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Prenatal Polysubstance Exposure (PPE) and ADHD:

Comparison of Behavior Profiles in Children and Adolescents

Rana W. Tanios
Graduate School of Clinical Psychology
George Fox University

Newberg, Oregon

Abstract

Previous research reveals pervasive polysubstance use during pregnancy, with
widespread neurological, cognitive, and behavioral deficits that have lasting implications for
both adults and children with prenatal polysubstance exposure (PPE; Behnke et al., 2013; Forray,
2016). Early PPE identification leads to improved long-term outcomes. However, identifying
PPE is difficult due to underreported use, absent dysmorphic features, and behaviorally similar
profiles to other psychiatric conditions, with ADHD identified as the most common referral and
most prevalent diagnosis assigned for children with PPE (Chasnoff et al., 2010). Despite similar
behavioral symptoms, emerging data reveal a specific neurological profile for PPE distinct from
ADHD, illustrating the need for targeted interventions. Consequently, it becomes imperative to
build a more extensive neurobehavioral profile to identify children with PPE and better
distinguish them from other diagnoses. The current study sought diagnostic clarity by exploring
behavioral differences between children with PPE and non-exposed ADHD using clinical scales

and composites from the BASC-3 parent and teacher rating forms. Participants were derived
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from an archived database from rural school districts. Results found parents yielded higher
predictability than teachers, with parents accurately differentiating PPE from ADHD individuals
100% of the time. However, no independent scales predicted PPE group. Significant differences
were observed by parents for Externalizing Problems, Adaptive Skills, Depression, and
Withdrawal scales, with higher clinical scores detected for the PPE group. Findings underline the
BASC-3 as a potential and effective tool in differentiating PPE from ADHD groups and continue
to aid in constructing a comprehensive behavioral profile for those prenatally exposed.

Keywords: ADHD, prenatal, polysubstance, exposure, behavioral, deficits, BASC
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Chapter 1
Introduction
Relevance

Prenatal substance exposure negatively impacts children's development, generating
cognitive, behavioral, and physical side effects that generate long-term repercussions (Easey,
2019; Khoury et al., 2018; Reitan, 2017). National surveys found 5.9% of women in America
reported illicit drug use, 10% alcohol use, and approximately 15% tobacco use while pregnant
(England et al., 2020; Forray, 2016). Despite extensive studies on the harmful effects of prenatal
drug use, long-term implications, and increased efforts towards prevention programs, in utero
opioid use quadrupled from 1999-2014 (Haight et al., 2018), while cannabis use more than
doubled between 2002-2017 (NIDA, 2020) by women during pregnancy.

Due to the stigma and shame that typically accompanies substance use during pregnancy,
exact use is presumably underreported, and yet, indicates an emerging concern regarding in-utero
exposure ramifications that persist into adulthood. For example, prenatal alcohol-exposed
adolescents and adults diagnosed under the fetal alcohol spectrum disorders (FASD) displayed
increased risk for adverse life outcomes, including alcohol use, inappropriate sexual behaviors,
involvement within the justice system, increased self-injurious behavior (SI), and psychiatric
hospitalizations (Lynch et al., 2017; Streissguth, 2004). A study found in utero marijuana
exposure negatively impacted adaptive functioning across child development into adulthood
(Forman et al., 2017). In-utero cocaine exposure is associated with emotional dysregulation in

young adults, increased likelihood of cocaine use in teens, and overall increased likelihood of
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arrests (Richardson et al., 2019; Yip et al., 2015). Additionally, cocaine, methamphetamines, and
alcohol in utero exposure all were found to alter inhibitory control in adults (Richardson et al.,
2019).
In Utero Polysubstance Exposure

Understanding the impact of in-utero substance exposure is further complicated by data
indicating polysubstance abuse is fairly common. Women who use during pregnancy are found
to have used more than one drug, displaying a strong relationship between stimulant use and
multiple drug use (Degenhart, et al., 2010; Forray, 2016). For instance, of women who reported
alcohol use, approximately 40% also reported the use of one or more other substances, including
tobacco, marijuana, opioids, and other substances (England et al., 2018). Only 11% of pregnant
women who used nonmedical opiates reported solely using opiates during pregnancy (Jarlenski,
2017), and opioid use during pregnancy was linked to greater overall polysubstance use (Harder
& Murphy, 2019). Accordingly, prenatal polysubstance exposure (PPE) introduces new concerns
and questions surrounding drug interaction and respective outcomes. However, in efforts to
identify PPE, it can become difficult to isolate symptoms considering approximately more than
16% of pregnant mothers who use illicit or legal drugs typically use more than one drug, making
it challenging to isolate individual drug reactions (Oei, 2018). Among pregnant women in a
compulsory program for substance abuse, the average number of drugs used was 2.65 (Reiten,
2017).
Importance of Early Diagnosis

The pervasive long-term effects of prenatal drug exposure highlight the importance of
early detection and prevention. There are correlations between fewer adverse life outcomes and

earlier diagnosis of fetal alcohol syndrome (FAS; Streissguth et al., 2004). Increased risk for
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future substance abuse varied significantly whether individuals were diagnosed during early
childhood (Dirks et al., 2019; Rangmar et al., 2015). Earlier diagnoses led to decreased criminal
justice contacts in prenatally alcohol-exposed individuals (Currie et al., 2016). Furthermore,
Alex and Feldmann (2012) found earlier detection of FASD to be one of the most protective
factors against social and behavioral deficits, as well as potential relief from tension and fear of
failure for caregivers or parents.

Implications of Prenatal Drug Exposure

Internalized Behaviors. Accordingly, in efforts to better construct a profile for PPE, it
becomes necessary to first examine the behavioral and cognitive implications of individual drug
exposures. Internalized behaviors are indicative of an individual’s emotional and psychological
state, and are primarily characterized by maladaptive processes of the self. For instance, prenatal
cocaine exposure (PCE) alters arousal systems in the brain, resulting in increased internalized
behaviors, particularly significant withdrawal, emotional dysregulation, less sociability, and
anxious and depressive symptoms compared to non-exposed samples (Richardson et al., 2019).
Prenatal opiate, nicotine, and alcohol exposure are all significantly associated with internalized
emotional dysregulation, anxiety, depression, and decreased interest in activities (Konijnenberg
et al., 2016; Patel et al., 2019; Terrel et al., 2019).

