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Abstract:

Objective: Single-substance exposure effects on neurodevelopmental outcomes, such as problem behavior and intelligence
quotient (IQ), have been studied in children for decades. However, the long-term consequences of polysubstance exposure are
poorly understood.

Study Design: Longitudinal neurodevelopmental data were gathered from cohorts across the United States (U.S.) through the
Environmental influences on Child Health Outcomes (ECHO) Program. Data on prenatal exposure to opioids, nicotine, marijua-
na, and alcohol were collected from children ages 6-11 years (N=256). Problem behavior was assessed using the Child Behavior
Checklist (school-age version, CBCL-Sch), and verbal IQ (VIQ) and performance IQ (PIQ) were assessed using the Weschler
Intelligence Scale for Children, Fifth Edition (WISC-5). We first identified latent profiles in the overall sample, then evaluated
differences in profile membership for children with and without prenatal substance exposure.

Results: Latent profile analysis identified two mutually exclusive categories: average VIQ and PIQ, with typical problem beha-
vior; and below-average VIQ with average PIQ and clinically significant problem behavior. Children with prenatal nicotine and
polysubstance exposures were more likely to be classified in the below-average VIQ, elevated problem behavior profile compa-
red with children without prenatal nicotine exposure.

Conclusions: The presence of clinically significant behavior problems in children with average PIQ, but below-average VIQ,
could represent a unique endophenotype related to prenatal nicotine exposure in the context of other prenatal substance expo-
sures.
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Figure 1. Latent Profiles of IQ and Problem Behavior Outcomes. IQ and Problem Behavior
Variables Are Plotted for Each Latent Profile.
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PIQ, performance intelligence quotient; VIQ, verbal intelligence quotient; summary scores from
the Child Behavior Checklist include Anx/Dep, anxiety and depression; With/Dep,
withdrawn/depressed; Somatic, somatic problems; Social Prb, social problems; Thought Prb,
thought problems; Attention, attention problems; Rule breaking, rule-breaking behavior;
Agressin, aggression problems.
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ABSTRACT

Objective: Single-substance exposure effects on neurodevelopmental outcomes, such as
problem behavior and intelligence quotient (IQ), have been studied in children for decades.
However, the long-term consequences of polysubstance exposure are poorly understood.
Study Design: Longitudinal neurodevelopmental data were gathered from cohorts across the
United States (U.S.) through the Environmental influences on Child Health Outcomes
(ECHO) Program. Data on prenatal exposure to opioids, nicotine, marijuana, and alcohol
were collected from children ages 6-11 years (N=256). Problem behavior was assessed using
the Child Behavior Checklist (school-age version, CBCL-Sch), and verbal IQ (VIQ) and
performance IQ (PIQ) were assessed using the Weschler Intelligence Scale for Children,
Fifth Edition (WISC-5). We first identified latent profiles in the overall sample, then
evaluated differences in profile membership for children with and without prenatal substance
exposure.

Results: Latent profile analysis identified two mutually exclusive categories: average VIQ
and PIQ, with typical problem behavior; and below-average VIQ with average PIQ and
clinically significant problem behavior. Children with prenatal nicotine and polysubstance
exposures were more likely to be classified in the below-average VIQ, elevated problem
behavior profile compared with children without prenatal nicotine exposure.

Conclusions: The presence of clinically significant behavior problems in children with
average PIQ, but below-average VIQ, could represent a unique endophenotype related to

prenatal nicotine exposure in the context of other prenatal substance exposures.
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KEY POINTS

The neurodevelopmental consequences of prenatal polysubstance exposure are poorly
understood.

Children with prenatal polysubstance exposure exhibited reduced IQ and elevated
problem behavior.

We found significant behavior problems in children with average PIQ and below-
average VIQ.

This may represent a unique endophenotype related to prenatal nicotine exposure.

INTRODUCTION

Prenatal exposure to substances is a significant public health concern. A 2019 United

States (U.S.) survey on drug use showed that 1 in 5 pregnant women used substances while

pregnant, which ranged from legal substances, such as nicotine and alcohol, to illegal drugs,

including opioids '. Most research has examined the effect of a specific substance, controlling

for the effects of other substances >. However, polysubstance use, or use of at least two

substances during pregnancy, is the norm rather than the exception (Liu et al., 2018). Despite

this understanding, limited information is available on polysubstance exposure effects on

neurodevelopmental outcomes.
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Studies over the past several decades have examined the effects of prenatal exposure
to single substances (e.g., nicotine or alcohol) on problem behavior outcomes, such as
internalizing and externalizing behavior, and on cognitive outcomes, such as intelligence
quotient (IQ). These studies show that the effects of prenatal exposure to alcohol, marijuana,
cocaine, and nicotine appear to be more pronounced for externalizing behavior than
internalizing behavior (Cornelius et al., 2011; Min et al., 2018). These studies also suggest
that prenatal exposure to multiple substances, including cocaine, opioids, nicotine, marijuana,
and alcohol, are associated with elevations in externalizing, but not internalizing behavior, at
age 11 ° and also with growth in problem behavior across adolescence ”.

