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The opioid epidemic is a major public health crisis (Lyden & 
Binswanger, 2019). In addition to those who directly use, opioids 
have the potential to influence fetal development when used during 
pregnancy (Beckwith & Burke, 2015). Opioid use during pregnancy 
is increasing, as the number of women with opioid-related diagnoses 
documented at delivery increased by 131% from 2010 to 2017, and 
the number of infants born with neonatal opioid withdrawal syn-
drome increased by 82% nationally from 2010 to 2017 (Hirai et al., 
2021). In fact, every 15 minutes an infant is born in the United States 
with neonatal opioid withdrawal syndrome (Jenkins et al., 2021).

Although little is known about longer-term outcomes for chil-
dren with opioid exposure during gestation, there is some evidence 
that these children are at increased risk for impairments. Recent 
mixed methods and community-initiated analysis examining 
developmental outcomes among 148 school-age children prena-
tally exposed to opioids found that nearly half of the children in the 
sample were diagnosed with multiple developmental delays and 
specific learning disorders (Wilkinson et al., 2023). Another study 
found that children aged 3–8 years who were born with prenatal 
opioid exposure, relative to comparison children matched by sex, 
race and/or ethnicity, socioeconomic status, age, and region of resi-
dence at birth, are more likely to meet criteria for disability (15.6% 
vs. 11.7%) and receive classroom therapies or services (15.3% vs. 

11.4%) (Nygaard et al., 2015). These challenges may be, at least in 
part, driven by differences in cognitive performance. Specifically, 
examination of full-scale IQ scores among children with and  
without prenatal opioid exposure revealed lower scores among  
the exposed group, which grew from a mean difference of 6.5 
(0.43 SD) (95% CI [2.2, 10.8]) at age 1 year to a mean difference 
of 18.3 (1.22 SD) (95% CI [12.3, 24.2]) at age 8.5 years—a differ-
ence that is more than one standard deviation (i.e., 15 points) 
(Nygaard et  al., 2015). These findings suggest that children 
exposed to opioids prenatally may exhibit lower levels of cognitive 
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functioning compared to non-exposed children, with those differ-
ences increasing across development.

Examining potential outcomes related to opioid use can  
benefit from a lens provided by the systems model. A systems 
model emphasizes the complex and interconnected associations 
between parental opioid use, social determinants of health, 
social supports, and potential negative impacts on children’s 
physical and mental health as well as risk for future substance 
misuse (Smith et al., 2021). Several biological and socio-envi-
ronmental risk factors, ranging from neurodevelopment to post-
natal environment could either exacerbate risk or buffer children 
from the negative effects of opioid exposure (Lee, Bora, et al., 
2020). For example, a study examining associations between 
mother–child interactions on children’s cognitive development 
in a group of children prenatally exposed to opioids and a non-
exposed comparison group found that the exposed group scored 
significantly lower on measures of cognitive development and 
that scores were associated with both group status and mother–
child interaction (Konijnenberg et  al., 2016). Further, adverse 
experiences tend to be co-occur (i.e., children who experience 
one form of adversity are at increased likelihood of experiencing 
others) (Dong et al., 2004). This is also true for prenatal opioid 
exposure, as individuals who are prenatally exposed to opioids 
are more likely to experience poverty, caregiver psychopathol-
ogy, and disruptions in family care, relative to those non-exposed 
(Conradt et al., 2018). Given that these other types of early life 
adversity are linked to lower levels of cognitive functioning 
(Johnson et al., 2021), postnatal adversity may be an intervening 
factor to consider when examining the association between pre-
natal opioid exposure and cognitive functioning (Conradt et al., 
2018). Therefore, it is important to determine whether the asso-
ciation between prenatal opioid exposure and cognitive func-
tioning is better explained by exposure to other types of 
adversity. While some studies indicate that the associations 
between prenatal opioid exposure and negative developmental 
outcomes persist when covarying for adverse childhood experi-
ences (Wilkinson et al., 2023), others find that prenatal opioid 
exposure is no longer associated with cognitive outcomes in 
childhood after covarying for these associated stressors (Hans & 
Jeremy, 2001) and demographic factors (Konijnenberg & 
Melinder, 2015). These findings underscore the importance of 
examining potential psychosocial correlates that may better 
account for the association between prenatal opioid exposure 
and cognitive functioning, which in turn has implications for 
identifying timing and targets for intervention.

