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Abstract We investigated whether there is an association

between increased risk for autism spectrum disorders

(ASD) and selective serotonin reuptake inhibitors (SSRIs)

used during pregnancy. This study used Denmark’s health

and population registers to obtain information regarding

prescription drugs, ASD diagnosis, and health and socio-

economic status. There were 1.5 % of cases and 0.7 % of

controls exposed to SSRIs during the pregnancy period,

and higher effect estimates observed with longer use. We

found evidence that in utero exposure to SSRIs increases a

child’s risk associated with ASD. These results, while

adding to the limited knowledge on prenatal pharmaco-

logical exposures as potential ASD risk factors, need to be

balanced against the benefits of indicated medication use

by pregnant mothers.

Keywords Autism spectrum disorders � Selective

serotonin reuptake inhibitors � Pregnancy � Depression

Introduction

Selective serotonin reuptake inhibitors (SSRIs) are among

the most commonly used medications in pregnancy, with

prescription frequency estimates in pregnant women

ranging from 0.7 to 1.4 % in Nordic countries (Jimenez-

Solem et al. 2013; Kieler et al. 2012) and 5–13 % in the

United States (Andrade et al. 2008; Cooper et al. 2007;

Ramos et al. 2008). There is accumulating evidence that

mothers treated with SSRIs during pregnancy may expe-

rience increased rates of adverse reproductive outcomes

(Bakker et al. 2010; Lund et al. 2009). In addition, recent

studies have suggested a possible link between prenatal

antidepressant exposure and neurodevelopmental outcomes

including altered speech perception (Weikum et al. 2012)

and motor, social–emotional and adaptive behavior (Han-

ley et al. 2013).

A case–control study conducted in Northern California

reported an autism spectrum disorders (ASD) odds ratio

(OR) adjusted for age, race/ethnicity, and education of

mother, birth weight, sex, and birth year of child, and birth

facility associated with any prenatal SSRI use of 2.2 (95 %

confidence interval (CI) 1.4, 2.3) (Croen et al. 2011).

A Swedish population-based case–control study reported

that SSRI use during pregnancy was associated with

increased risk of ASD, that was higher among children

with ASD without intellectual disability (adjusted for

maternal psychiatric disorder, maternal age, paternal age,

parental income, education, occupation, maternal country

of birth, and birth parity OR 2.34, 95 % CI 1.90–5.06)

compared to results for ASD with intellectual disability

(adjusted OR 1.09, 95 % CI 0.41–2.91) (Rai et al. 2013).

Two studies using the Danish registers reported similar

associations. Sorensen et al. (2013) estimate a hazard ratio

adjusted for parental age at conception, parental psychiatric
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history (except maternal affective disorder), gestational

age, birth weight, sex, and parity of 1.5 (95 % CI 1.2–1.9),

for ASD compared with unexposed children. The hazard

ratio decreased to 1.2 (95 % CI 0.7–2.1) when the adjusted

analysis was restricted to children of women with a diag-

nosis of affective disorder. Similarly, for any prenatal

exposure, Hviid et al. reported a rate ratio of 1.20 (95 % CI

0.90–1.61) adjusted for year of birth, maternal parity,

maternal age, country of origin, maternal place of resi-

dence, maternal smoking status, maternal employment

status, other drug use before delivery and maternal psy-

chiatric diagnoses before delivery (Hviid et al. 2013).

The issue of whether prenatal SSRI use or the indication

for SSRI use is the risk factor remains unresolved. Asso-

ciations between maternal depression, the chief indicating

condition for SSRI use, and developmental psychopathol-

ogy in children have been reported (Brennan et al. 2000;

Caplan et al. 1989; Carter et al. 2001; Deave et al. 2008;

Huot et al. 2004). Diagnoses for psychiatric disorders

before the birth of the child are more common among

parents of children with ASD than parents of children

without a diagnosis of ASD, and maternal depression

appears to be a greater risk factor than paternal depression

(Bolton et al. 1998; Daniels et al. 2008; Rai et al. 2013).

We conducted a population-based case–control study of

maternal prenatal SSRI use and risk of ASD, also utilizing

the national health and population data registers of

Denmark, and paying particular attention to the issue of

confounding by indication and misclassification of the

indicating condition in register data.