Externalized Behaviors. Additionally, externalized behaviors, or maladaptive behaviors
in the external world, are also prevalent within in utero exposed individuals. Prenatal cocaine
exposure is also associated with elevated rates of aggression, delinquent behavior, and increased
adolescent substance abuse (Minnes et al., 2014). Marijuana use during pregnancy increased the
risk of aggressive behavior only in females as early as 18 months. Overall prenatal substance

exposure was positively correlated with violence and other behavioral consequences (Terrel et
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al., 2019), but data suggests males exhibit greater violence than females. Nevertheless, it was
found that violent behaviors in prenatal cocaine-exposed children increased from ages 12 to 14
years for both males and females (Minnes et al., 2014). Additionally, alcohol exposure was
found to increase externalized problems, including symptoms usually associated with conduct
disorder (Easey et al., 2019; Oei, 2020). Prenatal methamphetamine exposure is positively
correlated with increased behavioral problems and greater stress response during the neonatal
period; reduction in early adversity and development in responsive home environments
demonstrated lower risks for both internalizing and externalizing behaviors (Eze et al., 2016;
Ross et al., 2015). Increased risk-taking behaviors are common in prenatal drug exposure
children and adolescents due to the substances effects and impact on reward processing centers
in the brain (Morie, Crowley, Mayes, & Potenza, 2019).

Executive Functioning. Executive functioning is often impacted and revolves around
altered cognitive processes including planning, impulsivity, decision making, and problem
solving. Poor inhibitory control is observed in both cocaine and methamphetamine-exposed
children, further increasing the risk for impaired executive functioning (Richardson et al., 2019;
Eze et al., 2016). Inhibitory control deficits in drug-exposed children suggest individuals
experience low arousal levels because of decreased stimulation sensitivity levels, thereupon
increasing risky behavior and sensation-seeking found present in children with PPE (Smith et al.,
2015; Terrel et al., 2019). A broad range of regulatory problems, particularly high levels of
attention difficulties, have been identified in children prenatally exposed to marijuana,
methamphetamines, and opiates (El Marooun et al., 2011; Nygaard et al., 2016; Ross et al.,
2015). Prenatal drug exposure negatively impacts general executive functioning domains in

adolescents; however, Fisher et al. (2011) discovered executive functioning deficits were
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predicted and dependent on evidence of behavioral dysregulation and early adversity. According
to Lynch et al. (2015), executive functioning difficulties may not emerge until adolescence,
emphasizing the need for evaluation based on specific profiles, rather than current
symptomology.

Male participants exposed to cocaine in utero exhibited relatively worsened attention than
their female counterparts, whereas prenatal marijuana exposure was associated with increased
attention deficits in females. Females exposed to cocaine in utero exhibited greater deficits in
working memory, organization, and self-motivation than non-exposed females (Carmody et al.,
2011; Minnes et al., 2014). Children born to mothers who used either opioids or multiple
substances exhibited greater regulatory and externalized behaviors than non-exposed children
(Nygaard et al., 2016). However, Nygaard and colleagues (2016) did not find significant
differences in regulatory problems between children born to mothers who solely used opiates and
children whose mothers used multiple drugs. This is important to consider when attempting to
build a neurobehavioral profile for PPE in which it may be difficult to identify and distinguish
symptoms from their respective drug exposures.

Adaptive Functioning. Adaptive functioning revolves around an individual’s necessary
skills for everyday living. A disproportionate amount of literature focuses on adverse outcomes
concerning cognitive and behavioral consequences of prenatal substance exposure. Limited
studies exist on the effects of in-utero drug exposure on an individual's adaptive functioning.
Studies that do, focused primarily on prenatal alcohol exposure (PAE). Existing research
revealed adaptive deficits for both in utero alcohol and tobacco exposure in both children and
adults. One study found no significant associations between prenatal cocaine, opiate, or

marijuana exposure around adaptive functioning in young adults and only low to moderate effect
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for alcohol exposure. (Forman et al., 2017; Ware et al., 2012). Ase et al. (2012), used the
Vineland Adaptive Behavior Scales (VABS) and found adaptive functioning, with particular
deficits in communication, daily living, and socialization, to be significantly worse in prenatal
alcohol exposed children when compared to IQ-matched, typically developed peers. Prenatal
cocaine exposure led to specific language impairments, which persisted into adolescence
(Bandstra et al., 2010). Language deficits in these children were linked to deficits in overall
adaptive social skills due to the children's increased difficulties in developing and fostering
quality friendships and relational skills.
Fetal Alcohol Spectrum Disorders

Alcohol is the second most used drug in pregnancy, after tobacco, and the most
extensively studied on its short-term and long-term cognitive and neurobehavioral effects
(Forman, 2017). Alcohol effects vary widely depending on exposure quantity, gestational period,
and genetics; however, the most common diagnosis for prenatal alcohol exposure is fetal alcohol
syndrome (FAS). FAS is the most common and severe diagnosis under fetal alcohol spectrum
disorder (FASD) due to its extensive diagnostic criteria, including growth retardations, central
nervous system impairments, and facial dysmorphia (Chasnoff et al., 2015). Effects range from
impacted intellectual ability and executive functioning to learning, behavioral, and adaptive
deficits (Ase et al., 2012; Nash et al., 2011). Assuming children do not meet the criteria for a full
FAS diagnosis, prenatal alcohol syndrome (pFAS) has still been found to lower social
functioning and perspective-taking, heightened internalized and externalizing behaviors, and
impact social cues processing (Khoury et al, 2018; Stevens et al., 2017). Those with PAE
experience more adverse effects, including a higher correlation for low SES and limited access to

health services. PAE individuals, without physical identifiers, were particularly at risk because
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they were less likely to be diagnosed early and receive appropriate services (Lynch et al., 2015).
Of note, most studies used participants referred to official FASD diagnostic clinics highlighting
difficulties for many individuals to access diagnostic services, especially without physical
identifiers or behaviors that present as other diagnosis. Accordingly, it becomes imperative to
begin to shift to more behavioral and adaptive dysfunction in youth to better identify and treat
PPE groups.

