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Abstract

Objectives: To predict behavioral disruptions in middle childhood, we identified latent classes of
prenatal substance use.

Study Design: As part of the Environmental influences on Child Health Outcomes (ECHO)
Program, we harmonized prenatal substance use data and child behavior outcomes from 2,195
women and their 6- to 11-year-old children across 10 cohorts in the United States and used latent
class—adjusted regression models to predict parent-rated child behavior.

Results: Three latent classes fit the data: low use (90.5%; /7=1,986), primarily using no
substances; licit use (6.6%; /7=145), mainly using nicotine with a moderate likelihood of using
alcohol and marijuana; and illicit use (2.9%; 7=64), predominantly using illicit substances along
with a moderate likelihood of using licit substances. Children exposed to primarily licit substances
in utero had higher levels of externalizing behavior than children exposed to low or no substances
(0=.001, ¢=.64). Children exposed to illicit substances in utero showed small but significant
elevations in internalizing behavior than children exposed to low or no substances (p<.001, ¢=.16).

Conclusions: The differences in prenatal polysubstance use may increase risk for specific
childhood problem behaviors; however, child outcomes appeared comparably adverse for both
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licit and illicit polysubstance exposure. We highlight the need for similar multi-cohort, large-scale
studies to examine childhood outcomes based on prenatal substance use profiles.

Keywords

Child development; behavior problems; prenatal substance use; latent profile analysis; opioid use

Prenatal substance use continues to be a major public health issue. In the United States,
approximately 1 in 5 women report use of legal or illegal substances while pregnant, varying
from tobacco and alcohol to psychoactive drugs, such as opioids and cocaine.l Women are
most likely to use tobacco, alcohol, cannabis, stimulants, and opioids from 18 to 29 years

of age, increasing the likelihood of substance use occurring during pregnancy.? Furthermore,
use of one substance in isolation is infrequent, with upwards of 50% of preghant women
using one substance and reporting use of at least one other substance.?

Distinctive combinations of substance use could more negatively impact child outcomes.
Yet, limited research has examined whether pregnant women can be categorized based

on their substance use. This information is critical to caregivers, clinicians, researchers,
and policy makers for the identification of women whose children are most at-risk for
neurodevelopmental delay. Co-substance exposures may have augmented effects that are
detrimental to the child. The effects may be additive, with children exposed to a higher
number of substances in utero having more negative outcomes,3 or the unique combination
of substances may alter the pharmacodynamics. For example, use of cocaine or heroin
facilitates the transfer of methadone across the placenta to the fetus, potentially increasing
the likelihood of developmental disruptions.*

The neurodevelopmental consequences associated with prenatal substance exposure may
persist well into childhood, if not further.> Children exposed to substances in utero

often develop problem behaviors, which can impair academic performance and negatively
impact mental health.® Prenatal exposures to alcohol,’8 tobacco,?10 cocaine, 1112 opioids,13
cannabis,* and methamphetamine®® have been individually linked to high levels of
externalizing behavior in middle childhood. Fewer studies have found an association
between prenatal substance exposure and internalizing behavior. Prenatal opioid exposure
has been linked to elevated internalizing behavior,13 including child anxiety,16 while in
utero exposure to individual substances, such as alcohol and marijuana, have been related to
increased child depressive symptoms.17:18 However, much of the existing research examines
the child consequences of individual substance exposures, controlling for other substance
exposures or is limited to young children.13.19

Few studies have assessed prenatal polysubstance exposure and behavioral outcomes in later
childhood.320.21 One study found that 4.5-year-old children prenatally exposed to opioids
and polysubstances experienced more regulatory and attention problems than non-exposed
peers according to teacher report but not parent report.2% However, by 8.5 years of age, both
teachers and parents reported the same high levels of child behavioral problems, suggesting
that the behavioral consequences associated with prenatal substance exposure may become
more apparent in middle childhood, theorized to be triggered by cognitive and affective
stressors, including age-related expectations to regulate behavior and engage in sustained
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attention19:22 and the influences of the caregiving environment.23:24 |dentifying prenatal
polysubstance use classes that are strongly related to deleterious childhood outcomes could
provide insight into which children may be at higher risk for neurodevelopmental concerns.