In these studies, IQ and problem behaviors are typically examined as outcomes in
isolation. However, discrete groups of children may show challenges in one domain (such as
problem behavior) and strengths in another (such as IQ). A recent review of 52 studies found
that 23 studies observed an impact of prenatal opioid exposure on behavioral outcomes,
whereas 17 studies detected cognitive effects *. Prenatal exposure to cocaine and other
substances predicted increased internalizing and externalizing problems at age 3 but no
effects on verbal 1Q (VIQ) or performance IQ (PIQ) in early childhood (Liu et al., 2010).
Prenatal exposure to opioids and other substances may therefore have stronger effects on

problem behavior outcomes than IQ outcomes °.

In contrast, clinicians typically take a multidimensional, or “whole child,” approach
by examining multiple cognitive and behavioral outcomes and integrating the data in a
clinical setting instead of only examining single domains. We used this approach in the
current study by examining whether clinically significant scores in one domain (e.g.,
cognition) were found in other domains (e.g., internalizing and externalizing behavior) to find
initial evidence of an endophenotype for prenatal substance exposure. As part of the

Environmental influences on Child Health Outcomes (ECHO) Program, we harmonized
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prenatal substance exposure, IQ, and problem behavior data from 256 pregnant women and
their children ages 6-11 years from two cohorts in the U.S. We hypothesized that children
with high levels of polysubstance exposure would have the highest externalizing behavior

and attention problems, and lowest IQ scores.

METHODS
Environmental influences on Child Health Outcomes (ECHO) Program

The ECHO Program is a consortium funded by the United States National Institutes
of Health with 69 existing pediatric cohorts across the U.S. designed to investigate the effects
of early life exposures on five key areas of child health: pre-, peri-, and postnatal health;
obesity; respiratory conditions, including asthma; neurodevelopment; and positive
health/well-being *'°. The ECHO Program includes the ECHO Neonatal Opioid Withdrawal
Syndrome (NOWS) special interest group for studying substance exposures in children. The
data for this study comes from two cohorts in the NIH ECHO Program (BAMBAM and
TIDES, described below). 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.

Study Population

Participants were mothers with non-missing information on opioid use during a
singleton pregnancy with a biological child 6-11 years of age for whom data were available
from the Child Behavior Checklist, school-age version (CBCL-Sch), with Verbal
Comprehension Index and Perceptual Reasoning Index scores from the Weschler Intelligence
Scale for Children, Fifth Edition (WISC-5), for assessing VIQ and PIQ, respectively.

Problem behavior and IQ data were collected prospectively. A total of 256 mother-child pairs
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were included in this analysis from two ECHO cohorts. The Behavior and Mood of Babies,
Adolescents, and Mothers study (n=123; BAMBAM; Deoni et al., 2012, 2016) is a
prospective longitudinal analysis of brain development in healthy term children in Rhode
Island beginning during pregnancy (2010-2017). Prospective longitudinal cognitive data were
collected from age 3 months to 12 years as part of a larger study on typical brain
development across childhood. The Infant Development and Environment Study (n=133;
TIDES) recruited pregnant women from 2010-2012 from prenatal clinics in Minnesota,
Washington, California, and New York to examine phthalate exposure, genital outcomes, and

neurobehavior in children between 2010-2012 4,

Prenatal Substance Use

Any detection of prenatal substance exposure as indicated on medical records was
used for this study. We created binary variables (yes/no) for each prenatal substance of
interest. Nicotine, alcohol, marijuana, and opioid use was defined as any use of the respective
substance during pregnancy as ascertained by self-report, medical record abstraction, or
maternal toxicology screen. Tobacco/nicotine exposure included cigarette smoking, e-
cigarette smoking (vaping, electronic nicotine delivery devices/ENDS, vape pens or mods,
etc.), and other forms of tobacco/nicotine (chewing tobacco/snuff, nicotine patch, nicotine

gum/lozenges, cigar, pipe, hookah, and Bidi (Beedi)).

