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Abstract

Opioid use during pregnancy is associated with suboptimal pregnancy outcomes. Little is known 

about child neurodevelopmental outcomes. We examined associations between maternal opioid 

prescriptions preconception to delivery (peri-pregnancy) and child’s risk of ASD, developmental 

delay/disorder (DD) with no ASD features, or ASD/DD with autism features in the Study to 

Explore Early Development, a case-control study of neurodevelopment. Preconception opioid 

prescription was associated with 2.43 times the odds of ASD [95% confidence interval (CI) 0.99, 

6.02] and 2.64 times the odds of ASD/ DD with autism features (95% CI 1.10, 6.31) compared to 

mothers without prescriptions. Odds for ASD and ASD/DD were non-significantly elevated for 

first trimester prescriptions. Work exploring mechanisms and timing between peri-pregnancy 

opioid use and child neurodevelopment is needed.
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Prescription opioid use among pregnant women has increased concomitant with the stark 

rise in opioid prescribing rates in the United States between 1999 and 2015 (Desai et al. 

2014; Pezalla et al. 2017); estimates in a 2000–2007 Medicaid sample found one in five 

pregnant women were prescribed an opioid during pregnancy (Desai et al. 2014). Although 

it is important to adequately treat pain conditions in pregnant women, studies have found 

poor outcomes for opioid use in the pregnancy period. Opioid use peri-conception is 

associated with increased risk of certain birth defects (Broussard et al. 2011) and neural tube 

defects (Yazdy et al. 2013). Opioid use during pregnancy, whether for standard pain 

treatment, due to addiction, or for opioid maintenance therapy, is associated with preterm 

birth, poor fetal growth, birth defects, congenital malformations, and poorer developmental 

outcomes at 6 months (Broussard et al. 2011; Whiteman et al. 2014; Norgaard et al. 2015; 

Lind et al. 2017; Kocek et al. 2016; Sundelin Wahlsten and Sarman 2013; Kivisto et al. 

2015). Effects on longer-term developmental outcomes are still in need of study (Reddy et 

al. 2017).

Little is known about maternal opioid use during pregnancy and child’s risk of autism 

spectrum disorder (ASD), developmental delay/disorder (DD) or the development of sub-

diagnostic level autism traits. The development of ASD has been theorized to be impacted 

by endogenous opioids and oxytocin (Sahley and Panksepp 1987; Vuong et al. 2010), which 

may be a pathway from prenatal opioid exposure to altered fetal brain development 

(Bourgeron 2015; Ross et al. 2015) or suboptimal pregnancy outcomes may mediate a 

pathway from opioid exposure to ASD or DD (Norgaard et al. 2015). Our objective was to 

preliminarily examine associations between maternal opioid prescriptions during peri-

pregnancy, defined as the preconception period (three months prior to conception) to the day 

prior to delivery and child (1) ASD, (2) developmental delay/disorder (DD) without features 

of autism (DD-only), or (3) either the child had ASD or the child had DD with some features 

of autism (ASD/DD with autism features) using data from the community-based Study to 

Explore Early Development (SEED). We additionally explored timing of opioid prescription 

and these outcomes in order to identify potential time windows of exposure for more in 

depth examination.

Methods

SEED is a multi-site case–control study of children ages 30–68 months examining 

environmental and genetic risk factors for ASD (Schendel et al. 2012). Children were 

eligible if they were born and resided in one of six study areas at study entry and had 

consent from a knowledgeable caregiver. Data were collected over two periods 

corresponding to SEED funding cycles: children born 2003–2006 were enrolled from 2007 

to 2010 and children born 2007–2012 were enrolled from 2012 to 2016.
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Case Identification

Children with ASD or other DDs were identified from multiple education and healthcare 

providers who serve children with DDs. A population control group (POP) was identified 

through random sampling of vital records at each site. All children were screened for ASD 

using the Social Communication Questionnaire (SCQ) (Rutter et al. 2003a), a brief parent-

reported questionnaire evaluating child communication skills and social functioning, and 

children were given a general developmental evaluation conducted by SEED-trained 

clinicians. Children at risk for ASD (based on a positive SCQ score, past ASD diagnosis, or 

clinician suspicion of ASD during developmental evaluations) received comprehensive ASD 

evaluations, which included the Autism Diagnostic Interview-Revised (a parent interview on 

child developmental history and ASD symptoms) (Rutter et al. 2003b) and the Autism 

