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ABSTRACT

THE LONGITUDINAL EFFECTS OF EARLY SUBSTANCE USE AND ADHD SYMPTOM
DEVELOPMENT IN THE ABCD STUDY

by
Alexander L. Wallace

The University of Wisconsin-Milwaukee, 2022
Under the Supervision of Professor Krista M. Lisdahl

Previous literature has demonstrated a link between Attention-Deficit/Hyperactivity Disorder
(ADHD) and substance use. However, few studies have examined how early substance use
initiation in late childhood and early adolescents impacts ADHD symptoms overtime. To help
investigate these trajectories we utilized the Adolescent Brain Cognitive Development (ABCD)
Study, which includes 11,875 children (ages nine and ten at baseline) recruited from schools
across 21 different study sites across the United States and followed for ten years. During study
visits, participants and their parents completed questionnaires and interviews which were utilized
for the current study. Participants were asked about past year substance use and ADHD
symptoms, which were obtained through the Child Behavioral Checklist (CBCL) completed by
parents. Further, additional demographic information, health factors, and substances use risk
factors were collected and incorporated into analyses to account for confounding factors.
Multivariate analyses were run to determine differences in ADHD symptomology at baseline by
substance use group. Then, multilevel linear mixed effect models were run to examine the impact
of early substance use on ADHD symptomology from baseline, one-year, and two-year follow-
up. Lastly, follow-up sex analyses were run to determine if different substance use and ADHD
patterns emerged between male and female participants. Substance use groupings of caffeine use,
alcohol sipping, and total substance use were run separately. At baseline, moderate caffeine use

and mild alcohol sipping was associated with higher ADHD symptomology. Total substance use



was not associated with ADHD symptoms at baseline. Longitudinal analyses demonstrated that
moderate caffeine use and moderate total substance use was associated with high ADHD
symptoms at two-year follow-up. Sex analyses demonstrated that moderate total substance use in
male participants and moderate caffeine use in female participants was associated with higher
ADHD symptoms at two-year follow-up. These findings suggest that even light and early use
can start to impact ADHD symptom trajectories within a normative population. More work is
needed to investigate the mechanisms behind the effects of early substance use on ADHD

symptoms in late childhood as well as the differences in these patterns by biological sex.
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Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder that
is marked by a persistent pattern of both inattentive and hyperactive/impulsive symptoms during
development (American Psychiatric Association, 2013). While rates of childhood ADHD vary
due to methodological characteristics in studies (Polanczyk, Willcutt, Salum, Kieling, & Rohde,
2014), approximately 10% of children and adolescents have received a parent-reported diagnosis
of ADHD in their lifetime (Danielson et al., 2018). ADHD is classified as a neurodevelopmental
disorder due to evidence that individuals with ADHD phenotypically lag behind their peers in
several domains (Sjéwall, Roth, Lindqvist, & Thorell, 2013). While these developmental delays
are most commonly seen in children and continue into adolescents (Bussing, Mason, Bell, Porter,
& Garvan, 2010), these deficits can continue to persist into young adulthood (Wilens & Spencer,
2010). Some estimates have suggested that about 15% of young adults continue to meet criteria
for ADHD diagnosis and around 65% still experience subclinical ADHD symptoms (Faraone,
Biederman, & Mick, 2006); although persistent ADHD estimates range anywhere from 5-76%
(Caye et al., 2016). This persistent ADHD has been shown to be detrimental in domains of
academic (Arnold, Hodgkins, Kahle, Madhoo, & Kewley, 2020; Kuriyan et al., 2013; Voigt et
al., 2017), occupational (Fredriksen et al., 2014; Hechtman et al., 2016; Kuriyan et al., 2013),
and emotional (Hechtman et al., 2016; Rosell6 et al., 2020) functioning. For these reasons, much
work has gone into examining why some individuals with ADHD “phase” out of these
developmental delays as they get older, while others continue to experience significant
symptoms that impact functioning.

A large literature has been built linking ADHD and substance use; however, the exact

nature of their relationship has been difficult to parse out (Zulauf, Sprich, Safren, & Wilens,



2014). Substance use has been considered as a potential factor relating to persistence of ADHD
diagnosis or symptoms during adolescence; indeed, children with ADHD are significantly more
likely to develop problems with substance use compared to their non-ADHD peers (Wilens,
Biederman, Mick, Faraone, & Spencer, 1997; Wilens et al., 2011). Up to 48% of adults with
ADHD have been shown to have comorbid substance use disorder (SUD) (Moffitt et al., 2015).
Similarly, 23% of individuals with a SUD meet criteria for comorbid ADHD (van Emmerik-van
Oortmerssen et al., 2012). Due to this high rate of comorbidity between the two disorders, more
studies have sought to examine the prospective link between childhood ADHD and later
substance use onset and trajectory (Lee, Humphreys, Flory, Liu, & Glass, 2011); however,
relatively few studies have examined how substance use may impact the trajectories of childhood
ADHD symptoms.

Rather, several studies looking at how childhood ADHD impacts future adolescent
substance use have shown interesting findings; a meta-analysis by Lee and colleagues (2011)
showed that childhood ADHD led to increased lifetime nicotine and cannabis use in adolescent
and young adulthood. Further, the same meta-analysis showed that children with ADHD were
more than 3 times more likely to report nicotine dependence, 1.7 times more likely to report
alcohol abuse/dependence, and 1.5 times more likely to report cannabis abuse/dependence in
adolescence and adulthood compared to children without ADHD. Other longitudinal work has
highlighted that childhood ADHD was associated with increased trends of alcohol, cannabis, and
nicotine use in adolescents compared to their non-ADHD counterparts (Molina et al., 2018;
Molina & Pelham Jr, 2003; Sibley et al., 2014). This work also demonstrated that childhood
ADHD, when compared to a control group, led to escalated early substance use, particularly

alcohol and non-cannabis illicit substance use (Molina et al., 2018). Notably, while these studies



lend evidence that childhood ADHD increased risk for escalated substance use and SUD, no
longitudinal studies to date have looked at how early substance use influences persistence of
ADHD symptoms into adolescence and young adulthood.

Prospective studies investigating the relationship between ADHD and substance use have
largely focused on how childhood ADHD predicts later substance use. While directionality of
this relationship is logical due to the typically earlier onset of ADHD compared to substance use,
it is also possible that early and persistent use of substances during early adolescence may lead to
persistent or increased ADHD symptoms in later adolescence and young adulthood. There is
some evidence to support this, as adolescents (13-17 years old) with persistent ADHD are found
to have significant more substance use problems (e.g., repetitive drunkenness, alcohol problems,
and daily cigarette smoking) than adolescents who no longer meet criteria for ADHD (Molina &
Pelham Jr, 2003). Further, in a 10 year follow-up study, young adults with persistent ADHD
were found to be 3 times more likely to be diagnosed with an SUD compared to non-persistent
ADHD counterparts (Wilens et al., 2011). While these studies indicate some reciprocal
relationship between persistent ADHD and substance use, the timing and characterization of
these effects are relatively unexplored. Further, this relationship is often explored in adulthood
with few studies examining the relationship in adolescents and even fewer in late childhood, a
time when substance use initiation is beginning (SAMHSA, 2019).

While these studies largely look at diagnosed ADHD in children, existing literature
suggests that even subclinical ADHD symptom trajectories are worthy of studying. Previous
research has lent support to considering dimensional ADHD paradigms as children with
subclinical ADHD are shown to have cognitive deficits similar to children with ADHD

(Christensen & Lundwall, 2018; Salum et al., 2014). These same deficits continue on in adults



who display ADHD symptomology (Brown & Casey, 2016; Mohamed, Borger, Geuze, & van
der Meere, 2016). Further, adults with subclinical ADHD symptoms have been shown to
experience difficulty related to these ADHD symptoms (Gudjonsson, Sigurdsson, Smari, &
Young, 2009). In this way, dimensional ADHD, even in subclinical populations, are important to
investigate as they continue to experience problems similar to individuals who meet categorical
ADHD criteria. Unfortunately, there is a paucity of research examining these effects as
subclinical ADHD, particularly in children, is relatively understudied.

