
association with other antidepressants.

Other than the association with cardiovascular mal-
formations, no clear evidence exists for an association
with maternal antidepressant use. One study found a
generally increased risk for congenital malformations
after the use of SSRIs (Wogelius et al. 2006) but
this finding may have been biased by the data source
used (Kéllén, 2007). In two retrospective case—control
studies, tentative associations between maternal use
of SSRIs and specific malformations (anencephaly,
craniosynostosis and omphalocele) were suggested
(Alwan et al. 2007), observations that were not con-
firmed in a further study (Louik et al. 2007), where an
association with clubfoot was seen.

Most authors agree that women using anti-
depressants have a tendency to preterm delivery
(McElhatton ef al. 1996; Ericson et al. 1999; Simon et al.
2002; Malm et al. 2005; Suri et al. 2007; Lund et al.
2009). However, in some studies of preterm delivery
in depressed women (Chung et al. 2001; Dayan et al.
2002, 2006; Orr et al. 2002), the possible confounding
from antidepressant drug use was not always clari-
fied. Li et al. (2009) studied a population of depressed
women with a low use of antidepressants, and ex-
clusion of women who used these drugs did not
change the increased risk estimate. Wisner et al. (2009),
in a small study, found 20% preterm delivery rates
at both continued SSRI exposure and continued un-
treated depression. In a large population-based linked
health data study, lower birthweight was found in in-
fants whose mothers had used SSRIs than in infants
whose mothers had a similar degree of depression but
were not treated with medication (Oberlander et al.
2006). The same research group (Oberlander et al.
2008b) found that length of gestational SSRI exposure
rather than timing increased the risk for low birth-
weight and reduced gestational age, even when con-
trolling for maternal illness and medication dose.

Numerous studies have described neonatal symp-
toms associated with maternal use of antidepressants,
notably SSRIs; for example, respiratory difficulties,
low Apgar score, hypoglycaemia, jaundice, cyanosis at
feeding, and cerebral excitation (Costei et al. 2002;
Kallén, 2004; Sanz et al. 2005; Oberlander et al. 2006,
2008a; Lund et al. 2009). These diagnoses resulted in
an increased rate of admissions to neonatal units.
Again, some of these effects were also seen in infants
of untreated depressed women. Such mild events may
be common (Levinson-Castiel et al. 2006). Rare, severe
neonatal complications have also been described.
Persistent pulmonary hypertension of the newborn
(PPHN) was found to occur more often than expected
after SSRI use (Chambers et al. 2006; Killen &
Otterblad Olausson, 2008) but in other studies no
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such association was found, although the number of
cases was low (Andrade et al. 2009; Wichman et al.
2009). One study suggested that antenatal use of
SSRIs could prolong the QT interval in the newborn
(Dubnov-Raz et al. 2008). Case reports suggested an
association between exposure to paroxetine (Stiskal
et al. 2001), escitalopram (Potts et al. 2007) or venla-
faxine (Treichel et al. 2009) and necrotizing entero-
colitis (NEC).

In the current study we present data on different
aspects of delivery outcome after maternal use of
antidepressants. Data were obtained from Swedish
national health registers with a prospective regis-
tration of drug use. This work expands the data shown
in previous publications from this data base (Ericson
et al. 1999; Killén & Otterblad Olausson, 2003, 2006,
2007; Kaéllén, 2004). In addition to the main text
tables, Appendices 1-9 are presented as Supplemen-
tary material (available online) to provide a deeper
understanding of the reported data.

Method

The study is based on data from the Swedish Medical
Birth Register (MBR; National Board of Health and
Welfare, 2003) from 1 July 1995 up to 2007. This
register contains information on almost all deliveries
in Sweden (1-2 % missing), with data collected during
prenatal care (nearly every pregnant woman attends
the free prenatal care system), delivery, and the
paediatric examination of the newborn infant. Infor-
mation on drug use is based partly on an interview
conducted by the midwife at the first antenatal visit
(in 90% of cases before the end of the first trimester,
with the majority being between weeks 10 and 12)
(“early use’) and partly on information from the ante-
natal care with respect to drugs prescribed later
during the pregnancy by the attending doctor (‘later
use’). The drug names are transferred to Anatomical
Therapeutic Chemical (ATC) codes for data storage.
Information on the exact timing and amount of drugs
used is often incomplete. Information on intrauterine
growth was obtained by using growth charts from the
Swedish MBR (Killén, 1995). The information used
from the MBR is shown in Appendix 1 (available
online).

