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Abstract

To examine the interactive effects of two proposed risk factors which may contribute to symptom 

severity of Autism Spectrum Disorder (ASD): prenatal antidepressant exposure and likely gene-

disrupting (LGD) mutations. Participants included 2748 individuals with ASD from the Simons 

Simplex Collection. We examined the effects of prenatal antidepressant exposure, maternal 

depression, presence of an LGD mutation and their interaction on ASD severity. We found a 

significant interactive effect between antidepressant exposure and the presence of an LGD 

mutation on ASD severity in the ADOS and ADI-R verbal communication domains. We consider 

a “two-hit” model in which one variable lays the foundation for an initial risk which is 

compounded by a second variable.
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Introduction

Autism Spectrum Disorder (ASD) is defined by DSM-5 as a single developmental disorder 

with a broad phenotype and wide-ranging severity (American Psychiatric Association 2013). 

With recent genetic sequencing advances, researchers have identified structural 

abnormalities and likely gene-disrupting (LGD) mutations which appear to contribute to 

ASD (Fischbach and Lord 2010; O’Roak et al. 2012; Sanders et al. 2015; Iossifov et al. 

2014; Krumm et al. 2014; Hanson et al. 2015; Weiss et al. 2008; Girirajan et al. 2013).

To date, genetic events appear to contribute to ASD in approximately 40% of cases, although 

the phenotype ranges considerably even among individuals with similar events, implicating 

additional contributory factors (Hanson et al. 2015; Shishido et al. 2014). For example, one 

of the more common genetic contributions to ASD is a 16p11.2 deletion (Hanson et al. 

2015; Weiss et al. 2008; Sanders et al. 2011; Zufferey et al. 2012) yet the phenotype among 

carriers is highly variable, with high rates of speech sound disorders and language disorders 

and less than 25% of carriers meeting diagnostic criteria for ASD (Hanson et al. 2015). 

Secondary genetic hits (Girirajan and Eichler 2010; Girirajan et al. 2010, 2012), genetic 

background (Chaste and Leboyer 2012), environmental exposures (Landrigan 2010; Shelton 

et al. 2014; Kalkbrenner et al. 2015), and epigenetic interactions (Mazina et al. 2015b) 

during early fetal development have been proposed as additional contributory factors. For 

example, prenatal exposure to maternal infection and medication show promise as likely 

early fetal development exposures associated with increased rates of ASD (Gardener et al. 

2009; Mazina et al. 2015a).

That prenatal exposure to medication might be a factor involved in risk for ASD is important 

given the current prevalence of maternal use of a variety of medications. A recent study of 

medication use in pregnancy shows that maternal medication use during the first trimester 

has been steadily increasing since the 1970s (Mitchell et al. 2011). Of particular importance 

to this paper, antidepressant use during pregnancy has seen a dramatic change in prevalence 

(Cooper et al. 2007). The prevalence of maternal use of antidepressants during the first 

trimester was less than 1% in 1990, whereas by 2008 it was over 7% and rising, with the 

majority of antidepressants used being selective serotonin reuptake inhibitors (SSRIs) 

(Mitchell et al. 2011).

While there have been conflicting results (Hviid et al. 2013; Sorensen et al. 2013; Viktorin et 

al. 2017), some data suggest that prenatal exposure to SSRIs may increase the risk or 

severity of ASD (Croen et al. 2011; Man et al. 2015; Rai et al. 2013; Gentile 2015; Gidaya 

et al. 2014; Boukhris et al. 2015). These findings are supported by rodent models showing 

SSRI use during late pregnancy may have effects on social behavior of offspring, with 

implications for increased risk or severity of ASD symptomatology in humans (Zimmerberg 

et al. 2015). Serotonin-related genetic abnormalities have been identified as a potential 

underlying genetic vulnerability that may be exacerbated by prenatal SSRI exposure, 

ultimately affecting neurological changes in the fetal brain that are consistent with an ASD 

phenotype (Croen et al. 2011). However this explanation is speculative, and the above 

mentioned literature is conflicted regarding causality. Maternal depression plays a complex 

and potentially confounding role as an independent risk factor for increased ASD 
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symptomatology in offspring, while driving maternal SSRI use and the associated risk factor 

of fetal SSRI exposure (Croen et al. 2011; Rai et al. 2013). Given that the heterogeneity of 

phenotype even within certain defined genetic groups (e.g. 16p11.2 CNV) is suggestive of 

moderating factors, these medication exposure findings raise the question of whether an 

interactive role exists between prenatal antidepressant exposure and LGD mutations 

associated with ASD.