Diagnostic Observation Schedule (clinician observation of the child’s ASD symptoms) 

(Lord et al. 2012). A SEED-developed algorithm based on the Diagnostic and Statistical 

Manual of Mental Disorders-Fourth Edition Text Revision ASD criteria (American 

Psychiatric Association 2000) synthesized developmental assessment results and classified 

neurodevelopmental outcomes (Schendel et al. 2012). We subdivided children with final 

classification of DD (did not meet ASD criteria and were not population controls) into those 

with DD with negative SCQ scores and no past ASD diagnosis (DD-only) and those with 

positive SCQ scores or a past ASD diagnosis (DD with ASD features). Because previous 

SEED analyses found that children with DD with ASD features were more phenotypically 

similar to children with ASD than DD-only children (Wiggins et al. 2015) and because 

autism features can present even if an ASD diagnosis is not met (Constantino 2011), we 

analytically grouped children with ASD and those with DD with ASD features for some 

analyses (ASD/ DD with autism features). Further detail on SEED diagnostic methodology 

can be found in Schendel et al. 2012 and Wiggins et al. 2015.

Exposure and Covariate Assessment

Maternal prescriptions administered by healthcare providers during peri-pregnancy were 

abstracted from prenatal medical records. Two independent assessors examined prescriptions 

for opioid medications. The medical record included start and end date of prescriptions and 

we estimated dates of conception and trimesters using the child’s gestational age on the birth 

record. We excluded day of delivery in an attempt to exclude prescriptions related to 

childbirth or post-birth recovery. A list of opioids prescribed to mothers in our sample 

during peri-pregnancy is provided in supplement 1. Since our exposure is opioid 

prescriptions, we do not include mother’s who self reported illicit opioid use during 

pregnancy as exposed unless they also had a prescription opioid. We ran sensitivity analysis 

excluding mothers with illicit use to examine whether including these mothers affected our 

results. We presented descriptive statistics for common conditions that a mother self-

reported as having taken a medication for during pregnancy and are conditions that opioids 

are often prescribed for (injury, back pain, migraine headaches, cough/cold that required 

medication). Because mothers did not consistently self-report the names of prescription 

medications taken (i.e. they did not report medication name or reported ‘pain medication’ 

rather than specific medication name) we were unable to verify whether these were the 

conditions for which the opioid was prescribed. Covariate data were collected through 
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caregiver interviews and surveys, birth records, and prenatal medical records. Each site 

received institutional review board approval.

Analytic Approach

We used unadjusted and adjusted logistic regression to calculate odds ratios (ORs) and 95% 

confidence intervals (CI) comparing maternal opioid prescriptions among children with 

ASD, DD-only, or ASD/DD with autism features to POP children. We classified time 

windows of opioid prescription as any prescription during peri-pregnancy, 3 months pre-

pregnancy to conception, trimester 1, trimester 2, and trimester 3 through day prior to 

childbirth. We identified the following potential confounders based on our theoretical model 

and available data a priori: study site, SEED study period, maternal age (with cubic splines 

at 22 and 44), body mass index pre-pregnancy, and self-reported education, race/ethnicity, 

smoking or alcohol use during pregnancy, and psychiatric conditions pre-childbirth. To 

maximize precision, we used a change-in-estimate approach excluding covariates from the 

multivariable model that were not statistically associated with case status or opioid 

prescription and whose removal changed the natural log of the adjusted OR (aOR) by < 10% 

(Supplements 2 and 3). Our final model included SEED study period, maternal race/

ethnicity, education, smoking during pregnancy, and psychiatric conditions pre-childbirth. 

Observations with missing data (< 1%) were dropped from adjusted models. Analyses were 

conducted using SAS 9.4.

Results

Our sample included 1369 children with ASD, 938 with DD-only, 476 with DD with autism 

features, and 1577 POP children (Table 1). Overall, 7.7% of mothers (N = 336) had been 

prescribed an opioid during peri-pregnancy. The percentage of mothers having prescription 

opioids preconception with a child in the ASD group was three times that of mothers of 

children in the POP group (1.2% vs. 0.4%) and the percentages were more similar later in 

pregnancy (third trimester 3.4% in the ASD group, 3.0% in the POP group). During peri-

pregnancy, 254 mothers had one opioid prescription, 53 had two, and 29 had three or more. 