Attention Deficit Hyperactivity Disorder

Nonetheless, detecting in utero polysubstance exposure, let alone a single drug effect,
may be difficult due to varying symptoms, especially when dysmorphic features are absent,
substance history unknown, and existing research on drug interactions limited. One sample found
approximately 80% of its children, eventually diagnosed with FASD, had a missed diagnosis and
roughly 8% had a misdiagnosis (Chasnoff, et al., 2015). Attention deficit hyperactivity disorder
(ADHD) was the most common referral diagnosis, which supports ongoing studies that reported
40-75% of children with FASD were also diagnosed with ADHD. (Rasmussen et al., 2010;
Chasnoff et al., 2010). In addition, prenatal exposure to tobacco produces neural changes,
including reduced the agenesis of the corpus callosum activity, comparable to changes found in
those diagnosed with ADHD (Holz et al., 2014).

ADHD is the most commonly diagnosed comorbid condition in America, with a
prevalence rate of 5% globally in school-age children (Parker et al., 2013). ADHD is a
neurodevelopmental disorder characterized by varying symptoms of inattention, impulsivity, and
hyperactivity beyond typical child development (Parekh, 2017). Symptoms are comparable to the
distractibility, attention, and executive functioning deficits found in various PPE samples.

ADHD is frequently diagnosed during early childhood due to atypical behavioral features and
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executive functioning that become most prominent during early development. The American
Academy of Pediatrics recommends parent training in behavior management as the first line of
treatment before medication (Wolraich et al., 2019). Behavioral interventions include skills
training, parent training, group therapy, psychoeducational programs, CBT, and classroom
management. Yet, the most common line of treatment for social problems and other ADHD
symptoms is combination of psychostimulants and behavioral therapy (Felt et al., 2014).
Methylphenidate (MPH) and dexamphetamine (DEX) are the two most frequently administered
stimulant medications, both of which have been proven effective in treating core ADHD
symptoms, with MPH demonstrating a slight advantage over DEX (Efron et al., 1997).
Amphetamines, including Adderall, are also often prescribed (O’Malley & Storoz, 2003).
ADHD Treatments Outcomes on In Utero Substance Exposure

On the other hand, psychostimulants have negative consequences on PPE groups,
including desensitization and behavioral responsivity that increase the risk for substance
addiction (Migliorini et al., 2015; Uban et al., 2015). There is also conflicting data on the effects
of common psychostimulant ADHD medications on children with FASD. Less than 50% of an
FASD sample responded negatively to methylphenidate, suggesting dextroamphetamine as a
better first-line psychostimulant treatment for ADHD symptoms in FASD samples (O’Malley &
Storoz, 2003). Yet, while Adderall was also found to be effective in children with FASD who
displayed ADHD symptoms, other studies did not find preferential stimulant treatment between
either, and instead found inattention in FASD to be less responsive to overall ADHD medication
(Doig et al., 2008). One study found ADHD medication was able to improve hyperactive
symptoms for children exposed to alcohol, in utero (PAE), but not attention and inhibitory

deficits (Hagan et al., 2016). Conversely, other findings suggested overall stimulant interventions
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were less effective in targeting social skills and other deficits in FASD children than neuroleptics
(Koren, 2015; Mela et al., 2018). Methylphenidate and other psychostimulants often prescribed
for ADHD are less effective or produce poorer outcomes in FASD samples (Hoffman, 2017;
Kodituwakku & Kodituwakku, 2011; Koren, 2015).

ADHD versus Prenatal Polysubstance Exposure

Discrepancy in responses to psychotropic medication signifies inherent symptomology
differences, indicating neurochemistry distinctions between non-exposed ADHD and PPE
children groups. Furthermore, while particular ADHD interventions may treat specific or similar
symptoms in prenatal drug exposure, many underlying symptoms are, in turn, missed (Ozsarfati
& Koren, 2015). For example, though an estimated 73% of children with FASD also met criteria
for ADHD (Doig, et al., 2008), there are fundamental differences and varied symptoms that are
often overlooked and suggest a distinct, neurobehavioral profile for PPE groups. Recent follow-
up studies found an association between PPE groups and deficits in language, attention,
cognitive performance, and delinquent behavior in adolescence (Ase et al., 2012).

Exposed individuals yielded greater deficits in fluid reasoning than non-exposed ADHD
individuals (Seitz, 2019). PAE children and non-exposed ADHD samples both exhibited greater
externalizing and behavioral problems related to non-exposed ADHD children (Sandtory et al.,
2018; Raldiris et al., 2018). Additionally, the PAE group exhibited greater aggressive behaviors
and atypicality than ADHD children, while the comorbid ADHD and PAE group displayed
significantly more hyperactivity and withdrawal (Raldiris et al., 2018). Though both ADHD and
PAE populations exhibited cognitive impairments, deficits in verbal comprehension and
perceptual reasoning were greater for the alcohol-exposed samples (Glass et al., 2013). These

discrepancies indicate distinct consequences of FASD that, while possibly exacerbated by a