Methods

Eligible Participants

All children (n = 749,755) born in Denmark between

January 1, 1997 and December 31, 2006 were identified

through the Danish Civil Registration System (DCRS). The

study population (n = 628,408) was then drawn from all

biological singletons and one child randomly selected from

multiple births. Children were also excluded if they could

not be linked to their biological mother (n = 1,139), if she

was not living in Denmark a year before delivery

(n = 10,806), or if the child was of gestational age less

than 23 weeks or greater than 43 weeks (n = 1,774). We

restricted gestational age in our sample because extremely

preterm or post-term birth have previously been associated

with autism risk (Schendel and Bhasin 2008). The Insti-

tutional Review Board of Drexel University and the Uni-

versity of Copenhagen, Danish Data Protection Agency

(Record No. 2010-41-4861) approved this study.

Case and Control Definitions

Autism spectrum disorders diagnoses are based on data

from the Danish National Hospital Register (DNHR) and

the Danish Psychiatric Central Register (DPCR). Together,

these registers include information on all inpatient and

outpatient care from psychiatric hospitals and psychiatric

wards in general hospitals in Denmark. The quality of the

diagnosis of childhood autism in the Denmark registers has

recently been investigated through a validation study that

conducted detailed abstraction of the children’s medical

records that were reviewed by autism experts. Register

diagnosis of childhood autism was confirmed 94 % of the

time with an additional 3 % classified with another ASD

(Lauritsen et al. 2010). However, there is also still the

possibility that true cases of ASD are not captured in the

register. Subjects’ records from January 1, 1999 to March

31, 2011 were searched for International Classification of

Diseases codes (ICD-10) of: F840, F841, F845, F848, and

F849 (childhood autism, atypical autism, Asperger’s syn-

drome and pervasive developmental disorder-unspecified,

respectively). Subjects were considered a case if any of

these codes were present.

Controls were defined from the Danish Civil Registra-

tion System as individuals without ASD admission diag-

noses. Ten controls per case were individually matched on

birth month and year. Matching on birth month and year

assured the same follow-up period for cases and controls,

and thus the same opportunity to be identified in the reg-

ister with an ASD diagnosis.

Exposure Definition

Pharmacologic exposure information was drawn from the

Danish Drug Prescription Register (DDPR), which records

all dispensed prescribed medication from any pharmacy,

except hospital dispensaries, in Denmark. Selective sero-

tonin reuptake inhibitor drug codes included in the analysis

were N06AB03 (fluoxetine), N06AB04 (citalopram),

N06AB05 (paroxetine), N06AB06 (sertraline), N06AB08

(fluvoxamine), and N06AB10 (escitalopram). We extracted

from the DDPR information regarding unique personal

identification number, dispense date, drug code [the WHO

Anatomical Therapeutic Chemical classification system

(ATC)], name of drug, number of packaged dispensed, and

the number of defined daily dosage (DDD) per package.

The ATC classification system and the DDD are used for

the expressed purpose of facilitating drug utilization

research (Lee et al. 2013) and these coding schemes have

been employed in a variety of studies (Gislason et al. 2006;

Kaae et al. 2010; Moth et al. 2008; Schernhammer et al.

2011).
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Data for each individual were assembled from the

three months prior to the estimated-date-of-conception

(EDC) to birth. Exposure windows were defined as pre-

conception (90 days prior to EDC), first trimester (within

90 days after EDC), second trimester (within 90–180 days

after EDC), and third trimester (180 days after EDC to

delivery date). A child was considered exposed during any

window if the dispense date fell within the specified

exposure period or the number of days supplied overlapped

any portion of the time period. To calculate duration of use,

the number of DDDs in each dispensed package for the

period falling within a given exposure period, based on

dispensed date, were summed. Duration was assessed for

each trimester separately and dichotomized into two cate-

gories, use between 1 and 45 days and use C45 days, The

reference group for determining the risk of duration of use

was no exposure during at any time during the pregnancy.

Covariates

Variables reflecting parental age, parental psychiatric his-

tory, gestational age, birth weight, parental history of

autoimmune disease, and number of live births, obstetric

complications, and family socioeconomic status (a com-

bination of parental income and highest level of education)

were available in the Danish registers and were chosen a

priori based on the literature (Atladottir et al. 2009, 2010;

Burstyn et al. 2010; Daniels et al. 2008; Durkin et al. 2010;

Giarelli et al. 2010; Larsson 2005; Schendel and Bhasin

2008). Gestational age was given in days from self-repor-

ted last menstrual period, and confirmed using an ultra-

sound date if the last menstrual period was uncertain.