Child Behavior Outcomes: Child Behavior Checklist, School-Age Version

The CBCL is used in clinical and nonclinical settings for assessing behavioural and
emotional problems in children . It is a questionnaire administered to caregivers that asks
about a target child’s emotional and behavioral problems and is used in clinical and

nonclinical settings. CBCL items ask a caregiver to rate the degree to which a child has each
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of 100 problems on a scale from 0 (Not True) to 3 (Very True or Often True). The CBCL
yields T-scores with a mean of 50 and a standard deviation (SD) of 10; scores above or equal
to 60 are considered to fall above the clinical cut-off for the problem behavior domain
(borderline: 60 to 63; clinical: greater than 64). The CBCL-Sch was administered to ECHO
caregivers when children were 6 to 11 years of age. The CBCL-Sch consists of 120 items
related to child behavior issues scored on a 3-point scale ranging from Not True (value of 0)
to Often True or Very True (value of 2). Raw CBCL scores, calculated by summing the
corresponding CBCL responses, were transformed into T-scores for analysis according to the

CBCL manual.

Child Cognition Outcomes: Wechsler Verbal Comprehension Index and Perceptual

Reasoning Index

The Wechsler Verbal Comprehension Index and Perceptual Reasoning Index are
scores that quantify verbal and nonverbal ability, respectively, and are produced by the larger
WISC-V, a well-validated set of tests (e.g., define words, complete patterns) administered to
children to test their cognitive abilities. We calculated VIQ and PIQ scores from the WISC-5
(Wechsler, 2014). When index scores were not available from the participating cohorts, but
subtest scores were available, we calculated VIQ and PIQ scores by averaging the scores for
subtests included in the VIQ and PIQ index scores separately, converting those averages to
the IQ metric (mean of 100, SD of 15; scores less than 85 considered “below-average 1Q”) to
yield calculated VIQ and PIQ scores. The subtests in the WISC-5 are reliable and valid
indicators of the measured domains (Wechsler, 2014); therefore, scores obtained from this
method are comparable to scores calculated by cohorts using the test manual. Overall, 122
individuals had VIQ scores provided by cohorts, and scores were calculated for an additional

134 children using Vocabulary (n=133) and Similarities (n=1). PIQ scores were available for
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121 individuals in the cohorts, and we calculated PIQ as the average of the Block Design and

Matrix Reasoning for the remaining 135 individuals.

Covariates

The highest level of maternal education attained was categorized as less than high
school, high school, or some college and above. Household income was categorized as
<$30,000, $30,000 to $49,999, $50,000 to $74,999, $75,000 to $99,000, and $100,000 or
more. Child and maternal race and ethnicity were categorized as Non-Hispanic White, Non-
Hispanic Black, Non-Hispanic Asian, Non-Hispanic Other Race, and Hispanic categories.
These data were included as covariates because they are considered proxy measures for
unmeasured social determinants of health, such as exposure to racial discrimination. Non-
Hispanic Other Race included Non-Hispanic Alaska Native, Non-Hispanic American Indian,
Non-Hispanic Native Hawaiian, and Non-Hispanic Pacific Islander. Prenatal marital status
was defined as married or living with a partner or not married. Insurance type was
categorized as follows: Medicare, Medicaid, medical assistance (MA), Children’s Health
Insurance Program, or any kind of state or government assistance plan based on the income
or disability of the biological mother (yes/no); private insurance, including Tricare/military
healthcare and Indian Health Service coverage (yes/no); other insurance (yes/no); and no
insurance (yes/no).

Maternal history of depression was any diagnosis of depression at any point before
the pregnancy through 8 weeks postpartum by medical records, ICD-9/10 codes (ICD-9:
296.2X, 296.3X, 300.4, 296.9X; ICD-10: F32.XX, F33.XX, F34.1, F39.XX), or self-report.

Child characteristics included year of birth, sex at birth (male, female, ambiguous),
gestational age at birth in completed weeks, and birthweight (in grams). Child data were

obtained through maternal medical records, child medical records, or parent-report.
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Statistical Analysis

We described maternal sociodemographic characteristics, prenatal substance use,
history of depression, child birth characteristics, and child neurodevelopment outcomes by
class and for the entire sample (Table 1).

To impute missing data, we used multiple imputation by fully conditional
specification (FCS) with a discriminant function (Division of Analysis, Research, and
Practice Integration, National Center for Injury Prevention and Control, U.S. Centers for
Disease Control and Prevention, 2015) for the categorical and binary variables, including
race/ethnicity, maternal education, and prenatal alcohol, nicotine, and marijuana use. FCS
predictive mean matching methods were used for imputing the continuous variables, such as
maternal age at delivery, gestational age of child, and birthweight of child. Imputation models
included prenatal substance use (opioid, alcohol, nicotine, and marijuana use), outcome (VIQ,
PIQ, or CBCL scores), all covariates in the main analysis model, and Cohort-ID as a
classification variable.