With regard to studies of congenital malformations,
data were also obtained from the Register of Birth
Defects (previously known as the Register of Con-
genital Malformations) and the Patient Register
(previous the Hospital Discharge Register). The vari-
ous registers were linked with the aid of the personal
identification number that is assigned to everyone
living in Sweden and a common file was formed
(National Board of Health and Welfare, 2004).


https://doi.org/10.1017/S0033291709992194

Malformed infants were identified from ICD codes:
ICD-9 codes 740-759 or later ICD-10 codes beginning
with Q. First, the presence of any type of malfor-
mation, irrespective of severity, was noted. Then a
restriction was made, excluding malformed infants
who had one or more of the following conditions:
pre-auricular appendix, tongue tie, patent ductus in a
preterm infant, single umbilical artery, undescended
testicle, hip (sub)luxation, and nevus. These con-
ditions are common, variable in recording, and of
lower clinical significance. The remaining infants were
said to have ‘relatively severe malformations’, even
though some mild conditions are still included in
the group. Specific types of malformations were then
analysed separately, each type irrespective of whether
other malformations were present but with exclusion
of infants with known chromosome anomalies.

From the MBR we identified all women who had re-
ported the use of an antidepressant since she became
pregnant (‘early use’) or had had such drugs pre-
scribed by antenatal care (‘later use’). These women
were compared with all other women in the register
using Mantel-Haenszel analysis after adjustment for
pertinent variables, always including year of delivery,
maternal age, parity, smoking, and body mass index
(BMI). Odds ratios (ORs) were calculated with 95%
confidence intervals (CIs). When the expected number
of outcomes was <10, risk ratios (RRs) were calcu-
lated instead, as observed numbers divided by ex-
pected numbers with 95% CI based on exact Poisson
distributions (SABER software; CDC, USA).

Results
Overview of material

We identified 14821 women who were exposed to
antidepressants: 12914 had early exposure, 5987 later
exposure and 4080 had both. The total number of
infants born was 15017, 13080 after early, 6066 after
later, and 4127 after both early and later exposure.
These were compared with 1062190 women with
1236053 infants in the population.

Table 1 lists the number of women according to
antidepressant drug used, divided into four groups:
TCAs, SSRIs, MOAIs, and other antidepressants,
which we call SNRIs. There were also 10 women who
did not specify the drug used and 86 early and 39 later
who stated unspecified SSRIs. The table shows that,
in the TCA group, clomipramine dominated. Among
SSRIs, citalopram was the most common drug in early
pregnancy followed by sertraline, fluoxetine and paro-
xetine. In later pregnancy, sertraline was used most
often, followed by citalopram, fluoxetine and paro-
xetine. Other SSRIs were represented by only a few
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Table 1. Number of women using specific antidepressant drugs
either before the first antenatal visit (‘ Early’) or prescribed the
drugs during pregnancy (' Later”)

Drug name ATC code Early Later

TCAs NO6AA 1662 784
Imipramine NO6AA02 10 3
Clomipramine NO6AAO4 1208 592
Lofepramine NO6AA07 6 1
Amitriptyline NO6AAQ09 379 158
Nortriptyline NO6AA10 33 23
Protryptyline NO6AATL 1 0
Maprotiline NO6AA21 9 1

SSRIs NO06AB 10170 4809
Fluoxetine NO06AB03 1522 892
Citalopram NO06AB04 3950 1648
Paroxetine NO6ABO5 1208 405
Sertraline NO06ABO6 3297 1825
Fluvoxamine NO6ABO08 42 17
Escitalopram NO06AB10 153 56
Unspecified NO6AB0OO 86 39

