The

n e w e ng l a n d j o u r na l

of

m e dic i n e

original article

Use of Selective Serotonin Reuptake Inhibitors
during Pregnancy and Risk of Autism
Anders Hviid, Dr.Med.Sci., Mads Melbye, M.D., Dr.Med.Sci.,
and Björn Pasternak, M.D., Ph.D.

A BS T R AC T
Background
From the Department of Epidemiology Research, Statens Serum Institut, Copenhagen. Address reprint requests to Dr. Hviid at
the Department of Epidemiology Research,
Statens Serum Institut, Artillerivej 5, 2300
Copenhagen S, Denmark, or at aii@ssi.dk.

Studies have raised concern about an association between the use of selective serotonin reuptake inhibitors (SSRIs) during pregnancy and an increased risk of autism
spectrum disorders in the offspring.
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We conducted a cohort study of all singleton live births in Denmark from 1996
through 2005 (626,875 births), with follow-up through 2009. Using Danish population registries, we linked information on maternal use of SSRIs before and during
pregnancy, autism spectrum disorders diagnosed in the offspring, and a range of
potential confounders. We used a survival analysis of the time to diagnosis in the
offspring with Poisson regression to estimate rate ratios of autism spectrum disorders
according to maternal use of SSRIs.

Copyright © 2013 Massachusetts Medical Society.

Methods

Results

During 5,057,282 person-years of follow-up, we identified 3892 cases of autism spectrum disorder (incidence rate, 77.0 per 100,000 person-years). A total of 52 cases
during 42,400 person-years of follow-up involved offspring of women who were
exposed to SSRIs during their pregnancy (incidence rate, 122.6 per 100,000 personyears). As compared with no use of SSRIs both before and during pregnancy, use
during pregnancy was not associated with a significantly increased risk of autism
spectrum disorders (fully adjusted rate ratio, 1.20; 95% confidence interval [CI],
0.90 to 1.61). Among women who received SSRIs before pregnancy but not during
pregnancy, the corresponding fully adjusted rate ratio was 1.46 (95% CI, 1.17 to 1.81).
Conclusions

We did not detect a significant association between maternal use of SSRIs during
pregnancy and autism spectrum disorder in the offspring. On the basis of the upper
boundary of the confidence interval, our study could not rule out a relative risk up
to 1.61, and therefore the association warrants further study. (Funded by the Danish
Health and Medicines Authority.)
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S

elective serotonin reuptake inhibitors (SSRIs) are increasingly used in the
treatment of depression and anxiety dis
orders. Currently, SSRIs appear to provide the
best balance between efficacy and safety and are
the preferred first-line treatment. Depression is
common during pregnancy, and given the risks
of untreated depression to mother and fetus,1,2
pharmacologic treatment is warranted, often with
SSRIs.3 However, SSRIs cross the placenta, and
a number of safety concerns have been raised.4
These include concerns about birth defects, adverse obstetrical and neonatal outcomes, and effects on cognitive and behavioral development in
childhood.
Recently, autism spectrum disorders have been
linked to maternal use of SSRIs during pregnancy.
In a case–control study involving 298 children with
autism spectrum disorders, the use of SSRIs by
the mother during pregnancy was shown to be
associated with a risk of autism spectrum dis
order that was increased by a factor of 2.5 A causal
association is plausible. Increased blood levels of
the neurotransmitter serotonin have been observed
in persons with autism spectrum disorders.6 Furthermore, this neurotransmitter appears to play
an important role in early brain development,
and manipulation of serotonin homeostasis can
alter neuroanatomical and neurophysiological
development and produce enduring behavioral
changes in animal models.7-9 However, more research — including large observational studies
involving humans — is needed to address a potential association. Using data from the Danish
health registries, we conducted a nationwide cohort study of SSRI use during pregnancy and the
risk of autism spectrum disorders in the offspring.

Me thods
Study Cohort

We used the nationwide Medical Birth Registry
to construct a cohort of all live births in Denmark during the study period of January 1, 1996,
through December 31, 2005.10 The Medical Birth
Registry contains records of all births in Denmark, including information on the personal
identification number (a 10-digit number assigned
to all Danish residents and used in all nationwide registries11) of the parents and the newborn, the date of birth, whether the birth was a
single or multiple birth, the gestational age, vital
status, and other physical characteristics of the
n engl j med 369;25