PRENATAL POLYSUBSTANCE EXPOSURE AND ADHD 10

comorbid ADHD diagnosis, are behaviorally independent. Established executive and adaptive
functioning impairments found in FASD samples may account for behavioral difficulties
exhibited through social problem solving, decreased response inhibition, and difficulty
identifying mental states and facial expressions of others (Mattson et al., 2019). Increased
aggression associated with PPE can be distinctively explained by increased cortisol levels, which
inhibit emotional and impulse control needed to appropriately regulate behaviors (Buckingham-
Howes et al., 2016). Children with FASD have higher rates of social and behavioral problems
and deal with overstimulation in comparison to ADHD children, while non-exposed ADHD
individuals were more likely to struggle with focus and sustained attention (Hagan et al., 2016).
Furthermore, evidence indicates the substantial advantage of specialized interventions for
youth with in utero polysubstance exposure. A targeted self-regulation intervention focusing on
emotional sensitization and recognition, behavioral regulation, and social problem-solving skills
for children with FASD yielded a positive change in critical brain regions involving the targeted
deficits (Nash et al., 2017). Interventions that specifically target deficits in quantity systems for
PAE children produced greater results than general math accommodations ordinarily provided in
schools (Jacobson et al., 2011). Due to risk factors and long-term implications associated with
PPE, it is imperative to focus on identifying and providing access to appropriate social,
education, and medical services (Lambert et al., 2013; Oei et al., 2018; Paley & O’Connor,
2011). In utero drug exposure including tobacco, alcohol, and opiates produce language deficits
unique to prenatal drug exposures can be treated by language and literacy training (Paley &
O’Connor, 2011). Individualized treatments that target specific PAE repercussions include
Family Moving Forward (FMF), Cognitive Control Therapy (CCT), and Animal Assisted

Therapy (AAT), all of which focus on specific alcohol exposure features including parental self-
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efficacy, positive parent-child relationships, and processing information (Paley & O’Connor,
2011). Further, while stimulant medication may improve the functioning of youth with ADHD,
youth with PPE often respond to stimulants with increased levels of emotional and behavioral
dysregulation, irritability, and decreased inhibition control (Hoffman, 2017). Unlike non-exposed
ADHD samples, children who are exposed often experience additional environmental risk factors
that can be mitigated by specific interventions and resources.

Neuropsychological-based studies suggest similar behavioral deficits between PPE and
ADHD groups may be based on separate cognitive events. Previous studies conducted on verbal
learning and memory tasks found children with prenatal alcohol exposure performed worse on
encoding new information, whereas children with ADHD had difficulty retrieving information
(Crocker et al., 2011). Both groups displayed similar deficits in verbal and memory tasks;
however, brain imaging analyses found similar behaviors in spatial working memory tasks
required different cognitive effort between ADHD and alcohol exposed children (Malisza et al.,
2012). Though both groups demonstrate significant executive functioning deficits, with
prominent abnormalities found in both the frontal lobes and caudate nucleus, studies have found
those with prenatal alcohol exposure groups demonstrated additional impairments in temporal,
parietal, and corpus callosum regions (Vaurio et al., 2008). Findings regarding patterns of
adaptive deficits in PPE groups indicated arrested development while non-exposed ADHD
samples demonstrated delayed adaptive functioning (Forman, 2017; Mattson et al., 2019; Ware
et al., 2012), only increasing support for a specific developmental neurotoxicity profile for PPE

(Brinker et al., 2019; Terrel et al., 2019).
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Purpose of this Study

Considering the likelihood to be treated for ADHD symptoms and the importance of
specifically cultivated interventions, it becomes imperative to continue to build a more extensive
neurobehavioral profile to not only identify children with PPE, but to better distinguish them
from children with similar behavioral symptoms like ADHD. In utero exposed children may be
genetically predisposed to ADHD (Sandtorv et al., 2018) and demonstrate higher scores
associated with ADHD symptoms including core deficits in inattention, hyperactivity, and
impaired adaptive functioning (Santorv et al., 2018; Infante et al., 2015). However, there is
evidence of unique variations and vulnerability in fetal brain structures and neurobehavioral
disinhibitions (Holz et al., 2014).

Given underlying disparities in behavioral deficits, the current study aims to seek
diagnostic clarity by exploring behavioral differences between children with PPE and those with
non-exposed ADHD diagnoses. This study will concentrate on ADHD and PPE as the two main
dependent variables. Independent predictors will include clinical and composite scales from the
Behavioral Assessment System for Children- Third Edition (BASC-3), including adaptive
measures. There are currently confounding findings on what is the most appropriate measure for
prenatal alcohol exposure, let alone general PPE groups, with psychologists, teachers, and
pediatricians all demonstrating significant positive identifiers in early identification. However,
data indicate that although maternal self-report is the most common method to identify prenatal
drug exposure in clinical settings, pediatricians do not routinely screen patients for PAE (Bax et
al., 2015). Child Behavior Checklist parent forms and California Verbal Learning Test-
Children's Version (CVLT-C) were previously used to identify differences between the two

groups, but the studies did not focus on improving identification. Goh and colleagues (2016)
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developed a decision tree model and established approximately an 80% accuracy in
distinguishing non-exposed samples from prenatal alcohol exposure based on Vineland Adaptive
Behavior Scales-Second Edition (VAB-II), Child Behavior Checklist (CBCL), and IQ testing.
However, given difficulty in accessing care, this study hopes to predict group diagnoses based on
a single behavioral measure to improve access to services and identification. My hypotheses for
this study are as follows:

H1: Adaptive functioning composite scales will best predict group affiliation, and the

PPE group will exhibit lower adaptive functioning scores in comparison to the ADHD

group.

H2: Both in utero polysubstance exposure and ADHD profiles will correlate significantly

with increased externalizing behaviors, but PPE children will also exhibit significant

internalizing behaviors.

H3: Parent/Guardian will yield higher predictability for the PPE group than teacher

reports
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Chapter 2
Methods
Participants
Data from 27 participants were gathered from an archived database from a psychological
service group for rural schools. Informed consent was previously obtained from participants and
their guardians to conduct comprehensive psychological assessments for IEP eligibility and other
school-based accommodations for which the participants were initially referred for. Guardians
were informed data gathered may be used for research purposes, with all identifiable data
remaining confidential. Demographic information included age, gender, and ethnicity, all which
were gathered from participant files (See Table 1).
Materials
Behavioral Assessment System for Children, Third Edition (BASC-3)
The BASC (Reynolds & Kamphaus, 2015) is a norm-referenced measure for youth ages
2-21 years that utilizes multiple respondents to test for clinically significant emotional and
behavioral concerns which include externalizing, internalizing, and adaptive functioning
measures (Reynolds & Kamphaus, 2015). This study utilized both the Parent Rating Scales
(PRS) and the Teacher Rating Scales (TRS) which each take 10-20 minutes to administer. Scores
are derived from comparing the individual’s scores to those of age-matched peers. Both the PRS
and TRS include questions with a 4 point Likert scale by responding to answers with N for

Never, S for Sometimes, O for Often, or A for Almost always. The use of multiple respondents in
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the BASC allows for the comparison of a child’s behavior across domains and perspectives and

reduces the risk of misclassification (Stone et al., 2013).