Maternal psychiatric history prior to delivery was

obtained by searching ICD codes in DCPR records starting

in 1969. Psychiatric conditions that are indicators for SSRI

use were given special consideration. One variable was

created for history of maternal depression, the principal

indication for SSRI use, and another for the presence of any

other indication, including anxiety, obsessive–compulsive

disorder, phobia, adjustment disorder and schizophrenia in

the register.

Principal Statistical Analysis

Conditional logistic regression analysis estimated ORs

associating maternal SSRI exposure variables with chil-

dren’s ASD diagnoses. Parental age and sex of the child

were included in all models. Other covariates were inclu-

ded in adjusted models only if they resulted in a 10 % or

greater change in log-OR when added individually. To

guard against joint confounding, any initially excluded

covariate was individually added back to the adjusted

model and retained if the log-OR changed by 10 %. Both

stratification and adjustment for maternal depression and

other indicators for SSRI use were conducted as initial

approaches to address confounding by indication.

Sensitivity Analyses

We used a Monte Carlo simulation approach similar to the

methods used by Bodnar et al. (2010) to explore the

potential impact of under-reporting of SSRI use and

depression in the register. To do this, we first simulated

1,000 datasets with a specified sensitivity and specificity.

For each simulated dataset we fit an adjusted logistic

regression model, then drew 1,000 samples from the mul-

tivariate normal distribution with a mean and variance

equal to the model parameters for SSRI use and depression

in the register. The 50th, 2.5th, and 97.5th percentiles from

the resulting 1,000,000 samples then yielded the OR and

95 % CI for the effect estimate given the specified sensi-

tivity and specificity.

Because the observed SSRI exposure prevalence

(0.7 %) was below published estimates, we simulated an

increase in the prevalence of SSRI exposure to 3 %, a rate

similar to that reported in the literature in other Nordic

countries (Bakker et al. 2008; Kieler et al. 2012). We

assumed that (a) under-reporting was non-differential with

respect to outcome (exposure precedes occurrence of out-

come) and (b) specificity was 100 % (because it is unlikely

a prescription for an SSRI would be documented in the

register when none was given). Sensitivity was assumed to

be 26 %, the level expected if true SSRI exposure preva-

lence was 3 % and observed exposure prevalence was

0.7 %. A similar approach was used to examine the impact

of under-ascertainment of maternal depression because

published estimates of the prevalence of maternal depres-

sion during pregnancy in Europe range from 3 to 17 %

(Evans et al. 2001; Josefsson et al. 2001; Lund et al. 2009;

Olsen et al. 2004)—much higher than our observed prev-

alence of 0.6 %. In our simulations, we increased maternal

depression prevalence to 5 % and then 15 %, and assumed

this to be non-differential with respect to ASD case status.

Specificity was assumed to be 100 % and sensitivity was

set to 14 and 4.7 % to reflect the under-reporting of true

depression prevalence rates of 5 and 15 %, respectively.

Lastly, we performed a sensitivity analysis to determine

how robust our quantitative estimates were to unmeasured

confounding. Following the method of Lin et al. (1998) we

assumed a binary confounder U existed such that U

increased the risk of ASD, and that U was more prevalent

in SSRI-exposed mothers than in unexposed mothers.

Given the strength of relationship of U with ASD, and the

prevalence of U in the exposed and unexposed, it is

therefore possible to estimate odds ratios that are corrected
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for this unmeasured confounder U. We estimated corrected

odds ratios over a range of plausible parameters.

Results

Study Sample

There were 5,215 children diagnosed with ASD and 52,150

controls in the study sample for exposure anytime during

pregnancy. Children with ASD were more likely than

controls to be male, have older parents, and have a mother

with history of depression (Table 1). There were 77

mothers with depression and 365 without depression who

had used SSRIs.

Associations of Any SSRI Use with ASD

We observed on average a doubling of odds for ASD

regardless of exposure window (Table 2). After accounting

for the parental age and child sex, adjusted OR of ASD for

any SSRI exposure during pregnancy was 2.0 (95 % CI

1.6–2.6). Effect estimates and CI widths did not change

dramatically with adjustment for other covariates. Further

adjustment for maternal depression and any SSRI indica-

tion yielded effect estimates equal to 1.9 (95 % CI 1.5–2.5)

and 1.8 (95 % CI 1.4–2.3), respectively.

