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Background: Both the use of antidepressant medication during pregnancy and the prevalence
of autism spectrum disorder have increased during recent years. A causal link has recently been
suggested, but the association may be confounded by the underlying indication for antidepres-
sant use. We investigated the association between maternal use of antidepressant medication
in pregnancy and autism, controlling for potential confounding factors.

Methods: We identified all children born alive in Denmark 19962006 (n=668,468) and their
parents in the Danish Civil Registration System. We obtained information on the mother’s prescrip-
tions filled during pregnancy from the Danish National Prescription Registry, and on diagnoses
of autism spectrum disorders in the children and diagnoses of psychiatric disorders in the parents
from the Danish Psychiatric Central Register. In a cohort analysis, we estimated hazard ratios of
autism spectrum disorders in children exposed to antidepressant medication during pregnancy
compared with children who were not exposed, using Cox proportional hazards regression analysis.
Furthermore, we estimated the risk for autism spectrum disorder in a sibling design.

Results: Children exposed prenatally to antidepressants had an adjusted hazard ratio of 1.5
(95% confidence interval [CI] 1.2—1.9) for autism spectrum disorder compared with unexposed
children. Restricting the analysis to children of women with a diagnosis of affective disorder,
the adjusted hazard ratio was 1.2 (95% CI 0.7-2.1), and the risk was further reduced when
exposed children were compared with their unexposed siblings (adjusted hazard ratio 1.1; 95%
CI0.5-2.3).

Conclusion: After controlling for important confounding factors, there was no significant
association between prenatal exposure to antidepressant medication and autism spectrum
disorders in the offspring.

Keywords: antidepressants, depression; autism, autism spectrum disorder, childhood autism,
pregnancy

Introduction

Rates of antidepressant use during pregnancy have increased during recent years,' and
studies indicate that 1%—8% of pregnant women receive antidepressant medication.>
Some studies find that prenatal exposure to antidepressants is associated with adverse
outcomes in the offspring, in areas such as motor development®’ and neonatal adapta-
tion,* % and an increased occurrence of congenital heart malformations.!' However,
other studies find no association between prenatal exposure to antidepressants and
internalizing'? or externalizing'® symptoms, cognitive development'*'* or congenital
malformations in the child.'®!” Rates of autism spectrum disorders (ASD) are increas-
ing,'®1° but the underlying causal pathway is unclear. Both genetic and environmental
factors are likely to play an important role.?* ASD risk factors associated with the
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intrauterine environment such as maternal smoking during
pregnancy,”! maternal infections and inflammation,*** and
prenatal exposure to antiepileptic medication? have been
suggested. It has been hypothesized that increased seroton-
ergic activity during brain development may increase the
risk of autism,??¢ and two recent epidemiologic studies link
prenatal exposure to selective serotonin reuptake inhibitor
(SSRI) use with ASD.?”?% A limitation, acknowledged in both
of these epidemiologic studies, is that a parental psychiatric
disorder in itself is associated with increased risk of autism
in the offspring, and the suggested drug effect could therefore
be a consequence of the underlying maternal disease rather
than of the treatment.?*3° Discontinuation of antidepressant
medication during pregnancy, however, carries an increased
risk for relapse of depression,* with known risks for the
mother, as well as for the child.?>%

We conducted a large population-based cohort study to
investigate the association between maternal use of anti-
depressant medication during pregnancy and ASD in the
offspring, adjusting for potential confounding factors. To
further distinguish the effect of antidepressant medication
from an underlying disease, we examined the association
between paternal use of antidepressants and risk of ASD
in the offspring; we also studied the risk of ASD in siblings
discordant for prenatal antidepressant exposure.

Methods
Registry data sources
and study population
We identified all children born alive in Denmark between
January 1, 1996 and December 31, 2006 in the Danish Civil
Registration System (CRS).3* The CRS contains information
about the personal identification number — the CRS number —
that is assigned to all persons having permanent residence in
Denmark. The CRS also contains information on sex, date of
birth, death, immigration status, maternal identity, paternal
identity if known, and sibling identity. The CRS number
allows linkage of individual information from the CRS with
information from a range of other national registries. We
obtained information on age, sex, and family relations from
the CRS, and we used the CRS number to link individual
information from all national registries used in the study.
The Danish National Prescription Registry (DNPR)*
holds information on prescriptions filled since January 1,
1996, written by a general practitioner or medical specialist.
We obtained information on maternal and paternal use of
medication from the DNPR. The Danish Psychiatric Central
Register (DPCR)* includes diagnoses from all in-patient and

out-patient psychiatric hospital-based units in Denmark, but
not from general practitioners, or private specialists. We used
the DPCR to obtain diagnostic information on children and
their parents in the study. The Danish Medical Birth Reg-
istry?’ contains information on all newborns; we obtained
information about gestational age, parity, and birth weight
from this register. The Danish National Hospital Register
(DNHR)* has collected nationwide data on all somatic
hospital admissions since 1977 and includes data on outpa-
tients since 1995; we obtained diagnostic information about
congenital malformations from the DNHR.