In thinking about causality, it is already understood that early substance use initiation in
adolescence mimics cognitive deficits and functional impairments seen in individuals with
ADHD (Aytaclar, Tarter, Kirisci, & Lu, 1999; Lisdahl, Gilbart, Wright, & Shollenbarger, 2013;
Poudel & Gautam, 2017). Specifically, early substance use initiation has been shown to
negatively impact cognition, particularly domains of attention, response inhibition, and working
memory (Fontes et al., 2011; Gruber, Dahlgren, Sagar, Génenc, & Killgore, 2012; Gruber, Sagar,
Dahlgren, Racine, & Lukas, 2012; Tapert, Granholm, Leedy, & Brown, 2002; Thoma et al.,
2011), domains that are often also associated with ADHD. These changes in cognition are
thought to be a result of neurodevelopmental changes that occur with the consumption of
psychoactive substances (Squeglia, Jacobus, & Tapert, 2009). Specifically, subtle but significant
changes in the hippocampus, prefrontal cortex, and white matter have been observed with the
onset of adolescent alcohol and cannabis use (Bava & Tapert, 2010; Lisdahl et al., 2013;
Squeglia & Gray, 2016; Squeglia et al., 2009). These changes are thought to be at least partially
due to the effects of chronic substance use on the dopamine system, which leads to
downregulation and alteration of this system in prefrontal regions of the brain (Volkow &

Morales, 2015). It is hypothesized that these alterations, particularly during adolescence, impacts



the developing brain attributing to these neurodevelopmental changes (Thorpe, Hamidullah,
Jenkins, & Khokhar, 2020). As aberrant development of these same regions has been implicated
in ADHD research (Casey & Jones, 2010; Konrad & Eickhoff, 2010; Krain & Castellanos,
2006), it stands to reason that early substance use may potentiate these brain abnormalities
during adolescence that accompany persistent ADHD symptoms.

This aligns with the dynamic developmental behavioral theory that posits that ADHD is
associated with altered dopaminergic functioning (Sagvolden, Johansen, Aase, & Russell, 2005).
While addressing this aberrant dopaminergic functioning through stimulant medication results in
decreases in ADHD behaviors (Volkow, Wang, Fowler, & Ding, 2005; Volkow et al., 2001), it’s
possible that chronic substance use may exacerbate this dopaminergic dysfunction and result in
persistent or worsening ADHD symptoms during development. This hypothesis is further
strengthened with the growing literature demonstrating that substance use leads to
downregulation of dopaminergic receptors in regions such as the ventral striatum
(Thiruchselvam, Malik, & Le Foll, 2017). Despite this potential, no known longitudinal studies
have examined how substance use exacerbates ADHD symptoms, rather opting to investigate the
longitudinal effects of ADHD on substance use (Lee et al., 2011; Molina et al., 2018; Sibley et
al., 2014; Zulauf et al., 2014). Due to the susceptibility of brain development during this time, as
highlighted above, it is possible that even early light substance use may present subtle changes to
the trajectory of ADHD development. Specifically, previous work has demonstrated that as much
as 35% of 8-year-olds and 48% of 10-year-olds have engaged in alcohol sipping (Donovan &
Molina, 2008). Developmentally, this early sipping behavior has been implicated for increased

concern of future heavy substance use (Jackson, Barnett, Colby, & Rogers, 2015), which mimics



observed patterns of early alcohol and non-cannabis illicit drug use initiation in individuals with
ADHD (Molina et al., 2018).

Longitudinal studies investigating ADHD and substance use have largely looked at
alcohol, cannabis, nicotine, and other illicit substance, but early and continued caffeine use has
largely been ignored. This is noteworthy as adolescents with ADHD are about twice as likely to
engage in caffeine use compared to adolescents without ADHD (Walker, Abraham, & Tercyak,
2010). Similar to other substance consumption highlighted above, caffeine use impacts dopamine
receptor functioning, primarily in frontal-striatal regions of the brain (Cauli & Morelli, 2005;
Pandolfo, Machado, Kofalvi, Takahashi, & Cunha, 2013). This increased dopamine is thought to
be the mechanism of action that leads to downstream cognitive benefits such as increased
alertness, attention, and executive control (Lara, 2010). Interestingly, caffeine use has been
proposed as a potential therapeutic tool for ADHD as a review of the literature suggests that,
while caffeine is not as efficacious as psychostimulants, it is more effective than placebo (Leon,
2000). Despite this potential therapeutic effect, the one known longitudinal study that looked at
caffeine usage in early adolescents showed that energy drink consumption was associated with
increased ADHD symptomology at 16 month follow-up even after controlling for coffee
consumption and conduct disorder (Marmorstein, 2016). This suggests that despite the potential
therapeutic effects of low doses of caffeine, high caffeinated beverages such as energy drinks
may increase ADHD symptoms longitudinally. Due to the considerable overlap of mechanism of
action between general substance use and caffeine use, as well as the considerable rate of
caffeine consumption in youth (Branum, Rossen, & Schoendorf, 2014), further research into the

longstanding effects of caffeine use on ADHD symptomatology should be explored.



When examining ADHD symptoms and substance use trajectories, there are other
potential confounding factors that also need to be considered; for example, comorbid Conduct
Disorder has also been heavily implicated in the relationship between ADHD and substance use.
Investigations into the potential effects of Conduct Disorder on ADHD symptoms and substance
use have produced discordant results. Some work have demonstrated that the effects of ADHD
on substance use are better accounted for by Conduct Disorder (Flory & Lynam, 2003; Lee et al.,
2011); however, other work has demonstrated that ADHD still significantly predicts future
substance use, even when controlling for conduct problems (Malone, Van Eck, Flory, & Lamis,
2010; Molina & Pelham Jr, 2003). Despite these conflicting findings, both childhood ADHD and
Conduct Disorder are considered important predictors for future substance use (Connor, Steeber,
& McBurnett, 2010; Erskine et al., 2016; Wymbs et al., 2014). As such, Conduct Disorder is an
important consideration in longitudinal analyses of substance use initiation and ADHD
symptoms.

A number of health factors have also been heavily linked with both ADHD
symptomology and substance use in children and adolescents. One important factor is sleep; poor
quality of sleep in youth has been shown to be related to both greater ADHD symptomology
(Hvolby, 2015; Schneider, Lam, & Mahone, 2016) and substance use initiation (Johnson &
Breslau, 2001; Wong, Brower, & Zucker, 2009). Further, sports and physical activity has also
been investigated as a potential mediator and intervention for ADHD (Benzing, Chang, &
Schmidt, 2018; Verret, Guay, Berthiaume, Gardiner, & Béliveau, 2012) and substance use
development (Moore & Chudley, 2005; Werch, Moore, DiClemente, Bledsoe, & Jobli, 2005).
While the existing literature has examined how these health factors have an influence on ADHD

and substance use individually, their strong implication in both disorders underlines the



importance of considering all of these potentially confounding or contributing factors when
investigating the developmental trajectories of comorbid ADHD and substance use.

Also of interest are potential sex differences between substance use and ADHD
symptomology. Even at young ages, males are more likely than females to engage in caffeine
use, alcoholic sipping, and standard substance use (Lisdahl et al., in press). Further, sex
differences are found within ADHD symptomology with males expressing more severe ADHD
symptomology than their female counterparts (Arnett, Pennington, Willcutt, DeFries, & Olson,
2015). These seemingly mirrored patterns within sex differences may suggest similar underlying
mechanisms behind substance use and ADHD symptoms as neurobiological factors have been
hypothesized to play a role in impacting dopaminergic processes in the brain (Kuhn, 2015). In
this way, sex remains an important factor to investigate when examining these relationships.

In order to best examine these questions, data from the Adolescent Brain Cognitive
Development (ABCD ®) is being employed. The ABCD study is an open science project
incorporating multiple sites across the country to recruit a diverse group of children that
represents the national population (Garavan et al., 2018). In this way, the ABCD study is hoping
to address homogeneity in study recruitment and produce results that are more generalizable at
the national level. Further, one of the express objectives of the ABCD study is to identify factors
in youth that are related to and predictive of developmental trajectories (Jernigan & Brown,
2018). In order to accomplish this, participants are being followed over ten years with in-person
evaluations taking place every year. This longitudinal study design allows researchers to track
how certain variables may impact the trajectory of behaviors and symptomology. By
incorporating this data, we hope to more closely examine how early substance use behaviors may

alter ADHD symptom trajectories in youth as they progress through adolescence.