The current study sought to examine the association between 
prenatal opioid exposure status (i.e., whether or not children 
were prenatally exposed to opioids per caregiver report) and 
preschool-age cognitive functioning—a developmental period 
when cognitive difficulties can be reliably identified (Keenan & 
Wakschlag, 2000). To do this, we used a practical design (i.e., 
caregiver report of a preschool-aged child’s exposure [yes/no] to 
opioids during gestation) for two reasons: (1) early childhood 
professionals and school personnel who work with preschool-
age children have few details about specific aspects of the 
method, frequency, timing, and potency of opioid use, as well as 
co-occurring use of other substances and (2) caregiver report of 
use is a parsimonious approach for use in determining potential 
needs for allocation of resources and support services to groups 
of qualifying children. Schools, health care providers, and social 
services can use this information to tailor their approaches to 

meet the specific needs of children who have been prenatally 
exposed to opioids. Further, we explored whether the associa-
tion persisted over and above the potential effects of postnatal 
adversity. Given prior literature, we had two competing hypoth-
eses. One hypothesis was that prenatal opioid exposure status 
would be associated with lower general cognitive functioning 
(i.e., full-scale IQ scores), even with minimal postnatal risk 
(Nygaard et  al., 2015) or covarying for adversity (Wilkinson 
et al., 2023). Alternatively, and in concert with past work (Hans 
& Jeremy, 2001), the second hypothesis was that variations in 
stress during the postnatal environment may better explain dif-
ferences in full-scale IQ scores associated with prenatal opioid 
exposure status and that after accounting for stressful experi-
ences there would be no significant association between prenatal 
opioid exposure status and cognitive functioning.

Method

Participants
Forty-four caregiver–child dyads were recruited for this study 
(21 children with prenatal opioid exposure and 23 healthy com-
parisons; see Table 1 for participant demographics) via social 
media advertisements on Facebook and Instagram, flyers and 
brochures posted in physician offices, as well as via distribution 
of flyers to providers of early intervention services (e.g., 
Tennessee Early Intervention Services). All study procedures 
were approved by the Vanderbilt University Institutional Review 
Board (IRB #192231). Those interested in hearing more about 
the study filled out an online interest form via REDCap (a 
secure, web-based software platform designed to support data 
capture for research studies) (Harris et al., 2009, 2019) and were 
contacted via phone to provide a detailed description of the 
study as well as to conduct a phone screen to confirm eligibility. 
Prenatal opioid exposure was determined based on caregiver 
report on the eligibility phone screen. The primary caregiver was 
required to be at least 18 years of age, a parent or legal guardian 
of the child, and able to read and speak English fluently. 
Exclusion criteria were caregiver report of child history of neu-
rological injury, impairment, or disability, as well as caregiver 
endorsement of a severe learning disability that would interfere 
with the completion of study tasks. Four participants (two in the 
exposed group and two in the comparison group) opted to par-
ticipate only in the online components of the study (i.e., ques-
tionnaire measures and interview) and four other participants 
(three in the exposed group and one in the comparison group) 
did not complete the online questionnaire measures (see 
“Statistical Analyses” section for the sample size for each analy-
sis). The comparison group (i.e., children without a history of 
prenatal opioid exposure) did not statistically differ from the 
exposed group on child sex, child age, child race, child ethnicity, 
highest level of caregiver education, and income-to-needs ratio 
(see Table 1). Of the 21 participants with a history of prenatal 
opioid exposure, 20 participants were adopted; none of the com-
parison children were adopted. Because of this, children in the 
exposed group were much more likely to be adopted than chil-
dren in the comparison group (χ2 = 40.16, p < .001). Children 
were placed into their current home at a mean age of 5.32 months 
(SD = 10.97, range 0–36 months). The age of placement was not 
statistically significantly correlated with child adversity (p = 
.497) or cognitive functioning (p = .836). Further, given that 
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children adopted in Tennessee are eligible for TennCare 
(Medicaid program in the state of Tennessee), our analyses indi-
cated that children in the exposed group (most of whom were 
adopted) were more likely to receive TennCare than comparison 
children (χ2 = 23.24, p < .001).