MOAIs NO6AG 37 18
Moclobemide NO06AG02 37 18

SNRIs NO6AX 1351 538
Mianserin NO6AX03 85 33
Nefazodone NO06AX06 44 7
Mirtazapine NO6AX11 277 123
Bupropion NO6AX12 37 9
Venlafaxine NO06AX16 859 363
Reboxetine NO06AX18 28 6
Duloxetine NO6AX21 37 4

Unspecified NO6A 10 0

antidepressants

TCA, Tricyclic antidepressant; SSRI, selective serotonin
reuptake inhibitor ; SNRI, serotonin-norepinephrine reuptake
inhibitor ; MOAI, monoamine oxidase A inhibitor; ATC,
Anatomical Therapeutic Chemical.

women. Among SNRIs, venlafaxine dominated, fol-
lowed by mirtazapine both early and later.

A total of 311 women reported in early pregnancy
the use of two or three drugs belonging to different
groups and 162 women received combinations of two
groups later in pregnancy (Appendix 2).

Maternal characteristics

Women using antidepressant are characterized by
higher age and lower parity than other women, they
are more often smokers and of high BMI. They are less
often born outside Sweden, are more often non-
cohabiting and work less often full-time outside the
home. A comparison of some of the characteristics of
women reporting antidepressant use in early preg-
nancy and all women who gave birth is given in
Appendix 3.
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These women also used other drugs in early preg-
nancy in a different pattern than other women. This
may indicate co-morbidity (e.g. drugs for stomach
ulcer and reflux, insulin, drugs for hypertension,
systemic corticosteroids, tyroxine, anti-asthmatics) but
the most important use of co-medication refers to
other psycho-active drugs with a very high usage of
sedatives and hypnotics but also neuroleptics, drugs
for migraine, and anticonvulsants (Appendix 4).

Maternal delivery diagnoses

Pre-existing diabetes and chronic hypertension seem
to be risk factors for any antidepressant drug use
during pregnancy. Several other maternal diagnoses
given at delivery were analysed (Table 2). Most of
them occur in excess and in most the difference be-
tween the effect of early and later exposure is not very
marked. Placental abruption seems to occur more
often after early exposure than after later exposure but
the difference may be random.

Infant characteristics: gestational duration
and birthweight

Pregnancy duration and birthweight was analysed
for singletons after maternal use of antidepressants
either ‘early’, “later” or “‘both early and later’. There is
an excess of preterm births (<37 weeks) and a slight
increase in low birthweight (<2500 g) but no increase
in small for gestational age (SGA). On the contrary,
large for gestational age (LGA) occurs in excess but
with no great differences between outcomes after early
or later exposures. However, for preterm birth and
low birthweight there is a tendency of high ORs after
later exposure and notably after both early and later
exposure (Appendix 5).

To detect differences in gestational duration and
birthweight after later exposure of either TCAs, SSRIs
or SNRIs, the same characteristics as those described
above were compared (Table 3). There is a tendency
for a higher risk for preterm birth and low birthweight
after TCA exposure than after SSRI. SNRI exposure is
intermediate with respect to risk for preterm birth but
shows a higher risk for low birthweight than SSRI and
also shows a significant SGA effect, which is not seen
for the other two groups.

Infant characteristics: neonatal diagnoses

Seven neonatal conditions were selected for analysis,
but PPHN could be studied only after the introduction
in 1997 of ICD-10. In the Swedish version of the ICD-10
code list, a specific code has been given to PPHN
(P293B). Table 4 summarizes data for the six other
diagnoses after maternal use (“early’, “later” and “both
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early and later’) of any antidepressant. All conditions
occur in excess and the risk estimates are higher after
later exposure than after early exposure. For some
conditions, the highest estimates were seen after ex-
posure both early and later. However, none of the
differences are very marked. The same six neonatal
diagnoses were evaluated with regard to later ex-
posure of TCA, SSRI or SNRI. The OR is significantly
increased for hypoglycaemia, respiratory diagnoses
and low Apgar score primarily after the use of TCAs
but also of SNRIs and SSRIs. Additionally, an in-
creased risk for jaundice was seen after the use of
TCAs and SNRIs (Appendix 6).