Guided by the above literature review, we aim to examine the relationship between early
substance use and ADHD symptom trajectory from baseline to two-year follow-up in youth
enrolled in the ABCD Study, while accounting for the influence of substance use risk factors,
other health factors, stimulant use medication, and demographic factors. Specifically aims
include:

1) Aim 1: We will examine whether childhood (nine and ten year old) substance use
initiation (any alcohol, cannabis, nicotine or other substance use) and caffeine use is
significantly associated with baseline ADHD symptomology after controlling for
demographics, stimulant medication, Conduct Disorder diagnosis, sleep quality, physical
activity, and environmental SU risk factors (parental history SUD, peer substance use,
lenient parental SU rules). Hypothesis: Youth with baseline substance use will be
associated with higher ADHD symptomology at baseline over and above the controlled
variables.

2) Aim 2: We will examine if longitudinal substance use patterns predict changes in ADHD
symptoms over a two-year follow-up period after controlling for demographic data,
stimulant medication, related health factors [Conduct Disorder diagnosis, sleep quality,
physical activity], and environmental SU risk factors (parental history SUD, peer SU,
lenient parental SU rules)] Hypotheses: We hypothesize that higher substance use from
baseline to two-year follow-up will contribute to worsening of ADHD symptomology in
youth over and above demographics, stimulant medication, health factors and general SU
risk factors.

3) Aim 3: We will conduct exploratory analyses looking at how longitudinal substance use

patterns predict changes in ADHD symptoms differently in males and female participants



over a two-year follow-up period after controlling for demographic data, stimulant
medication, related health factors [Conduct Disorder diagnosis, sleep quality, physical
activity], and environmental SU risk factors (parental history SUD, peer SU, lenient
parental SU rules)]. Hypotheses: We predict that significant substance use patterns from
baseline to two-year follow-up on ADHD symptomology in youth will be more divergent
(i.e., higher) in males compared to their female counterparts.
Method
Procedures

Data from the ABCD study (Jernigan & Brown, 2018; VVolkow et al., 2018) will be

utilized for this study (https://abcdstudy.org/). Participants enrolled at baseline include 11,875
youth that were recruited from 21 different ABCD Study research sites across the country.
Participants were recruited during a two-year baseline enrollment when they were nine to ten-
years-old. Recruitment occurred through local school systems utilizing a stratified probability
sample of eligible schools within the catchment areas (selected based on gender, race,
socioeconomic status, and urbanicity; (Garavan et al., 2018)). Participants included singletons
siblings, and twins/triplets. A subset of ABCD recruited an additional 200 pair of twins from
four sites with longstanding experience with twin research and twin registries (lacono et al.,
2018). After initial phone screening for (basic exclusion criteria), youth and their parents were
invited to be a part of the study. Consent and assessment were obtained from both youth and
parents separately and in accordance with centralized Institutional Review Board approval and
the Helsinki Declaration. Participants and their parents completed in-person questionnaires,
interviews, biological assays, cognitive testing, and structural/functional Magnetic Resonance

Imaging (MRI) that collected information on a variety of factors (Casey et al., 2018; Lisdahl et

10


https://abcdstudy.org/

al., 2018; Luciana et al., 2018; Uban et al., 2018; Zucker et al., 2018). Participants and their
parents participated in in-person study sessions every year with an abbreviated battery occurring
every other year. For the current study, data from baseline, one-year, and two-year visits will be
analyzed (NDA Data Release 3.0) and only measures utilized in the current analyses are
described below. Thus, changes in participant’s substance use and ADHD symptoms will be
assessed from ages nine and ten to ages eleven and thirteen.
Measures
Frequency of Youth Substance Use

Substance use measures were designed to establish baseline substance use in youth before
full substance use engagement and without teaching or educating youth about substances
(Lisdahl et al., 2018). Substance use questionnaires used a gated approach with youth where
participants were asked if they had “heard of” a substance (e.g., alcohol, cannabis, nicotine,
caffeine, etc.). If participants endorsed having “heard of” a particular substance, then follow-up
questions were asked inquiring about participant’s experiences with that substance. If youth had
heard of a substance previously, then follow-up questions were asked if they have ever tried said
substance. If so, follow-up questions assessing 1) age of first use, 2) age of first regular use
(defined at baseline as at least weekly use for 6 months), 3) lifetime total quantity in standard
units, 4) lifetime maximum (max) dose in standard units, and 5) last date of use (to measure
length of abstinence). If participants endorsed engaging in substance use (beyond just a sip of
alcohol), a Timeline Follow Back (TLFB) web-based interview was initiated to capture
frequency of participants use over the youth’s lifetime (Sobell & Sobell, 1992) (Lisdahl et al.,
2018). Substance use measurements were followed up every year. Exact measurements of each

substance are detailed down below:
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Alcohol. As research has indicated that sipping alcohol by age ten is an important
predictor of early-onset drinking (Donovan & Molina, 2011). ABCD adapted questions from
Jackson et al. (2015) to create the iSay Sip Inventory (iSip) to assess the number of past alcohol
sips, whether or not said sipping was part of a religious ceremony or not, the age on sipping
onset, the context win which sipping most frequently occurred, the most frequent type of alcohol
sipped, and whether or not sipping occurred with supervision or not. This assessment was given
at baseline to the youth who were asked to retrospectively recall as many instances as they can
remember. If youth endorsed drinking a full alcoholic beverage, then the TLFB was utilized to
measure how many standard alcohol drinks (defined as 1 12-ounce bottle of beer or wine cooler,
1 5-ounce glass of wine, or 1 shot (1.25 ounces) of 80-proof alcohol) were consumed over the
past 6-months.

Cannabis & Nicotine. Similar to alcohol use, low level cannabis and nicotine use were
also measured. Frequency of the number of puffs/tastes of cannabis, (e-)cigarette, smokeless
tobacco, age of first experience, where they obtained the substances, and whether it led to
additional uses. Further, endorsement of initial cannabis use led to follow-up questions of
participant’s subjective experience of feeling “high” and estimated THC potency of product
used. Endorsement of cannabis or nicotine use led to initiation of the TFLB which measured
occurrences of standard cannabis uses (smoked cannabis assessed in grams; blunts measured in
grams; edible cannabis measured in occasions; cannabis concentrates measured in occasions;
cannabis-infused alcohol drinks measured in standard drinks; cannabis tinctures measured in ml;
and synthetic cannabinoids measured in occasions) and standard nicotine uses (cigarettes
assessed in number of cigarettes, e-cigarettes assessed in number of occasions, smokeless

tobacco assessed in number of pinches, cigars assessed in number of cigars/cigarillos, hookah
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assessed in number of hits, pipes assessed in number of hits, and nicotine replacement assessed
in number of doses).

Caffeine. Youth that endorsed having heard of caffeine or caffeinated beverages were
asked on average over the past 6-months how many caffeinated beverages they consumed a
week. Youth were asked to provide average caffeine consumption across five different
caffeinated beverage categories and reported in typical serving size (coffee =8 oz; espresso = 1
shot; green or black tea= 8 oz; soda= 12 oz; energy drink =5 0z or 5-h energy drink=2 0z). Total
average weekly caffeine consumption was combined to provide a summary variable of total
average caffeine consumption in the past 6 months at baseline and past month at one-year and
two-year follow-up.
Substance Use Risk Factors

Family History. A modified version of the Family History Assessment Module Screener
(FHAM-S) was used to assess the presence of substance use dependence in first and second
degree blood relatives (Barch et al., 2018). At baseline, parents were led by an RA in a semi-
structured style interview and asked whether any family member had experienced problems with
using alcohol or other substances. If yes, parents were asked to designate which family members
in relation to the child (e.g., full-sibling, maternal uncle, paternal grandparent, etc.) and what
problems they experienced. In this way, family history of problems with adaptive functioning
due to alcohol or other substances were obtained. Any endorsement of a problem due to
substance use was categorized as a family member with the presence of substance use disorder.
Presence or absence of a family history for substance use was calculated for both first degree and

second-degree family members separately and were used as dichotomous categorical variables.
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Peer Use. Youth were asked up to 9 questions at both baseline, one-year, and two-year
follow-up about their subjective experience of peer use on a 5-point likert scale (i.e., “none,” “a
few,” “some,” “most,” or “all”’). Similar to other substance use modules, participants were only
asked specific questions if they had previously endorsed “hearing about” a particular substance.
Depending on gating question endorsement, participants were asked how many of their friend’s
drink alcohol, get drunk, have problems with alcohol or other drugs, use other drugs, and sell or
give drugs to others. Individual ratings of perceptions of peer substance use will be added
together to create a composite score of total peer substance use deviance perceptions. Responses
on each peer use question will be compiled into a single composite variable with higher
responses indicated greater peer substance use endorsement. Questions that were not
administered due to gated questions will be scored as “0” or “none.”