Based on the linked registry data, our study population
included children with an estimated time of conception after
February 1, 1996 (n=668,468). We excluded children with
missing (n=6,275; 0.9%) or extreme values of gestational
age (=23 weeks and =45 weeks) (n=1,489; 0.2%), missing
information about the mother (n=5; 0.001%), adopted children
(n=3,461;0.5%), and children who died during the first year of
life (n=1,623; 0.2%). Children who died later than one year after
birth (n=40; 0.01%) and children who emigrated (n=14,492;
2.2%) were censored at time of death or emigration.

Medication exposure

We defined the exposure window from 30 days before con-
ception to the day of birth and included all antidepressant
prescriptions filled from January 1, 1996 to December 31,
2006. We defined users of antidepressants as women who
filled a prescription for antidepressant medication during the
exposure window with the Anatomical Therapeutic Chemical
code NO6A (antidepressant drugs). We specifically assessed
prescriptions of three, not mutually exclusive, subgroups of
antidepressants: SSRIs; serotonin—norepinephrine reuptake
inhibitors (SNRIs); and tricyclic antidepressants (TCA)
(Figure 1). We did not include information about medication
other than antidepressants. We estimated the average daily
dose of antidepressants from the total amount of antidepres-
sant drugs filled divided by the number of days during the
exposure window, and dichotomized the average daily dose
into the upper 50% and the lower 50% based on the defined
daily dose of the individual drug.*

We dichotomized exposed women into those who filled a
prescription for antidepressant medication from 30 days before
pregnancy until the end of the first trimester and those who filled
a prescription for antidepressants only later in pregnancy.

Outcome information
In the DPCR, we identified children who had been diagnosed
with ASD or childhood autism (CA) by December 6, 2010

submit your manuscript

450

Dove

Clinical Epidemiology 2013:5


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Antidepressant exposure in pregnancy and autism spectrum disorder

3.0

Percent of pregnancies

0.0 === T T T

1996 1997 1998 1999 2000

2001 2002 2003 2004 2005 2006

Year

Total antidepressant use

Selective serotonin reuptake inhibitors (SSRI)

Tricyclic antidepressants (TCA)

Serotonin—norepinephrine reuptake inhibitors (SNRI)

Pregnant women with registry based diagnosis of affective disorder

Figure | Use of SSRIs (selective serotonin reuptake inhibitors), SNRIs (serotonin—norepinephrine reuptake inhibitors), and TCAs (tricyclic antidepressants) over time in

pregnancies.

based on the International Statistical Classification of Dis-
eases and Related Health Problems (ICD)-10 (codes F84.0,
F84.1, F84.5, F84.8, and F84.9). Diagnoses are reported to
the DPCR from Danish child and adolescent psychiatric
clinics. The Danish public health services are free of charge,
and children suspected of having ASD will usually be referred
for assessment at a hospital-based outpatient child and
adolescent psychiatry clinic, where clinical assessment is
made by a specialized team including child psychiatrists and
psychologists. The quality of the infantile autism diagnosis
in the DPCR has been validated by Lauritsen et al.** After
evaluating 499 medical records of children diagnosed with
childhood autism using the ICD-10, 94% (n=469) met the
criteria for correct diagnosis.

Covariate information

In the DPCR, we identified parents diagnosed with a history of
an affective disorder such as unipolar depression or bipolar affec-
tive disorder (specifically, ICD-8 codes 296.09, 296.19, 296.29,
296.39,296.99,298.09,298.19, 300.49, and 301.19, and ICD-10
codes F30-F34 and F38-F39), as well as parents with a history

of any psychiatric diagnosis (ICD-8 codes 290-315 and ICD-10
codes F0.00-F99.9) before birth of the indexed child.

We identified children with congenital malformations
using ICD-10 codes Q0—Q99; two diagnoses of malforma-
tions with known low validity in the DNHR were not included
in this category, Q53 (undescended testicle) and Q65 (con-
genital deformities of hip).*!