Table 1
Demographics
Item Category Frequency Percentage (%)
Ethnicity European American 19 70.4
Latino/Latina 4 14.8
Biracial/ Multiple Ethnicities 4 14.8
Gender Male 23 85.2
Female 4 14.8
Age 3-6 1 3.7
7-9 6 22.2
10-12 10 37.0
13-15 6 22.2
16-18 4 14.8

The BASC contains five composite scales: Externalizing Problems, Internalizing
Problems, Behavioral Symptoms Index, School Problems, and Adaptive Skills. Additional
clinical and adaptive scales are scaled and expressed through T-scores and percentiles. Parent-
report measurement reports indicate good interrater reliability between .89-97 on composite

scores and .76-.93 on clinical and adaptive scales. Teacher-report scales composite scores also
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show good interrater reliability ranging from .89-.98 and clinical and adaptive scale interrater
reliability between .77-.96. For the purpose of this study, the data were analyzed on the
individual clinical scales and the four composite scales: Externalizing Problems, Internalizing
Problems, Behavioral Symptoms Index, and Adaptive Skills. The Externalizing Problems
Composite score include aggression, hyperactivity, and conduct problems. The composite for
Internalizing Problems includes somatization, anxiety, and depression. The Behavioral
Symptoms Index includes ratings for hyperactivity, aggression, depression, attention problems,
atypicality, and withdrawals. Finally, the Adaptive Skills Composite measures positive overall
adjustment and pro-social behaviors, including adaptability, social skills, leadership skills, study
skills, functional communication skills, and activities of daily living.
Procedure

Using the archived database, participant files were screened and assigned to one of the
two diagnostic groups: prenatal polysubstance exposure (PPE) and ADHD based on report
diagnoses. Diagnostic evaluations were previously completed through comprehensive batteries
which consisted of a combination of developmental questionnaires, cognitive and achievement
tests, the Behavioral Assessment System for Children-Third Edition (Parent, Teacher, and Self-
Reports), and other screeners to help inform diagnoses. All diagnoses/diagnostic impressions
were verified and signed off by the supervising licensed psychologist. Those who met criteria for
ADHD (through cognitive and behavioral evaluations) and did not have reported PPE were put
into the ADHD group. The PPE group was determined by parent/guardian reports of in utero
substance exposure (included alcohol, tobacco, methamphetamines, and cocaine), and excluded
any participants with a co-occurring ADHD diagnosis. Both groups included participants with

other additional psychiatric comorbidity disorders, including mood and anxiety disorders, in
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order for the participant pool to reflect real world prevalence of both ADHD and PPE psychiatric

comorbidity rates (Pehlivanidis et al., 2020).
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Chapter 3
Results

An independent sample #-test was conducted to compare mean subscale and composite
scores between PPE and ADHD groups, as not all composite scores were included in the logistic
regression. Parent rater score means differed across the scales between groups, with notable
significance found in overall Adaptive Skills #24) = -3.49, p < .01, Behavioral Symptoms Index
#(24) 2.10, p = .05, and Externalizing Problems #(24) 1.94, p = .07. The PPE group scored
significantly higher than the ADHD group in multiple scales (see Tables 2 and 3), particularly in
all adaptive and behavioral symptom composite scores. Although, no significant difference was
found for the overall internalized problem composite score #(24) .87, p = .40, the depression
clinical scale was significantly different #(24) 2.19, p = .04, with the PPE group displaying higher
depression scores(M = 62.31, SD = 7.97) than the ADHD group (M = 53.69, SD = 11.75). It
should be noted that parent report scores for the PPE group displayed higher clinical scores than
the ADHD group in all scales, except in attention problems (PPE: M = 66.15, SD = 11.43;
ADHD: M = 67.38, SD 7.87) t(24 -.32, p = .75; see Table 1.) No significant difference was found
between any clinical and composite scores for teacher reports (see Table 3).

A logistic regression analysis was performed to determine if any independent predictors
(BASC-3 composite and clinical scales) can statistically predict the two diagnostic groups: (a)
AHDH) and (b) Prenatal Polysubstance Exposed. Two logistic regressions were conducted
independently for the parent (PRS) and teacher (TRS) raters using constant predictor variables

Table 2
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BASC-3 Scale Descriptive Data and Comparisons for PPE and ADHD in Parent Reports

PPE ADHD Independent #-test
BASC-3 Composite & N M SD N M SD t df Sig. (p)
Clinical Scales
Hyperactivity 13 68.62 20.42 13 64.69 15.69 0.55 24 0.59
Aggression 13 70.31 19.21 13 53.69 9.84 278 179 0.01
Conduct Problems 13 70.77 17.58 12 5517 154 2.35 23 0.03
Externalizing 13 72.23 20.71 13 59.00 13.34 1.94 24 0.07
Problems
Anxiety 13 55.54 11.24 13 5515 12.16 0.08 24 0.93
Depression 13 62.31 7.97 13 53.69 11.75 2.19 24 0.04
Somatization 13 49.08 9.62 13 48.15 10.19 0.24 24 0.81
Internalizing 13 56.38 8.76 13 5285 11.88 0.87 24 0.40
Problems
Attention Problems 13 66.15 11.43 13 6738 7.87 -032 24 0.75
Atypicality 13 61.85 17.66 13 5238 11.33 1.63 24 0.12
Withdrawal 13 62.77 14.25 13 4992 851 2.79 24 0.01
Behavioral 13 69.31 13.58 13 59.00 11.35 2.10 24 0.05
Symptoms Index
Adaptability 13 38.69 9.02 12 4623 847 220 24 0.04
Social Skills 13 37.85 9.85 13 49.69 8.42 -3.30 24 0.00
Leadership 12 36.54 8.34 13 4325 9.63 -1.86 23 0.08
Functional 13 34.31 8.03 13 4392  9.38 -2.81 24 0.01
Communication
Activities of Daily 13 35.17 7.96 13 4415 6.84 -3.03 23 0.01
Living
Adaptive Skills 13 34.77 8.26 13 4492 647 -3.49 24 0.00