Parental Rules. Parents of youth were administered a nine-item inventory about their
rules regarding substance use in the home and enforcement of rules. At baseline, one-year, and
two-year follow-up visits, parents were asked about rules per specific substance and were asked
about alcohol, cannabis, and cigarettes. For each substance, parents were asked if they had
family rules for that particular substance with options ranging on a 5-point likert scale (“my child
is not allowed to drink/use/smoke,” to “my child can drink at home whenever they want”) with
an additional sixth option if they family does not yet have rules about substance use in their
household. If parents responded that they did have rules, they were then asked follow-up
questions per a substance if these rules are the same for all family members and if there were
penalties for violating family rules around substance use. Parents who reported not yet having
rules were not asked these follow-up questions. Responses on these items will be aggregated

across all substances and turned into a three-point composite variable indicating if families have
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no family rules, have some family rules (whether light or restrictive), or have not established
family rules around substance use. As such, this variable will be treated as a categorical variable.

Conduct Disorder Diagnosis. The Kiddie Schedule for Affective Disorder and
Schizophrenia (KSADS-5) was given to both parent and child to establish baseline, one-year,
and two-year follow-up of existing and developing psychopathology (Barch et al., 2018). Parents
were self-administered a computerized version of the KSADS-5 with RA support on lifetime and
current psychopathology. Children completed an abbreviated battery on internalizing based
symptoms. Diagnostic criteria were based on current Diagnostic and Statistical Manual of
Mental Disorders, 5" edition (DSM-5). In this way, current Conduct Disorder diagnostic status
were obtained and utilized for this study.

ADHD Symptoms. Parents also completed the Child Behavior Checklist (CBCL) on
their youth’s behavior, which provide measures of emotional and behavioral functioning as well
as phenotype scores for DSM-5 internalizing and externalizing disorders. The CBCL was
utilized to track ADHD symptom development. Dimensional scores for youth’s overall ADHD
symptoms were obtained at baseline, one-year, and two-year follow-up. (Barch et al., 2018).

Stimulant Medication. Parents were also asked to bring in all medications their children
in the study were taking. In this way, a list of current medications were obtained from all youth
at each given time point (Barch et al., 2018). Using this medication list, a dichotomous yes/no
variables was coded as yes if participants had taken any of the following medications in the past
two weeks: Adderall, Concerta, methylphenidate, Ritalin, Focalin, Strattera, amphetamine,
Quillivant, guanfacine, Evekeo, atoxmexetine, lisdexamfetamine, Dexedrine, Adzenys,

Metadata, Kapyay, clonidine, Intuniv, Daytrana, Methylin, Zenzedi, Catapres, Aptensio,
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Cotempla,QuilliChew, bupropion, Wellbutrin, Norpramin, desipramine, imipramine, Tofranil,
nortriptyline, Pamelor, & dextroamphetamine.
Health Factors

Physical Activity. Physical exercise was assessed at both baseline, one-year, and two-
year follow-up using a modified version of the Youth Risk Behavior Survey (YRBS). The YRBS
asked three items about children’s current engagement in physical exercise. Questions asked if
youth engaged in at least one hour of cardio activity, strength conditioning, and amount of days
in PE on the average week. The number of days children engaged in cardio and strengthening
activities were aggregated together and included as a continuous variable. Further, parents were
asked about the number of sport and non-sport activities that their youth have participated in at
baseline, one-year, and two-year follow-up visits (Gorham, Jernigan, Hudziak, & Barch, 2019).
Parents were asked to indicate the number of activities their child engaged in, what the activity
was, and how many years they have been engaged in the activity. The number of sport and non-
sport-based activities were compiled into one variable and used as a continuous variable to stand
for general physical activity children are engaging in. Activities in the survey that require less
exercise (i.e., playing a musical instrument, drawing/painting, drama, crafting, competitive
games like chess/cards/darts, hobbies like stamp collecting, music, and reading) will not be
included in the variable.

Sleep. To assess for sleep functioning in children, parents completed the Sleep
Disturbance Scale for Children (SDSC). The SDSC is a 26-item rating scale that calculates six
major domains of sleep dysfunction (Barch et al., 2018). Total SDSC scores were calculated by
adding all six domains together and higher scores indicating larger sleep dysfunction. SDSC was

administered at baseline and at subsequent yearly follow-up visits.
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Statistical Analyses
Substance Use Variable Notes

To account for data skew and provide set substance use groupings outlined below, early
caffeine use will be grouped into none, mild (>0-3 average drinks a week), and moderate (>3
average drinks a week). Similarly, alcohol sips will be broken into none, mild (1-2 alcoholic
sips), and moderate (>3). Finally, the composite variable of other substance use will be grouped
into none, mild (1 unit), and moderate (>1 unit). It should be noted that while terms of none,
mild, and moderate are used for simplicity, both mild and moderate use are still relatively low-
level use in comparison to later adolescence substance use.
Descriptive Analyses

Potential differences in demographics (Race, Ethnicity, Sex, Parental Marriage Status,
and Household Income), sleep quality, physical activity, between substance use groupings will
be investigated with t-test and chi-square analyses. To determine whether baseline substance use
is associated with baseline ADHD symptomology, a series of ANCOVAs will be conducted
using caffeine use, alcohol sipping, and full substance use groupings on ADHD symptoms.
Covariates will include demographic variables, stimulant medication, health factors, and
substance use risk factors.
Longitudinal analyses

A series of multilevel linear mixed effect models will be used to test whether substance
use patterns across baseline, one-year, and two-year follow-up will predict changes in ADHD
symptoms (CBCL ADHD dimensional symptom scores) across baseline, one-year, and two-year
follow-up with time being a second level nested variable and within subject variability across

time points, ABCD site, and sibling/twin status included as random effects using an unstructured
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covariance matrix. Patterns of substance use will be measured as a time-variant variable and will
include three separate analyses (e.g., caffeine use, alcohol sipping, total other substance use
groupings) to predict ADHD symptom trajectories across all three time points while accounting
for covariates include demographic information, stimulant medication, Conduct Disorder
diagnosis, health factors, and environmental SU risk variables. Across all longitudinal models,
statistical decisions will be made at o=.05. Further, participants will be removed from analyses if
missing data across two or more time points or if missing data shows obvious patterns (i.e., not
missing at random).
Sex differences analyses

In order to investigate sex differences between substance use patterns and ADHD
symptom trajectories, the same series of multilevel linear effect models will be run separately for
female and male participants. In this way, a total of six multilevel linear mixed effect models will
be run (three in male participants and three in female participants) in order to test whether
substance use patterns predict changes in ADHD symptoms across baseline, one-year, and two-
year follow-up with time being a second level nested variable and within subject variability
across time points, ABCD site, and sibling/twin status included as random effects using an
unstructured covariance matrix. Patterns of substance use will continue to be investigated as a
time variant variable.