Analytic approach

We estimated the overall prevalence of ASD, CA, antide-
pressant use, and affective disorder in the mother using
Kaplan—Meier product-limit method (Stata 11.1; StataCorp
LP, College Station, TX, USA). The hazard ratio (HR) for
ASD and CA associated with antidepressant drug exposure
was estimated by Cox proportional hazards regression
analysis, with age of the child as the underlying time scale
and separate baseline diagnostic rates (strata) for each birth
year group to account for changing rates of ASD over time.
HRs were adjusted (adjusted HR/aHR) for parental age at
conception (<21 years, 21-25 years, 26-30 years, 31-35
years, >36 years); parental psychiatric history at birth
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(yes, no); gestational age (<28 weeks, 28-31 weeks, 32-26
weeks, >37 weeks); birth weight (<2,500 g, 2,500-2,999 g,
3,000-3,499 g, >3,500 g); child’s sex (boy, girl); and par-
ity (0, >1) (Table 1). The proportional hazards assumption
was evaluated for all variables by comparing estimated log-
minus-log survivor curves over the different categories of
variables that we investigated. Since analyses were stratified
by maternal affective disorder, this disorder was excluded
from the parental psychiatric history at birth variable, except
in the analyses stratified by paternal affective disorder. In the
latter analyses, paternal affective disorder was excluded from
the parental psychiatric history at birth variable. Only HRs
for analyses that included at least five observed cases are
presented (Tables 2—5). The Spearman correlation coefficient
was used to analyze the correlation between the father’s
and mother’s use of antidepressant medication. In the main
analysis, the overall aHR for ASD and CA were estimated
for children exposed to any antidepressant.

Sensitivity analyses included repetition of the main
analysis, but 1) excluded children with congenital birth
defects; 2) included only women who filled more than one
prescription during pregnancy; and 3) extended the exposure
window to 60, 90, and 180 days before pregnancy.

In subanalyses, the aHR for ASD and CA were estimated
for major subgroups of antidepressants (SSRI, TCA, and
SNRI). Further subanalyses included: estimation of aHRs
for ASD and CA after exposure to high and low dose levels;
and aHRs for ASD and CA for children exposed in the first
trimester and late in pregnancy to both any antidepressant,
and specifically to SSRI.

We applied the following three analytic strategies to
further adjust for confounding by indication. In Model 1, we
calculated the aHR for ASD and CA for exposed children,
including only children of women with a prepregnancy
registry-based diagnosis of affective disorder. In Model 2, to
distinguish the effect of in utero exposure to antidepressants
from the effect of having a parent with a disorder requiring
antidepressant medication, we estimated the risk of ASD
and CA in the offspring of fathers who used antidepressant
medication during the pregnancy, regardless of maternal use
of antidepressant medication. In this analysis, children who
could not be linked to a father were excluded (n=14,091). We
repeated the analysis, including only fathers with a registry-
based diagnosis of affective disorder prior to the pregnancy.
In Model 3, we estimated aHRs in a sibling design. We
restricted the cohort to include families with at least two
full siblings and with at least one of the siblings having been
diagnosed with ASD. The aHR for the association between

antidepressant exposure and ASD was estimated using
stratified Cox regression, with separate diagnostic baseline
hazard rates for each family. In the sibling analyses, adjust-
ment for the increasing autism prevalence was achieved by
including for the birth date a cubic spline with ten knots.*?

Finally, to further assess the importance of the main
indication for AD use, we estimated the aHR for ASD in
children of mothers with a registry-based diagnosis of affec-
tive disorder compared with children of mothers with no
such diagnosis, regardless of exposure to antidepressants.
We repeated this analysis separately in women exposed and
not exposed to AD during pregnancy.

Results
Main analysis: use of antidepressant

medication in mothers

The study cohort comprised 655,615 children of 428,407
mothers. During the study period, the overall prevalence of ASD
was 1.5% (95% confidence interval [CI] 1.5-1.6; 5,437 chil-
dren), and 0.5% for CA (95% CI1 0.5-0.5; 2,067 children). The
average age at ASD diagnosis was 6.7 years (range 0.2—13.8,
median 6.3). The average age at CA diagnosis was 5.7 years
(range 0.3—13.8, median 5.1). The mean age of children at end
of follow-up was 8.8 years (range 0—14, median 8.9). Charac-
teristics of study participants are shown in Table 1.

We identified 8,833 out of 655,615 children (1.3%)
exposed to antidepressant drugs during pregnancy. Among
5,437 children with ASD, 104 (1.9%) were exposed to antide-
pressants. The number of children exposed to antidepressant
drugs during pregnancy increased over time (Figure 1). For
most children (80.1%) of women who filled a prescription of
antidepressants during pregnancy, the mother had no registry-
based diagnosis of affective disorder (Table 1).

Children exposed to any kind of antidepressant during
pregnancy had a 50% higher risk for ASD (aHR =1.5; 95% CI
1.2-1.9) compared with those not exposed (n=646,782). The risk
for CA was smaller and not statistically significant (aHR =1.3;
95% CI10.9-1.8). The risk did not vary by type of antidepressant,
but statistical precision was low for SNRI and TCA (Table 2).
The results were essentially unchanged after excluding 25,619
children with congenital birth defects (ASD aHR =1.6; 95% CI
1.3-1.9 and CA aHR =1.3; 95% CI1 0.9-1.9).