Note. Standard scores are presented with a mean of 100 and a standard deviation of 10. ltalics indicate
composite scales.

which include: (a) Hyperactivity, (b) Aggression, (c) Conduct Problems, (d) Anxiety, (e)
Depression, (f) Somatization, (g) Attention, (h) Atypicality, (i) Withdrawal, and (j) Adaptive

Skills. Research indicates a distinct adaptive deficit for PPE children not equally found in
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Table 3

BASC-3 Scale Descriptive Data and Comparisons for PPE and ADHD in Teacher Reports

PPE ADHD Independent #-test
BASC-3 Composite & N M SD N M SD t df Sig. (p)
Clinical Scales
Hyperactivity 11  65.27 17.80 14 61.29 1541 0.60 23 0.55
Aggression 11  63.18 17.20 14 61.21 1391 032 23 0.75
Conduct Problems 11  63.27 17.90 13 65.31 16.51 -0.29 22 0.78
Externalizing 11 65.00 18.20 14 64.14 1595 0.13 23 0.90
Problems
Anxiety 11  56.82 16.20 14 5943 15.72 -041 23 0.69
Depression 11  65.73 15.90 14 6293 16.36 043 23 0.67
Somatization 11  56.09 18.90 14 5193 12.67 0.66 23 0.52
Internalizing Problems ]  62.91 18.14 14  60.86 1545 031 23 0.76
Attention Problems 11 66.45 9.17 14 64.57 9.87 049 23 0.63
Learning Problems 11  68.73 12.20 14 68.43 13.30 0.06 23 0.95
School Problems 11 68.82 10.74 13 67.92 11.92 0.19 22 0.85
Atypicality 11 6491 15.70 14 6529 15.88 -0.10 23 0.95
Withdrawal 11 61.18 11.15 14 64.57 15.11 -0.62 23 0.54
Behavioral Symptom 11 68.55 14.71 14 67.71 13.13 0.15 23 0.88
Index
Adaptability 11  34.64 12.63 14 35.43 10.80 -17 23 0.87
Social Skills 11  37.73 5.04 14 40.21 10.56 =78 19.5 045
Leadership 11  37.27 4.61 13 3538 5.12 094 22 0.36
Study Skills 11 35.36 8.24 13 3446 8.19 027 22 079
Functional 11  36.55 7.71 14 34.50 10.70 .53 23 0.60
Communication
Adaptive Skills 11 34.73  6.83 14 34.36 8.20 A2 23 0.91

Note. Standard scores are presented with a mean of 100 and a standard deviation of 10. ltalics indicate
composite scales.
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children with ADHD; consequently, the adaptive skills composite was additionally included as a
separate predictor variable because it yielded the greatest significant predictor results. All
appropriate assumptions were met.

Parent Rating Scale

A binary logistic regression analysis was conducted to determine if BASC-3 clinical
scales and composite scores can predict the diagnosis between ADHD and PPE children samples.
As seen in Table 3, overall accuracy rates across ability to identify the PPE sample between the
two groups was greater than chance (Chi2 (10) = 34.62, p < .001) for parent reports. This
prediction was also supported by the magnitude of sensitivity (100%) and its specificity (100%),
indicating parents were able to not only accurately classify the PPE group, but also correctly
discriminate them from the ADHD sample. Chiefly, the model explained 100% (Nagelkerke R2)
of the variance, and parent raters were able to predict the PPE group from the ADHD group
every time (100%). Each predictor variable went into the logistic equation and collectively
yielded a significant predictor value. However, no independent predictor variable was found to
significantly predict group membership (P = .100, see Tables 4 and 5).

Due to the small sample size, the Wald test was deemed not an appropriate predictor
analysis because of the standard error’s (SE) sensitivity to sample size. Consequently, the odds
ratio (OR) was used instead because of its nonparametric standardized metric, resulting in
decreased sensitivity to sample size and more appropriate analysis of independent statistical
significance. According to parent raters, the PPE group were 6.40 times more likely to score
significantly higher in the Hyperactivity scale, 5.44 times more likely to exhibit higher anxiety

scores, and 4.53 times more likely to exhibit higher somatization scores than the ADHD group.
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Table 4

Predicted Accuracy Measures for PPE Group Membership

Accuracy Measures (%)  Parent Reports Teacher Report
Overall Accuracy 100.0 75.0
Sensitivity 100.0 63.4
Specificity 100.0 84.6

Note. The cutoff set at .500.

Though no independent scale was predictive of PPE, results suggest higher clinical adaptive
skills increased the likelihood of PPE diagnosis 14.58, respectively (see Table 5). Due to limited
sample size odds ratio statistics should be interpreted with caution.
Teacher Rating Scale

The teacher rating model was not statistically significantly, with accuracy rates no more
significant than chance alone X?(11) = 10.45, p = .49 for teacher reports. Teachers were only
able to correctly identify 64% of the PPE cases, with better ability to recognize ADHD from PPE
(85%). The model explained only 42% of the variance (Nagelkerke R?) with BASC-3 teacher
reports overall predictive value at 75% of PPE cases (Table 4). Teacher raters’ independent
predictive variables did not yield any significance in predicting group diagnosis nor

demonstrated significant in identifying one group over the other (See Table 6).
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Table 5