Utilizing data from the Environmental influences on Child Health Outcomes (ECHO)
Program we 1) identified discrete patterns of polysubstance use during pregnancy, expecting
at least two latent subgroups of women to be classified based on their substance use—a

low or no substance group and a polysubstance group, and 2) tested the predictive validity
of these groups by determining whether they were associated with problem behavior in 6-
to 11-year-old children, hypothesizing that children with prenatal polysubstance exposure
would have higher levels of externalizing and internalizing behavior problems in middle
childhood than those children with little to no prenatal substance exposure.

METHODS

Environmental influences on Child Health Outcomes (ECHO) Program

Participants

The ECHO Program consists of 69 existing pediatric cohorts across the United States
focusing on five key areas of child health: prenatal, perinatal, and postnatal health;

obesity; respiratory conditions, including asthma; neurodevelopment; and positive health/
well-being.2526 The goal of ECHO is to utilize existing pediatric studies by combining data
collected under cohort-specific protocols and data collected using the ECHO-wide cohort
data collection protocol?” (https://echochildren.org/echo-program-protocol/) to investigate
the effects of early exposures on child health. The study protocol was approved by the

local and/or central ECHO institutional review board. Written informed consent or parent’s/
guardian’s permission was obtained along with child assent as appropriate, for ECHO-wide
Cohort Data Collection Protocol participation and for participation in specific cohorts.

The current study was comprised of 10 ECHO-wide cohorts with information on prenatal
substance use and child behavior from 2000-2020 (Table 1; online). The 2,195 women in
the study included 54% non-Hispanic/White, 31% non-Hispanic/Black, 2% non-Hispanic/
Asian, 6% non-Hispanic/Other, and 8% Hispanic. Pregnant women were, on average, 28
years old at the birth of their child (50=6.2), and 62% of these births occurred from 2000—
2010, with the remaining births occurring from 2011-2020.

Prenatal Substance Use

All prenatal substance use data for the current study were ascertained through self-report for
any substance use during pregnancy, not accounting for the exact timing and duration (Table
1; online). We created binary variables (yes/no) for nicotine, alcohol, marijuana, opioid,
and/or illicit drug use during pregnancy. See Supplementary Materials for definitions of
substances.

Child Behavior Outcomes

We used the Child Behavior Checklist (CBCL)—an established and widely used instrument
with high validity and reliability?®—to assess child behavior problems. Caregivers
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completed the CBCL-School aged version when their children were 6 to 11 years old.

The CBCL consists of 113 items related to child behavioral issues scored on a 3-point
scale ranging from not true (0) to often true or very true (2). We transformed raw CBCL
scores, calculated by summing the corresponding CBCL responses, and determined the
externalizing problem score (ie, sum of the rule-breaking and aggressive behavior scores)
and the internalizing problem score (ie, sum of the anxious/depressed, withdrawn/depressed,
and somatic complaints scores). We used the corresponding sex- and age-standardized
t-scores for analysis (M=50, SD=10). T-scores <60 represent a typical range of scores,
60-63 represent borderline scores, and >63 represent scores in the clinical range, indicating
higher than average problem behaviors. Externalizing and internalizing behavior t-scores
were correlated at .61 (p<.001).

Statistical Analysis

We used multiple imputation for missing data; see Table 2 and Supplementary Materials
for more information. We modeled the heterogeneity of prenatal substance use using latent
class analysis,29 which identified underlying patterns within the data to qualitatively group
mothers into classes based on their reported substance use during the prenatal period. To
determine the number of latent classes, we compared goodness of fit indices using standard
fit statistics, including 39-35 We included maternal ethnicity/race, marital status, maternal
age at delivery, and maternal education as predictors of class membership. These data were
included as predictors because they are considered proxy measures for unmeasured social
determinants of health, such as exposure to racial discrimination. We chose the final model
(ie, number of classes) that best fit the data, then the model was run without covariates to
obtain most likely class membership, which was used in additional models to account for
measurement error.33 Full information maximum likelihood estimation was used to adjust
parameter estimates to reflect missingness, and the cluster command was used to perform a
post-hoc adjustment on the standard errors to account for the nesting of individuals within
cohorts.