newborn. The study was approved by the Danish
Data Protection Agency. Approval by an institutional review board and informed consent are
not required for registry-based research in Denmark. The first author vouches for the accuracy
and completeness of the data.
We estimated the beginning of pregnancy by
subtracting the gestational age from the date of
birth. The gestational age recorded in the Medical Birth Registry is based on the self-reported
first day of the last menstrual period and in
most cases is confirmed by prenatal ultrasonography. An estimated 93% of all pregnant women
underwent an obstetrical ultrasound examination
in 2000.12 We included only births with a known
gestational age and further restricted the cohort
to singleton births.
From the National Patient Register,13 we
obtained information on a number of genetic
conditions (the fragile X syndrome, tuberous
sclerosis, Angelman’s syndrome, Down’s syndrome, DiGeorge’s syndrome, neurofibromatosis, and the Prader–Willi syndrome) and on the
congenital rubella syndrome. All these conditions are associated with an inherent increased
risk of autism, and offspring with any of these
conditions were excluded from the cohort.
The unique personal identification numbers
for mother and child allowed us to link information on maternal use of SSRIs, diagnoses of autism spectrum disorders among offspring, and
potential confounding variables relevant to the
births in the cohort.
Exposure to SSRI Drugs

Information on SSRI prescriptions filled by
women in the cohort was obtained from the National Prescription Registry.14 This register contains individual-level information on all prescriptions dispensed at Danish pharmacies since
1995. Each record includes the personal identification number of the patient, the date the prescription was filled, the type of drug according
to the Anatomical Therapeutic Chemical (ATC)
classification system, the number of daily doses
specified in the prescription, and the number of
packages obtained. We included prescriptions
with the ATC code N06AB (selective serotonin
reuptake inhibitors) that were filled during the
period from 2 years before the beginning of the
pregnancy until delivery. We used the date on
which a prescription was filled to indicate initial
use of the prescribed drug.
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Autism Spectrum Disorders

Information on diagnoses of autism spectrum disorder during the study period was obtained from
the Danish Psychiatric Central Register.15 This register includes diagnoses made and diagnostic
codes assigned by child psychiatrists and contains
information from psychiatric hospitals and psychiatric units (inpatient and outpatient ). The coding classification used during the study period was
the International Classification of Diseases, 10th Revision
(ICD-10). We classified autism spectrum disorders
in two groups: autistic disorder (ICD-10 code
F84.0) and other autism spectrum disorders (including atypical autism, Asperger’s syndrome, and
other or unspecified pervasive developmental disorder; ICD-10 codes F84.1, F84.5, F84.8, and F84.9).
Potential Confounders

We selected a priori a number of potential confounders that were plausible risk factors for either autism or SSRI use and for which information was available to us from the nationwide
Danish health registries. From the Medical Birth
Registry and the Danish Civil Registration System11 (the key national demographic registry in
Denmark) we obtained information on the year
of the birth and on maternal parity, age at the
onset of pregnancy, country of origin, place of
residence at the start of the pregnancy, and
smoking status during pregnancy, and we linked
this information to the cohort. From the Danish
Psychiatric Central Register and the National
Prescription Registry we obtained information
on maternal psychiatric conditions and selected
drugs other than SSRIs that were used during the
pregnancy. The Danish Psychiatric Central Register includes diagnoses made in a psychiatric
hospital or psychiatric unit (inpatient or out
patient) but does not include diagnoses made by
a medical specialist in the primary care setting.
Information on employment status and the
mother’s level of education was obtained from
Statistics Denmark.16
Statistical Analysis