Procedures
Caregiver–child dyads were invited to a laboratory session during 
which informed consent and child assent were obtained. 
Caregivers (including adoptive parents) completed an interview 
about their child’s birth history, medical and developmental his-
tory, and their child’s social and emotional behavior. Caregivers 
also completed questionnaires online on REDCap while their 
child completed an assessment battery that included standardized 
neuropsychological measures. Dyads were compensated with $50 
for their participation in the study.

Measures

Child Adversity.  Child’s exposure to stress was assessed using 
the Assessment of Parent and Child Adversity questionnaire 
(APCA) (King et al., 2023). For the current study, we focused 
on the APCA’s assessment of child exposure to 15 types of 
direct adversity (i.e., accident, witnessed accident in the 
absence of caregiver, adoption, attack by stranger, bully, disas-
ter, emotional abuse, emotional neglect, immigration, physical 
abuse, physical neglect, separation from caregiver, sexual 
abuse, and spanking). Caregivers completed the questionnaire 
indicating the types of adversity their child was directly 
exposed to. Nearly all children in the exposed group have been 
adopted, and at an early age (the average age of adoption/foster 
care was 5.32 months [SD = 10.97, range 0–36 months]). 
Adoptive caregivers were instructed to complete the assess-
ment to their best knowledge (i.e., including exposures that 

they were informed of even if it was prior to the child’s place-
ment with them). The parent-report measure has been validated 
in a sample of mothers and their 3- to 5-year-old children 
(King et al., 2023) and used in other studies with young chil-
dren (Lynn et al., 2022). See Table 2 for a list of adversities 
assessed, and number and percentage of children exposed to 
each type for both the exposed and comparison groups. The 
most common stressor experienced by those in the opioid-
exposed group was adoption, followed by spanking. Spanking 

Table 1.  Participant Demographics for Opioid Exposure and Comparison Groups.

Opioid exposure group (n = 21) Comparison group (n = 23) χ2/t

Child sex 10 Females (48%) 14 Females (61%) 0.78
Mean child age (range) 4.03 (3.00–5.17) 4.39 (3.00–5.83) 1.47
Child race 2.94
  Asian 0 (0%) 1 (4%)  
  Black or African American 0 (0%) 2 (8%)  
  White 19 (90%) 19 (84%)  
  Other 2 (10%) 1 (4%)  
Child ethnicity 0 Hispanic/Latinx (0%) 1 Hispanic/Latinx (4%) 0.93
Caregiver education 1.70
  High school graduate or equivalent 1 (5%) 0 (0%)  
  Some college credit, no degree 2 (10%) 3 (13%)  
  Associate’s degree 2 (10%) 1 (4%)  
  Bachelor’s degree 11 (52%) 13 (57%)  
  Graduate degree 5 (23%) 6 (26%)  
TennCare status 18 (86%) 4 (17%) 23.24**
Adoption status 20 (95%) 0 (0%) 40.16**
Income-to-needs ratio 1.21 (0.14–2.28) 1.44 (0.59–2.28) 1.14

Note. **p < .001. Demographics information for the 20 adopted children in the opioid exposure group was obtained from their adoptive caregivers. 
TennCare status indicates whether the participant’s caregiver was a member of the state of Tennessee’s Medicaid program that primarily provides health care 
to low-income pregnant individuals, parents or caretakers of a minor child, children, and individuals who are elderly or have a disability.

Table 2.  Number and Percentage of Children Directly Exposed to 
Each Type of Adversity for Opioid Exposure and Comparison Groups.