Prenatal substance use classes were then used to predict levels of child behavior in two
latent class—adjusted regression models, one for each behavior category of interest (ie,
externalizing and internalizing behavior scores). Child (ethnicity/race, child sex, child age)
and maternal characteristics (education, maternal age at delivery, and marital status) were
included concurrently as predictors of CBCL behavior outcome in each model. Gestational
age, while statistically different between classes, only differed by approximately 3 days,
and therefore was not adjusted within the model. Sample size considerations required
ethnicity/race to be classified into one of three mutually exclusive categories: non-Hispanic/
White, non-Hispanic/non-White (ie, Black, Asian, Alaska Native, American Indian, native
Hawaiian, and Pacific Islander), or Hispanic. See Supplementary Materials for more
information. Odds ratios (ORs) and 95% confidence intervals (Cls) were calculated for

the associations between predictors and the categorical variable of prenatal substance use
class membership for each of the CBCL outcome models. Beta estimates were listed for
continuous associations. The Wald chi-squared test was used to analyze group differences
between latent class means to determine if mean behavior scores were different between the
latent classes. Pairwise comparisons between the three latent classes were also conducted
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within the model with z-tests, accounting for covariates and measurement error. Cohen’s
d was calculated for each statistically significant pairwise comparison. Analyses30:31 were
performed in Mplus 8.16.36

Latent Classes of Prenatal Substance Use

A three-class solution fit the data well based on Bayesian Information Criterion values and
the Lo-Mendell-Rubin likelihood ratio test (p=.045; Table 3; online). Average posterior class
probabilities ranged from 0.52 to 0.99. We described the classes as an illicit substance use
class (17=64; 2.9%) with the highest use of opioids (23%) and illicit substances (100%); a
licit substance use class (/7=145; 6.6%) characterized by nicotine (95%), alcohol (68%), and
marijuana use (48%); and a low substance use class (/7=1,986; 90.5%) with either no or
minimal alcohol (10%) and nicotine use (9%) identified during pregnancy (average number
of substances used: M=.2, SD=.4). All the illicit substance use in our sample was identified
within the illicit substance class, including use of cocaine, methamphetamine, and heroin;
women in this class also used nicotine, alcohol, marijuana, and prescription opioids. The
licit substance use class had the highest percentage of nicotine and alcohol use. Women

in the illicit and the licit substance use classes had comparable levels of marijuana (55%
and 48%, respectively) and prescription opioid use (17% and 14%, respectively). Women

in these two substance use classes used more than two substances on average (M=2.9,
SD=.8; M=2.2, SD=.5, respectively), indicating polysubstance use. These latent classes also
statistically differed by maternal age, maternal ethnicity/race, education, and depression
diagnosis (p<.05); for full demographic results see Table 2 and Supplementary Materials.

Prenatal Substance Use Classes and CBCL Scores

Prenatal substance use class membership predicted externalizing behavior scores (Wald
(2)=83.08, p<.001) and internalizing behavior scores (Wald (2)=34.58, p<.001; Table 4).
Children born to women in the licit use class had higher levels of externalizing behavior
(M=54.6, SD=11.1) than children of women in the low use class (M=47.7, SD=10.5;
b=5.52, p=.001, ¢=0.64). Children born to women in the illicit use class had higher, yet

not statistically significant levels of externalizing behavior (M=51.1, SD=11.2) than women
in the low use class (6=3.05, p=.073). Externalizing behavior was not statistically different
between the illicit and licit use classes (b=—2.46, p=.45).