The seventh neonatal diagnose analysed was PPHN
after maternal use of SSRIs (no PPHN with other
antidepressants). Analysis was restricted to infants
with a gestational duration of at least 34 completed
weeks; at shorter gestation the basic risk for PPHN is
strongly increased. The figures are low for this rather
unusual condition but a significantly increased risk is
seen: RR for exposure in early pregnancy was 2.30
(95% CI 1.29-3.80), for later exposure 2.56 (95% CI
1.17-4.85), and for both early and later exposure 3.44
(95% CI 1.49-6.79). In the total Swedish population
during 1997-2007 there were 1019514 infants born,
and 572 cases of PPHN were diagnosed, a rate of 0.56
per 1000 (Appendix 7).

Infant characteristics : congenital malformations

The total rate of any congenital malformation in the
population is 4.3% and in 2.9% there was at least
one ‘relatively severe malformation’. Among the 25
groups of malformations, two showed a statistically
significant excess (‘relatively severe malformations’
and “hypospadias’) after exposure to antidepressants.
Appendix 8 presents the complete list on the presence
of congenital malformations after maternal use of any
antidepressants.

When the three main groups of antidepressants
were studied separately, risk differences were seen
(Table 5). The risks for a relatively severe mal-
formation, for any cardiovascular defect, and for a
ventricular (VSD) or atrial septal defect (ASD) were
significantly increased only for TCAs (primarily
clomipramine, see Table 1). The risk estimates for
hypospadias was increased for all three groups but
did not reach statistical significance. None of the
women with a hypospadic infant reported the use
of an anticonvulsant. The risk for cystic kidney was
elevated for SSRI use but was based on only nine
cases. Three of these cases were infantile polycystic
kidney and one adult-type polycystic kidney, both
usually regarded as genetic, one had an unspecified
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Table 2. Some maternal delivery diagnoses after use of antidepressants (ADs) early in pregnancy, later in pregnancy, and both early and later in pregnancy. Odds ratios (ORs) with 95% confidence
intervals (CIs) after adjustment for year of birth, maternal age, parity, smoking and body mass index (BMI)

Early use Later use Both early and later use
Number in No. taking No. taking No. taking

Maternal diagnosis population ADs OR 95% CI ADs OR 95% CI ADs OR 95% CI
Pre-existing diabetes 5987 287 1.35 1.19-1.52 137 1.32 1.11-1.58

Chronic hypertension 12351 261 1.34 1.18-1.52 119 1.25 1.04-1.51

Gestational diabetes 9724 202 137 1.18-1.58 81 1.16 0.93-1.45 68 137 1.08-1.75
Pre-eclampsia 48361 222 1.28 1.19-1.37 413 1.38 1.25-1.53 309 1.50 1.33-1.69
Hyperemesis 10535 234 145 1.27-1.66 102 1.31 1.07-1.60 87 1.59 1.28-1.96
Placenta previa 11856 252 1.36 1.20-1.55 107 1.21 1.00-1.47 86 1.38 1.11-1.72
Placenta abruption 12860 263 1.29 1.14-1.47 102 1.05 0.86-1.29 84 1.23 0.99-1.53
Premature rupture of membranes 25175 475 1.30 1.18-1.43 233 1.36 1.19-1.56 174 1.47 1.26-1.72
Bleeding before partus 14544 263 1.25 1.10-1.42 112 1.15 0.95-1.39 92 1.34 1.09-1.66
Bleeding during partus 21918 441 1.33 1.20-1.46 238 1.45 1.27-1.65 180 1.58 1.36-1.84
Bleeding after partus 61155 822 1.11 1.03-1.19 355 1.02 0.92-1.14 257 1.08 0.95-1.22
Induction of delivery® 11407 1900 1.29 1.22-1.35 900 1.29 1.19-1.38 617 1.29 1.18-1.41
Caesarean section 168 867 3009 1.38 1.32-1.44 1418 1.35 1.27-1.44 1008 1.74 1.30-1.51