We modelled the heterogeneity of child behavior problems and IQ using latent profile
analysis. This approach groups children into distinct profiles based on subscales from the
CBCL, VIQ, and PIQ. To determine the number of latent profiles, we compared goodness of
fit indices using standard fit statistics (Bayesian information criterion, BIC), where a lower
number is indicative of better fit, and the Vuong-Lo-Mendell-Rubin adjusted likelihood ratio
test (LRT; Nylund et al., 2007; Nylund-Gibson & Choi, 2018). Once the number of profiles
was chosen, the model was run without covariates to obtain the most likely class membership
and associated classification probabilities, which were then used in additional models with

outcomes and covariates. This method avoids class switching and accounts for measurement
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error that exists when using this type of latent approach *. Standard errors were adjusted for

clustering at the cohort level using sandwich estimators. Odds ratios (ORs) of being in Class

1 compared with Class 2 were adjusted for prenatal substance use, race/ethnicity, child’s sex,
gestational age, birthweight, and maternal education, and 95% confidence intervals (CIs)

were obtained. Analyses were conducted in Mplus 8.16 (Muthén & Muthén, 2017).

RESULTS
Sample Characteristics

Sample characteristics for the 256 children in this study are summarized in Table 1.
Approximately half of the participants were male (53.7%) and primarily Non-Hispanic White
(80.2%). Overall, 12.6% of the children were exposed to alcohol, 4.2% exposed to nicotine,
2.2% exposed to marijuana, and 2.7% exposed to opioids in utero. The mean age at CBCL

assessment was 7.3 years, and the mean age at WISC-5 administration was 7.9 years.

Outcome: Latent Profile Analysis

Fit statistics for class enumeration (Table 2) showed that a two-class solution fit the
data well (Figure 1) based on the BIC values and the LRT. The largest profile, Class 1 (C1;
n=223, 87%), was characterized by low behavioral problems across all CBCL subscales and
average scores for IQ (a mean PIQ value of 107 (SD=14) and a mean VIQ value of 112
(SD=15). The second profile, Class 2 (C2; n = 33, 13%), was characterized by elevated
scores for all CBCL subscales and significant elevations above the clinical cut-off for
internalizing, externalizing, and total behavior problems (Table 1). The C2 group was
characterized by average IQ scores with a mean PIQ value of 103 (SD=14.8) and a mean VIQ

value of 106 (SD=19.1; Table 1), and significantly more children in the C2 group had VIQ
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scores 1 SD below the mean compared with children in the C1 group (p=.006). All CBCL
subscales differed significantly between the two profiles, with the C2 group having higher
scores than the C1 group (p<.001). In the C1 group, 15% of children had exposure to any
substance compared with 30% of children in the C2 group (chi-squared, p=.03; Table 1).
Several covariates were used to predict class membership (Table 3). Nicotine use
during the prenatal period was a significant predictor of class membership (OR=0.16; 95%
CI: 0.04-0.60) such that children with exposure to nicotine were more likely to be in the C2
group. Prenatal opioid, alcohol, and marijuana use were not significant predictors of profile
membership. Overall exposure to substances during the prenatal period was higher in the C2
group. Compared with Non-Hispanic White children, Non-Hispanic Black children were

significantly more likely to be in the C1 group (OR=2.46; 95% CI: 1.85-3.26).

DISCUSSION

A critical gap in the literature concerns the long-term neurodevelopmental outcomes
of polysubstance exposure in children. We sought to identify which subgroups of children
with prenatal exposure to alcohol, nicotine, marijuana, and opioids may be most in need of
neurodevelopmental support (clinically significant behavior problems and low 1Q). Two
latent profiles of problem behavior and IQ outcomes emerged in this study that were
predicted by prenatal maternal substance use. The majority of children (C1 group) had
average scores on the problem behavior assessment and slightly above-average IQ. Prenatal
exposure to any substance was low. In contrast, 73% of children in the C2 group had
internalizing behaviors above the clinical cut-off, and 52% had clinically elevated

externalizing problems. More of the children in the C2 group had low (<85) VIQ scores. In

addition, twice as many children in the C2 group had polysubstance exposure compared with

children in the C1 group (30% vs 15%, respectively).
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Children in the high problem behavior, average 1Q class (C2 group) were significantly
more likely to have prenatal nicotine exposure (15% of children in the C2 group had prenatal
nicotine exposure compared with 3% in the C1 group). Children in the C2 group were
polysubstance exposed, and also had prenatal exposure to alcohol, nicotine, marijuana, and
illicit substances. In previous studies using magnetic resonance imaging (MRI), prenatal
nicotine exposure throughout pregnancy predicted cortical thinning in the precentral and
superior frontal cortices, which in turn predicted increased affective problems in 6-year-olds
*2, Prenatal nicotine exposure could also disrupt placental blood flow * and increase risk for
iron deficiency ** that may explain the behavioral and verbal reasoning challenges observed
in the C2 group.