We performed a survival analysis to follow up
children from birth until January 1, 2010, or until
the child reached 10 years of age, died or was lost
to follow-up, or received a diagnosis of autism
spectrum disorder — whichever came first.
The resulting follow-up times and numbers
of diagnoses of autism (autism counts) were aggregated according to maternal use or nonuse of
2408
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SSRIs during pregnancy. We used Poisson regression on the autism counts with the logarithm of the follow-up times as the offset term,
assuming a Poisson distribution for the autism
counts, to estimate incidence rate ratios and
95% confidence intervals so that we could compare the rates of autism spectrum disorder
among the offspring of women who had been
exposed to SSRIs during pregnancy with the
rates among the offspring of women who had
not been exposed to SSRIs during pregnancy.17
The regression analysis was performed with the
use of the PROC GENMOD procedure in SAS
software, version 9.1 (SAS Institute).
The date the prescription was filled was considered to be the date of exposure. The use of
SSRIs during pregnancy was defined as use during the period 4 weeks before the beginning of
the pregnancy until delivery. We further analyzed the use of SSRIs specifically in the first
trimester. To evaluate the potential for confounding by indication (i.e., the possibility that
women with depression or other indications for
SSRI use would be more likely to have children
with autism spectrum disorders), we also looked
at the use of SSRIs during the period from 2 years
until 6 months before the beginning of the pregnancy. This allowed us to identify a group of
women who received SSRIs during that period but
not during pregnancy and two groups of women
who received SSRIs during pregnancy: those who
received the drugs both before and during the
pregnancy and those who did not receive the
drugs before the pregnancy but did receive them
during the pregnancy. In all the analyses, unexposed pregnancies were considered to be pregnancies in women who had no exposure to SSRIs
from 2 years before the beginning of pregnancy
through the end of the pregnancy.
We explored whether the association between
the use of SSRIs during pregnancy and autism
spectrum disorder differed in subgroups defined
according to the child’s age at the time of the
follow-up assessment, the calendar period during which the follow-up assessment was performed, the type of SSRI used, previous psychiatric diagnoses in the mother, other drugs used
during pregnancy, and the type of autism spectrum disorder in the offspring. We estimated
crude rate ratios, rate ratios adjusted for age and
calendar period, and fully adjusted rate ratios
that included, in addition to age and calendar
period, all the potential confounders listed
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mentary Appendix, available with the full text of
this article at NEJM.org, shows the association of
autism spectrum disorder with other risk factors,
including the age of the child, the calendar period,
and maternal age at the time of delivery.) Strong
associations were seen between autism spectrum
disorder and maternal psychiatric diagnoses and
the use of drugs other than SSRIs during pregnanR e sult s
cy. These associations suggest possible confoundStudy Cohort
ing by indication, especially given that mothers
We identified 658,755 live births in Denmark with these characteristics were also more likely
during the period from January 1, 1996, through to use SSRIs during pregnancy (Table 1).
December 31, 2005. We then excluded births
without a known gestational age (4016), multiple SSRI Use during Pregnancy and Risk of Autism
births (26,526), and births resulting in offspring Spectrum Disorder
with the congenital rubella syndrome or with ge- Table 3 shows the association between maternal
netic conditions that are associated with an in- use of SSRIs during pregnancy and the risk of
herent risk of autism (1338). This resulted in a autism spectrum disorder in the offspring. Durfinal study cohort of 626,875 children (51.3% ing 42,400 person-years of follow-up, we identiwere boys). A total of 6068 mothers (1.0%) of the fied 52 cases of autism spectrum disorder among
children in the cohort used SSRIs during preg- the offspring of women who were exposed to
nancy. Table 1 shows the characteristics of the SSRIs during pregnancy (incidence rate, 122.6 per
mothers according to their status with respect to 100,000 person-years). For the comparison with
SSRI use during pregnancy. Parity and maternal no use of SSRIs before or during pregnancy, this
age at the beginning of the pregnancy were sim- rate corresponded to a crude rate ratio of 1.62
ilar in the group of women who received SSRIs (95% confidence interval [CI], 1.23 to 2.13).
and the group of women who did not receive However, in a fully adjusted analysis, the use of
SSRIs. As compared with women who did not SSRIs during pregnancy (including use both beuse SSRIs during pregnancy, those who did were fore and during pregnancy and use only during
slightly more likely to have been born in Den- pregnancy) was not associated with a signifimark and to be residing in Jutland or Funen; had cantly increased risk of autism spectrum disora lower level of education and lower socioeconomic der in the offspring (rate ratio 1.20; 95% CI, 0.90
status; and were more likely to have psychiatric to 1.61). Table S2 in the Supplementary Appendix
diagnoses, to use other drugs during pregnancy, shows the extent to which each potential conand to smoke during pregnancy. Furthermore, the founder included in the fully adjusted models inuse of SSRIs during pregnancy became more prev- fluenced the estimate. The fully adjusted rate raalent over the course of the study period.
tio associated with the use of SSRIs in the first
trimester was 1.35 (95% CI, 0.97 to 1.87), whereAutism Spectrum Disorder
as the fully adjusted rate ratio in the subgroup of
During 5,057,282 person-years of follow-up, we women who received SSRIs during pregnancy but
identified 3892 cases of autism spectrum disorder not before pregnancy was 1.40 (95% CI, 0.92 to
(1603 cases of autistic disorder and 2289 cases of 2.13). These estimates should be compared with
other autism spectrum disorders), yielding an in- the fully adjusted rate ratio of 1.46 (95% CI, 1.17
cidence rate of 77.0 per 100,000 person-years. The to 1.81) in the subgroup of women who had used
median age at the diagnosis of autism spectrum SSRIs before pregnancy but did not use these
disorder was 5.6 years (interquartile range, 4.1 to drugs during pregnancy.
7.5). During the follow-up period, 15,585 children
Table S3 in the Supplementary Appendix shows
emigrated from Denmark, 3157 died, and 387 were the association between the use of SSRIs during
lost to follow-up (i.e., their personal identification pregnancy and the risk of autism spectrum disornumbers could no longer be found in the na- der in offspring according to several prespecified
tional registries). Table 2 shows some of the risk characteristics. Although the point estimates sugfactors for autism spectrum disorder among the gested that in some subgroups of women the asoffspring in this study. (Table S1 in the Supple- sociation differed from the fully adjusted rate raabove. No more than 5% of the values were
missing for any of the potential confounders,
and we therefore used simple imputation, in
which missing values were replaced with the
most common value.18 The implications of this
strategy were explored in sensitivity analyses.
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tio of 1.20, tests of homogeneity were consistent,
with no significant differences.
Since we used a simple form of imputation
for missing data, we tested the validity of this
approach by assessing the association between
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SSRIs use during pregnancy and the risk of autism
spectrum disorder in offspring in an analysis that
was restricted to pregnancies for which complete
information was available (574,020 pregnancies).
This analysis yielded a fully adjusted rate ratio of