In analyses restricted to subsets of (1) only mothers with

a diagnosis of depression, and (2) only mothers with

depression and other psychiatric conditions associated with

SSRI before the birth of the child, the SSRI effect estimates

were close to the null with broad CIs (data not shown).

Effect estimates for the mothers without SSRI indications

where close to the estimates reported for the full data sets

(data not shown).

Effect of Duration of Use of SSRI

The median duration of use during pregnancy was

119 days among mothers of cases compared to that of

controls (75 days) (Table 1). SSRI use longer than

45 days, in each exposure window except for the third

trimester, regardless of exposure period, resulted in slightly

higher odds ratios than exposure of 45 days or less com-

pared to the unexposed reference group (Table 3). In the

third trimester, exposure to SSRIs for less than 45 days had

virtually the same ORs as exposure for more than or equal

to 45 days in the fully adjusted model.

Analysis of Impact of Misclassification of SSRI Use

and Maternal Depression

Table 4 shows the results from simulation analyses explor-

ing the influence of misclassification. The first row presents

effect estimates and confidence bounds for any prenatal

SSRI exposure from simulations assuming increased SSRI

prevalence and non-differential misclassification as descri-

bed above. Estimates for the full sample were close to the

comparable (Model 1) adjusted estimate in Table 2, sug-

gesting that exposure misclassification is unlikely to have

strongly influenced results. The following rows show results

from simulations investigating the potential effects of non-

differential under-reporting of maternal depression. By

increasing the assumed depression prevalence to 5 %, the

pooled effect estimate, 2.2 (95 % CI 1.9–2.4), was compa-

rable to Model 1 estimates shown in Table 2. At 15 %

assumed depression prevalence, the SSRI effect was only

moderately altered. Under the assumed 15 % depression

prevalence scenario we also estimated depression-stratified

Table 1 Demographics and characteristics of study population

exposed to SSRIs during pregnancy

Any ASD Controls

No. (%) 5,215 (9.1) 52,150 (90.9)

Maternal age

B25 years 819 (15.7) 7,319 (14.1)

26–30 1,754 (33.6) 18,802 (36.1)

31–35 1,739 (33.4) 18,160 (34.4)

C36 903 (17.3) 7,869 (15.3)

Paternal age

B29 years 1,276 (24.5) 12,707 (24.4)

29–39 2,672 (51.2) 28,464 (54.6)

40–49 531 (10.2) 4,266 (8.2)

50–54 37 (0.7) 263 (0.5)

C55 20 (0.4) 116 (0.2)

Missing 679 (13.0) 6,334 (12.1)

Child sex

Boys 4,278 (82.0) 26,522 (50.9)

Family SES

Low 834 (16.0) 6,474 (12.5)

Medium 2,724 (52.2) 26,558 (50.6)

High 1,657 (31.8) 19,109 (36.5)

Missing 0 (0.0) 9 (0.0)

SSRI use 76 (1.5) 365 (0.7)

Maternal depression 55 (1.1) 347 (0.7)

Other SSRI indications 108 (2.1) 618 (1.2)

Duration of SSRI use

(during pregnancy)

Minimum (days) 8 1

25th percentile 32.5 30

Median 119 75

75th percentile 259 200

Maximum 296 299
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effects. A positive association was observed in both strata,

though the effect was smaller among mothers with depres-

sion, with median adjusted odds ratios and confidence

intervals of 1.4 (95 % CI 0.9–2.4). The effect among mothers

without depression had a median adjusted odds ratio and

confidence interval of 2.1 (1.5–3.0).

Table 2 Effect estimates for prenatal SSRI exposure and risk for ASD

# Cases Exposure period Exposed No. (%) Unadjusted ORa

(95 % CI)

Adjusted model 1

ORb (95 % CI)

Adjusted model 2

ORc (95 % CI)

Adjusted model 3

ORd (95 % CI)
Cases Controls

5,228 Preconception 89 (1.7) 413 (0.8) 2.2 (1.7–2.8)* 2.1 (1.6–2.6)* 1.9 (1.5–2.4)* 1.8 (1.4–2.3)*

5,215 Pregnancy 76 (1.5) 365 (0.7) 2.2 (1.6–2.7)* 2.0 (1.6–2.6)* 1.9 (1.5–2.5)* 1.8 (1.4–2.3)*