In this paper, we sought to examine the interactive effects of prenatal antidepressant 

exposure, maternal depression, and the presence of LGD mutations on both clinician-

observed and parent-reported ASD severity. We evaluate this risk in the broader context of 

treated versus untreated maternal psychiatric illness and its associated risks to both mother 

and fetus, a topical investigation given the prevalence of antidepressant use among pregnant 

women in the United States (Mitchell et al. 2011).

Methods

Study Population

Participants included 2748 individuals from the Simons Simplex Collection (SSC), 

including, 372 (13.5%) females and 2376 (86.5%) males with ASD. All selected participants 

utilized in this study have undergone whole exome sequencing (Iossifov et al. 2014), have 

complete phenotypic assessment data, and have extensive medical history including reported 

presence of prenatal exposure to antidepressants (Fischbach and Lord 2010).

The SSC represents a collaboration among 12 university-affiliated research clinics to recruit, 

evaluate and record data from over 2000 simplex families (Fischbach and Lord 2010; 

O’Roak et al. 2012; Iossifov et al. 2014; Sanders et al. 2011). Each family included one 

child with a diagnosis of ASD plus unaffected parents and siblings. Probands underwent 

comprehensive diagnostic evaluation by highly trained clinicians. The Autism Diagnostic 

Observation Schedule (ADOS) and Autism Diagnostic Interview-Revised (ADI-R) were 

performed to confirm an ASD diagnosis as defined by DSM-4-TR, thus fulfilling inclusion 

criteria. A full family medical history and blood sample for DNA sequencing were also 

taken. Local institutional review boards confirmed that all study participants gave informed 

consent.

Genetic Events

Genetic status for all participants in the study was culled from the study conducted by 

Iossifov et al. (2014), in which germline de novo (“new”) missense and likely gene-

disrupting (LGD) mutations were identified through whole exome sequencing. Following 

the definitions outlined in Iossifov et al. 2014, de novo LGD mutation events are nonsense, 

splice site and frame-shift mutations that compromise protein function and whose targets are 

enriched for functional categories including FMRP-associated genes, chromatin modifiers, 

neurotransmitter receptors, ion channels, synaptic proteins, cytoskeletal remodelers and 

transcriptional regulators (Iossifov et al. 2014). The biological relatedness of these targets to 

neurological functions potentially relevant to ASD symptomatology ranges from direct to 

indirect to unknown. For the current analysis, genetic status was a dichotomous variable; 
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individuals were identified as having an LGD mutation defined and listed in Supplementary 

Table #2 in Iossifov et al. 2014 or not.

Maternal Antidepressant Use

Antidepressant exposure was collected as part of SSC through parent interview and is 

defined as maternal antidepressant use at any point during pregnancy. Amtriptyline, 

buproprion, citalopram, escitalopram, fluoxetine, imipramine, paroxetine, sertraline and 

venlafaxine were noted on the SSC Medical History Form as examples of antidepressant 

medication. Data on maternal antidepressant use was collected by category: current, 

trimester one, trimester two, trimester three and “unsure.” Unsure was defined as maternal 

antidepressant use during pregnancy without specification regarding the time of use. Data 

about medication name, dosage, duration of treatment were not collected as part of 

participation in the SSC. We defined prenatal antidepressant exposure as exposure during 

one or more trimesters of pregnancy using a dichotomous variable.

Maternal History of Depression

Data on history of maternal psychiatric illness was also collected through parent interview 

using a standardized medical history interview. Endorsement of the Depressive Disorder and 

Major Depressive Disorder items were used to establish presence of maternal depressive 

disorder. If neither of the above diagnoses were endorsed, the mother was classified as not 

having a depressive disorder in our subsequent analysis. The interviewer instruction included 

the following sample question script: “Does or any of his/ her blood relatives have any 

[disorder name]? What about [disorder name]? Who?” Data related to the specific time or 

duration of maternal psychiatric illness—including if maternal psychiatric illness was 

present during pregnancy—were not collected.

Autism Severity

Clinician observation of ASD severity was measured through the ADOS, the Autism 

Diagnostic Observation Schedule, a semi-structured 30-min evaluation of play, social 

interaction and communication, which is used as a diagnostic tool for ASD (Lord et al. 