Some women may have filled a prescription just before
the exposure window but took the medicine during the
exposure period. Extending the exposure window to 60, 90,
and 180 days prior to conception did not markedly change
results (results not shown). The results also remained virtually
unchanged when we restricted the analysis to women who
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Table | Characteristics of study participants

Characteristic AD-exposed (%) AD-not exposed (%) P-value*
n=8,833 n=646,782
Maternal age at conception <0.001
<21 years 373 42 25,869 4.0
21-25 years 1,564 17.7 125,783 19.4
26-30 years 3,044 345 259,853 40.2
31-35 years 2,669 30.2 178,433 27.6
=36 years 1,183 13.4 56,844 8.8
Paternal age at conception <0.001
<25 years 1,071 12.1 75,696 1.7
26-30 years 2,388 27.0 211,695 327
31-35 years 2,587 29.3 209,555 324
=36 years 2,371 268 136,072 21.0
Data missing 416 4.7 13,764 2.1
Parental psychiatric history <0.001
Yes 1,897 21.5 17,853 2.8
No 6,523 738 615,251 95.1
Data missing 413 47 13,678 2.1
Gestational age at birth <0.001
<28 weeks 17 0.2 1,215 0.2
28-31 weeks 99 1.1 4,526 0.7
32-36 weeks 723 8.2 35,870 55
=37 weeks 7,994 90.5 605,171 93.6
Birth weight <0.001
<2,500 g 631 7.1 31,640 4.9
2,500-2,999 g 1,291 14.6 71,513 .1
3,000-3,499 g 2,903 329 196,827 30.4
=3,500 g 3,973 45.0 343,054 53.0
Data missing 35 0.4 3,748 0.6
Sex 0.41
Boy 4,587 51.9 331,523 51.3
Girl 4,246 48.1 315,244 48.7
Data missing 0 0.0 15 0.0
Congenital malformation® <0.001
Yes 459 5.2 25,160 3.9
No 8,374 94.8 621,622 96.1
Parity 0.70
0 3,780 42.8 279,513 432
>| 5,053 57.2 367,263 56.8
Data missing 0 0.0 6 0.0
Affective disorder (mother)* <0.001
Yes 1,756 19.9 4,324 0.7
No 7,077 80.1 642,458 99.3
Affective disorder (father)® <0.001
Yes 159 1.8 3,195 0.5
No 8,261 93.5 629,909 97.4
Data missing 413 47 13,678 2.1
Autism spectrum disorder
Yes 104 1.2 5,333 0.8
No 8,729 98.8 641,449 99.2
Childhood autism
Yes 37 0.4 2,030 0.3
No 8,796 99.6 644,752 99.7

Notes: *One or both parents diagnosed with a psychiatric disorder before birth of the child (except maternal affective disorder) (ICD-8: 290-315 and ICD-10: All F-codes);
bchild diagnosed with congenital malformations (ICD-10: Q0-99 codes, except for Q53 and Q65; see text); “parent diagnosed with an affective disorder before birth of the
child (ICD-8: 296.09, 296.19, 296.29, 296.39, 296.99, 298.09, 298.19, 300.49, 301.19 and ICD-10: F30-F34 and F38-F39); ‘test for no association between characteristic and
exposure group.

Abbreviations: AD, antidepressants; n, number.
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Table 2 Association between maternal use of antidepressants during pregnancy, autism spectrum disorder, and childhood autism in

the child, compared with children who were not exposed

AD exposure Number Person years Autism spectrum Crude HR Adjusted HR®
at risk disorder n (%) (95% CI) (95% CI)

Autism spectrum disorder

Exposed to AD 8,833 65,234 104 (1.2) 1.8 (1.5-2.2) 1.5 (1.2-1.9)

Exposed to SSRI 7,506 55,015 91 (1.2) 1.9 (1.5-2.4) 1.6 (1.3-2.0)

Exposed to SNRI 673 4,463 7 (1.0 1.9 (0.94.0) 1.7 (0.8-3.5)

Exposed to TCA 642 5,387 9 (1.4) 1.8 (0.95-3.5) 1.5 (0.8-2.9)

Not exposed to AD 646,782 5,733,033 5,333 (0.8) 1.0 (ref) 1.0 (ref)

AD exposure Number Person years Childhood autism Crude HR Adjusted HR*
at risk n (%) (95% CI) (95% ClI)

Childhood autism

Exposed to AD 8,833 65,390 37 (0.4) 1.5 (1.1-2.1) 1.3 (0.9-1.8)

Exposed to SSRI 7,506 55,142 34 (0.5) 1.6 (1.1-2.3) 1.4 (0.9-2.0)

Exposed to SNRI 673 4,481 1 (0.1) NA NA

Exposed to TCA 642 5,407 2(0.3) NA NA

Not exposed to AD 646,782 5,743,343 2,030 (0.3) 1.0 (ref) 1.0 (ref)

Notes: *Hazard ratios were adjusted for maternal age at conception, paternal age at conception, parental psychiatric history (except maternal affective disorder), gestational

age, birth weight, sex, and parity.