Results

Demographics

After removing for missing data, the study consisted of 5,259 youth. The sample was
balanced by sex (52.3% male), on average was 9 years and 11 months old at baseline (M=119.7

months), primarily White (71.9% White), have a parent with a graduate degree (39.3% post-
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graduate degree), live in households that make over $100,000 (46.2% >=$100Kk), and have
parents that are married (73.5% married).
Baseline Descriptive Information
Caffeine Use Groupings

At baseline, 28.8% of participants were non-caffeine users, 57.6% were mild caffeine
users, and 13.5% were moderate caffeine users. Baseline caffeine groupings significant differed
by sex (>= 23.3, p<.001), race (= 103.4, p<.001), ethnicity (y?>= 46.8, p<.001), parental
education (¥?= 297.1, p<.001), household income (y>= 194.4, p<.001), parental marriage status
(x?= 167.4, p<.001), and age (F=14.02, p<.001). See Table 1 for additional descriptive
information.
Sipping Groupings

At baseline, 75.5% of participants engaged in no sipping behavior, 11.8% engaged in
mild sipping behavior, and 12.7% engaged in moderate sipping behavior. Baseline sipping
behavior groupings were significantly different by sex (= 15.1, p<.001), race (x>= 46.0,
p<.001), ethnicity (y*= 11.7, p=0.003), parental education (y°= 84.5, p<.001), household income
(x*=107.9, p<.001), household income (y°= 27.6, p=.002), and age (F=17.15, p<.001). See Table
2 for additional descriptive information.
Total Substance Use Groupings

At baseline, 99.5% of participants were non-substance users, 0.3% of participants were
mild substance users, and 0.2% were moderate substance users. Baseline total substance use
group significantly differed by sex (x?= 8.53, p=.014). Total substance use did not differ by any
other demographic variables. See Table 3 for additional descriptive information.

Baseline Multivariate Analyses
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Caffeine Use Groupings

After controlling for covariates, ADHD symptoms significantly differed by caffeine
group (F(2,5229)=6.14, p=.002) with higher caffeine usage groups associated with higher ADHD
symptomology. Within the model, sleep dysfunction (F(1,5229)=1040.40, p=<.001), Conduct
Disorder diagnosis (F=153.0, p=<.001), family drug history status (F(1,5229=15.03, p=<.001),
and days of cardio (F(1,5229)=4.41, p=.04) was significantly related to ADHD symptoms at
baseline.
Sipping Groupings

After controlling for covariate variables, sipping behavior groupings were significantly
associated with ADHD symptom (F(2,5229)=4.61, p=0.032) with mild sipping being associated
with the highest ADHD symptoms (M=53.4) and no sipping associated with the lowest
(M=52.9). Within the model, peer attitudes toward substance use was significantly related to
ADHD symptoms at baseline (F(1,5229=19.88, p<.001).
Total Substance Use Groupings

Baseline total substance use was not significantly associated with ADHD symptoms after
controlling for covariates of interest. Within the model, peer attitudes toward substance use was
significantly related to ADHD symptoms at baseline (F(1,5229=14.86, p<.001).
Longitudinal Analyses
Caffeine Groupings

Overall, ADHD symptoms marginally decreased at one-year (f=-0.27, p=0.054) but not
two-year follow-up (B=-0.31, p=0.141), regardless of group. Moderate caffeine use significantly
predicted higher ADHD symptoms at two-year (f=0.46, p=0.025) but not one-year follow-up

(B=0.11, p=0.425; see figure 1); mild caffeine use did not significantly predict ADHD symptoms
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at follow up (B=-0.03, p=0.853; p=0.32, p=0.111). Several covariates of interest significantly
contributed to the model between caffeine use groupings and ADHD symptomology. The
significant variables of note included family drug history status (p=0.84, p<.001), sleep
dysfunction ($=0.18, p<.001), Conduct Disorder diagnosis (f=2.69, p<.001), peer attitudes
toward use (f=0.39, p=0.001), and stimulant medication use (=2.18, p<.001).
Sipping Groupings

Sipping behavior did not significantly predict ADHD symptomology at one-year (B=-
0.29., p=0.234; p=0.08, p=0.717) or two-year follow-up (B=-0.03, p=0.906; p=0.01, p=0.972).
Several covariates of interest significantly contributed to the model between sipping behavior
groupings and ADHD symptomology. The significant variables of note included family drug
history status (=0.84, p<.001), sleep dysfunction (=0.18, p<.001), Conduct Disorder diagnosis
(B=2.67, p<.001), peer attitudes toward use ($=0.40, p=0.001), and stimulant medication use
(B=2.17, p<.001).
Total Substance Use Groupings

Overall, ADHD symptoms significantly decreased at one-year (f=-0.25, p=0.019) but not
two-year follow-up (f=0.20, p=0.282) regardless of group. Moderate total substance use
significantly predicted higher ADHD symptoms at two-year follow-up (=3.58, p=0.003) but not
one-year follow-up (p=-0.15, p=0.905); mild total substance use did not significantly predict
ADHD symptomology at one-year (=-2.85, p=0.254) or two-year follow-up (=0.04, p=0.983).
Several covariates of interest significantly contributed to the model between total substance use
groupings and ADHD symptomology. The significant variables of note included family drug

history status (=0.84, p<.001), sleep dysfunction (=0.18, p<.001), Conduct Disorder diagnosis
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(B=2.69, p<.001), peer attitudes toward use ($=0.39, p=0.001), and stimulant medication use
(B=2.17, p<.001).
Sex analyses

Male Participants. Moderate total substance use groupings significantly predicted
increased ADHD symptomology at two-year follow-up (B=5.11, p=.001) but not one-year
follow-up (B=0.22, p=0.887). No other substance use groupings significantly predicted
longitudinal ADHD symptoms in male participants.

Female Participants. Moderate caffeine use predicted significantly higher ADHD
symptoms at two-year follow-up (f=0.78, p=0.007) but not one-year follow up in female
participants (f=0.34, p=0.072). No other substance use groupings significantly predicted
longitudinal ADHD symptoms in female participants.

Discussion

In our study we aimed to investigate the relationship between substance use and ADHD
symptomology at baseline and over a two-year period within participants enrolled in the ABCD
study as they transition from late childhood into early adolescence. At baseline, ADHD
symptoms were significantly linked with baseline caffeine use and sipping behavior, after
controlling for demographic, stimulant medication, and associated health and substance use risk
factors. Specifically, higher recent caffeine usage and mild sipping behavior was associated with
greater ADHD symptoms. Longitudinally, moderate but not mild caffeine use was associated
with greater ADHD symptoms at two-year follow-up compared to no caffeine use. Similarly,
moderate but not mild total substance use was associated with greater ADHD symptoms at two-
year follow up compared to no substance use. Additional sex analyses revealed that total

substance use was linked with increased ADHD symptomology in males, while caffeine use was
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linked to increased ADHD symptomology in females after controlling for demographic,
stimulant medication, health factors, and substance use risk factors.

While statistically significant, differences were observed at baseline between caffeine
groupings and ADHD symptoms as higher caffeine usage demonstrated a significant relationship
with increased ADHD symptoms. These patterns continued to diverge longitudinally as greater
caffeine use led to greater ADHD symptomology over the two-year study period. In this way,
moderate caffeine use (defined here as 3 or more standard caffeinated drinks a week) was
associated with increased ADHD symptomology over time, supporting the hypothesis that early
substance use promotes increased ADHD symptom trajectories. This relationship may be
explained by a number of different mechanisms (Garrett & Griffiths, 1997). Neurodevelopmental
effects of caffeine on adenosine receptors with downstream behavioral changes through changes
in dopaminergic neuromodulation may play a role in these changes in ADHD symptom
trajectory (Cauli & Morelli, 2005). Further increased caffeine usage in late childhood may
simply be an early indicator of increased genetic risk for impulsivity and sensation seeking. One
epidemiological study investigating genetic influence on caffeine use indicated that caffeine
usage was not only heritable but explains part of the variance in individual’s personalities
(Czajkowski et al., 2020). Building off this, previous studies have linked caffeine usage with
increased risky behavior in young adult and late adolescent populations (Azagba, Langille, &
Asbridge, 2014; Grant & Chamberlain, 2018; Mahoney et al., 2019; Miller, 2008). While these
studies suggest the influence of genetic risk in caffeine use and impulsivity, direct studies linking
these factors have not been done. Further, despite the prevalence of caffeine use (Lisdahl et al.,
in press; Miller, Dermen, & Lucke, 2018), caffeine research in late childhood and earlier

adolescence is relatively understudied; indicating a need for more research to better understand
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this relationship. Also of note, despite evidence of sleep being a mediator between caffeine use
and ADHD symptoms (Cusick, Langberg, Breaux, Green, & Becker, 2020), moderate caffeine
findings were found while accounting for sleep dysfunction. This further implies the complexity
of this relationship and urges for greater investigation into the neuropsychological and genetic
underpinnings of caffeine use and ADHD symptoms.