Logistic Regression Analysis: Parent Rating Scale

B SE Exp(B) Wald Sig. (p)
(Constant) -101.666 92892.73 0.00 0.00 1.00
Hyperactivity 1.86 .865.31 6.40 0.00 1.00
Aggression -2.04 1127.14 13 0.00 1.00
Conduct Problems -4.31 567.60 .01 0.00 1.00
Anxiety 1.70 551.37 5.44 0.00 1.00
Depression -4.14 836.62 .02 0.00 1.00
Somatization 1.51 422.80 4.53 0.00 1.00
Attention Problems 8.62 1249.22 5556.15 0.00 1.00
Atypicality -2.01 364.70 13 0.00 1.00
Withdrawal -1.60 389.83 .20 0.00 1.00
Adaptive Skills 2.69 1028.68 14.58 0.00 1.00

Note. SE = Standard Error. Adaptive Skills composite factors in the following clinical scales:
Adaptability Social Skills, Leadership, Functional Communication, and Activities of Daily
Living. Exp (P) represents odds ratio. Confidence Interval = (CI-95%)
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Table 6

Logistic Regression Analysis: Teacher Rating Scale

B SE Exp(B) Wald Sig. (p)
(Constant) 11.493 14.10 98026.037 .67 42
Hyperactivity -.13 A1 .88 1.34 24
Aggression -.14 13 .87 1.13 .29
Conduct Problems 24 16 1.27 2.21 14
Anxiety 13 A1 1.14 1.31 25
Depression -.04 10 .96 14 71
Somatization -10 .08 .90 1.53 22
Attention Problems -.13 17 .88 55 49
Learning Problems .04 .08 1.05 31 .58
Atypicality .02 .055 1.02 13 72
Withdrawal -.04 .09 .96 .20 .65
Adaptive Skills -.10 14.10 91 33 57

Note. SE = Standard Error. TRS Adaptive Skills composite factors in the following clinical
scales: Adaptability Social Skills, Leadership, Functional Communication, and Study Skills. Exp
(B) represents odds ratio. Confidence Interval = (CI-95%).
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Chapter 4
Discussion

Previous research has revealed pervasive polysubstance use during pregnancy (Centers
for Disease Control and Prevention, 2020; Forray & Foster, 2015), with data revealing extensive
and widespread neurological, cognitive, and behavioral deficits found in both adults and children
with a history of in utero drug exposure (Behnke et al., 2013; England et al., 2020; Forray,
2016). Despite similar behavioral symptoms observed between ADHD and PPE groups,
emerging data reveals a specific neurological profile for prenatal drug exposure that is
cognitively and neurologically distinct, signaling different mechanisms and the need for
specialized interventions (Ware et al., 2014; Greenbaum et al., 2009). To date, no previous
studies had examined the behavioral differences between ADHD and prenatal polysubstance
exposure.
Discussion of Hypotheses
Hypothesis 1

We hypothesized PPE children would exhibit greater adaptive functioning deficits than
non-exposed ADHD children. Results only partially confirmed this hypothesis. Parents found
children with PPE exhibited significantly worse adaptive functioning scores than those with
ADHD in all adaptive scales, including social skills, adaptability, leadership, functional
communication, and activities of daily living. However, no independent variable predicted group
diagnosis. Though the Adaptive Skills composite score was unable to distinguish between the

two groups in either parent or teacher reports, it boasted a large effect size, indicating those
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exposed to substances in utero are more likely to exhibit greater adaptive deficits than children
with ADHD.

Previous studies reveal mixed outcomes concerning diagnosis effects on adaptive
functioning, with some studies detecting similar adaptive deficits between prenatal alcohol
exposure and ADHD (Taylor & Enns, 2019; Ware et al., 2012), while others reveal FASD
individuals demonstrate significantly lower adaptive scores than non-exposed ADHD samples
(Peadon & Elliot, 2010). Interestingly, multiple studies support adaptive deficits findings in
ADHD samples but indicate a developmental delay in ADHD samples vs. arrested development
in FAS samples. These findings suggest existing adaptive deficits may worsen as PPE children
age, while children with ADHD who exhibit adaptive deficits may transition out these deficits as
they grow (Crocker et al., 2009; Whaley et al., 2001). Teachers reported similar adaptive deficits
in both groups, suggesting it may be more difficult to differentiate adaptive deficits between
groups in the classroom, whereas adaptive deficits may be more obvious to detect and
differentiate at home, in the absence of comparison groups. Parent rating scale findings on
differences between group memberships differed from a previous study where BASC-2 parent
measures were used to compare ADHD and FASD groups and found no significance in Adaptive
Skills; these discrepant scores may be due to natural variations in subjective measures, as well as
possible group differences in PPE vs. FASD diagnosis. Moreover, the BASC-3 parent rating
scale’s 100% accuracy suggests overall predictive measures are equally important in improving
identification as single significant differences that may be more sensitive to various factors

(Raldiris et al., 2018).
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Hypothesis 2

Results partially confirmed this hypothesis. According to both parents and teachers, the
PPE group displayed significant externalizing problems, notably increased aggression and
conduct problems, with parents finding that the PPE group demonstrated more substantial
externalizing problems than the ADHD group. While parents did not find any externalizing
behaviors in the ADHD sample, teachers found similar moderate externalizing problems among
both groups. Of note, teachers could not differentiate between the two groups in any domains,
suggesting teachers may recognize behavioral deficits in comparison to non-exposed, typically
developed children, but will have overall greater difficulty distinguishing externalizing
behavioral differences, in the classroom, between groups who exhibit general externalized
behavior deficits. Results support existing data regarding in-utero substance exposure and its
effects on externalizing behaviors (Easey et al., 2019). Children with in utero drug exposures
specifically display increased aggression and conduct disorders (Nygaard et al., 2016) which
corroborates our findings; however, there are conflicting data on rater reports, with some studies
finding teachers are better able to identify externalizing problems than mothers (Raldiris et al.,
2018; Stone et al., 2013). Discrepancies around rater efficacy may be due to the reason for
referral and awareness of diagnosis, which affects the perception of presenting behaviors. Parents
may be better able to focus on specific aspects of externalized behaviors versus teachers who
may not have the capacity to filter, and as a result, may make more generalized observations.