Most commonly prescribed opioids were hydrocodone (n = 105), oxycodone (N = 77), and 

codeine (N = 77). Sixteen mothers had opioid prescriptions in multiple time-periods. Eleven 

mothers (0.8%) self-reported illicit opioid use during the peri-pregnancy period. Although 

we could not link indication directly to medication, 68 mothers with an opioid prescription 

reported using a medication for migraine headaches during pregnancy (20.3% of all 

mother’s with opioid prescriptions), 27 reported medication use for injury during pregnancy 

(8.1%), and 47 reported medication for back pain during pregnancy (14.0%). Nineteen 

mothers had received a prescription for an opioid with the primary active ingredient being 

for cough or cold symptoms (5.7%). Among mothers receiving opioid prescriptions, the 

presence of these indications was not different by child developmental outcome based on 

chi-square tests (data not shown).

Maternal opioid prescriptions prior to conception were significantly associated with 

increased odds of having a child with ASD/DD with autism features compared to children of 

mothers without opioid prescriptions (Table 2). Mothers with first trimester opioid 
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prescriptions had elevated but nonsignificant aORs for having a child with ASD or ASD/DD 

with autism features compared to children of mothers without opioid prescriptions. 

Associations were weak and nonsignificant for opioid prescriptions during other pregnancy 

periods and when DD-only was our outcome. Adjustment attenuated effects compared to 

unadjusted effects across models and outcomes. In sensitivity analyses, we examined 

precision of our change-in-estimate approach, finding the fully adjusted model had similar 

aORs with increasing precision after dropping non-informative covariates (Supplement 2 

and 3). Results were not different in sensitivity analysis that excluded mothers with self-

reported illicit opioid use (data not shown).

Discussion

Opioid use during pregnancy is a major public health concern, yet little research has 

examined later child developmental outcomes. In the Study to Explore Early Development, a 

multi-site case-control study of neurodevelopment in children 30–68 months, we found 

maternal opioid prescriptions preconception were associated with increased odds of child 

ASD/DD with autism features. ORs for ASD and ASD/ DD with autism features were 

higher in the first trimester comparing mothers with opioid prescriptions to those without, 

but 95% confidence intervals crossed the null.

Mechanistically, opioid exposure near conception and early in pregnancy may alter fetal 

brain structure and function, specifically synaptic plasticity and neural connectivity (Ross et 

al. 2015) which could promote the development of some autism traits (Bourgeron 2015). 

Further, exogenous opioid exposure could alter opioid receptors affecting child 

neurodevelopment (Gonzalez-Nunez et al. 2013; Sahley and Panksepp 1987). Opioid use 

may increase risk for poor pregnancy outcomes like preterm birth, preeclampsia, and 

intrauterine growth restriction (Norgaard et al. 2015), which then may increase ASD 

vulnerability (Lyall et al. 2017). This potential mechanism is illustrated by studies that find 

decreased scores on neurodevelopmental assessments for children who were exposed to 

opioids in utero (Nygaard et al. 2015) or had a mother on opioid maintenance therapy during 

pregnancy (Sundelin Wahlsten and Sarman 2013). Our largest effect sizes were focused in 

the peri-conception period, a period in which opioid exposure has been seen to be associated 

with increased risk of birth defects (Broussard et al. 2011), but it is difficult to deduce how 

other factors associated with preconception opioid use (unplanned pregnancy, indication) 

may impact this association. Although aORs were higher for the ASD and ASD/DD with 

autism features group, the DD-only group also had elevated aORs for the prescriptions in the 

preconception period. With larger samples with more detailed opioid information these 

mechanisms could be better understood with additional insight into timing as well as 

differentiation between general DD and specific autism traits. Further, the interactive effect 

of opioid exposure and genetic underpinnings of ASD could be explored.