Despite there being no significant differences at baseline between total substance use
groupings and ADHD symptoms, moderate total substance use (defined as 3 or more standard
substance uses) was associated with increased ADHD symptoms over two years. It is worth
noting, that moderate- but not mild- substance use contributed to ADHD symptomology over
time, suggesting a dose-dependent relationship. As mentioned earlier, past studies have
demonstrated a link between adolescent substance use and ADHD diagnosis (Lee et al., 2011;
Molina et al., 2018; Molina & Pelham Jr, 2003; Sibley et al., 2014; Wilens et al., 2011); while
the directionality of these findings have been difficult to parse out, our findings suggest that early
substances use behavior may extend upon or even increase ADHD symptoms overtime. In this
way, very early substance use is already contributing to the relationship between substance use
and ADHD symptom severity, even after accounting for other comorbid health factors, Conduct
Disorder, and current stimulant medication usage. While substance use research has traditionally
examined the roles of substance use starting in adolescence (Chassin et al., 2004; Lisdahl et al.,
2013; Squeglia et al., 2009; Thorpe et al., 2020), our findings suggest that even earlier, low-level
substance use initiation should be considered as it is playing a role in these neurodevelopmental
trajectories. Indeed, one study that examined childhood ADHD and early substance use
trajectories demonstrated that while ADHD status alone did not significantly impact alcohol,

cannabis use, or other illicit drug use trajectories, early substance use in individuals with ADHD
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did lead to increased substance use trajectories (Molina et al., 2018). Our findings extend this
literature by considering that early substance use not only lead to more severe substance use
trajectories, but also appears to contribute to increased ADHD symptom trajectories even within
subclinical samples.

There are a few different mechanisms that may underlie this relationship between
moderate substance use and ADHD symptom severity from childhood to pre/early adolescence.
Animal models have indicated that exposure to substances during this sensitive period may lead
to changes in neurotransmission (Hoegberg, Lomazzo, Lee, & Perry, 2015; Shram, Funk, Li, &
Lé, 2007; Zhang, Feng, & Chergui, 2015) including dopaminergic systems (Pascual, Boix,
Felipo, & Guerri, 2009). Greater and repeated exposure to substances during this sensitive period
may lead to possible changes in dopamine signaling (Thorpe et al., 2020; Volkow & Morales,
2015). These findings are further underlined by human studies showing that earlier age of onset
related to abnormal structural brain morphometry (Lisdahl et al., 2013), particularly in individual
with ADHD (Lisdahl et al., 2016). It has long been understood that substance use severity is
associated with altered dopaminergic systems (Esposito-Smythers, Spirito, Rizzo, McGeary, &
Knopik, 2009; Leyton & Vezina, 2013; Noble, 1996). Additionally, recent positron emission
tomography (PET) study findings have shown that chronic substance use is linked with reduced
receptor availability and pre-synaptic hypo-functioning within dopamine systems
(Thiruchselvam et al., 2017). Further, links between neurodevelopmental impulsivity and
substance use through dysregulation of these dopaminergic pathways have been discussed
(Leyton & Vezina, 2014). These findings all lend support to the dynamic developmental theory
which posits that altered dopaminergic systems are a core mechanism behind ADHD

development (Sagvolden et al., 2005), and our findings open up the possibility that even low-
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level early substance use initiation may influence this development. Indeed, while low level use
is rarely if ever studied, emerging evidence is beginning to suggest that even instances of one or
two exposures to substances like cannabis can lead to structural and cognitive effects (Orr et al.,
2019). Further in line with the dynamic developmental theory of ADHD is the idea that ADHD
symptom expression is dependent on environmental factors and the time at which they are
produced (Sagvolden et al., 2005). While low level use did not seem to significantly impact
trajectories one year from baseline, it did impact trajectories two years out indicating increased
dopamine sensitization as participants age into early adolescence (Thorpe et al., 2020).
However, it must be noted that dopamine levels were not measured in this study, therefore; this
mechanism would need to be confirmed in future studies. Further, while much of this research
has largely centered on alcohol, nicotine, cannabis, and other illicit substance use, dopamine
receptor involvement has similarly been linked with caffeine usage and thus it is hypothesized
that similar mechanisms may be at play (Garrett & Griffiths, 1997).

Another possible hypothesis for the mechanism between early substance use and
increased substance use is genetic. Strong shared genetic variance between ADHD symptoms
and substance use has been demonstrated within adults (Derks, Vink, Willemsen, Van Den
Brink, & Boomsma, 2014). Further, retrospective studies have linked genetic risk for
externalizing behaviors on alcohol consumption starting in early adolescents and reaching a peak
around mid-adolescence (Kendler, Gardner, & Dick, 2011). While these studies were
demonstrated in older populations than our cohort, these early substance use patterns and
increased ADHD symptomology may indicate early signs of this shared genetic variance.
Further, strong links between genetics and shared environmental factors (such as peer deviance,

availability of alcohol) of substance use and ADHD could also explain genetic by environmental
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interactions that would further contribute to this relationship (Geels, Vink, Van Beijsterveldt,
Bartels, & Boomsma, 2013; Kendler et al., 2011; Laucht, Hohm, Esser, Schmidt, & Becker,
2007). However, as genetic information was not included in this study, we can only hypothesize
on its potential influence. Future work should utilize genetic samples of children and adolescents
to further investigate genetic contributions to substance use and ADHD symptomology.

Despite being linked at baseline, sipping behaviors did not impact ADHD trajectories
from childhood to pre/early adolescence. This relationship implies that while early alcohol
sipping is linked with ADHD symptoms at baseline, changes in these sipping behaviors do not
impact overall ADHD symptom trajectories into early adolescence. The fact that sipping
behavior was not related to ADHD symptoms overtime may suggest that low-level sipping does
not alter systems linked with ADHD severity, such as dopaminergic functioning (Swanson et al.,
2007). Further, moderate sipping behavior as defined as 3 or more sips, may be too low to
capture any subtle long-term effects on attentional processes. Another possible explanation is
that low-level sipping is more normative behavior; indeed, 22.5% of youth in the overall ABCD
sample engaged in some level of sipping already at baseline (Lisdahl et al., in press). Therefore,
examining the impact of consuming full alcoholic drink may be more appropriate in examining
these longitudinal trajectories.

While the relationships between substance use and ADHD symptoms were significant
over and above other factors included in the model, health and diagnostic factors such as positive
family drug status, sleep dysfunction, peer attitudes toward substance use, stimulant medication
use, and Conduct Disorder diagnosis were also shown to be linked with substance use and
ADHD symptoms. Due to the existing body of research on these factors (Benzing et al., 2018;

Flory & Lynam, 2003; Hvolby, 2015; Lee et al., 2011; Malone et al., 2010; Molina & Pelham Jr,
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2003; Moore & Chudley, 2005; Wong et al., 2009) and significant findings within our models,
future work should continue to examine their roles in the relationships between substance use
and ADHD symptomology as they all significantly contributed to increased ADHD symptoms
across all substance use groupings.

Also of interest was the relationship of biological sex on substance use and ADHD
symptoms. Interestingly when separated by sex, substance use findings remained only for the
male participants while the caffeine use findings were specific to female participants.
Considering moderate total substance use was predominately male, male participants driving the
relationship between moderate total substance use and ADHD symptomology is not that
surprising. It appears that even at early age, male rather than female children are more likely to
engage in slightly more substance use initiation (Lisdahl et al., in press). Although this use is still
small, as highlighted above, even one or two uses can lead to significant changes in brain
morphometry and cognition (Orr et al., 2019) and may provide an explanation for the increased
rates of ADHD symptoms in males compared to females (Arnett et al., 2015). Interestingly,
caffeine findings only remained significant within the female participants compared to male
participants. While more male participants engaged in moderate caffeine use across all time
points (baseline=57.6%, one-year=57.9%, and two-year=56.9%), the significant relationship
between caffeine and ADHD symptoms within female participants suggests a separate causality
than the mechanism driving substance use and ADHD symptoms in males. One possible
explanation is the role of neurobiological factors, such as the effects of estradiol on
dopaminergic processes, that may drive these sex differences (Kuhn, 2015). Further, another
explanation could lie in the type of symptom presentation. Female rather than male children are

more likely to display inattentive ADHD symptoms (American Psychiatric Association, 2013).
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As caffeine is associated with increased sustained attention (Smith, 2002), it’s possible that
female participants with higher ADHD symptoms may be seeking out higher levels of caffeine to
“self-medicate.” Previous literature has suggested benefits of caffeine as a treatment for ADHD
(Leon, 2000); however, this review largely draws from male samples. More research is necessary
to start to parse out sex differences in caffeine use and ADHD symptomology.