Prenatal nicotine exposure also predicts increased externalizing behavior in middle
childhood °. These findings suggest that pediatricians should monitor prenatal nicotine
exposure effects closely as they may screen for prenatal exposure to other substances, such as
opioids. Furthermore, for children with prenatal nicotine exposure, a typical IQ score may not
generalize to average problem behavior. Clinicians should apply a multidimensional
approach to screening that includes cognitive functioning in addition to behavior problems.
The discrepancy we observed between VIQ and PIQ in this class may suggest that a child
with prenatal nicotine and other substance exposure could have challenges with verbal
expression, which may be frustrating and increase the risk for aggression or withdrawn
behavior. For example, VIQ, but not PIQ, predicted elevated externalizing problems in boys
with attention-deficit/hyperactivity disorder (ADHD; Kebir et al., 2009). It is possible that the
hypothesized endophenotype is the result of nicotine-driven polysubstance exposure and its
effect on behavior problems explained, in part, challenges in verbal reasoning.

The effects of nicotine on problem behavior and 1Q were stronger than expected.

Studies of prenatal substance exposure usually employ one of two methods: identifying
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cohorts with prenatal exposure to the drug of interest compared with a substance with no
prenatal substance exposure *° or studying cohorts with polysubstance exposure and control
for (or covary) other substances ’. Both of these methods are treated as identifying “substance
effects.” However, finding a substance effect in the context of other substances may be
different than finding a substance effect without the presence of other substances. The latent
profile analysis in our study generated two groups of children with prenatal substance
exposure. Thus, the nicotine effects that we observed were in the context of other substance
exposures. It is also noteworthy that this is not a population with a high sociodemographic
risk. Most participants had some college education, were employed, and were married, or had
a partner. Many children were not exposed to any substances. Yet, not only were there
prenatal substance use effects, the effects were large enough to reach clinical significance.
These findings indicate how pervasive the effects of substance use are on children and that
even low levels of exposure to commonly used substances reach all segments of society.

We attempted to consider the effects of a number of relevant confounding variables,
such as prenatal maternal depression exposure and socioeconomic status, given that women
who use substances prenatally also report high levels of stress, psychopathology, and
financial stress (Conradt; others). Symptoms of maternal depression were elevated in Class 2
relative to Class 1, which could also explain the elevations in problem behavior and verbal
reasoning observed in Class 2. Some mothers with depression may struggle with providing an
enriching verbal environment for their children, which may have impacted verbal

t 7. There is also evidence that some mothers who report elevated symptoms of

developmen
depression also have infants who show more irritability, making it challenging to parent the

infant, which could over time and via coercive parent-child interactions lead to elevated

behavioral difficulties in the child *. Prospective studies that include observations of
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parenting and child behavior may help to clarify potential mechanisms implicated in the
development of behavior dysregulation.

These findings have important clinical and policy applications. The majority of
studies that investigate the neurodevelopmental consequences of prenatal substance exposure
examine outcomes in isolation. However, clinicians often assess children’s functioning in one
domain (such as problem behavior) while neglecting others (such as IQ). Examining the
combination of problem behavior and IQ may help to identify which specific groups of
children are most impacted by prenatal substance exposure. Both groups of children showed
average VIQ and PIQ, although significantly more children in the C2 group had VIQ scores
that fell at least 1 SD below the mean, the cutoff for early intervention services. Problem
behavior scores and the number of children with clinically significant elevations in problem
behavior also distinguished the groups. Children in the C2 group had elevated problem
behavior scores, with most children falling in the clinical range for internalizing and
externalizing behavior (73% and 52%, respectively). This pattern was different from other
studies wherein children with prenatal substance exposure typically show elevations in
externalizing and attention problems, but not always in internalizing behavior °. It may be
that polysubstance exposure has a more pervasive impact on behavior, affecting all problem
behaviors measured. If replicated, these results may also begin to describe a polysubstance
exposure endophenotype characterized, in part, by clinically significant elevations in
internalizing, externalizing, and attention problems, below-average VIQ, and average
nonverbal IQ.