2000). Clinicians administer one of five modules selected based generally on the 

individual’s expressive language abilities and age. The ADOS calibrated severity score 

(CSS) is based on total raw scores and standardized across modules to generate a metric of 

impairment ranging from 1 (unimpaired) to 10 (most impaired), with scores of 1–3 falling in 

the “no diagnosis” range (Gotham et al. 2009). The CSS is also calculated for social affect 

(SA) and restricted and repetitive behavior (RRB) subdomains, to estimate ASD severity in 

these subcategories (Hus et al. 2014).

Parent report of ASD severity was measured through the Autism Diagnostic Interview-

Revised (ADI-R), a semi-structured caregiver interview emphasizing three behavioral 

domains: reciprocal social interaction; language and communication; and restricted and 

repetitive, stereotyped behaviors and interests (Lord et al. 1994). Scores are totaled for each 

domain.
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Statistical Analysis

Using two 2 × 2 × 2 multifactorial ANOVAs, we examined the main effects of prenatal 

exposure (i.e. exposure or not), maternal depression (i.e., maternal diagnosis of depression 

or not), presence of an LGD mutation (i.e. mutation or not) and their interaction on ASD 

severity, assessed using first clinical report (ADOS overall and domain comparison scores) 

and second parent report (ADI-R domain total scores) of impairment.

In additional exploratory analyses, we examined in greater detail the study participants who 

had an LGD mutation and were exposed to antidepressants in utero. Because this restricted 

the sample size for each factor level, the additional analyses were descriptive and 

exploratory in nature.

Results

Sample characteristics and rates of LGD mutations, antidepressant exposure, and maternal 

depression are presented in Table 1. Mean age at testing for all 2748 participants was 108.3 

months (approximately 9 years) with a standard deviation of 42.8 months and upper and 

lower ranges being 4 years 0 months and 17 years 11 months (these time frames would also 

represent the time between pregnancy and collection of maternal pregnancy information 

such as antidepressant use). In the study sample, 361 (13.1%) participants had a de novo 

LGD mutation and 114 (4.1%) participants were exposed to antidepressants in utero. There 

were nine study participants who had both an LGD mutation and prenatal antidepressant 

exposure. Details regarding specifically effected genes, maternal use of antidepressants by 

trimester, and maternal psychiatric diagnosis is presented in Table 2.

Self-reported maternal psychiatric illness and antidepressant use during pregnancy were not 

in total correspondence. Of the 114 individuals exposed to antidepressants in utero, 61 had a 

history of maternal depression, 28 had a history of maternal anxiety disorder and 10 had a 

history of maternal bipolar disorder. This leaves 15 individuals exposed to antidepressants in 

utero whose mothers reported no history of depressive, anxiety or bipolar disorder. Of 

course, antidepressants can be prescribed for reasons other than mood or anxiety (insomnia, 

pruritis, etc.), but data was not available which specifically illuminated this discrepancy in 

our study sample.

MANOVA revealed no main effects for prenatal antidepressant exposure, maternal 

depression, or presence of LGD mutations on clinician-measured (ADOS) or parent-reported 

(ADI-R) autism severity. However, a significant interactive effect between prenatal 

antidepressant exposure and the presence of LGD mutation was found on ASD severity in 

the overall ADOS comparison score: F (1, 2542) = 4.882, p = 0.027 (Fig. 1). A trend was 

observed for the ADOS social affect subdomain: F (1, 2542)=3.753, p=0.053 but no effect 

was observed for the restricted and repetitive subdomain: F (1, 2542) = 0.863, p = 0.353. 

Post-hoc analysis shows that the interaction was driven by differences between participants 

with both LGD mutations and prenatal antidepressant exposure versus those with LGD 

mutations only: F (1, 2542) = 4.540, p = 0.033 (Fig. 1).
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A significant interactive effect between prenatal antidepressant exposure and the presence of 

LGD mutations was found on the verbal communication domain score of the ADI-R as well: 

F (1, 2397) = 4.554, p = 0.033 (Fig. 2). Post-hoc analysis shows that the interaction was 

driven by differences between participants with prenatal antidepressant exposure and LGD 

mutations versus those with prenatal antidepressant exposure and without LGD mutations: F 

(1, 2397) = 4.174, p = 0.041 (Fig. 2).