Type of adversity Number and percent 
exposed in opioid 
exposure group (n = 18)

Number and percent 
exposed in comparison 
group (n = 22)

Accident 1 (5.6%) 1 (4.5%)
Accident 
(Witnessed)

0 (0.0%) 1 (4.5%)

Adoption/foster 
care

17 (94.4%) 0 (0.0%)

Attack by 
stranger

0 (0.0%) 0 (0.0%)

Bullying 1 (5.6%) 0 (0.0%)
Disaster 0 (0.0%) 0 (0.0%)
Emotional abuse 2 (11.1%) 3 (13.6%
Emotional neglect 5 (27.8%) 0 (0.0%)
Immigration 0 (0.0%) 0 (0.0%)
Physical abuse 2 (11.1%) 0 (0.0%)
Physical illness 1 (5.6%) 1 (4.5%)
Physical neglect 5 (27.8%) 0 (0.0%)
Separation from 
caregiver

0 (0.0%) 0 (0.0%)

Sexual abuse 0 (0.0%) 0 (0.0%)
Spanking 10 (55.6%) 8 (36.4%)
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was the most common stressor experienced by those in the 
comparison group.

Child Cognitive Functioning.  The Wechsler Preschool and Pri-
mary Scale of Intelligence—Fourth Edition (WPPSI-IV) 
(Wechsler, 2012), a norm-referenced battery of cognitive func-
tioning for children aged 2 years 6 months to 7 years, 7 months 
(2:6–7:7), was administered by trained research staff, under the 
supervision of a licensed clinical psychologist, to assess partici-
pants’ cognitive functioning. Known to demonstrate strong psy-
chometric properties (Syeda & Climie, 2014), the WPPSI-IV 
comprises two batteries of subtests, one for children from ages 2 
years, 6 months to 3 years, 11 months (2:6–3:11) and one for 
children aged 4 years, 0 months to 7 years, 7 months (4:0–7:7). 
The battery of subtests for the younger age group (3:0–3:11) 
included the six core subtests (Block Design, Picture Memory, 
Information, Object Assembly, Zoo Location, and Picture Nam-
ing) designed to assess general cognitive functioning (full-scale 
IQ) and three subdomains: the Verbal Comprehension Index, 
Visual Spatial Index, and the Working Memory Index. The bat-
tery of subtests for the older age group (4:0–5:11) included the 11 
core subtests (the subtests mentioned above and Bug Search, 
Cancelation, Matrix Reasoning, Similarities, and Picture Con-
cepts) designed to assess full-scale IQ as well as five subdo-
mains: the Verbal Comprehension Index, Visual Spatial Index, 
Working memory Index, Fluid Reasoning Index, and the Process-
ing Speed Index.

Statistical Analyses
Both child age and sex were considered as potential covari-
ates, and neither was associated with either full-scale IQ or 
child adversity and thus were not included in the final models. 
For our primary analyses, we examined whether children with 
and without prenatal opioid exposure differed in their esti-
mated full-scale IQ scores using independent samples t-test. 
Given the small sample size and that we expect prenatal opi-
oid exposure to only be negatively associated with cognitive 
functioning, we used a one-tailed independent samples t-test 
(N = 40; 19 in the exposed group and 21 in the comparison 
group). Second, to test whether groups differed in experiences 
of adversity, we used a Mann–Whitney U test, a nonparamet-
ric test appropriate for count data (N = 40; 18 in the exposed 
group and 22 in the comparison group). Given that nearly all 
(95%) of the participants in the prenatal opioid exposure 
group were adopted, we found this variable to be largely 
redundant with exposure status. Thus, we removed adoption 
from the list of 15 forms of adversity for subsequent analyses. 
As such, analyses including both prenatal opioid exposure sta-
tus and child adversity used this revised count of adversity. 
Third, we used ordinary least squares hierarchical regression 
analysis to examine whether prenatal opioid exposure status 
explained variation in full-scale IQ scores over and above 
child adversity (N = 36; 16 in the exposed group and 20 in the 
comparison group). This order of entry allowed for the exami-
nation of the contribution of prenatal opioid exposure after 
accounting for associations due to child adversity. Last, 
exploratory analyses examined subdomains of cognitive func-
tioning as dependent variables.

See Table 3 for descriptive statistics for study variables.

Results
Results revealed a significant group difference in full-scale IQ 
scores, t(38) = 2.73, p = .005 (Cohen’s d = 0.86, 95% CI 
[0.20, 1.50]), such that the comparison group (M = 108.43, SD 

Table 3.  Descriptive Statistics for Key Study Variables.