With respect to limitations, the sample size of the C2 group was small, as was the
number of women reporting nicotine use during pregnancy. Similar to other cohort studies
(e.g., , we had little information about the frequency, quantity, or trimester-specific effects

of substance use on behavioural and cognitive outcomes, and we were unable to test for
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trimester-specific effects due to a lack of data, a priority for future studies. In addition,
maternal education and socioeconomic status were used as covariates, which may serve as
proxies for unmeasured direct effects of poverty on child problem behavior and IQ outcomes,
such as quality of language exposure. We were also not able to measure additional postnatal
risk factors that may contribute to the development of problem behavior, such as parenting,
parental history of learning problems or ADHD, and postnatal substance use, which are also
associated with prenatal nicotine use *. Additional limitations of this study include the
assessment of prenatal substance exposure, which relied on medical records or maternal

report rather than toxicology analysis.

CONCLUSION

A key contribution of this research to clinical practice is the identification of two
subgroups of children with different profiles of IQ and behavioral data depending on the type
of substance to which they were exposed. The group of children with elevated internalizing,
externalizing, and attention problems, average PIQ, and lower VIQ had significantly more
prenatal exposure to nicotine. This approach to modelling data using multiple outcomes
simultaneously could be replicated in other high-risk samples, for example, infants born
premature. Evidence from this study and other longitudinal studies indicates that pediatricians
and policy makers should continue to screen for psychopathology well into middle childhood,
particularly in children with known prenatal nicotine exposure. Attempts should also be made
to replicate our problem behavior and IQ profiles in children with other known early life
risks, such as those reared in poverty, to determine if our multidimensional approach to

examining developmental outcomes is consistent across diverse groups of children.
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Table 1. Sample Characteristics Overall and by Class Membership

Class 1 Class 2 Overall | P
(average (low VIQ value
IQ and and
problem elevated
behavior) problem
behavior)
Number of women 223 33 (12.9%) | 256
(87.1%) (100%)
Maternal demographics
Age at delivery, N (%) with data 222 33 (100%) | 255
(99.6%) (99.6%)
mean (SD) 31 (6) 30 (6.1) 31 (6) .243
Race/Ethnicity, N (%) with data 220 33 (100%) | 253 771
(98.7%) (98.8%)
Non-Hispanic White, N (%) 162 (74%) 24 (73%) 186
(74%)
Non-Hispanic Black, N (%) 12 (5%) 1 (3%) 13 (5%)
Non-Hispanic Asian, N (%) 6 (3%) 0 (0%) 6 (2%)
Non-Hispanic Other Race, N (%) 16 (7%) 3 (9%) 19 (8%)
Hispanic, N (%) 24 (11%) 5 (15%) 29
(11%)
Calendar year of child birth, N (%) with data 223 (100%) | 33 (100%) | 256
(100%)
2001-2010, N (%) 62 (28%) 4 (12%) 66 .055
(26%)
2011-2020, N (%) 161 (72%) 29 (88%) 190 .055
(74%)
Socioeconomic Status
Education, N (%) with data 221 32 (97%) 253
(99.1%) (98.8%)
Some college and above, N (%) 199 (90%) 26 (81%) 225 .138

(89%)
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Employment, N (%) with data 112 21(63.6%) | 133
(50.2%) (52%)
Employed, N (%) 80 (71%) 12 (57%) 92 193
(69%)
Income, N (%) with data 27 (12.1%) | 10(30.3%) | 37 216
(14.5%)
<$30,000, N (%) 19 (70%) 9 (90%) 28
(76%)
$30,000-$49,999, N (%) 0 (0%) 0 (0%) 0 (0%)
$50,000-$74,999, N (%) 8 (30%) 1 (10%) 9 (24%)
$75,000-$99,999, N (%) 0 (0%) 0 (0%) 0 (0%)
$100,000 or more, N (%) 0 (0%) 0 (0%) 0 (0%)
Marital status, N (%) with data 112 21 (63.6%) | 133
(50.2%) (52%)
Married or living with a partner, N (%) 102 (91%) 14 (67%) 116 .002
(87%)
Comorbidities
History of depression through 8 weeks postpartum, N 116 (52%) 20 (60.6%) | 136
(%) with (53.1%)
data
Yes, N (%) 9 (8%) 6 (30%) 15 .003
(11%)
Depression During Pregnancy, N (%) with data 116 (52%) 20 (60.6%) | 136
(53.1%)
Yes, N (%) 8 (7%) 6 (30%) 14 .002
(10%)
Substance use during pregnancy
Any substance use, N (%) 29 (15%) 8 (30%) 37 .003
(17%)
Total number of substances used, N (%) with data 194 (87%) 27 (81.8%) | 221
(86.3%)
Mean (SD) 0.2 (0.5) 0.4 (0.6) 0.2 (0.5) | .061
Any substance use, N (%) 29 (15%) 8 (30%) 37 .056
(17%)
Alcohol, N (%) with data 220 31(93.9%) | 251
(98.7%) (98%)
Yes, N (%) 26 (12%) 5 (16%) 31 495
(12%)
Tobacco, N (%) with data 199 27 (81.8%) | 226
(89.2%) (88.3%)
Yes, N (%) 5 (3%) 4 (15%) 9 (4%) .002
Marijuana, N (%) with data 202 30 (90.9%) | 232
(90.6%) (90.6%)
Yes, N (%) 4 (2%) 1 (3%) 5 (2%) .634
Any illicit drugs*, N (%) with data 221 33 (100%) | 254
(99.1%) (99.2%)
Yes, N (%) 0 (0%) 0 (0%) 0 (0%)
Methamphetamine, N (%) with data 221 33 (100%) | 254
(99.1%) (99.2%)
Yes, N (%) 0 (0%) 0 (0%) 0 (0%)
Cocaine, N (%) with data 221 33 (100%) | 254
(99.1%) (99.2%)
Yes, N (%) 0 (0%) 0 (0%) 0 (0%)
Opioid use
Use during pregnancy, N (%) with data 223 (100%) | 33 (100%) | 256