No other significant interactions were observed, including no interactive effect between 

maternal depression and LGD mutation on clinician-measured (ADOS) or parent-reported 

(ADI-R) autism severity.

In our exploratory analyses, which we pursued in the hopes a possible genetic mechanism 

for antidepressant and LGD interaction could be identified, we examined the nine 

individuals who had both an LGD mutation and prenatal antidepressant exposure. Factors 

we examined among these individuals included disrupted gene, location, type, variant, 

duration of antidepressant exposure during pregnancy by trimester and maternal psychiatric 

history. No obvious patterns emerged from this investigation that suggested a possible 

genetic mechanism for antidepressant and LGD mutation interaction.

In a second round of exploratory analysis, we examined the only three genes—ANK2, 

TNRC6B and TCF7L2—which had an LGD mutation in study participants with prenatal 

antidepressant exposure as well as those without prenatal antidepressant exposure. Three 

individuals in the entire study population had an ANK2 LGD mutation; however only one of 

those individuals was also exposed to antidepressants in utero. Two individuals, one exposed 

to antidepressants in utero and one not, had a TNRC6B LGD mutation. Likewise, two 

individuals, one exposed to antidepressants in utero and one not, had a TCF7L2 LGD 

mutation. Visual inspection of the data showed that all three individuals with both an LGD 

mutation plus prenatal antidepressant exposure showed increased ASD severity in the ADOS 

calibrated severity score and ADI-R verbal communication domain scores as compared to 

the individual(s) with the same LGD mutation and without prenatal antidepressant exposure.

A third round of exploratory analysis focused on the sex of the participants, given previous 

work suggesting the risk for ASD in those exposed to SSRIs in utero was strongest in males 

(Harrington et al. 2014). Of the 9 participants with both LGD mutations and antidepressant 

exposure, 8 (89%) are male. Of the 114 children with antidepressant exposure, 101 (also 

89%) are male. There is a null finding when using Fisher’s exact test to examine the rate of 

males in the interaction group.

Discussion

In our analysis of over 2700 well-characterized, exome-sequenced children with ASD, we 

found a significant interaction between antidepressant exposure and the presence of an LGD 

mutation on clinician reported and parent reported ASD severity. We did not find an effect 

for antidepressant exposure on ASD severity, nor an effect for the presence of an LGD 

mutation or maternal depression on ASD severity. Further, there were no other significant 
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interactions found, including no interaction between maternal depression and LGD mutation 

on ASD severity.

Given that our study was inspired by previous findings that prenatal antidepressant exposure 

increased ASD risk (Croen et al. 2011; Man et al. 2015; Rai et al. 2013; Gentile 2015; 

Gidaya et al. 2014; Boukhris et al. 2015), it is notable that we found no such effect in our 

own study. However methodological differences exist. Primarily, our study investigated 

whether prenatal antidepressant exposure increased ASD severity among those with an ASD 

diagnosis, not risk for the general population. In this sense our findings do not contradict 

previous studies.

We interpret our findings regarding maternal depression similarly. Our findings indicate that 

maternal depression is not associated with increased ASD symptomatology as measured by 

the ADOS and ADI-R domains. Whether maternal depression has an effect on ASD risk in 

the general population is a different question.

In the absence of main effects on ASD severity for prenatal antidepressant exposure, 

maternal depression or LGD mutations, we consider a “two-hit” (Girirajan et al. 2010; 

Leblond et al. 2012) model to explain why a significant interaction between prenatal 

antidepressant exposure and LGD mutations was found. By the logic of this model, one 

variable engenders an initial risk which is then compounded by a second variable, the result 

being that ASD symptomatology is more likely when both variables are present than either 

one alone. This model is distinct but perhaps related in theory to a dosage effect, such as that 

reported by Iossifov et al. identifying that the greater number of LGD mutations was 

associated with more cognitive impairment (2014). In our secondary analysis, we were 

compelled by the finding that those individuals with both an LGD mutation and prenatal 

antidepressant exposure were more impaired according to the ADOS calibrated severity 

score and ADI-verbal communication domain score than those individuals with the same 

LGD mutation and without prenatal antidepressant exposure. These findings are merely 

anecdotal given the sample size, but they also support a two-hit model whereby individuals 

with prenatal antidepressant exposure plus an LGD mutation exhibit increased ASD severity. 

Further analyses in individuals with the same genetic event are required.