Table 1. Characteristics of Mothers in a Cohort of 626,875 Live Births in Denmark, According to Status with Respect
to SSRI Use during Pregnancy.*
SSRI Use
during Pregnancy
(N = 6068)

No SSRI Use
during Pregnancy
(N = 620,807)

30.7±5.1

30.0±4.8

1751 (28.9)

—

Fluoxetine

160 (2.6)

—

Sertraline

1576 (26.0)

—

Paroxetine

871 (14.4)

—

1047 (17.3)

—

663 (10.9)

—

478 (7.9)

128,257 (20.7)

1998–1999

671 (11.1)

125,688 (20.2)

2000–2001

1011 (16.7)

125,393 (20.2)

2002–2003

1666 (27.5)

120,882 (19.5)

2004–2005

2242 (36.9)

120,587 (19.4)

Characteristic
Age at beginning of pregnancy — yr
SSRI — no. (%)
Citalopram

Escitalopram or fluvoxamine
More than one type
Year of birth — no. (%)
1996–1997

Country or region of origin — no. (%)
Denmark

5348 (88.1)

531,657 (85.6)

Europe or North America

332 (5.5)

30,299 (4.9)

Other

367 (6.0)

56,796 (9.1)

Primary or secondary school

2849 (47.0)

220,342 (35.5)

Vocational school or college

1900 (31.3)

223,810 (36.1)

Graduate school

1177 (19.4)

151,367 (24.4)

Highest level of completed education at beginning of pregnancy — no. (%)

Employment status at beginning of pregnancy — no. (%)
Outside labor market

2643 (43.6)

160,920 (25.9)

Employed with basic, no, or unknown qualifications

2055 (33.9)

257,488 (41.5)

Employed with medium-level qualifications

775 (12.8)

117,276 (18.9)

Self-employed or working with spouse

128 (2.1)

15,441 (2.5)

Top manager

466 (7.7)

67,756 (10.9)

1337 (22.0)

148,519 (23.9)

Place of residence at beginning of pregnancy — no. (%)
Copenhagen or suburbs
Sealand or Bornholm

1197 (19.7)

133,154 (21.4)

Jutland or Funen

3527 (58.1)

338,422 (54.5)

0

2636 (43.4)

269,727 (43.4)

≥1

3428 (56.5)

350,474 (56.5)

Parity — no. (%)
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Table 1. (Continued.)

Characteristic
Self-reported smoking during pregnancy — no. (%)

SSRI Use
during Pregnancy
(N = 6068)

No SSRI Use
during Pregnancy
(N = 620,807)

2265 (37.3)

128,491 (20.7)

Diagnoses before delivery — no. (%)†
Schizophrenia
Other nonaffective psychotic disorder

100 (1.6)

612 (0.1)

71 (1.2)

575 (0.1)

Depression

835 (13.8)

Other affective disorder

101 (1.7)

Neurotic, stress-related, or somatoform disorder

1198 (19.7)

Autism spectrum disorder

3 (<0.1)

2,647 (0.4)
476 (0.1)
9,180 (1.5)
8 (<0.1)

Adult personality or behavior disorder

716 (11.8)

4,329 (0.7)

Eating disorder

195 (3.2)

1,864 (0.3)

Postpartum depression or psychosis

9 (0.1)

Substance abuse

90 (<0.1)

182 (3.0)

1,169 (0.2)

Other antidepressant

434 (7.2)

1,111 (0.2)

Antipsychotic agent

342 (5.6)