(100%)
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Yes, N (%) 5 (2%) 2 (6%) 7 (3%) .209
Use by trimester, N (%) with data 222 33 (100%) | 255
(99.6%) (99.6%)
First trimester, N (%) <5 <5 <5 17
Second trimester, N (%) <5 <5 <5 .29
Third trimester, N (%) 3 (1%) 2 (6%) 5 (2%) .069
Prescription use, N (%) with data 116 (52%) 21(63.6%) | 137
(53.5%)
Yes, N (%) 5 (4%) 2 (10%) 7 (5%) .318
Heroin, N (%) with data 222 33 (100%) | 255
(99.6%) (99.6%)
Child characteristics
Sex, N (%) with data 223 (100%) | 33 (100%) | 256
(100%)
Males, N (%) 115 (52%) 22 (67%) 137 .105
(54%)
Females, N (%) 108 (48%) 11 (33%) 119
(46%)
Child race/ethnicity, N(%) with data 221 33 (100%) | 254 .601
(99.1%) (99.2%)
Non-Hispanic White, N (%) 146 (66%) 21 (64%) 167
(66%)
Non-Hispanic Black, N (%) 14 (6%) 2 (6%) 16 (6%)
Non-Hispanic Asian, N (%) 9 (4%) 0 (0%) 9 (4%)
Non-Hispanic Other Race, N (%) 23 (10%) 3 (9%) 26
(10%)
Hispanic, N (%) 29 (13%) 7 (21%) 36
(14%)
Gestational age at birth, N (%) with data 221 33 (100%) | 254
(99.1%) (99.2%)
Mean (SD) 39 (1.8) 39.3(2) 39(1.8) | .315
Birth weight (kg), N (%) with data 220 32 (97%) 252
(98.7%) (98.4%)
Mean (SD) 3.3(0.5) 3.4 (0.5) 3.4(0.5) | .419
Large or small for gestational age at birth, N 218 32 (97%) 250
(%) with data (97.8%) (97.7%)
Large for gestational age, N (%) 39 (18%) 5 (16%) 44 .753
(18%)
Small for gestational age, N (%) 18 (8%) 1 (3%) 19 (8%) | .306
Cognition summary
Verbal comprehension IQ (VIQ) score, mean (SD) 11 2(15) 106 (19.1) 111 .051
(15.7)
1 SD < mean, VIQ, N (%) 15 (7%) 7 (21%) 22 (9%) | .006
Perceptual reasoning IQ (PIQ) score, mean (SD) 107 (14) 103 (14.8) 106 .183
(14.1)
1 SD < mean, PIQ, N (%) 21 (9%) 5 (15%) 26 .309
(10%)
Child age (years) at IQ assessment, mean (SD) 7.4 (1.7) 6.9 (1.4) 7.3(1.7) | .151
Behavior Summary
Anxious/Depressed syndrome T-score, Mean (SD) 52 (4.5) 65 (7.4) 54 (6.5) | <.001
Withdrawn/Depressed syndrome T-score, Mean (SD) 52 (3.8) 63 (6.8) 54 (5.6) | <.001
Somatic complaints T-score, Mean (SD) 54 (5) 62 (7.7) 55 (6) <.001
Social problems syndrome T-score, Mean (SD) 52 (2.7) 64 (6.5) 54 (5.4) | <.001
Thought problems T-score, Mean (SD) 52 (3.6) 63 (7.6) 54 (5.6) | <.001
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Attention problems T-score, Mean (SD) 54 (5.1) 64 (8.8) 55(6.7) | <.001
Rule-Breaking behavior T-score, Mean (SD) 52 (3.5) 62 (8.1) 54 (5.4) | <.001
Aggressive behavior T-score, Mean (SD) 52 (4.4) 65 (8.7) 54 (6.7) | <.001
Internalizing problems clinical ranges, N 223 (100%) | 33 (100%) | 256 <.001
(%) with data (100%)
Normal range, N (%) 203 (91%) 5 (15%) 208
(81%)
Borderline clinical range, N (%) 13 (6%) 4 (12%) 17 (7%)
Clinical range, N (%) 7 (3%) 24 (73%) 31
(12%)
Externalizing problems clinical ranges, N 223 (100%) | 33 (100%) | 256 <.001
(%) with data (100%)
Normal range, N (%) 211 (95%) 9 (27%) 220
(86%)
Borderline clinical range, N (%) 9 (4%) 7 (21%) 16 (6%)
Clinical range, N (%) 3 (1%) 17 (52%) 20 (8%)
Total problems clinical ranges, N (%) with data 223 (100%) | 33 (100%) | 256 <.001
100%
Normal range, N (%) 216 (97%) 1 (3%) (217 :
(85%)
Borderline clinical range, N (%) 7 (3%) 9 (27%) 16 (6%)
Clinical range, N (%) 0 (0%) 23 (70%) 23 (9%)
Child age (years) at behavior assessment, mean (SD) 8 (1.5) 7.4 (1.4) 7.9 (1.5) | .032
PIQ, performance intelligence quotient; SD, standard deviation; VIQ, verbal intelligence quotient.
Table 2. Model Fit Indices
Class | Log # of | BIC ssaBIC Entropy | LMR | LMR- | Smallest
likelihood | free LRT | class
par p
value
1 -8799.314 | 20 17709.76 | 17646.356
2 -8365.392 | 31 16903.05 | 16804.764 | 0.986 853.874 | .0031 | 13.10%
3 -8241.36 42 16716.11 | 16582.952 | 0.971 244.07 | .22 4.60%
4 -8177.74 53 16649.99 | 16481.962 | 0.982 125.194 | .3659 | 4.60%