2 Analysed only for deliveries that did not start with a caesarean section: 984 394 in the population, 11407 after early use, 5233 after later use, and 3550 after both early and later use.
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Table 3. Effect of preterm birth and birthweight in singletons according to antidepressant (AD) use later in pregnancy. Odds ratios (ORs) with 95% confidence interval (Cls) adjusted for year of birth,
maternal age, parity, smoking and body mass index (BMI)

TCA SSRI SNRI
Number in No. with No. with No. with
Infant characteristics population AD OR 95% CI AD OR 95% CI AD OR 95% CI
Preterm birth (<37 weeks) 57946 87 2.36 1.89-2.94 356 1.46 1.31-1.63 54 1.98 1.49-2.63
Low birthweight (<2500 g) 37105 37 1.39 1.00-1.95 190 1.13 0.97-1.31 36 1.87 1.33-2.64
High birthweight (>4500 g) 46 050 21 0.62 0.40-0.95 165 0.89 0.70-1.04 18 0.80 0.53-1.38
SGA (<2 s.p. from expected weight) 24802 14 0.77 0.45-1.32 122 1.01 0.84-1.22 24 1.84 1.20-2.81
LGA (>2 s.D0. from expected weight) 68814 58 1.12 0.85-1.48 292 1.06 0.93-1.19 38 1.23 0.88-1.72

UINYY g puv s1y] ‘W 8¢Ll

SGA, Small for gestational age; LGA, large for gestational age; AD, antidepressant; TCA, tricyclic antidepressant; SSRI, selective serotonin reuptake inhibitor; SNRI,
serotonin-norepinephrine reuptake inhibitor; s.p., standard deviation.

Table 4. Six neonatal diagnoses in infants born after maternal antidepressant (AD) use. Odds ratios (ORs) with 95 % confidence intervals (CIs) adjusted for year of birth, maternal age, parity,
smoking and body mass index (BMI)

Early use Later use Both early and later use
Number in No. with No. with No. with
Infant diagnosis population AD OR 95% CI AD OR 95% CI AD OR 95% CI
Hypoglycaemia 34794 585 1.33 1.22-1.45 311 143 1.31-1.65 221 1.56 1.36-1.79
Respiratory diagnoses 57487 811 1.34 1.25-1.44 437 1.62 1.47-1.79 305 1.65 1.46-1.85
Low Apgar score when known 15541 276 1.55 1.38-1.77 159 1.99 1.70-2.33 128 2.34 1.96-2.79
CNS diagnoses 8226 136 1.31 1.11-1.56 77 1.50 1.19-1.88 53 1.49 1.13-1.97
Jaundice 52004 643 1.09 1.01-1.19 318 113 1.01-1.27 230 1.22 1.06-1.39
Intracerebral haemorrhage 1635 23 117 0.77-1.78 12 1.28 0.66-2.23 8 1.20 0.52-2.37

CNS, Central nervous system; AD, antidepressant.
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polycystic kidney, three had cystic dysplasia, and one
had a fibrocystic kidney disease.

There was no significantly increased risk for ab-
dominal wall defects after maternal use of antide-
pressants (Appendix 8). Among the seven abdominal
wall defects recorded, four had gastroschisis. One was
exposed to clomipramine, one to citalopram, and two
to fluoxetine. The expected number of infants with
gastroschisis is 1.77, with an RR of 2.26 (95% CI 0.62-
5.79).

Most women who reported SSRI use had taken one
of four specific drugs: fluoxetine, citalopram, paro-
xetine or sertraline. In Table 6 the malformation risks
after use of each of these drugs are compared. There is
a significantly increased risk for a relatively severe
malformation after fluoxetine but a comparison of
the rates between the drugs showed that this may be
random. Appendix 9 specifies the 60 cases, 10 of which
were mild anomalies.