5,210 First trimester 71 (1.4) 309 (0.6) 2.3 (1.8–3.0)* 2.2 (1.7–2.9)* 2.0 (1.6–2.7)* 2.0 (1.5–2.6)*

5,183 Second trimester 44 (0.9) 183 (0.4) 2.4 (1.7–3.4)* 2.4 (1.7–3.4)* 2.3 (1.6–3.2)* 2.1 (1.5–3.0)*

5,178 Third trimester 39 (0.8) 127 (0.3) 3.1 (2.2–4.5)* 3.1 (2.1–4.5)* 2.7 (1.8–4.0)* 2.5 (1.7–3.7)*

Reference: No exposure during any exposure period

ASD Autism spectrum disorders, OR odds ratio, CI confidence intervals
a Controls for matching variables of child year and month of birth through conditioning
b Odds ratios adjusted for parental age and sex of the child (and conditions on matching variables of child birth month and year)
c Odds ratios adjusted for parental age, sex of the child, history of maternal depression (and conditions on matching variables of child birth

month and year)
d Odds ratios adjusted for parental age, sex of the child, history of maternal depression, other SSRI indications (and conditions on matching

variables of child birth month and year)

* p value \0.05

Table 3 Effect estimates ASD associated with duration of prenatal SSRI use

Exposure period Models

Unadjusted ORa

(95 % CI)

Model 1 ORb

(95 % CI)

Adjusted model 2 ORc

(95 % CI)

Adjusted model 3 ORd

(95 % CI)

Preconception (days)

1–45 1.8 (1.2–2.7)* 1.7 (1.1–2.6)* 1.5 (1.0–2.4)* 1.6 (1.0–2.5)*

C45 2.4 (1.8–3.2)* 2.3 (1.7–3.0)* 2.1 (1.6–2.8)* 2.1 (1.6–2.8)*

First trimester (days)

1–45 1.8 (1.1–2.8)* 1.7 (1.1–2.7)* 1.6 (1.0–2.6)* 1.6 (1.0–2.6)*

C45 2.7 (1.9–3.6)* 2.6 (1.8–3.5)* 2.4 (1.7–3.4)* 2.4 (1.7–3.3)*

Second trimester (days)

1–45 2.1 (1.1–4.0)* 2.2 (1.1–4.2)* 2.0 (1.0–4.0)* 2.0 (1.0–3.9)*

C45 2.6 (1.7–3.8)* 2.5 (1.7–3.8)* 2.3 (1.6–3.5)* 2.4 (1.6–3.5)*

Third trimester (days)

1–45 3.8 (1.7–8.5)* 3.1 (1.3–7.3)* 2.8 (1.2–6.7)* 2.9 (1.2–6.9)*

C45 3.0 (2.0–4.5)* 3.1 (2.0–4.7)* 2.7 (1.7–4.1)* 2.9 (1.9–4.4)*

The reference group is unexposed

The cut point at 45 days was determined since it was median number of days in each 90-day exposure period for preconception and each

trimester
a Controls for matching variables of child year and month of birth through conditioning
b Odds ratios adjusted for parental age and sex of the child (and conditions on matching variables of child birth month and year)
c Odds ratios adjusted for parental age, sex of the child, history of maternal depression (and conditions on matching variables of child birth

month and year)
d Odds ratios adjusted for parental age, sex of the child, history of maternal depression, and other SSRI indications (and conditions on matching

variables of child birth month and year)

* p value \0.05
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In our analysis that investigated the impact of unmea-

sured confounding, we find evidence to suggest that our

results remain moderately robust (see ‘‘Appendix’’ in

Table 5). For example, if there were an unmeasured con-

founder U that doubled the risk of ASD, and had 50 %

prevalence in SSRI-exposed mothers and only 5 % prev-

alence in SSRI-unexposed mothers, the corrected OR

would still be 1.3 (1.0, 1.6).

Discussion

In a large population-based case–control study we observed

an increased risk of ASD associated with in utero exposure

to SSRIs. The effect was present in all exposure windows

considered and persisted after adjustment for SSRI indi-

cations. Croen et al. (2011) observed comparable magni-

tude associations in each exposure period, which also

persisted in that sample after statistical adjustment for

maternal depression. Rai et al. (2013) also observed similar

associations in their full analyses of maternal SSRI use

during pregnancy and ASD as well as in their analysis

looking at ASD without intellectual disability, but slightly

attenuated results for ASD with intellectual disability. This

study adds to previously available evidence by examining

prenatal duration of SSRI use—observing the largest

associations in the highest duration categories. However,

these duration-response effects were not consistently

monotonic across trimesters. It is also possible that the

higher effect estimates found with longer duration of use

may be confounded by the severity of depression. In other

words, more serious depression may lead to the SSRI

duration levels sufficient to increase risk of having a child

with ASD.