854 (0.1)

Mood stabilizer

88 (1.5)

1,605 (0.3)

Category D drug‡

61 (1.0)

1,420 (0.2)

Category X drug‡

950 (15.7)

11,945 (1.9)

Use of drugs other than SSRIs during pregnancy — no. (%)

* The cohort included mothers and children for all singleton live births in Denmark during the period from January 1,
1996, through December 31, 2005. The use of selective serotonin reuptake inhibitors (SSRIs) during pregnancy was defined as use during the period 4 weeks before the beginning of the pregnancy until delivery. Information on the use of
SSRIs and other drugs was obtained from the National Prescription Registry.14
† Included are diagnoses made in a psychiatric hospital or psychiatric unit (inpatient or outpatient); diagnoses made in
primary care settings are excluded.
‡ Category D includes drugs for which there is positive evidence of human fetal risk, but potential benefits may warrant
the use of the drug in pregnant women despite potential risks; category X includes drugs for which fetal abnormalities
have been shown in studies of animals or humans, there is positive evidence of human fetal risk, or both, and the risks
involved in the use of the drug in pregnant women outweigh the potential benefits.

1.15 (95% CI, 0.85 to 1.56), which was similar to ceived SSRIs) during the year before the child’s
birth. This corresponded to an increase by a facthe results of our main analysis.
tor of 2 in the risk of autism spectrum disorder
associated with the use of antidepressants durDiscussion
ing pregnancy. The risk was increased more with
In a large population-based study of 626,875 live SSRIs than with other antidepressants, and the
births, the use of SSRIs during pregnancy was risk was increased by a factor of more than 3
not associated with a significantly increased risk with the use of SSRIs specifically in the first triof autism spectrum disorder in the offspring. mester. A case–control study conducted in SweOur study was prompted by experimental evidence den showed an odds ratio of 1.65 (95% CI, 0.90
implicating serotonin in autism6-9 and by recent to 3.03) for the association between SSRI use durwork from Croen and colleagues, who conducted a ing pregnancy and the risk of autism spectrum
case–control study using data from a health main- disorder in the offspring, on the basis of 14 extenance organization in Northern California.5 The posed pregnancies. The study assessed self-reresearchers identified 298 children with autism ported SSRI use and could not take confounding
spectrum disorder; the mothers of 20 of those by depression directly into account.19
children, had received antidepressants (15 had reOur study has a number of strengths. First,
n engl j med 369;25
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the Danish registries allowed the linkage between drug use during pregnancy and autism
spectrum disorders in the offspring, so that we
were able to determine the potential effect of
the drugs later in childhood. Second, our study
was conducted on a nationwide level, and therefore the cohort was large, with 626,875 live
births, including 52 cases of autism spectrum
disorder in offspring of women with SSRI exposure during pregnancy — more than three times
the number of cases among exposed women in
the study by Croen and colleagues or the Swedish study. Third, we used administrative health
registry data in a historically prospective study
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design, with independent ascertainment of exposure and outcome, thus reducing the potential for selection and recall bias. Finally, the
National Prescription Registry, from which we
obtained data on exposure to SSRIs, is considered to be nearly complete14; all Danish pharmacies must report filled prescriptions to this
registry for reimbursement purposes.
Our study also has a number of limitations.
First, in our cohort, the prevalence of pregnancyrelated use of SSRIs was 0.97%. In a survey of
the automated databases of seven health plans
across the United States during the period from
2001 through 2005, SSRIs were much more

Table 2. Autism Spectrum Disorder in Offspring, According to Maternal Characteristics.*

Maternal Characteristic

Offspring
with Autism
Spectrum
Disorder

Follow-up

no.

no. of
person-yr

Rate Ratio
(95% CI)

Country or region of origin
Denmark

3290

4,392,924

Reference

Europe or North America

203

224,344.92

1.21 (1.05–1.39)

Other

399

440,013.84

1.21 (1.09–1.34)

1029

1,158,953.71

1.10 (0.99–1.22)

Highest level of completed education at beginning of pregnancy
Primary school
Secondary school

542

671,914.83

1397

2,038,284.04

0.85 (0.77–0.94)

924

1,188,129.71

0.96 (0.87–1.07)

Outside labor market

1215

1,301,469.89

1.20 (1.07–1.34)

Employed with basic or no qualifications

1350

1,871,460.83

0.93 (0.83–1.04)

621

942,325.50

0.85 (0.75–0.96)

Vocational school or college
Graduate school

Reference

Employment status at beginning of pregnancy

Employed with medium-level qualifications

89

127,390.52

0.90 (0.71–1.13)