Measure Opioid 
exposure 
group

Comparison 
group

Cohen’s d [95% CI]

Child direct 
adversity

−1.26 [−1.94, −0.57]

  Mean 2.33 0.64  
  SD 1.91 0.58  
  Range 0–7 0–2  
Child direct 
adversity excluding 
adoption

−0.69 [−1.33, −0.04]

  Mean 1.50 0.64  
  SD 1.76 0.58  
  Range 0–6 0–2  
Full-Scale IQ 0.86 [0.20, 1.50]
  Mean 96.63 108.43  
  SD 12.52 14.79  
  Range 73–120 81–132  
Verbal 
Comprehension 
Index

0.86 [0.20, 1.50]

  Mean 101.79 114.86  
  SD 14.32 16.01  
  Range 77–135 90–150  
Visual Spatial 
Index

0.87 [0.22, 1.52]

  Mean 93.16 106.05  
  SD 13.72 15.63  
  Range 70–121 80–138  
Working Memory 
Index

1.00 [0.34, 1.66]

  Mean 93.00 105.95  
  SD 10.71 14.58  
  Range 76–113 79–134  
Fluid Reasoning 
Index

−0.08 [−0.82, 0.66]

  Mean 98.83 97.65  
  SD 14.21 14.14  
  Range 77–117 65–121  
Processing Speed 
Index

0.67 [−0.09, 1.43]

  Mean 88.17 99.29  
  SD 16.45 16.66  
  Range 57–109 66–124  

Note. Child direct adversity count includes adoption status. The sample sizes 
for child direct adversity measures are 18 and 22 for the opioid exposure 
group and comparison group, respectively. The sample sizes for Full-Scale 
IQ, Verbal Comprehension Index, Visual Spatial Index, and Working 
Memory index scores are 19 and 21 for the opioid exposure group and 
comparison group, respectively. Fluid Reasoning Index and Processing Speed 
Index scores are only available for children ages 4–5; thus, the sample sizes 
for these domains are 12 and 17 for the opioid exposure group and the 
comparison group, respectively.
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= 14.79) scored higher than the exposed group (M = 96.63, 
SD = 12.52). Overall, both groups had mean scores in the 
“average range” and only five children (12.5%; three in the 
exposed group and two in the comparison group) were in the 
“low average” category (which ranges from Full-Scale IQ 80–
89) and an additional two children (5%; both in the exposed 
group) were in the “borderline” category (which ranges from 
Full-Scale IQ 70–79). Children in the exposed group were 
three times more likely to have scores below 90 than children 
in the exposed group (OR = 3.01, 95% CI [0.53, 26.20]). 
Although groups also differed in the number of reported child 
adversity experiences (W = 72.50, p < .001), such that the 
comparison group (M = 0.62, SD = 0.59) experienced fewer 
events than the exposed group (M = 2.16, SD = 1.38), this 
difference was no longer statistically significant when adop-
tion was excluded from the count of potentially stressful expe-
riences (W = 148, p = .146).

Hierarchical regression was used to examine whether  
prenatal opioid exposure status was associated with full-
scale IQ over and above child adversity (see Table 4). Child 
adversity explained 3.43% of the variance in full-scale IQ 
scores and prenatal opioid exposure status explained an addi-
tional 6.01% of variance in full-scale IQ scores. The percent 
of variance in full-scale IQ scores explained by prenatal  
opioid exposure status without this covariate was 9.44%. 
Examination of percent overlap in confidence intervals of 
the change in effect size for the association between prenatal 
opioid exposure status and cognitive functioning before  
(β =−0.70, 95% CI [−1.35, −0.05], 9.92% of the variance in 
full-scale IQ scores) and after the addition of postnatal 
adversity (β = −0.61, 95% CI [−1.29, −0.08]) as a covariate 
revealed a 46.42% overlap. These results suggest that the 
association between prenatal opioid exposure status and cog-
nitive functioning is not better explained by direct exposure 
to stress during the postnatal period.