Overall, our findings point to a need for clinicians and researchers to put more focus on
early caffeine and substance use in children. Study results suggest small but significant
differences in ADHD symptoms within children who engage in caffeine and substance use are
already being demonstrated by late childhood. This emphasizes a need to start focusing on early
use, even if early use appears small relative to later use in adolescence and adulthood. At its
earliest, most research investigates substance use starting in adolescence (Casey & Jones, 2010;
Lisdahl et al., 2013; Squeglia & Gray, 2016). Similarly, clinical assessment and intervention
work largely focuses on adolescent substance use rather than their younger peers (Hogue,
Henderson, Becker, & Knight, 2018; Kulak & Griswold, 2019; Thurstone, Hull, Timmerman, &
Emrick, 2017). Greater importance needs to be made on validating assessment and intervention
of early substance use even before adolescence. Further, emphasis on early prevention could help
to mitigate early childhood substance usage. Currently, there are no known federal guidelines for
child caffeine usage in the United States despite the potential deleterious effects. Continued work
into preventative measures of childhood caffeine and substance use are needed.

While this research provides a novel perspective on substance use and ADHD symptom
relationships, there are several limitations to the study. While the study highlights the benefit of
examining dimensional ADHD symptom trajectories, the overall sample was largely subclinical

and therefore does not truly reflect ADHD research. Future investigations should examine
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ADHD symptom trajectories within ADHD diagnosed populations to see if similar patterns
emerge. Further, our study examined overall ADHD symptoms but does not capture the
difference in ADHD symptom subtype (i.e., hyperactive and inattentive symptoms (American
Psychiatric Association, 2013)). As previous work has demonstrated different patterns of
substance use between ADHD subtypes (Molina & Pelham Jr, 2003), future work should also
examine these relationship between differences in subtype symptoms. Additionally, our study
examined these relationships within a linear direction, only examining substance use on ADHD
symptoms. Due to the complexity of the relationship between ADHD and substance,
bidirectional models such as structural equation model are needed to better understand these
variables. Finally, while we speculated on the mechanisms behind our findings, our study falls
short of actually measuring the factors that may underpin this relationship. Future work should
examine dopaminergic levels as well as genetic factors that may better explain the connection
between substance use and ADHD symptoms.

At baseline, ADHD symptoms significantly differed by caffeine use and alcoholic
sipping with higher substance use related to higher ADHD symptoms. Longitudinally, moderate
caffeine use (defined as 3 of more standard caffeinated drinks a week) and moderate total
substance use (defined as more than 1 full standard substance usage) were related to increased
ADHD symptoms two years after baseline over and above demographics, stimulant medication,
health factors, and other substance use risk factors. These findings suggest that even light and
early use can start to impact ADHD symptom trajectories within a normative population.
Further, analyses divided by sex suggest that standard substance use was specific to male
children while caffeine use findings were specific to female children suggesting sex differences.

More work is needed to investigate the effects of early substance use on ADHD symptomology
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to further elucidate the impact early use has in adolescent trajectories as well as differences in

these patterns by biological sex.
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Figure 1.
Longitudinal Caffeine Use on ADHD Symptoms
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Figure 1. Linear graphs depicting longitudinal trajectories across all three time points and separated by caffeine
group status. Bl=baseline visit, 1y=1 year visit, 2y=2 year visit. Error bars represent standard error.
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Figure 2.
Total Substance Use on ADHD Symptoms

ﬁ 60.0- -

E Substance Use Group
£ 227 ® Nosu

gsw_ A Some su

2 - 4 Moderate SU

E 525- —

<

'
bl 1y 2y
Follow-up visit

Figure 2. Linear graphs depicting longitudinal trajectories across all three time points and separated by substance
use group status. SU=Substance use, bl=baseline visit, 1y=1 year visit, 2y=2 year visit. Error bars represent standard
error.
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Table 1.
Baseline Caffeine Groupings

No Caffeine Use Mild Caffeine Use Moderate Caffeine Use
(N=1516) (N=3031) (N=712)
*Age
(Months M,SD) 118.9 (7.4) 120.0 (7.5) 120.2 (7.3)
*Race 0 o o
(% White) 77.8% 70.5% 65.0%
(% Black) 6.1% 10.7% 18.9%
(% Asian) 2.9% 2.3% 1.1%
(% Other/Mixed) 13.1% 6.5% 14.9%
*Ethnicity 89.6% 81.9% 82.6
(% Not Hispanic) o7 =7 o7
*Sex
47.6% 5% 7.6%
(% Male) 6% 53.5% 57.6%
*Parental Education 49.7% 37.9% 22 8%
(% post-grad) ' ' '
*Household Income 0 0 0
(% >=100K) 55.7% 45.2% 30.8%
*Parental Marriage Status 0 0 0
(% Married) 83.2% 71.6% 60.7%
*Sleep Dysfunction 35.8 (7.2 36.3 (8.0 37.6 (8.6
(M.SD) 8(7.2) 3(8.0) 6 (8.6)
*Conduct Disorder Diagnosis
- . h 1.9% 2.1% 3.7%
(% with Diagnosis) ’ ° ’
*Family Alcohol History 10.6% 15.1% 19.5%
(% Positive History) 0.6% >1% 9.5%
Family Drug History 0 0 0
(% Positive History) 31.5% 82.1% 31.0%
*Household Rules 0 0 0
(% Rules are No) 78.6% 80.1% 80.3%
*Peer Substance Use
3.3% 4.4% 8.6%
(% Peers Use) ’ ° ’
*Days Strength Training 1.8 (2.0 1.9(1.9 29(22
(Days M, SD) 8(2.0) 9 (1.9) 2(2.2)
*Days Cardio Activity 3.8 (2.3 36 (2.3 3.6 (2.3
(Days M., SD) 8(2.3) 6(2.3) 6(2.3)
*Sports Engagement 18(15 17 (15 14 (15
(# of Sports M,SD) 8(19) (19 4 (L9)
*Stimulant Medications
4.2% 5.1% 7.0%

(% on stimulant
medications)

Notes. *Denotes significant differences in group via t-test or chi-square testing with statistical decision made at
0=.05. M=mean, SD=Standard Deviation.
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Table 2.

Baseline Sipping Groupings

No Sipping Mild Sipping Moderate Sipping
(N=3971) (N=622) (N=666)
*Age
(Months M,SD) 119.5 (7.4) 120.2 (7.6) 120.6 (7.3)
*Race 0 0 0
(% White) 70.3% 74.9% 78.4%
(% Black) 12.1% 7.1% 4.7%
6 Asian 2% 4% .0%
% Asi 2.2% 2.4% 3.0%
(% Other/Mixed) 15.4% 15.6% 14.0%
*Ethnicity
. . 7.2% 5% 3%
(% Not Hispanic) 87.2% 85.5% 88.3%
*Sex 0 0 0
(% Male) 53.5% 53.1% 59.2%
*Parental Education 38.3% 46.3% 49.0%
(% post-grad)
*Household Income
44.6% 54.7% 60.5%
(% >=100K) ° ’ °
*Parental Marriage Status
75.8% 73.0% 80.5%
(% Married) ° ’ °
Sleep Dysfunction
(M.SD) 36.3 (8.1) 36.4 (7.6) 36.3 (7.0)
Conduct Disorder Diagnosis
- X - 2.3% 2.6% 2.4%
(% with Diagnosis) 3% 6% °
Family Alcohol History 0 0 0
(% Positive History) 15.1% 13.8% 15.2%
Family Drug History 33.9% 30,204 29.7%
(% Positive History) i e 7
*Household Rules
85.4% 76.7% 71.9%
(% Rules are No) ° ’ °
*Peer Substance Use o 0 o
(9% Peers Use) 4.0% 5.6% 8.3%
*Days Strength Training
(Days M, SD) 1.9 (2.0) 1.7 (2.0) 1.8 (2.0)
Days Cardio Activity 2 172 29
(Days M, SD) 3.6 (2.3) 723 3.8(2.2)
*Sports Engagement 1.6 (15 1.8 (1.4 1.9 (1.4
(# of Sports M,SD) 609 814 9014
Stimulant Medications 5206 530 5.6%

(% on stimulant medications)

Notes. *Denotes significant differences in group via t-test or chi-square testing with statistical decision made at

0=.05. M=mean, SD=Standard Deviation.