Top manager

Self-employed or working with spouse

415

533,475.05

Reference

Employed with unknown qualifications

202

281,160.50

0.92 (0.78–1.09)

1432

1,185,227.81

2.05 (1.91–2.21)

823

1,088,688.08

1.29 (1.18–1.40)

1637

2,783,366.40

Reference

0

1995

2,201,981.54

Reference

Place of residence at beginning of pregnancy
Copenhagen or suburbs
Sealand or Bornholm
Jutland and Funen
Parity

2412

1

1276

1,872,589.67

0.75 (0.70–0.81)

2

457

716,727.76

0.70 (0.64–0.78)

≥3

164

265,983.32

0.68 (0.58–0.80)
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Table 2. (Continued.)
Offspring
with Autism
Spectrum
Disorder

Follow-up

no.

no. of
person-yr

Yes

946

1,092,140.27

1.17 (1.08–1.25)

No

2946

3,965,142.02

Reference

15

5,496.56

3.56 (2.14–5.90)

7

4,848.89

1.88 (0.89–3.94)

37

26,503.10

1.82 (1.32–2.52)

3

4,382.88

0.89 (0.29–2.76)

110

81,397.48

1.78 (1.47–2.15)

Maternal Characteristic

Rate Ratio
(95% CI)

Self-reported smoking during pregnancy

Diagnoses before delivery†
Schizophrenia
Other nonaffective psychotic disorder
Depression
Other affective disorder
Neurotic, stress-related, or somatoform disorder
Autism spectrum disorder

0

68.83

Adult personality or behavior disorder

67

38,005.70

2.31 (1.82–2.95)

Eating disorder

24

14,365.30

2.10 (1.46–3.25)

Postpartum depression or psychosis

NA

0

827.54

14

10,204.92

1.79 (1.06–3.02)

Other antidepressant

13

10,940.29

1.55 (0.90–2.66)

Antipsychotic agent

15

9,424.90

2.07 (1.25–3.44)

Mood stabilizer

23

13,365.97

2.24 (1.49–3.38)

Category D drug

135

105,832.52

1.68 (1.42–2.00)

Category X drug

13

12,141.09

1.39 (0.81–2.40)

Substance abuse

NA

Use of drugs other than SSRIs during pregnancy‡

* Offspring were followed from birth until January 1, 2010, or until the child reached 10 years of age, died or was lost to
follow-up, or received a diagnosis of autism spectrum disorder — whichever came first. NA denotes not applicable.
† Included are diagnoses made in a psychiatric hospital or psychiatric unit (inpatient or outpatient).
‡ Information was obtained from the National Prescription Registry14 for prescriptions filled by cohort mothers from
4 weeks before the beginning of the pregnancy through delivery.

widely used during pregnancy, with a prevalence
of 5.6%.3 Thus, our findings may not be generalizable to other countries. Second, in our study
and similar studies relying on registry data, the
date on which the prescription is filled is assumed
to be the same as the date of initial use of the
prescribed drug. This assumption can overestimate
the prevalence of exposure during pregnancy and
bias the observed results toward no effect.
Third, we used the Danish Psychiatric Central
Register for case ascertainment. A previous study
showed that 94% of 499 children registered with
autism spectrum disorder diagnoses met the
necessary diagnostic criteria in a chart review.20
The reported prevalence rates in previous Danish
epidemiologic studies of autism spectrum disorn engl j med 369;25

der that used this register are consistent with
rates reported in other, similar countries.21 The
prevalence of autism spectrum disorder in our
cohort was 0.62%. The Centers for Disease Control and Prevention recently estimated that the
childhood prevalence of autism spectrum disorder in the United States is 1 case per 88 children
(1.14%).22 It is worth noting that not all children
in our study have been followed throughout
childhood, and it is likely that some will receive
a diagnosis of autism spectrum disorder at older
ages. However, the date of diagnosis may differ
considerably from the date on which symptoms
are first noted. This discrepancy can introduce
detection bias if autism spectrum disorders are
diagnosed earlier in the offspring of women
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Table 3. Association between Period of SSRI Use and Autism Spectrum Disorders in Offspring.*

Period of Maternal SSRI Use

No use from 2 yr before pregnancy through delivery

Offspring
with Autism
Spectrum
Disorder

Followup

no.

no. of
person-yr

Rate Ratio (95% CI)
crude

age- and periodadjusted

3752

4,948,903

52

42,400

1.62 (1.23–2.13)

1.64 (1.25–2.16)

1.20 (0.90–1.61)

From 2 yr before pregnancy through delivery

29

25,436

1.50 (1.04–2.17)