Abbreviations: AD, antidepressant drugs; HR, hazard ratio; n, number; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin—norepinephrine reuptake inhibitors;
TCA, tricyclic antidepressants; ref, reference; NA, not applicable; Cl, confidence interval.

filled more than one prescription of antidepressant medica-
tion during the exposure window (ASD aHR =1.7; 95% CI
1.3-2.2 and CA aHR =1.4; 95% CI 1.0-2.2).

Dose-response

The aHR for ASD was increased in children exposed to a low
(aHR =1.3; 95% CI 1.0-1.8) as well as a high mean dose of anti-
depressant (aHR =1.8; 95% CI 1.3-2.4) compared with those
unexposed. Results were similar for SSRI exposure (low mean
dose: aHR =1.4; 95% CI 1.0-1.9) (high mean dose: aHR =1.8;
95% CI 1.3-2.4). The numbers were too small to perform dose—
response analyses for exposure to TCA and SNRI.

Timing of exposure

Risk estimates for children exposed early in pregnancy were
similar to those only exposed later in pregnancy, although only
the first trimester exposure reached statistical significance:
forASDaHR . =15(95%CI1.2-1.9);aHR,_ . .
oy =15 (95% CI 0.8-2.7). Trends for exposure to SSRI by
pregnancy period were similar: ASDaHR | . =1.6(95%
CI'1.3-2.0); aHR, | i ineier ony =1-4 (95% C10.7-2.7). The

number of children exposed to both SNRI and TCA was too
small for analysis.

Assessment of confounding by indication
Model |:analyses restricted to mothers

with affective disorder

Overall, 1.1% (95% CI 1.1-1.1) of mothers in the cohort
were registered with an affective disorder in the DPCR.

The corresponding estimate was 1.5% (95% CI 1.2-1.9)
among mothers of children with ASD. Compared with
results from the main analysis, ASD risk estimates were
lower and not statistically significant in analysis restricted
to 6,080 children of mothers with a registry-based diagnosis
of affective disorder prior to birth of the child: AD aHR =1.2
(95% CI 0.7-2.1); SSRI aHR =1.4 (95% CI 0.8-2.4). In
this subgroup, no association was found between prenatal
exposure to antidepressant medication and risk of CA
(Table 3).

The risks of ASD after exposure during the first trimester
were also somewhat reduced and not statistically significant
when analyses were restricted to women with a diagnosis of
affective disorder: AD aHR . =13 (95% CI 0.7-2.3);
SSRI aHR . =14 (95% CI 0.8-2.6). Sample sizes
were too small for analysis of the exposure to both SNRI
and TCA.

Model 2: use of antidepressant medication in fathers

Children of fathers who used an antidepressant while the
mother was pregnant had the same risk of ASD as children
of fathers who did not use antidepressants (Table 4). Paternal
use of SSRI was, however, associated with a statistically
significant higher risk of ASD in the child compared with
no antidepressant use: aHR =1.3 (95% CI 1.0-1.6) (Table 4).
When restricting the analysis to children of fathers with a
registry-based diagnosis of affective disorder, the risk from
paternal antidepressant use was not significantly increased
(data not shown). Paternal and maternal use of antidepressant
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Table 3 Association between maternal antidepressant exposure and autism spectrum disorder and childhood autism in children born
to mothers with a hospital-diagnosed affective disorder, in comparison with children not exposed

AD exposure Live births Autism spectrum Crude HR Adjusted HR®*
(n) disorder n (%) (95% ClI) (95% CI)

Autism spectrum disorder

Exposed to AD 1,756 24 (1.4) 1.4 (0.8-2.3) 1.2 (0.7-2.1)

Exposed to SSRI 1,475 22 (1.5) 1.6 (0.9-2.6) 1.4 (0.8-2.4)

Exposed to SNRI 203 4 (2.0 NA NA

Exposed to TCA 163 3(1.8) NA NA

Not exposed to AD 4,324 48 (1.1) 1.0 (ref) 1.0 (ref)

AD exposure Live births Childhood autism Crude HR Adjusted HR*
(n) n (%) (95% CI) (95% CI)

Childhood autism

Exposed to AD 1,756 7 (04) 0.9 (0.4-2.2) 0.8 (0.3-2.1)

Exposed to SSRI 1,475 7 (0.5) 1.1 (0.5-2.7) 1.0 (0.4-2.6)

Exposed to SNRI 203 0 (0.0 NA NA

Exposed to TCA 163 0 (0.0 NA NA

Not exposed to AD 4,324 20 (0.5) 1.0 (ref) 1.0 (ref)

Notes: *Hazard ratios were adjusted for maternal age at conception, paternal age at conception, parental psychiatric history (except maternal affective disorder), gestational

age, birth weight, sex, and parity.