While our analyses suggested that there was an inde-

pendent effect of prenatal SSRI use, other studies by

Sorsensen et al. and Hviid et al. using the same Danish

registers have not found such evidence. Adjusting for

confounding by indication poses a substantive challenge

in studying prenatal SSRI use and ASD risk since

maternal depression is also a plausible risk factor for

ASD. In the Danish registers, accounting for this con-

founding by indication is a particular challenge. The

published literature indicates a higher rate of maternal

depression in other Nordic countries compared to what is

found in the registers (Evans et al. 2001; Jimenez-Solem

2012; Josefsson et al. 2001; Kieler et al. 2012; Lund et al.

2009; Olesen et al. 2001), suggesting that depression

prevalence as measured in our study (and in the other

published studies using Danish register data) was under-

estimated. This underreporting is likely because the

majority of people with depression in Denmark are

diagnosed and treated by a general practitioner and not a

psychiatrist, and thus the depression prevalence rate from

the Danish Psychiatric Central Register (DPCR) is sus-

ceptible to under-reporting since many of these patients

would not be included.

Several strategies can be employed to account for the

confounding from maternal depression: (1) regression

adjustment; (2) stratified analyses; (3) sibling analyses; and

(4) negative controls; and (5) simulation analyses. However,

each of these strategies is not without challenges. Regression

adjustment and stratified analyses are both problematic in the

face of underreporting of maternal depression and would

lead to incomplete control for confounding by indication.

Moreover, due to the small number of women in our sample

with maternal depression (n = 77), the stratified effect

estimates were imprecise and therefore not very informative.

Sibling analyses, similar to twin studies, can partially

account for confounding from familial genetic or envi-

ronmental sources, such as maternal depression (Susser

et al. 2010). Sorensen et al. compared estimates in families

with at least two full siblings, and interpreted the results as

showing no independent SSRI effect, while acknowledging

the sibling results may still be biased if there is non-shared

confounding between siblings (Frisell et al. 2012). Nega-

tive controls are used to indicate that potential confounding

may exist, if a result with a non-causal explanation is

observed (Lipsitch et al. 2010). For example, if an asso-

ciation is found between the negative control (pre-con-

ception SSRI) exposure and ASD risk, this result is not

likely to be meaningful, since there is no mechanism for

pre-conception SSRI usage to affect a child. Hviid et al.

used this strategy and suggested this as possible evidence

Table 4 Adjusteda OR estimates (median) and confidence bounds

(2.5 and 97.5 percentiles) for the effect of any SSRI exposure during

pregnancyb on risk of any ASD from simulation-basedc sensitivity

analysis for non-differential under-reporting of SSRI and depression

in the register

Adjusted OR estimates

(median) and confidence

bounds (2.5 and 97.5

percentiles)

Assumed SSRI prevalence (3 %) 1.9 (1.6–2.6)

Assumed depression prevalence (5 %) 2.2 (1.9–2.4)

Assumed depression prevalence (15 %) 1.9 (1.5–2.4)

Restricted to those with depression 1.4 (0.9–2.4)

Restricted to those without depression 2.1 (1.5–3.0)

a Unconditional logistic regressions models adjusting for child birth

year and month, parental age, sex of the child, and maternal history of

depression
b Reference group is no exposure during pregnancy
c Monte Carlo with simulating 1,000 datasets to obtain the median

OR estimates and the 2.5 and 97.5 % percentile OR estimates as the

confidence interval
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that no independent SSRI effect exists. However, the

choice of negative controls can be complicated, since the

negative control must not be in any way associated with the

outcome. Given the complex relationship between SSRI

usage and subsequent effects on depressive state as well as

continuing SSRI usage, pre-conception SSRI usage may

not be a wholly valid negative since it can still possibly be

associated with ASD risk. In our sensitivity analyses esti-

mating trimester-specific effects based on considering only

those with exclusive medication use in a single trimester

window as exposed had results that were comparable to

those shown in Table 2 with similar magnitude effect

estimates. This suggests that preconception and early first

trimester effect estimates still persist.