It is possible that residual confounding or selection bias impacted results. The SEED sample 

is of higher socioeconomic status (DiGuiseppi et al. 2016) and may explain the lower 

prevalence of opioid prescription during pregnancy (7.7%) that has been reported in other 

studies (20–30%) (Epstein et al. 2013; Desai et al. 2014). We additionally saw much higher 

percentage of mothers that smoked during pregnancy in the ASD and ASD/DD with autism 

Rubenstein et al. Page 5

J Autism Dev Disord. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



features group compared to the POP group, and future analyses may be needed to explore 

potential interactive effects between smoking and opioid use. While our analyses adjusted 

for several factors known to be associated with both ASD risk and opioid prescription, such 

as maternal age, smoking, and maternal psychiatric conditions, our estimates could be biased 

due to unmeasured confounders such as yet to be discovered risk factors for both ASD and 

opioid prescription.

This preliminary and exploratory study was limited to opioid prescriptions captured in 

prenatal records and we did not have data on consumption patterns. We lacked information 

on dosage, duration, and indication, limiting our interpretation. Further, our analyses were 

likely underpowered due to the low prevalence of opioid prescriptions in our sample, leading 

to wide confidence intervals and potential type II error.

Despite limitations, this study is the first to assess associations between maternal opioid 

prescriptions and children with ASD or ASD/DD with autism features among a large, well 

phenotyped sample. These findings highlight the preconception and early pregnancy periods 

as exposure windows to focus on in future studies on the association between opioid 

prescriptions during pregnancy and child ASD or autism traits. Replication of this work with 

prospective data collection, negative controls (like pregnant women who received non-

steroidal anti-inflammatory drugs), and more data on dosage and timing can help deduce 

etiologic mechanisms between opioid use and ASD and DD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Maternal demographics, health conditions, and behaviors and opioid prescriptions from three months 

preconception to one day prior to childbirth between 2003 and 2012 in the Study to Explore Early 

Development, by child neurodevelopmental outcome.

ASD DD-Only
DD with ASD

features POP

N=1369 N= 938 N=476 N=1577

n % n % n % n %

Opioid prescription

    Peri-pregnancy
a 126 9.2 66 7.0 48 10.1 96 6.1

Preconception
b 17 1.2 8 0.9 6 1.3 7 0.4

First trimester 29 2.1 12 1.3 7 1.5 17 1.1

Second trimester 25 1.8 21 2.2 13 2.7 19 1.2

Third trimester 47 3.4 24 2.6 16 3.4 47 3.0

Unknown time 13 0.9 7 0.7 8 1.7 9 0.6

    None 1243 90.8 872 93.0 428 89.9 1481 93.9

Maternal race/ethnicity

    White 812 59.3 673 71.8 250 52.6 1173 74.4

    Black 309 22.6 133 14.2 149 31.4 210 13.3

    Asian 109 8.0 38 4.1 14 2.9 80 5.1

    Other/multiracial
c 139 10.2 93 9.9 62 13.1 114 7.2

    Missing 1 1

Maternal education

    ≥12 years 197 14.5 121 13.1 139 29.3 149 9.5

    13–15 years 429 31.6 235 25.4 162 34.1 317 20.3

    ≥16 years 733 53.9 571 61.6 174 36.6 1095 70.1

    Missing 10 11 1 16

Maternal BMI pre-pregnancy

    <18.5 89 6.5 74 7.9 31 6.5 99 6.3

    18.5–25 659 48.1 489 52.1 188 39.5 924 58.6

    >25–30 333 24.3 199 21.2 131 27.5 339 21.5

    >30 288 21.0 176 18.8 126 26.5 215 13.6

Maternal psychiatric condition pre-childbirthd

    Yes 349 25.6 210 22.7 129 27.5 265 16.9

    No 1012 74.4 716 77.3 340 72.5 1303 83.1

    Missing 8 12 7 9

Maternal smoking during pregnancy

    Yes 212 20.0 91 9.7 97 20.4 147 9.3

    No 1157 80.0 847 90.3 379 79.6 1430 90.7

Maternal alcohol use during pregnancy

    Yes 641 46.8 460 49.0 274 57.6 923 58.5

    No 728 53.2 478 51.0 202 42.4 654 41.5
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ASD DD-Only
DD with ASD