Abbreviations: AD, antidepressant drugs; HR, hazard ratio; n, number; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin—norepinephrine reuptake inhibitors;
TCA, tricyclic antidepressants; NA, not applicable; ref, reference; Cl, confidence interval.

medication was not correlated (Spearman correlation coef-
ficient 0.04).

Model 3:sibling analysis

We identified 177,552 families with at least two full siblings
(387,494 children), including 6,142 children from families
having at least one child with ASD. We found a similar
risk of ASD in children exposed to antidepressant medica-
tion (aHR =1.1; 95% CI 0.5-2.3) and specifically to SSRI

(aHR =0.9; 95% CI 0.4-2.0) when compared with their
unexposed siblings (Table 5). Sample sizes were too small
to perform analyses for CA or for both SNRI and TCA
exposure.

Effect of diagnosis of affective disorder in the mother
The aHR of ASD in children of women with a registry-based
diagnosis of affective disorder was slightly but not signifi-
cantly increased compared with children of women with no

Table 4 Association between the use of antidepressants in fathers during pregnancy and autism spectrum disorder and childhood

autism in the child in comparison with children of fathers not using antidepressants during pregnancy

AD exposure Number Person-years Autism spectrum Crude HR Adjusted HR*
at risk disorder n (%) (95% CI) (95% CI)

Autism spectrum disorder

Exposed to AD 11,388 88,921 100 (0.9) 1.3 (1.04-1.5) I.1(0.9-1.3)

Exposed to SSRI 7,536 59,335 76 (1.0) 1.4 (1.1-1.8) 1.3 (1.002-1.6)

Exposed to SNRI 1,065 7,718 9 (0.8) 1.3 (0.7-2.6) 1.1 (0.6-2.1)

Exposed to TCA 1,397 11,839 8 (0.6) 0.7 (0.4-1.5) 0.6 (0.3-1.3)

Not exposed to AD 630,136 5,587,702 5,154 (0.8) 1.0 (ref) 1.0 (ref)

AD exposure Number Person-years Childhood autism Crude HR Adjusted HR®*
at risk number (%) (95% CI) (95% CI)

Childhood autism

Exposed to AD 11,388 89,108 40 (0.4) 1.2 (0.9-1.7) 1.0 (0.7-1.4)

Exposed to SSRI 7,536 59,485 28 (0.4) 1.3 (0.9-1.9) 1.1 (0.7-1.6)

Exposed to SNRI 1,065 7,733 4(0.4) NA NA

Exposed to TCA 1,397 11,845 5(0.4) 1.2 (0.5-2.8) 1.0 (0.4-2.4)

Not exposed to AD 630,136 5,597,647 1,959 (0.3) 1.0 (ref) 1.0 (ref)

Notes: *Hazard ratios were adjusted for maternal age at conception, paternal age at conception, parental psychiatric history (except paternal affective disorder), gestational

age, birth weight, sex, and parity.

Abbreviations: AD, antidepressant drugs; HR, hazard ratio; n, number; SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin—norepinephrine reuptake inhibitors;
TCA, tricyclic antidepressants; NA, not applicable; ref, reference; Cl, confidence interval.
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Table 5 Association between maternal use of antidepressants and autism spectrum disorder in exposed and not exposed siblings from

2,765 families with at least one child with autism spectrum disorder

AD exposure Number of Person-years Autism spectrum Crude HR Adjusted HR®
children at risk disorder n (%) (95% CI) (95% CI)

Exposed to AD® 96 681.0 37 (38.5) 0.8 (0.4-1.6) 1.1 (0.5-2.3)

Not exposed to AD 6,046 47,288.6 2,850 (47.1) 1.0 (ref) 1.0 (ref)

SSRI exposure® Number of Person years Autism spectrum Crude HR Adjusted HR*
children at risk disorder n (%) (95% CI) (95% CI)

Association between the use of SSRI and ASD in siblings from 2,765 families with at least one child with ASD

Exposed to SSRI 8l 579.0 30 (37.0) 0.7 (0.3-1.5) 0.9 (0.4-2.0)

Not exposed to SSRI 6,036 47,2112 2,845 (47.1) 1.0 (ref) 1.0 (ref)

Notes: *Hazard ratios were adjusted for maternal age at conception, paternal age at conception, gestational age, birth weight, sex, and parity; °58 families had two or more
children who were discordant for AD exposure as well as ASD diagnosis; “children exposed only to AD other than SSRI were excluded from this analysis. Families who only

had one child in the analysis after this were excluded.