1.53 (1.06–2.21)

1.08 (0.74–1.58)

Only during pregnancy

23

16,964

1.79 (1.19–2.69)

1.81 (1.20–2.72)

1.40 (0.92–2.13)

During first trimester

40

28,947

1.82 (1.33–2.49)

1.85 (1.36–2.53)

1.35 (0.97–1.87)

88

65,978

1.76 (1.42–2.27)

1.77 (1.43–2.19)

1.46 (1.17–1.81)

Use during pregnancy†

Use 2 yr to 6 mo before pregnancy but not during
pregnancy

Reference

Reference

fully adjusted
Reference

* Offspring were followed from birth until January 1, 2010, or until the child reached 10 years of age, died or was lost to follow-up, or received
a diagnosis of autism spectrum disorder — whichever came first. In addition to adjustment for age and calendar period, the rate ratios were
adjusted for the mother’s age at birth, country of origin, place of residence, parity, psychiatric diagnoses before delivery, other drug use during
pregnancy, smoking status during pregnancy, employment status, and level of education. Unless otherwise stated, variables were measured
at the beginning of the pregnancy.
† The use of SSRIs during pregnancy was defined as use during the period from 4 weeks before the beginning of the pregnancy until delivery.
Included in this category are use of SSRIs both before and during pregnancy and use of SSRIs only during pregnancy.

who were exposed to SSRIs than in the offspring
of women who were not, such that the risk with
SSRIs would be overestimated if autism spectrum disorders in children whose mothers were
not exposed to SSRIs were not detected during
the study period.
Finally, the main methodologic challenge of
our study and similar studies is confounding by
indication.23 If women with depression or other
indications for SSRI use are more likely to have
children with autism spectrum disorders, a false
association between SSRI use and autism spectrum disorders will be present in an observational study. In unadjusted analyses, we did find
a significantly increased risk of autism spectrum
disorder in association with the use of SSRIs
during pregnancy. In fully adjusted analyses,
however, the risk was no longer significant. This
result was primarily due to adjustment for a
number of psychiatric diagnoses (Table S2 in the
Supplementary Appendix), which is consistent
with the presence of confounding by indication
in the unadjusted analysis. We had access only
to maternal psychiatric conditions diagnosed in
psychiatric hospitals and psychiatric units (inpatient and outpatient), with no information on
cases diagnosed in primary care settings. We
introduced a period of SSRI use before pregnancy, which allowed us to evaluate whether
2414
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maternal use of SSRIs before but not during
pregnancy was associated with an increased risk
of subsequent autism spectrum disorders in the
offspring. The increased risk associated with
this pattern of use similarly suggests that any
risk associated with SSRI use during pregnancy
may be related to the indications for its use
rather than a causal effect.
The prevalence of autism spectrum disorders
has been increasing in the past couple of decades.24 The causes of this increase have been
hotly debated. Parallel increases in diagnostic
practices, the availability of special health care
services, public awareness, and suspected environmental risk factors (both intrauterine and
postnatal) are often cited. With respect to environmental factors, the use of SSRIs has been
increasing. In our study, the risk of autism spectrum disorders was not significantly increased
among children whose mothers received SSRIs
during pregnancy. The statistical power of the
study allows us to rule out an increase in the
relative risk of more than 61% with a high degree of certainty, but we cannot exclude the possibility of a smaller increase in risk. However,
the increased risk associated with SSRI use before but not during pregnancy suggests that any
risk associated with the use of SSRIs during
pregnancy may be related to the indications for
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their use rather than an effect of these drugs. imprecision of our estimates. Interpretation of
This highlights the potential effect of confound- our results should take this factor into account.
ing by indication in our study and similar studies
The views and conclusions expressed in this article are those
of SSRIs and the importance of being able to of the authors and should not be understood or cited as being
adequately take this confounding into account in made on behalf of or reflecting the position of the Danish
the study design. As with all observational stud- Health and Medicines Authority.
Supported by the Danish Health and Medicines Authority.
ies, the possible presence of residual and unmeaDisclosure forms provided by the authors are available with
sured confounding or ascertainment bias with the full text of this article at NEJM.org.
respect to exposure and outcome adds to the
References
1. Alder J, Fink N, Bitzer J, Hösli I, Holz