Children born to women in the illicit use class had slightly higher levels of internalizing
behavior (M=50.3, SD=10.9) than children of women in the low use class (M=48.5,
SD=10.7, b=1.72, p<.001, ¢=0.16). Although the mean for internalizing behavior in the
licit use class (M=52.1, SD=10.8) was higher than the illicit use class, when accounting for
sample size, covariates, and measurement error within the model, no statistically significant
differences in internalizing behavior were found in the licit and low use classes (6=2.93,
p=.14). Internalizing behavior was not statistically different between the illicit and licit use
classes (=-1.21, p=.50).
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Predictors of Prenatal Substance Use Class Membership and CBCL Scores

For both behavioral outcomes, maternal education, ethnicity/race, and marital status
significantly predicted substance use class membership. Mothers with a high school diploma
or greater were less likely to be in the illicit use class than the licit use class for externalizing
(OR=.27, 95% CI[.13,.56]) and internalizing models (OR=.27, 95% CI[.12,.57]). Married
mothers (externalizing: OR=.04, 95% CI[.02,.12]; internalizing: OR=.04, 95% CI[.01,.14]),
respectively) were more likely to be in the low use class than the licit use class compared
with unmarried mothers, and non-Hispanic/White mothers (externalizing: OR=17.66, 95%
CI[3.02,103.37]; internalizing: OR=19.56, 95% CI[2.31,165.36]) were more likely to be in
the licit use class than the low use class compared with non-Hispanic/non-White mothers.
Maternal age at delivery did not predict class membership for either problem behavior
(Table 5).

Child sex, child ethnicity/race, and maternal marital status significantly predicted
externalizing behavior. Higher externalizing scores were more likely in male children
(6=1.31, 95% CI[.94,1.68]), non-Hispanic/White (6=1.37, 95% CI[.53,2.21]) and Hispanic
children (6=1.67, 95% CI[.43,2.92]), and children with an unmarried mother (6=-2.23,

95% CI[-3.56,-.89]) than female children, non-Hispanic/non-White children, and children
with married mothers. Child sex and ethnicity/race significantly predicted internalizing
behavior scores. Higher internalizing scores were more likely in male children (6=1.78, 95%
ClI[1.13,2.45]) and non-Hispanic/White (6=1.43, 95% CI[.49,2.37]) children than female
children and non-Hispanic/non-White children. Child age at CBCL administration, maternal
education, and maternal age at delivery did not predict problem behaviors (Table 6).

DISCUSSION

Polysubstance use may have unique impacts on children’s behavior problems. We
harmonized prenatal characteristics and behavioral outcomes for a dataset comprising
children born to women (A=2,195) from 10 ECHO-wide cohorts who were asked about
substance use during pregnancy. We identified three unique classes of women based on their
prenatal substance use profiles and examined the influence of these substance use classes
and sociodemographic characteristics on behavioral problems at ages 6-11 years.

Mothers in the largest and most normative substance use class (90.5%; 7=1,986) had little to
no substance use during their pregnancy. The remaining two classes accounted for most

of the substance use in our study sample. However, the substance use between these

two classes were unique, with one class comprised mainly of illicit substance use (2.9%;
n=64)—women who primarily used illicit drugs, along with licit substances (e.g., nicotine,
alcohol, marijuana, and prescription opioids)—and the other class made up of licit substance
use only (6.6%; 7=145)—women who used nicotine, alcohol, marijuana, and prescription
opioids, with no reported illicit substance use. The average number of substances used in the
illicit and licit use classes was above two, emphasizing the prevalence of polysubstance use
compared with single substance use during pregnancy.37-38 Further, the distinction of these
classes underlines the differences in polysubstance use profiles, which may help shed light
on how types of substances predict specific child behavioral outcomes.

J Pedliatr. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Maylott et al.

Page 8

Children born to women in the licit use class—characterized by a higher likelihood of using
nicotine and alcohol than the illicit and low substance use classes—showed statistically
significant elevations in externalizing behavior than children who had low to no in utero
substance exposure. These results are consistent with single substance exposure studies

on alcohol and nicotine use and child externalizing behavior problems.3940 However, the
average externalizing behavior score for this licit substance use class was in the typical
range (i.e., several children had subclinical externalizing scores). Nevertheless, around 1 in
4 of children in this class had borderline/clinical levels of externalizing behavior, suggesting
that children prenatally exposed to nicotine and alcohol, compared with other types of
substance exposures, are at higher risk of developing externalizing behavior problems in
middle childhood.