Abbreviations: AD, antidepressant drugs; ASD, autism spectrum disorder; HR, hazard ratio; n, number; (ref), reference; SSRI, selective serotonin reuptake inhibitor; SNRI,
serotonin—norepinephrine reuptake inhibitors; TCA, tricyclic antidepressants; Cl, confidence interval.

registry-based diagnosis of affective disorder, regardless of
AD use: ASD aHR =1.2 (95% CI 1.0-1.6). Similar results
were found when restricting the analysis to women who did
not fill a prescription for antidepressants during pregnancy;
the aHR of ASD in children born to women with a registry-
based diagnosis of affective disorder (n=4,324) was slightly
but not significantly increased compared with children born to
women with no registry based diagnosis: aHR =1.2 (95% CI
0.9-1.6). In contrast, when restricting the analysis to women
who filled antidepressant prescriptions during pregnancy,
there was no ASD risk effect of a registry-based diagnosis
of affective disorder: aHR =1.0 (95% CI 0.6—1.8).

Discussion
We found the association between prenatal maternal anti-
depressant use and later ASD in the child to be lower than
reported in recent epidemiologic studies.?””*® The associa-
tion was found for high as well as for low dose levels, and
risk estimates were comparable regardless of timing of
exposure.

Because parental psychiatric disorder in itself carries
a risk of ASD in the offspring,?3° we attempted in further
analyses to separate the effect of medication from that of the
underlying indication for treatment by restricting the analysis
to children of mothers with a history of affective disorder. In
the latter subsample, the association between antidepressant
exposure and later offspring ASD was even smaller and not
statistically significant: aHR 1.2 (95% CI 0.7-2.1). Second,
paternal antidepressant use during the time of pregnancy was
not associated with an increased risk of autism spectrum dis-
orders, except for a 30% increase when the fathers took SSRI
specifically, indicating that lifestyle or genetic factors associ-
ated with paternal indication for antidepressant medication
may be less of a risk compared with maternal indications.

Finally, we performed a sibling analysis attempting to remove
the effects of shared familial risk factors and found no dif-
ference in the risk of ASD between full siblings who were
exposed and those unexposed to antidepressants during their
mother’s pregnancy.

The association found in multivariate and stratified
analyses was found for high- as well as for low-dose levels,
and risk estimates were comparable regardless of timing of
exposure.

Comparison with previous studies

Studies in rodents suggest that neonatal exposure to SSRI
or other serotonergic agonists have a profound impact
on serotonin circuitry® and social behavior.** To our
knowledge, only two previous human studies have exam-
ined the association between antidepressant medication
during pregnancy and ASD. In a study of 298 children
with ASD, including 20 children exposed to antidepressant
medication before birth, and 1,507 controls, including 50
children exposed to antidepressant medication before birth,
Croen et al*® found a 2- to 2.6-fold increased risk in off-
spring of women taking antidepressant medication during
the year before delivery, after controlling for psychiatric
history in the mother. However, the risk observed in analy-
sis restricted to women with a history of depression, thus
more fully controlling for maternal psychiatric history, was
lower and not significantly elevated. It is noteworthy that the
prevalence of antidepressant use (3.3% in controls, 6.7% in
cases) or a diagnosis of depression (2.7% in controls, 3.4%
in cases) was higher in the Croen et al*® study compared with
that in our study cohort (AD use: 1.3% in the entire cohort,
1.9% in children with ASD; maternal registry diagnosis of
affective disorder: 1.1% in the entire cohort, 1.5% in moth-
ers of children with ASD). This may reflect differences in
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the two study populations related to access to mental health
diagnosis or to treatment that may contribute to the different
study results. Recently, Rai et al*” compared 1,679 children
with ASD (21 exposed to antidepressants before birth)
with 16,845 controls (98 exposed to antidepressants before
birth) in a nested case—control study and demonstrated an
almost five-fold increased risk of ASD in children born to
women with a history of depression and antidepressant use
in pregnancy, and a two-fold increase in children born to
women with a history of depression but no antidepressant
use in pregnancy. However, these authors acknowledged
that the use of antidepressants during pregnancy might be
an indication for current depression; thus, confounding by
lifestyle or other factors related to current affective disor-
der is possible. Contrary to Rai et al,>” we found that the
risk of ASD associated with maternal history of affective
disorder was only slightly and not significantly elevated.
We found no increased risk associated with a history of
affective disorder in analysis restricted to women taking
antidepressant drugs. Thus, our findings suggest that other
factors in addition to severe affective disorder may act as
confounding factors.

Taken as a whole, our results suggest that the association
between antidepressant exposure and later autism demonstrated
in previous studies may, all or in part, result from confounding
by the underlying maternal indication for antidepressant use
or other unmeasured factors related to maternal disease dur-
ing pregnancy on ASD risk. Previous studies did not include
a sibling analysis, which would have allowed for more control
of otherwise unmeasured confounding factors related to the
family. Because we did not find the risk of ASD associated with
a registry-based diagnosis of affective disorder, confounding
factors may include other indications for antidepressant use,
genetic, or lifestyle factors not fully accounted for by diagno-
sis of affective disorder or other psychiatric disorders in the
parents associated with antidepressant use.