features POP

N=1369 N= 938 N=476 N=1577

n % n % n % n %

Maternal age at childbirth

    Mean (SD) 31.6 5.5 32.4 5.5 30.1 6.2 32 5.4

    Missing 3 0 0 1

Site

    California 200 14.6 156 16.6 43 9.0 230 14.6

    Colorado 269 19.6 185 19.7 67 14.1 322 20.4

    Georgia 251 18.3 150 16.0 85 17.9 279 17.7

    Maryland 242 17.7 93 9.9 32 6.7 234 14.8

    North Carolina 224 16.4 223 23.8 137 28.8 276 17.5

    Pennsylvania 183 13.4 131 14.0 112 23.5 236 15.0

Child year of birth

    2003 56 4.1 32 3.4 9 1.9 49 3.1

    2004 206 15.0 242 25.8 78 16.4 343 21.8

    2005 247 18.0 291 31.0 126 26.5 396 25.1

    2006 139 10.2 91 9.7 59 12.4 80 5.1

    2007 1 0.1 0 0.0 0 0.0 4 0.3

    2008 215 15.7 102 10.9 72 15.1 155 9.8

    2009 204 14.9 95 10.1 58 12.2 216 13.7

    2010 189 13.8 69 7.4 40 8.4 187 11.9

    2011 112 8.2 15 1.6 34 7.1 147 9.3

    2012 0 0.0 1 0.1 0 0.0 0 0.0

ASD: Autism spectrum disorder

DD-only: Developmental delay/disorder without features of ASD

POP: Population controls

BMI: Body mass index

SD: Standard deviation

a
From three months preconception to one day prior to childbirth

b
From three months preconception to conception

c
Includes Hispanic ethnicity

d
Psychiatric conditions (depression, anxiety, obsessive compulsive disorder, personality disorder, schizophrenia, bipolar disorder) collected from 

maternal interview on past medical history
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Table 2.

Unadjusted and adjusted odds ratios and 95% confidence intervals for the association between maternal opioid 

prescriptions in the peri-pregnancy period and child neurodevelopmental outcomes in children born from 2003 

to 2012 enrolled in the Study to Explore Early Development

Unadjusted

ASD DD-Only ASD/DD with autism features
a

N=1369 N=938 N=1845

Time of use N OR
b 95% CI N OR 95% CI N OR 95% CI

Peri-pregnancy
c 126 1.56 1.19, 2.06 66 1.17 0.84, 1.62 174 1.61 1.24, 2.08

Preconception
d 17 2.82 1.27, 6.82 8 1.92 0.70, 5.34 23 2.83 1.21, 6.62

Trimester 1 29 1.99 1.09, 3.63 12 1.19 0.57, 2.50 36 1.83 1.02, 3.26

Trimester 2 25 1.52 0.84, 2.78 21 1.88 1.00, 3.52 38 1.72 0.99, 3.00

Trimester 3 47 1.16 0.77, 1.75 24 0.85 0.52, 1.41 63 1.15 0.78, 1.69

Adjusted
e

ASD DD-only ASD/DD with autism features

N=1359 N=927 N=1834

Time of use N aOR 95% CI N aOR 95% CI N aOR 95% CI

Peri-pregnancy 126 1.26 0.94, 1.68 66 1.06 0.76, 1.49 174 1.30 0.99, 1.71

Preconception 17 2.43 0.99, 6.02 8 1.94 0.68, 5.52 23 2.64 1.10, 6.31

Trimester 1 29 1.58 0.85, 2.94 12 1.06 0.50, 2.28 36 1.48 0.81, 2.69

Trimester 2 25 1.13 0.61, 2.12 21 1.64 0.87, 3.12 38 1.24 0.69, 2.22

Trimester 3 47 1.02 0.66, 1.57 24 0.85 0.52, 1.41 63 0.96 0.64, 1.45

ASD: Autism spectrum disorder

DD-only: Developmental delay/disorder without features of ASD

OR: Odds ratio

aOR: Adjusted odds ratio

CI: confidence interval

a
ASD/DD with autism features group includes children with autism spectrum disorder or non-ASD developmental delay/disorders with autism 

features

b
Exposure for case groups were compared to exposure for population controls at each time of use

c
Three months preconception to one day prior to childbirth

d
Three months preconception to conception

e
Adjusted for maternal education, race/ethnicity, smoking during pregnancy, psychiatric condition prior to childbirth, and SEED study period (2003 

to 2006 or 2007 to 2012). Ns are smaller due to missing covariate data.
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