Neither parent nor teacher reports indicated significant differences in internalized
behaviors between PPE and ADHD group. Teachers reported similar at-risk behaviors for both
groups, and parents did not report any significant internalizing problems, except elevated

depression in the PPE group. Present findings are consistent with previous research that find
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teachers may be better at identifying internalizing problems than parents (Raldiris et al., 2018).
Depression and higher odds of having anxiety for PPE group suggest it may not necessarily be
that these children do not display internalizing problems, but rather, they may be more difficult
to identify and distinguish by teachers and parents alike. However, it is important to note that the
parents found increased withdrawal in PPE children, not ADHD, which is not filtered into the
Internalizing Problems composite score. Detected withdrawal deficits align with previous
research which suggests PPE can lead to withdrawal symptoms, and for which, parents may be
better able to identify at home than generalized internalized behaviors when compared to
teachers (Richardson et al., 2019).
Hypothesis 3

Results confirmed this hypothesis: Parents did yield higher predictability for PPE
diagnosis than teacher reports, with parents accurately identifying and differentiating children
with prenatal polysubstance exposure from children with ADHD every time. Teacher raters were
able to correctly identify the PPE group from the ADHD group with 75% accuracy. However,
results indicated teacher reports were not better in identifying group membership than chance.
These results are inconsistent with findings that identify teachers are better at identifying
externalized behaviors in children than parents, in addition to being able to contribute to better
identification compared to parent reports (Greenbaum et al., 2009; Taylor & Enns, 2019).
Implications

The majority of existing studies have analyzed the differences between ADHD and
FASD groups to improve differential identification and early interventions. There is a lack of
literature on the impacts of prenatal polysubstance exposure, despite evidence of significant

abnormalities from multiple drug interactions when compared to single drug exposure and
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similar overreaching behavioral ramifications found across various drug exposures (Lynch,
2015). Subsequently, this study not only shifted focus from prenatal single drug effects to PPE
groups in response to the prevalence of prenatal polysubstance use but was also the first to
evaluate a single behavioral screener to improve accessibility and identification. The BASC-3
parent reports identified particular deficits for externalizing problems, increased withdrawal, and
significantly higher adaptive skills deficits in the PPE sample than for kids with ADHD. Though
no single BASC-3 scale predicted group membership in either parent or teacher reports, children
with clinically elevated adaptive skills scores on the parent report are more likely to be
diagnosed with PPE, which aligns with previous studies and helps differentiate the two groups.
The BASC-3 includes both behavioral and adaptive functioning domains, which may allow for a
more extensive evaluation within one behavioral measure.

Teachers reported increased internalized behaviors in both groups. However, unlike
parent reports, teachers were unable to differentiate between the two groups when behaviors
began to dissociate from the typically developing peers. Considering mixed findings on the
benefits of using teachers to better identify deficits in group membership, the importance of
differentiating diagnoses, not just identifying symptoms, should be taken into account when
pursuing improved identification. The BASC-3 parent forms exhibited 100% accuracy in
predicting PPE. Given the evidence of a distinct neurobehavioral profile for drug-exposed
populations, these results may help evaluators appropriately diagnose and seek suitable
interventions that targeted the reported deficits.

Goh et al. (2016) built an expansive decision tree based on multiple cognitive, behavioral,
and adaptive measures that accurately predicted FAS from prenatal alcohol exposure and non-

exposed samples approximately 80% of the time. Other studies comparing ADHD vs. prenatal
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drug exposure gathered their clinical samples from clinics specializing in FASD diagnoses. In
contrast, this study only applied one behavioral health screener, allowing for more convenient
and accessible evaluation with equally high accuracy rates that may be implemented in school
settings and non-specialized clinics. The BASC-3 should never be used as a sole diagnostic tool;
however, if there is suspected ADHD, behavioral and executing functioning deficits, with
possible in utero polysubstance exposure, the BASC-3 parent reports can be used in schools and
clinics alike to assist in identifying group membership. The BASC-3 includes both behavioral
and adaptive functioning domains. Furthermore, results add to the expanding body of literature
on PPE profiles.
Limitations and Future Studies

In light of the small sample size, current results should be interpreted with caution.
Gender differences were not analyzed within and between groups due to the limited sample pool.
The small sample size was partially due to the archived database, which collected its participants
from a rural, lower SES environment. Research demonstrates varying impacts on aggression,
executive, and adaptive functioning based on gender, with additional studies indicating the
potential effects of lower SES on increased risky behaviors in males (Lynch et al., 2015). In
addition, neither a control group nor non-exposed samples were included in the analysis. As
such, our sample and respective results may not be representative of more urban settings and
would benefit from a more diverse pool in future replication studies. A larger population and
control group would reduce standard error size and may reveal individualized predictor scales.
The parent rating attention scale generated an unreliable odds ratio statistic, and as a result,

should be interpreted with caution, a larger sample size may reduce standard error.
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Future studies should look into the effects diagnoses may have on presentation and
identification. Given mixed reports on teacher and parent abilities to identify significant
differences between PPE and ADHD groups, future studies may want to continue exploring
differences between PPE and ADHD groups using larger samples, given the fact parents'
perspectives can differ depending on SES, adopted status, and understanding of current
symptoms. In addition, the majority of previous studies have agreed to the idea of co-occurring
ADHD diagnosis in children with prenatal drug exposure. However, given the repeated
distinction and data found between ADHD and PPE samples, research should inquire around the
question if PPE samples can receive a diagnosis of ADHD, even if they behaviorally meet
criteria. This study revealed the BASC-3 parent measure as a viable assessment in differentiating
ADHD from the PPE group to improve diagnoses and treatment. Although no single predictor
was identified, the odds of being diagnosed with PPE increases with greater adaptive deficits,
indicating the need for more studies on adaptive functioning and specialized interventions that
can be rolled out on clinical and school-based levels. Prenatal polysubstance exposure increases
the risk for behavioral deficits; hopefully more studies focus on general in utero drug exposures

to decrease the risk of missing only more children to significant effects and misdiagnoses.
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