For any cardiovascular defect, a significantly in-
creased risk was seen after paroxetine and the esti-
mates for the four SSRI drugs differed significantly.
The increased risk for cardiovascular defects after
paroxetine was based on 24 cases, 12 of which had
VSDs or ASDs (seven with VSDs, four with ASDs,
and one with both VSDs and ASDs). The risk in-
crease for VSD and/or ASD is similar to that for
all cardiovascular defects but is not statistically
significant (RR 1.61, 95% CI 0.83-2.82). No increased
risk was seen for VSD and/or ASD with any of the
three other SSRIs. Finally, a significantly increased risk
for hypospadias after exposure to paroxetine was
seen.

To eliminate possible confounding factors from
concomitant use of drugs with potential teratogenic
properties or use of drugs given for conditions that
may harm the embryo, infants were removed from
the analysis if the mother had also reported taking
any one of the following: insulin, antihypertensive
drugs, drugs for asthma, systemic corticoids, drugs
for thyroid disease. This left 88-90% of the cases for
analysis. There were only minor changes in OR esti-
mates but the OR for relatively severe malformations
after exposure to fluoxetine decreased slightly (to
1.26) and lost statistical significance (95% CI 0.96—
1.65) whereas the OR after exposure to paroxetine
increased slightly to 1.31 and approached statistical
significance (95% CI 0.98-1.76). For any cardiovascu-
lar defect, the OR after exposure to paroxetine in-
creased to 1.81 (95% CI 1.19-2.76) whereas the OR did
not change at all after exposure to fluoxetine (1.31,
95% CI 0.83-2.06). The OR for VSD or ASD after ex-
posure to paroxetine (based on 12 cases) increased
somewhat and became close to significant (1.79, 95%
CI 0.99-3.22).
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Table 6. Three groups of congenital malformations where risks seemed to differ with the SSRI used. Odds ratios (ORs) with 95%
confidence intervals (Cls) adjusted for year of birth, maternal age, parity, smoking and body mass index (BMI)

Relatively severe malformation Any cardiovascular defect Hypospadias

n OR 95% CI n OR 95% CI n OR 95% CI
Fluoxetine 60 1.29 1.00-1.67 21 1.31 0.85-2.02 5 1.10 0.36-2.57*
Citalopram 133 1.06 0.88-1.26 37 0.86 0.62-1.20 38 1.30 0.94-1.80
Paroxetine 49 1.20 0.90-1.61 24 1.66 1.09-2.53 9 2.45 1.12-4.64*
Sertraline 100 0.99 0.81-1.21 26 0.74 0.50-1.09 8 0.89 0.38-1.75%
2% (3 df) 4.32 125 179
4 0.23 <0.01 <0.001

SSRI, Selective serotonin reuptake inhibitor; df, degrees of freedom.
2Risk ratio (observed/expected number) with exact 95% CI based on Poisson distributions.

Discussion

Studies on the impact of antidepressant use during
pregnancy have been made with different method-
ologies. Some rely on detailed information on drug
use in a small number of patients, notably studies
performed in teratology information centres. Others
have used retrospective case—control studies, with the
risk for recall bias and often relatively large non-
response rates. A third set of studies have identified
exposure from registers of prescribed drugs; these
have provided data from a large number of studies
but also carry the risk of exposure misclassification as
it is not certain that a woman who had bought a drug
did in fact use it during the organogenetic period. We
have used the Swedish MBR, which contains exposure
data based on interviews in early pregnancy and
therefore prospectively related to delivery outcome.
However, information on the amount of drugs taken
and exact timing is lacking, which probably results
in some dilution of the data. This should, however,
only little affect risk estimates. Another advantage is
that the data base is growing continuously and the
results from early studies can be checked in follow-up
studies. The principles of epidemiological studies of
drug effects when used during pregnancy have been
discussed previously in some detail (Ké&llén, 2005).

As in all similar studies, the problems encountered
in multiple testing are important and every conclusion
should be looked upon as a signal of further study
on independent material. We therefore compared our
findings with results from the published literature.