While no obvious patterns emerged from our secondary analysis examining underlying 

genetic mechanisms guiding antidepressant and LGD mutation interaction, it is conceivable 

that future work may reveal connections between time and/or duration of prenatal 

antidepressant exposure and those genes expressed during corresponding stages of 

embryological development. Additionally, while the disrupted genes in our sample of 

children exposed to antidepressants appeared not to be overtly related, we can imagine a 

scenario in which antidepressants preferentially interact with certain gene products linked by 

pathway and/ or function.

Of note, previous work has found that antidepressant use in pregnancy seemed to be 

associated more with ASD particularly without intellectual disability (Rai et al. 2013). Some 

of the LGD mutations found in our participants are strongly associated with ASD and 

intellectual disability (Stessman et al. 2017) and some are not. This variability in our genes 
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suggests the relationship is either beyond ASD alone or there is a different process 

associated with the interaction with LGD mutations.

There are a few limitations to this study that must be considered when interpreting the 

findings. First, the existing work associating antidepressant exposure and ASD is generally 

confined to SSRIs, whereas our data is concerning the broad category of antidepressant use. 

This should be considered an inevitable limitation of our study, given that maternal 

medication data in SSC was classified by class (e.g. “antidepressant”) rather than name (e.g. 

“sertraline”). That stated, the vast majority of antidepressants influence serotonergic 

pathways and an assumption could be made that most of the antidepressant use was via 

SSRIs. In support of this assumption, we emphasize that SSRIs were overwhelmingly 

prescribed for depression during the time period when all SSC participants were in utero, 

1989–2007 (Mitchell et al. 2011). Three SSRIs are among the most typically used 

medications in pregnancy—fluoxetine, sertraline, and escitalopram—with no SNRIs, mood 

stabilizers, or other medications used as antidepressants commonly prescribed (Mitchell et 

al. 2011). Second, we also relied on parent report for data on maternal antidepressant use 

during pregnancy. While this data is likely not without flaws, a recent study on infection 

during pregnancy and ASD found that report of infection episodes by mothers matched 

corresponding hospital records reasonably well (Atladottir et al. 2012), substantiating the 

credibility of parent report. Third, while the Simons Simplex Collection is a very large study, 

the subset of participants we were most interested in—those with exposure to both LGD and 

prenatal antidepressant exposure—was small. This small sample also limited any ability to 

meaningfully examine various issues, such as timing of medication by trimester. This points 

to a need for larger or combined genetic studies with medical history collected as well.

There are some limitations of genetic analysis to take into account as well. We capitalized on 

the genomic analysis reported in Iossifov et al. (2014), through which the investigators 

applied whole exome sequencing to identify de novo protein truncating mutations associated 

with ASD. It is important to recognize that the sample under study in this project includes 

individuals with these identified protein truncating mutations, but does not mean that all 

other children in the sample are without genetic events that may or may not be contributing 

to ASD. That is, structural changes, inherited truncating variants to genes not associated 

with ASD at this time, rare variants that are equally as deleterious as protein truncating 

mutations, as well as variants and disruptive events occurring outside the exonic regions may 

be present in the individuals without LGD mutations. Despite the considerable noise in the 

data, the identification of the interactive effect suggests a distinct contribution of these high 

confidence ASD risk genes previously identified in this sample. Also, while not necessarily 

a limitation of the study, it is worth noting that while studies have shown the general 

population rate for some CNVs associated with ASD (Stefansson et al. 2014), population 

based rates are not available for the LGD mutations identified through exome sequencing in 

the SSC.

In summary, we found a significant interactive effect between antidepressant exposure and 

the presence of an LGD mutation on ASD severity in the ADOS and ADI-R verbal 

communication domains. We consider a “two-hit” model in which one variable lays the 

foundation for an initial risk which is compounded by a second variable. However, given the 
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small sample size and other limitations, further research is needed to better understand the 

possible interactions of maternal depression, antidepressant exposure, and LGD mutations in 

regards to the etiology of autism.
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Fig. 1. 
Interaction between antidepressant (AD) exposure and LGD mutation on ASD symptoms 

(ADOS CSS): significant interactive effect: F (1, 2542) = 4.882, p = 0.027. Error bars 95% 

CI
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Fig. 2. 
Interaction between antidepressant (AD) exposure and LGD mutation versus ASD severity 

(ADI-R): significant interactive effect in ADI-R verbal communication domain: F (1, 2397) 

= 4.554, p = 0.033. Error bars 95% CI
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