The apparent residual confounding may partly reflect
genetic susceptibility to both autism and the underlying
disorder indicating treatment. Our analyses of antidepres-
sant use in the father showed only a small increase in risk of
ASD in the offspring after SSRI exposure, which is in line
with findings from Rai et al.?’ Therefore, a possible genetic
contribution to the association between AD use and autism
might come mostly from the mother. One theoretical possibil-
ity is that the fragile X premutation carrier state is associated
with increased anxiety and depression in the mother*® and
an increased risk of fragile X syndrome, and therefore, with
autism in the offspring.*¢

Strengths and weaknesses of the data

The present study has several strengths in relation to the
population studied. This population-based cohort included
all children born alive in Denmark between 1996 and 2006,
with follow-up data for up to 13 years. Less than 3% of the
cohort emigrated or died. Misclassification of exposure or
outcome is mitigated by the fact that health care in Denmark
is free and universally available.

Our study has some limitations, but these are largely miti-
gated by data from other studies. We assumed that persons
who filled a prescription for antidepressants also ingested
the medication. This may not always be the case: in fact,
pregnancy is reportedly a frequent reason for discontinuing
treatment.*”* However, one Danish study showed rela-
tively high compliance (80%) for antidepressant medication
prescribed to pregnant women in Denmark.” Importantly,
sensitivity analyses including only women who filled at least
two prescriptions during pregnancy and analyses using differ-
ent exposure windows did not change results markedly, and
risk estimates for women only exposed in second and third
trimester were similar to overall risk estimates. However,
the number of women exposed only in the second and third
trimesters was low, and misclassification of timing of the
exposure may have occurred when a prescription was filled
in the first trimester and the medication ingested later in
pregnancy.

The prescription database does not include medication
administered during inpatient admissions. Antidepressants
are, however, used for long-term treatment and a psychiatric
disorder severe enough to prompt inpatient hospitalization
would usually lead to continued treatment after discharge.
The number of women with prescriptions for both SNRIs
and TCAs was low, thus preventing in-depth analysis of
the effects of these drugs. The estimated dose may be
prone to error if the dosage was changed during pregnancy.
Misclassification of the timing of conception is likely to be
small.3"*

The outcome of ASD or CA is based on data from the
Danish Psychiatric Central Register. The registry is nation-
wide and includes diagnoses from all in- and out-patient
admissions to psychiatric hospitals and hospital-based out-
patient clinics. The DPCR has a high validity for CA.* Other
ASD diagnoses have not been validated, but the quality is
expected to be high. Some cases of ASD may be diagnosed
by a private child psychiatrist or remain undiagnosed.
However, our observed prevalence of ASDs was 1.5%, an
estimate similar to the prevalence of 1.1% in US children
aged 3—-17 years.>
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Parents with less severe forms of psychiatric disorders
treated in primary care are not registered in the DPCR. Only
19.9% of mothers filling a prescription for antidepressants
during the exposure window had a registry-based diagnosis
of affective disorder. The remaining 80.1% of women will
either have a prescription for antidepressants because of other
disorders such as anxiety or adjustment disorders or will
receive treatment from their general practitioner or private
psychiatrist; these practitioners do not report diagnoses to the
DPCR. This group of women may differ from women with a
registry-based diagnosis of affective disorder, although any
potential differences did not lead to a difference in ASD risk.
In women with AD use, the risk for ASD in the offspring was
similar in women with and without a registry-based diagnosis
of affective disorder.

A range of lifestyle factors may influence the intrauterine
environment and increase the risk for adverse outcomes. We
did not have information about specific lifestyle factors, but in
both the analysis restricted to women with affective disorders
and in the sibling design analysis, we attempted to adjust for
such unmeasured factors related to ASD.

The discordant sibling analysis adjusts for all factors
that were shared within the family. The discordant sibling
exposure analysis may be biased by nonshared confounders
associated with exposure, because the siblings will tend to be
also discordant for confounding variables.> To our knowl-
edge, no previous study which examined the risk of ASD
after prenatal exposure to antidepressants used a discordant
sibling design.

Conclusion

The association between ASD in the offspring and antide-
pressant drug use during pregnancy observed overall was
reduced and no longer significant when analyzing children
of women with a diagnosis of affective disorder or when
studying the risk in a sibling design. Thus, confounding by
the effects of maternal disorder or by unmeasured factors
related to maternal disorder during pregnancy may at least
partly explain the overall association rather than a direct drug
effect. Treatment and counseling of pregnant women with an
affective disorder should take into account known harmful
effects of untreated affective disorder, as well as known and
potential harmful effects of antidepressant medication.
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