In contrast, children born to women belonging to the illicit use class—characterized by

a higher likelihood of using cocaine, methamphetamine, and heroin, along with nicotine,
alcohol, marijuana, and prescription opioids—showed very small but statistically significant
elevations in internalizing behavior problems than children who had low to no in utero
substance exposure. Our findings are consistent with one previous study on polysubstance
exposure in middle childhood, and the few individual substance exposure (eg, opioids,
marijuana) studies that found prenatal substance use predicted child internalizing behavior
problems.16-18 et the average internalizing behavior score for this class remained below
the clinical range, indicating some children had subclinical scores. To our knowledge,

this is the first large-scale, multi-cohort study showing in utero polysubstance exposure to
primarily illicit substances predicts internalizing behavior problems in middle childhood.
More research is needed to examine potential prenatal mechanisms associated with these
different child behaviors outcomes based on type and/or combination of in utero substance
exposures.

Maternal and child factors were associated with class membership and CBCL scores. Non-
Hispanic/White mothers and married mothers were more likely to use low or no substances
than licit substances, and married mothers were less likely to use illicit than licit substances,
suggesting that mothers with lower education and those who identify as a racial minority
may be a higher risk for substance use. Moreover, male children and non-Hispanic/White
children were more likely to have high externalizing and internalizing scores; Hispanic
children and children with unmarried mothers were also more likely to have elevated
externalizing behavior. These findings highlight potential identifiers of risk for childhood
behavioral problems and may help inform targeted interventions.

This study has several limitations. Due to the design of the study, we did not account
for the postnatal caregiving environment, which can impact child behavioral outcomes.
Additionally, we classified prescription opioids as licit, although we recognize they can
be obtained illegally. Further, as each cohort was not necessarily designed to study
prenatal substance use, we were reliant primarily on maternal self-report. Women may
feel uncomfortable reporting their substance use*! and may have difficulty recalling
past substance use;*2 therefore, self-report measures can be biased and use is likely
underreported.
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Reliance on maternal reports of child behavior rather than clinical diagnostic assessments
also limits our ability to draw firm conclusions, despite the established validity of the
CBCL. Finally, with only 39% completed data, we were unable to account for maternal
depression. Maternal mental health or other direct genetic influences may partially explain
the link between prenatal substance use and child behavior problems. Future studies should
use repeated measurements of the CBCL and/or other child behavior measures to enhance
the ability to draw conclusions from the data. They should also assess child behavior in
adolescence, including ratings of attention and hyperactivity, when internalizing behaviors
may be more apparent to parents and adolescents can self-report their own behavior.

In summary, our findings document the varied types and prevalence of substance use
during pregnancy, which was present even among women in our low substance use class.
Furthermore, the distribution of women into three substance use classes underscores the
variations in polysubstance use profiles. Children exposed to nicotine and alcohol in utero
showed higher rates of externalizing behavior, and children exposed to illicit substances had
higher rates of internalizing behavior than children with little to no exposures. Although
the type of child behavior problem was differentiated based on the unique substance use
profiles, both licit and illicit polysubstance exposures during gestation appear detrimental
to child behavioral outcomes, with around 1 in 5 children having borderline or clinical
levels of behavioral problems. Reducing illicit substance use with medication-assisted
treatment programs, eliminating co-substance use that adversely alters pharmacodynamics,
and moderating legal substance use in birthing parents may limit the risk for childhood
behavioral problems. Further, it is vital to screen for behavioral risk early in development
when interventions are more successful.

While children with polysubstance exposure showed more problem behaviors than children
with less or no exposure, the variability of scores suggests that some children may be more
resilient than others. Examining household and child characteristics in these between-child
differences may offer insight into resiliency factors and help identify children at higher risk
for developmental disruptions. Similar large-scale prenatal substance exposure studies may
help bridge smaller mechanistic studies of the impact of in utero substance exposure on
child outcomes. Overall, these findings highlight the need for further large-scale studies
across diverse geographic locations that include both clinical and general populations,

like the HEALthy Brain and Child Development Study,*3 to identify children’s risk for
developmental disruptions based on maternal prenatal substance use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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