Exploratory Analyses
To investigate whether specific domains of cognitive function-
ing were potentially driving the associations found with full-
scale IQ, we separately examined each domain from the 
WPPSI-IV. The same hierarchical regression approach was 
used to examine associations with the prenatal opioid exposure 
status after accounting for child adversity. For all domains 
obtained with the full sample (i.e., Verbal Comprehension 
Index, Visual Spatial Index, and Working Memory Index), the 
same general pattern was found, such that prenatal opioid 
exposure status explained greater variance in cognitive func-
tioning over and above child adversity (see Table 4). In all 
cases, lower scores were found among the group with prenatal 
exposure to opioids. For the two domains (i.e., Fluid Reasoning 
Index and Processing Speed Index) obtained only in a subset of 
children (n = 27; as only those children at least 4 years old 
were eligible for these subtests of the WPPSI-IV), neither child 
adversity (β =−0.06, 95% CI [−0.46, 0.33]; Fluid Reasoning 
Index; β = −0.25, 95% CI [−0.63, 0.13]; Processing Speed 
Index) nor prenatal opioid exposure status (β = 0.52, 95% CI 
[−0.41, 1.45]; Fluid Reasoning Index; β = −0.26, 95% CI 
[−1.18, 0.66]; Processing Speed Index) explained significant 
variance in scores.

Discussion
Preschool-age children with (n = 21) and without (n = 23) prena-
tal exposure to opioids were assessed to examine associations 
between prenatal opioid exposure status, postnatal adversity, 
overall cognitive functioning, as well as performance on specific 
domains of cognitive functioning. Our results indicated that 
although children from both groups had mean scores in the aver-
age range, preschool-age children with exposure to opioids, as  
a group, exhibited lower levels of cognitive functioning than 

Table 4.  Regression Results for Child Direct Adversity and Prenatal Opioid Exposure Predicting Cognitive Functioning (N = 36).

Full-scale IQ Visual spatial index

  B SE t β 95% CI p R2 ΔR2 B SE t β 95% CI p R2 ΔR2

Step 1:
  Child adversity −3.50 2.34 −1.50 −0.25 −0.59, 0.09 .143 .034 - −4.31 2.56 −1.69 −0.28 −0.61, 0.06 .101 .050 -
Step 2:
  Child adversity −2.16 2.38 −0.91 −0.15 −0.50, 0.19 .372 .094 .060 −2.52 2.54 −0.99 −0.16 −0.50, 0.17 .328 .151 .101
  Prenatal opioid 
exposure

−9.12 5.05 −1.81 −0.61 −1.29, 0.08 .080 −12.10 5.39 −2.25 −0.73 −1.39, −0.07 .032

  Verbal comprehension index Working memory index

  B SE t β 95% CI p R2 ΔR2 B SE t β 95% CI p R2 ΔR2

Step 1:
  Child adversity −3.27 2.59 −1.27 −0.21 −0.55, 0.13 .214 .017 - −4.41 2.29 −1.93 −0.31 −0.65, 0.02 .062 .072 -
Step 2:
  Child adversity −1.78 2.63 −0.67 −0.12 −0.46, 0.23 .505 .079 .062 −2.72 2.25 −1.21 −0.19 −0.52, 0.13 .236 .187 .114
  Prenatal opioid 
exposure

−10.14 5.13 −1.82 −0.62 −1.30, 0.07 .078 −11.47 4.77 −2.40 −0.77 −1.41, −0.12 .022

Note. Given that 95% of participants in the prenatal opioid exposure group were adopted, adoption was excluded from the child adversity count to avoid 
redundancy with opioid exposure status.
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children reported to have no exposure to opioids during gestation, 
and the magnitude of this difference was large. Further, we sought 
to test whether such associations persisted above and beyond the 
variance explained by children’s direct exposure to stress, given 
that children’s exposure to opioids may be characterized by 
greater levels of adversity. As expected, children with prenatal 
opioid exposure had exposure to more postnatal adversity relative 
to comparison children, although this difference was no longer 
statistically significant after adoption was excluded. After 
accounting for the potential association between adversity and 
cognitive functioning, prenatal opioid exposure status explained 
more than 6% of the variance in cognitive functioning thereby 
suggesting that the association may not be fully explained by dif-
ferences in postnatal stress exposure.