BIC, Bayesian information criterion; ssaBIC, sample size adjusted Bayesian information
criterion; LMR, likelihood ratio test; LMR-LRT, Lo-Mendell-Rubin adjusted likelihood ratio

test.

Table 3. Adjusted Odds Ratio for the Association of Prenatal Substance Exposure With

Class Membership
Full sample | Class1 | Class2 | Adjusted OR |P
(n=256) (n=223, | (n=33, | (95% CI) valu
87%) 13%) e
Prenatal opioid use 2.7% 2.2% 6.0% 0.52 (0.07- .58
3.70)
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Prenatal alcohol use 12.6% 11.7% 18.7% 0.76 (0.41- .48
1.43)
Prenatal tobacco use 4.2% 2.9% 13.0% 0.16 (0.04- .02
0.60)
Prenatal marijuana use | 2.2% 2.0% 3.1% 1.54 (0.01- .89
293.5)
Race/ethnicity
Non-Hispanic Black 6.2% 6.2% 5.9% 2.46 (1.85- <.00
3.26) 1
Non-Hispanic Other 27.9% 27.7% 29.4% 1.42 (0.54- .55
Race 3.69)
Hispanic 14.3% 13.4% 20.7% 0.59 (0.06- 71
6.01)
Sex (male) 53.7% 51.5% 68.0% 0.37 (0.14- A1
1.02)
Gestational age, mean 39.1 39.0 39.4 0.85 (0.80- <.00
completed weeks 0.90) 1
Birthweight, g 3357.1 3341.8 3460.2 1.00 (1.00- .78
1.00)
Maternal education 89.2% 90.2% 82.2% 2.01 (0.54- 31
3.69)

Non-Hispanic Other Race includes Non-Hispanic Asian and Non-Hispanic Alaska Native,
Non-Hispanic American Indian, Non-Hispanic Native Hawaiian, and Non-Hispanic Pacific
Islander. Maternal education categorized as some college and above versus less than college.
CI, confidence interval; OR, odds ratio.

Figure 1. Latent profiles of IQ and problem behavior outcomes. IQ and problem behavior

variables are plotted for each latent profile. IQ, intelligence quotient.
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