We found marked differences in the characteristics
of women using antidepressants in early pregnancy
when compared with other women who gave birth.
This may confound the analysis, notably for variables
such as preterm birth that are sensitive to such fac-
tors. Even if efforts were made to adjust for these
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confounders, the adjustments may have been in-
complete. Thus, for instance, women using anti-
depressants smoke more than other women and the
classification of smoking is relatively crude and may
leave a residual confounding. Other confounders that
could not be studied may interfere with the analysis,
such as alcohol use. The most difficult confounder,
much discussed in the literature, is the underlying
pathology, notably maternal depression. We cannot
distinguish between the effects of depression and drug
treatment of depression. Women who used anti-
depressants also used some other drugs in excess,
some of which could have a teratogenic effect. How-
ever, exclusion of their infants from analysis did not
markedly affect the risk estimates for congenital
malformations.

Relatively little is published about delivery diag-
noses after antidepressant use. An increased risk for
gestational hypertension and pre-eclampsia has been
described by Toh et al. (2009), which is supported by
our findings (Table 2), but other complications of
pregnancy and delivery were also found after both
early and later exposure, which indicates that many
of the women who reported early use but did not
got prescriptions during pregnancy from the antenatal
care also used antidepressants later in pregnancy.
Another possibility is that underlying psychiatric
morbidity was of importance, as suggested by Toh
et al. (2009).

The effects we found of antidepressant use on
gestational duration agree with most results in the
literature. We cannot tell whether this is a drug effect
or an effect of underlying psychiatric pathology. After
use later in pregnancy, the effect on preterm birth
of TCAs and perhaps of SNRIs seems to be larger than
that of SSRIs. This could be the result of different in-
dications for drug use, or a specific drug effect. The
same can be said about neonatal pathology, which
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basically agrees with what has been described in the
literature. Similar differences, with a higher risk esti-
mate after TCA than SSRI use, are seen for hypo-
glycaemia, respiratory diagnoses, low Apgar score,
and jaundice. Our data support the association be-
tween SSRI use and PPHN.

The most clear-cut result concerning teratogenic
properties of antidepressant drugs is the higher risk
after clomipramine exposure than after SSRI or SNRI
exposure. This risk seems to be restricted mainly to
cardiovascular defects and was reported in previous
studies of the same data set (Kéllén & Otterblad
Olausson, 2003). One explanation for this finding
could be an inhibitory effect on a specific cardiac
potassium current channel, expressed by the human
ether-a-go-go-related gene (Kéllén, 2007). There were
some differences between the four main SSRI drugs.
With respect to general teratogenicity, the data in-
dicated a significantly high risk after fluoxetine but
this effect may be spurious as the differences be-
tween the four drugs could be random. Scrutiny of
malformation diagnoses after fluoxetine exposure
(Appendix 9) shows no clustering of any specific con-
dition. However, an excess of cardiovascular defects
was seen after paroxetine exposure and the difference
in risk between the four drugs was significant.
Nevertheless, the excess may be random as many
different drug—outcome combinations were studied,
but this result agrees with some but not all data in the
literature. The risk increase seems to be due to VSDs
and/or ASDs but the numbers of each type are so low
that no firm conclusion can be drawn. A new obser-
vation is an increased risk for hypospadias after SSRI
exposure, again significantly stronger after paroxetine
than after other SSRIs. It should be pointed out that
even if a difference exists between the four SSRIs in
teratogenicity, this could be due to confounding by
indication as the drugs may be used under different
conditions (Bar-Oz et al. 2007).

One important aspect of the possible hazards as-
sociated with antidepressant use during pregnancy
refers to possible long-term effects on child develop-
ment. This aspect was not studied in the present in-
vestigation.

In summary, our analysis, which uses the largest
data set available based on prospective exposure
information, supports the idea that the use of anti-
depressants during pregnancy increases the risk for
several pregnancy, delivery and neonatal compli-
cations. It is not possible to dissociate these effects
from possible effects of the underlying psychiatric
pathology. The teratogenic potential is low but prob-
ably stronger for TCA than for SSRI and SNRI ex-
posure. A specific association between paroxetine
use and infant cardiovascular defects is supported.

https://doi.org/10.1017/50033291709992194 Published online by Cambridge University Press

Antidepressants during pregnancy 1731

A previously unknown association between SSRIs and
hypospadias was found, which is particularly strong
with the use of paroxetine.
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