The results from the current study provide evidence for the 
unique association between prenatal opioid exposure status and 
preschool-age children’s cognitive functioning beyond psycho-
social stressors. Our two competing hypotheses were (1) prenatal 
opioid exposure status would be associated with lower levels of 
cognitive functioning, even after accounting for postnatal stress 
and (2) variation in postnatal stress exposure status would better 
explain differences in cognitive functioning associated with pre-
natal opioid exposure. The findings from the present study are 
more in line with the first hypothesis, suggesting the possibility 
of lasting impact of prenatal opioid exposure that is not better 
explained by postnatal experiences.

Indeed, opioids are associated with neurogenesis (Wu et al., 
2014) and oligodendrocyte-mediated white matter myelination 
(Vestal-Laborde et al., 2014). Non-human animal research sug-
gests that drugs impact the brain via the mesocorticolimbic 
reward pathway, beginning in the ventral tegmental area and 
affecting various cortical and subcortical regions such as the pre-
frontal regions, amygdala, striatum, thalamus, and insula, regions 
that are primarily involved in salience, executive function, and 
working memory networks (Radhakrishnan et al., 2021). While 
limited, there is also evidence in human research suggesting that 
brain alterations associated with opioids such as decreased 
regional brain volumes and changes in white matter microstruc-
ture may be associated with later cognitive delays (Merhar et al., 
2019; Yuan et  al., 2014). In concordance with past work, the 
results of this study suggest that prenatal opioid exposure may 
have a persistent impact on developing cognitive functioning.

Given that prior literature examining the impact of opioid 
exposure on cognitive functioning used full-scale IQ scores as 
their outcome measure, we conducted exploratory analyses exam-
ining performance on other cognitive domains as well and found 
that the results were largely consistent with the primary analyses. 
This suggests that prenatal opioid exposure status’ impact may not 
be specific to any one domain (i.e., working memory, verbal com-
prehension, etc.) and that lower performance on the various 
domains may equally contribute to the differences in overall cog-
nitive functioning. However, we found no significant associations 
between child adversity or prenatal opioid exposure status with 
fluid reasoning or processing speed. The sample size available for 
those domains was smaller, given that only 4- to 5-year-olds were 
eligible for these subtests or that prenatal opioid exposure is asso-
ciated with relative sparing in some domains. Such conclusions 
require replications in larger sample sizes.

Notably, the mean IQ scores for both the exposed and com-
parison groups were in the average range, and this may be 

indicative of the Flynn effect (i.e., the potential for scores to be 
higher as test norms become outdated due to a gradual increase 
in the ability of the general population) (Lee, Pritchard, et al., 
2020). Past work examining neurodevelopment of children 
born to opioid-dependent mothers has emphasized the impor-
tance of including a comparison group in the study design to 
reduce reliance on test norms and likelihood of underestimating 
risks associated with prenatal opioid use (Lee, Pritchard, et al., 
2020). Indeed, our results indicated that children in the exposed 
group exhibited lower levels of cognitive functioning relative to 
the comparison group, with the magnitude of this difference 
being large. Thus, the findings from this study underscore the 
importance of reducing risks related to opioid use in pregnant 
people as well as providing intervention services for preschool-
age children prenatally exposed to opioids.

Families can be supported in multiple ways including begin-
ning with prenatal interventions to effectively support and reduce 
opioid use. For example, patient navigation intervention is aimed 
at assisting pregnant women with opioid use disorder to identify 
their needs, determine their behavioral health, identify their med-
ical and psychosocial goals, and help them engage with targeted 
services to reduce threats to maternal and neonatal health 
(Cochran et al., 2019). Interventions utilizing motivational incen-
tives have also been successful with increased substance use 
treatment retention (Brigham et al., 2010). While the cognitive 
functioning in the present study tended to be in the average range, 
the likelihood that a child with prenatal opioid exposure would 
exhibit cognitive functioning in the borderline category was high. 
Thus, while the present study is small and merits replication, the 
evidence suggests that efforts to reduce exposure during gesta-
tion are critical. The findings also underscore the importance of 
provision of intervention services for preschool-age children pre-
natally exposed to opioids. Indeed, when children reach pre-
school age, cognitive difficulties can be reliably identified 
(Keenan & Wakschlag, 2000). Further, in preschool-age clinical 
samples with attention-deficit hyperactivity disorder or opposi-
tional defiant disorder, cognitive interventions led to improve-
ments in executive function (i.e., cognitive processes such as 
working memory involved in behavioral regulation and goal-
directed action) (Pauli-Pott et al., 2021), suggesting a potential 
avenue for intervention to address the difficulties that may follow 
from prenatal opioid exposure. Future research examining the 
utility of such interventions for children with prenatal opioid 
exposure is an important next step.