greve W. Depression and anxiety during
pregnancy: a risk factor for obstetric, fetal
and neonatal outcome? A critical review
of the literature. J Matern Fetal Neonatal
Med 2007;20:189-209.
2. Dipietro JA. Maternal stress in pregnancy: considerations for fetal development. J Adolesc Health 2012;51:Suppl:S3S8.
3. Andrade SE, Raebel MA, Brown J, et al.
Use of antidepressant medications during
pregnancy: a multisite study. Am J Obstet
Gynecol 2008;198(2):194.e1-194.e5.
4. Tuccori M, Testi A, Antonioli L, et al.
Safety concerns associated with the use of
serotonin reuptake inhibitors and other
serotonergic/noradrenergic antidepressants
during pregnancy: a review. Clin Ther 2009;
31:1426-53.
5. Croen LA, Grether JK, Yoshida CK,
Odouli R, Hendrick V. Antidepressant use
during pregnancy and childhood autism
spectrum disorders. Arch Gen Psychiatry
2011;68:1104-12.
6. Lam KS, Aman MG, Arnold LE. Neuro
chemical correlates of autistic disorder: a
review of the literature. Res Dev Disabil
2006;27:254-89.
7. Ansorge MS, Zhou M, Lira A, Hen R,
Gingrich JA. Early-life blockade of the 5-HT
transporter alters emotional behavior in
adult mice. Science 2004;306:879-81.
8. Simpson KL, Weaver KJ, de Villers-

Sidani E, et al. Perinatal antidepressant
exposure alters cortical network function in rodents. Proc Natl Acad Sci U S A
2011;108:18465-70.
9. Oberlander TF. Fetal serotonin signaling: setting pathways for early childhood
development and behavior. J Adolesc Health
2012;51:Suppl:S9-S16.
10. Knudsen LB, Olsen J. The Danish Medical Birth Registry. Dan Med Bull 1998;45:
320-3.
11. Pedersen CB. The Danish Civil Registration System. Scand J Public Health 2011;
39:Suppl:22-5.
12. Jørgensen FS. Organization of obstetric ultrasound in Denmark 2000: description of the development since 1990. Ugeskr
Laeger 2003;165:4404-9. (In Danish.)
13. Lynge E, Sandegaard JL, Rebolj M.
The Danish National Patient Register.
Scand J Public Health 2011;39:Suppl:
30-3.
14. Kildemoes HW, Sørensen HT, Hallas J.
The Danish National Prescription Registry.
Scand J Public Health 2011;39:Suppl:38-41.
15. Mors O, Perto GP, Mortensen PB. The
Danish Psychiatric Central Research Register. Scand J Public Health 2011;39:Suppl:
54-7.
16. Jensen VM, Rasmussen AW. Danish Education Registers. Scand J Public Health
2011;39:Suppl:91-4.
17. Poisson and logistic regression. In:
Clayton D, Hills M. Statistical models in

epidemiology. Oxford, England: Oxford
University Press, 1993;227-36.
18. Harrell HF. Regression modeling strategies. New York: Springer-Verlag, 2001.
19. Rai D, Lee BK, Dalman C, Golding J,
Lewis G, Magnusson C. Parental depression, maternal antidepressant use during
pregnancy, and risk of autism spectrum
disorders: population based case-control
study. BMJ 2013;346:f2059.
20. Lauritsen MB, Jørgensen M, Madsen
KM, et al. Validity of childhood autism in
the Danish Psychiatric Central Register:
findings from a cohort sample born 19901999. J Autism Dev Disord 2010;40:139-48.
21. Parner ET, Thorsen P, Dixon G, et al.
A comparison of autism prevalence trends in
Denmark and Western Australia. J Autism
Dev Disord 2011;41:1601-8.
22. Prevalence of autism spectrum disorders — Autism and Developmental Disabilities Monitoring Network, 14 sites, United
States, 2008. MMWR Surveill Summ 2012;
61:1-19.
23. Grzeskowiak LE, Gilbert AL, Morrison JL. Investigating outcomes following
the use of selective serotonin reuptake
inhibitors for treating depression in pregnancy: a focus on methodological issues.
Drug Saf 2011;34:1027-48.
24. Fombonne E. Epidemiology of pervasive developmental disorders. Pediatr Res
2009;65:591-8.
Copyright © 2013 Massachusetts Medical Society.

specialties and topics at nejm.org

Specialty pages at the Journal’s website (NEJM.org) feature articles in cardiology,
endocrinology, genetics, infectious disease, nephrology, pediatrics, and many other
medical specialties. These pages, along with collections of articles on clinical and
nonclinical topics, offer links to interactive and multimedia content and feature
recently published articles as well as material from the NEJM archive (1812–1989).

n engl j med 369;25

nejm.org

december 19, 2013

The New England Journal of Medicine
Downloaded from nejm.org at PRINCETON UNIVERSITY on March 31, 2014. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.

2415