Finally, we used a simulation-based approach to account

for confounding by indication. Because of the underre-

porting of maternal depression, we used simulation analy-

ses to approximate effect estimates, assuming a higher

expected prevalence of depression. These analyses,

described fully in the ‘‘Appendix’’, in fact show more

elevated effect estimates, and suggest that an independent

effect of SSRI usage on ASD is possible. Furthermore, we

also looked at the effect of unmeasured confounding to

determine how robust our quantitative findings were

(‘‘Appendix’’). We find it unlikely that such an unmeasured

confounder or residual confounding, after adjustment for

parental age, sex of child, history of maternal depression,

and other SSRI indications, would be powerful enough to

wholly explain our findings.

Selective serotonin reuptake inhibitors are known to cross

the placenta (Borue et al. 2007), and there are several bio-

logically plausible explanations for our findings involve

serotoninergic pathways during development (Anderson et al.

2004; Cook et al. 1988; Lam et al. 2006; Whitaker-Azmitia

2001). Abnormalities in serotonin metabolism are one of the

few consistent biological observations associated with ASD

(Anderson et al. 1987) and several lines of evidence suggest

that alterations in the serotonergic neurotransmitter system

might be a mechanistic pathway leading to ASD (Anderson

et al. 1987; Cook et al. 1988). Animal models have suggested

adverse neurodevelopmental outcomes in the offspring asso-

ciated with prenatal SSRI exposure (Vorhees et al. 1994)

(Maciag et al. 2006). Also prenatal stress and certain serotonin

transporter genotypes may have the combined effect of pro-

ducing changes in social interaction and social interest in the

offspring consistent with those observed in individuals with

ASD (Jones and Klin 2009). Together these findings suggest

that, mechanistically, prenatal exposure to SSRIs may operate

directly on the developing brain.

The implications of reported associations between pre-

natal SSRI use and ASD risk need to be weighed against

the evidence on health consequences of discontinuation of

SSRI treatment. Direct associations between depression

and developmental psychopathology have been hypothe-

sized as operating through mechanisms involving the

changing intrauterine environment or maternal stress

response. Maternal hypothalamo–pituitary–adrenal (HPA)

activity in response to psychological stress, which can be

caused by depression, has been linked to adverse neuro-

developmental effects (Rice et al. 2007).

From a public health perspective, the epidemiologic

evidence on the link between prenatal SSRI exposure and

ASD risk must still be cautiously interpreted. In weighing

potential risk tradeoffs involving discontinuation of SSRI

treatment, it should be noted that the ASD prevention

potential associated with prenatal SSRI exposure avoid-

ance is modest. We estimated the population attributable

fraction (Hanley 2001) based on observed adjusted OR of

1.9 for any prenatal SSRI exposure and the observed

exposure prevalence (0.7 %) and that reported in the lit-

erature (3 %) (Bakker et al. 2008; Kieler et al. 2012).

Based on the assumption that the associations are causal,

this calculation suggests that between 0.6 and 1.7 % of the

ASD cases in the population could be prevented if prenatal

SSRI exposure was eliminated; an estimate quite similar to

that of Rai et al. (2013). From a mechanistic perspective,

however, these epidemiologic data add evidence to basic

neurobiologic research (Bonnin and Levitt 2011) suggest-

ing that maternal prenatal serotonin metabolism may be

part of a causal pathway to ASD worth further study.

Considering the effect sizes being observed in the epi-

demiologic research and the challenges posed by con-

founding and misclassification, further epidemiologic

investigations of prenatal SSRI exposure and ASD risk

would best be undertaken when large sample sizes are

available with good quality information on both exposure

and indicating conditions. Also, given a history where

mothers were, for decades, inappropriately blamed for

causing their child’s condition, (Kanner 1968) additional

attention should be given to how findings from this, and

any future epidemiologic studies of prenatal SSRI and ASD

risk, are communicated to the general public (Yudell

2013).
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Appendix

We used simulation analyses to explore the effects of

under-reporting of SSRI use and depression in the register.