This research study has six notable limitations. First, the nature 
of substance exposure in humans does not allow for random assign-
ment. Our comparative design identifies potential pathways from 
exposure to outcome (Schenker & Rumrill, 2004); however, it can-
not determine causality or rule out all plausible rival hypotheses 
(e.g., that links between opioid use and child cognitive functioning 
are better explained by inherited characteristics). Alternative 
research designs, including within-family designs in which children 
vary in whether they were exposed to opioids during gestation, and 
longitudinal designs with measures of postnatal environment are 
better situated to address potential confounds as well as intervening 
factors. Second, and as a related point, the comparison group, while 
similar on most demographic factors (i.e., child sex, child age, child 
race, and highest level of caregiver education), was not an exact 
match to the exposed group. Third, we did not have access to birth 
records in this sample, evidence of substance use histories of birth 
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parents during pregnancy including the duration, severity, and chro-
nicity of opioid use and polysubstance use, as well as medical 
records regarding whether the infant met criteria for neonatal opioid 
withdrawal syndrome, which are all likely relevant in explaining 
variation in functioning among the exposure group. Indeed, this is 
not an etiological study and is not equipped to examine whether the 
observed difference in cognitive functioning is caused by prenatal 
opioid exposure. Importantly, however, providers who interact with 
families with young children exposed to opioids would not typically 
have more nuanced information about substance histories to guide 
their practice. Thus, while there is scientific value in studying the 
sequelae of different forms of exposure, examining children based 
on group status may be most aligned with the information health 
care providers and early childhood professionals use to guide deci-
sions. Fourth, our inclusion of postnatal stress attempted to examine 
a relevant potential intervening factor. However, variability in child 
adversity was somewhat low and information was acquired through 
use of retrospective reports. Given a gap in contact between birth 
and adoption for many children (an average of 5 months for those in 
the exposed group), those caregivers may be more likely to have 
been unaware of some of their child’s exposure to adversity and may 
have trouble recalling information about past events accurately. 
Further, given all but one child in the exposed group were adopted, 
these children, relative to those raised in drug-using environment, 
may be exposed to less adversity and in turn may be why number of 
adverse events children were directly exposed to was not statistically 
significantly associated with cognitive functioning. Indeed, other 
studies with samples of children who experienced more severe stress 
tend to find that stress is negatively associated with cognitive func-
tioning (Pechtel & Pizzagalli, 2011). Fifth, it is important to note that 
95% of the children in the exposed group, and no children in the 
comparison group, were adopted. Adoptive parents may differ from 
nonadoptive parents in measurable (e.g., education, income) and less 
able to be measured (e.g., qualities that lead someone to adopt a 
child) characteristics (Perry & Henry, 2009). In addition, the extent 
to which group differences persist when accounting for prenatal care 
factors such as birth parents’ socioeconomic status would be impor-
tant (Hurt et al., 1995). Last, the sample was small in size and may 
not be representative of the larger populations from which they were 
drawn, thereby limiting the generalizability of the findings.

To conclude, the present study indicates that prenatal opioid 
exposure status is associated with cognitive functioning above and 
beyond child adversity, such that children with prenatal opioid 
exposure had significantly lower full-scale IQ scores relative to the 
non-exposed group. These findings motivate efforts to reduce opi-
oid use among people who are pregnant or likely to become preg-
nant, given the association with cognitive functioning among 
offspring assessed later in development (Saunders et al., 2018).
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