For each simulation, a Monte Carlo approach was used

simulating 1,000 datasets to randomly assign an unexposed

mother to being exposed from a normal distribution. From

each of the 1,000 simulated datasets we obtained the odds

ratio and then took 1,000 samples from each odds ratio

normal distribution. We then took the median effect esti-

mate from these 1,000,000 samples as the odds ratio and

the 2.5 and 97.5 % percentile to estimate the 95 % confi-

dence interval. Models used in the simulations were

unconditional logistic regressions adjusting for the match-

ing variables as covariates.

Because the observed SSRI exposure prevalence

(0.7 %) was below published estimates for other Nordic

countries (Kieler et al. 2012) we completed simulations

increasing the observed prevalence of SSRI exposure from

0.7 to 3 %. We assumed under-reporting was non-differ-

ential with respect to outcome by keeping sensitivity and

specificity equal in case and control groups. Specificity was

assumed to be 100 %, because it is unlikely a prescription

for an SSRI would be documented in the register when

none was given, and sensitivity was assumed to be 26 %

because that corresponds to a true SSRI use prevalence of

3 %.

Simulations also examined the impact of under-ascer-

tainment of maternal depression (which would lead to

incomplete control for confounding by indication) because

published estimates of the prevalence of maternal depres-

sion during pregnancy in Europe range from 3 to 17 %

(Evans et al. 2001; Josefsson et al. 2001; Lund et al. 2009;

Olsen et al. 2004)—higher than our observed prevalence of

0.6 %. Simulations were done increasing maternal

depression prevalence to 5 % and then 15 %. Maternal

depression under-reporting was assumed to be non-differ-

ential with respect to ASD case status because depression

is assessed prior to the birth of the child and, thus, could

not be influenced by subsequent diagnosis of the offspring.

Specificity was assumed to be 100 %; in other words, all

mothers truly without a history of depression where

assumed to be correctly classified as without depression in

the register, and sensitivity was set to 4.7 % to reflect the

under-reporting needed where the true depression preva-

lence of 15 %.

Table 4 shows the results from simulation analyses

exploring the influence of misclassification. The first row

presents effect estimates and confidence bounds for any

prenatal SSRI exposure from simulations assuming

increased SSRI prevalence and non-differential misclassi-

fication as described above. Estimates for the full sample

were very close to the comparable Model 1 adjusted

(parental age and sex of the child) estimate in Tables 2,

suggesting that exposure misclassification is unlikely to

have strongly influenced results. The following rows show

results from simulations investigating the potential effects

of non-differential under-reporting of maternal depression.

By increasing the assumed depression prevalence to 5 %,

the pooled effect estimate, 2.2 (95 % CI 1.9–2.4), is

extremely close to the comparable Model 1 adjusted

(parental age and sex of the child) estimates shown in

Table 2. At 15 % assumed depression prevalence, the SSRI

effect is only moderately attenuated. Under the assumed

15 % depression prevalence scenario we also estimated

depression-stratified effects. A positive association was

observed in both strata, though the effect was smaller

among mothers with depression, with median adjusted

odds ratios and confidence intervals of 1.4 (95 % CI

0.9–2.4) and 2.1 (1.5–3.0), respectively. These results

suggest that the original restriction approach to controlling

for confounding by indication may have been influenced by

depression misclassification.

Lastly, we performed a sensitivity analysis to determine

how robust our quantitative estimates were to unmeasured

confounding. Following the method of Lin et al. (1998) we

assumed a binary confounder U existed such that U

increased the risk of ASD, and that U was more prevalent

in SSRI-exposed mothers than in unexposed mothers.

Given the strength of relationship of U with ASD, and the

prevalences of U in the exposed and unexposed, it is

therefore possible to estimate odds ratios that are corrected

for this unmeasured confounder U. We estimated corrected

odds ratios over a range of plausible parameters.

In our analysis to measure the impact of unmeasured

confounding, our results appear to be moderately robust.

For example, if there were an unmeasured confounder U

that doubled the risk of ASD, and had 50 % prevalence in

SSRI-exposed mothers and only 5 % prevalence in SSRI-

unexposed mothers, the corrected OR would still be 1.3

(1.0, 1.6). Similarly, if U doubled the risk of ASD, and was

40 % prevalent in SSRI-exposed mothers and only 10 %

prevalent in SSRI-unexposed mothers, the corrected OR

would be 1.4 (1.1, 1.8). We find it unlikely that such an

unmeasured confounder or residual confounding, after

adjustment for parental age, sex of child, history of

maternal depression, and other SSRI indications, would be

powerful enough to wholly explain our findings.
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