Table 3.

Total Substance Use Groupings

No Substance Use

Mild Substance Use

Moderate Substance Use

(N=5233) (N=14) (N=12)
Age
(Months M.SD) 119.7 (7.4) 120.9 (8.0) 120.5 (7.1)
Race o o o
(% White) 71.9% 78.6% 66.7%
(% Black) 10.5% 7.1% 8.3%
% Asian 2.4% 0.0% 0.0%
(
(% Other/Mixed) 15.2% 14.3% 25.0%
Ethnicity 84.2% 85.7% 75.0%
(% Not Hispanic) e 7 o
*Sex 9 9 0
(% Male) 52.2% 78.6% 83.3%
Parental Education 39.3% 35 7% 25 0%
(% post-grad)
Household Income
46.3% 57.1% 25.0%
(% >=100K) ° ’ ’
Parental Marriage Status
. 73.5% 78.6% 50.0%
(% Married) ° ’ °
Sleep Dysfunction 36.3 (7.9 37.6 (4.9 34.4 (8.0
(M.SD) 3(7.9) 6 (4.9) 4 (8.0)
Conduct Disorder Diagnosis o o o
(% with Diagnosis) 2:3% 0% 0%
Family Alcohol History 14.4% 14.3% 33.3%
(% Positive History) o R 27
Family Drug History 31.7% 42 9% 50.0%
(% Positive History) 7 = o
Household Rules
79.8% 78.6% 66.7%
(% Rules are No) ° ’ °
*Peer Substance Use
4.6% 0.0% 25.0%
(% Peers Use) ’ ° ’
Days Strength Training 19(2 19 (2 2.4
(Days M, SD) .9(2.0) .9(2.5) 3.0(24)
Days Cardio Activity 37(2.3 3.8 (2.4 48 (23
(Days M, SD) 7(2.3) 8(2.4) 8(2.3)
Sports Engagement 1.7 (15 1.6 (1.2 1.2 (0.9
(# of Sports M,SD) T (15) £2) 2(09)
Stimulant Medications 5.1% 14.3% 16.7%

(% on stimulant medications)

Notes. *Denotes significant differences in group via t-test or chi-square testing with statistical decision made at
0=.05. M=mean, SD=Standard Deviation.
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Wallace, A.L., Sullivan, R.M., Wade, N.E., Lehman, S.M., & Lisdahl, K.M. (2020,

June). Aerobic Fitness as a Potential Moderator on the Relationship between Binge Drinking
and Cognition in Adolescent and Young Adults. Poster presentation at the 43 annual Research
Society on Alcoholism (RSA) Conference, New Orleans, LA. (Conference canceled)

Wade, N.E., Palmer, C., Wallace, A.L., Infante, A.A.M, Gonzalez, M., Tapert, S.F., Jacobus, J.,
& Bagot, K. (2020, June). Risk Factors Associated with Curiosity About Alcohol Use in the
ABCD Cohort. Poster presentation at the 43" annual Research Society on Alcoholism (RSA)
Conference, New Orleans, LA. (Conference canceled)

Sullivan, R.M., Jarvis, J.E., Wallace, A.L., Wade, N.E., & Lisdahl, K.M. (2020, June). Alcohol-
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Youth: Examination of the ABCD Cohort. Poster presentation at the 43™ annual Research Society
on Alcoholism (RSA) Conference, New Orleans, LA. (Conference canceled)

Sullivan, R.M., Wallace, A.L., Wade, N.E., & Lisdahl, K.M. (2020, February). Examination of
Gender and Aerobic Fitness on the Impact of Cannabis Use on Brain Structure in Young Adults:
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scientific meeting of the International Neuropsychological Society, Denver, Colorado.
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Kaiver, C.M., Wallace, A.L., Lehman, S.M., Wirtz, H.G., Lisdahl, K.M. (2020,

February) Effects of Sedentary Behavior and Adipose Tissue on Cognition in Adolescents and
Young Adults. Poster presentation at the 48" Annual International Neuropsychology Society the
48™ annual scientific meeting of the International Neuropsychological Society, Denver,
Colorado.

Sullivan, R.M., Wallace, A.L., Lisdahl, K.M. (2019, June) Gender Differences in the Impact of
Aerobic Fitness and Cannabis Use on Brain Structure in Adolescents and Young Adults. Poster
presentation at The College on Problems of Drug Dependence 81 Annual Conference, San
Antonio, Texas

Wirtz, H., Wallace, A.L., Kaiver, C.M., Lisdahl, K.M. (2019, April) The Relationship between
Adipose Tissue and Executive Functioning in Adolescents and Young Adults. Poster presentation
at 11th Annual UWM Undergraduate Research Symposium, Milwaukee, Wisconsin.

Arechiga, J.R., Wallace, A.L., Lisdahl, K.M. (2019, April) Effects of 3-weeks of Abstinence from
Cannabis on Depression and Anxiety. Poster presentation at 11th Annual UWM Undergraduate
Research Symposium, Milwaukee, Wisconsin.

Esson, M., Wallace, A.L., Kaiver, C.M., Lisdahl, K.M. (2019, April) Effects of Body Fat on
Sleep. Poster presentation at 11th Annual UWM Undergraduate Research Symposium,
Milwaukee, Wisconsin.

Kaiver, C.M., Wallace, A.L., Kangiser, M.M., Mulligan, D., Messman, G.M., Lisdahl, K.M.
(2019, February) Binge Drinking Impacts Prefrontal and Parietal Gyrification in Adolescents
and Young Adults. Poster presentation at The International Neuropsychology Society

47th Annual Conference. New York City, NY

Maple, K.E., Thomas, A.M., Wallace, A.L., Lisdahl, K.M. (2019, February) Blunted Rostral
Anterior Cingulate Activation during an Emotional Inhibitory Processing Task in Abstinent
Cannabis Users. Poster presentation at The International Neuropsychology Society 47th Annual
Conference. New York City, NY

Lehman, S.M, Jennette, K.J., Wallace, A.L., & Lisdahl, K.M. (2018, April) Effects of Early
Onset Marijuana Use on Executive Functioning Compared to Late Onset Marijuana Use. Poster
presented at the National Conference on Undergraduate Research. University of Central
Oklahoma.

Wallace, A.L., Wright, N.E., Gilbart, E.R., and Lisdahl, K.M. (2017, June). ADHD symptoms
and Marijuana Use Predicts Inattention Performance. Poster presented at the College on
Problems of Drug Dependence 79" Annual Conference, Montreal, Canada.

O’Leary, D.S., Vaidya, J.G., Wallace, A.L., Nguyen, R.H., Fuhrmeister, L.A. (2015, March).
The Effects of Concurrent Binge Drinking and Marijuana Use on Adolescent Brain
Development. Poster presented at the National Institutes of Health Collaborative Research on
Addiction grantee meeting, Rockville, MD.
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RESEARCH EXPERIENCE

August 2021-Present Intern Research Assistant, St. Jude Children’s Research
Hospital
Supervisor: Lisa Jacola, Ph.D. ABPP

1) Conduct research at St. Jude Children’s Research Hospital on the Early Childhood
Clinic database, a database consisting of children from birth to three who were seen
for neuropsychological services due to underlying cancer diagnosis, as part of the
Jacola lab.

Duties: Conduct data cleaning of existing database. Formulate research question and aims from
the data provided in the database, conduct literature review, run analyses, and write manuscript
under the supervision of Lisa Jacola and fellow Early Childhood Clinic faculty.

January 2017-July 2021 Graduate Research Assistant, University of Wisconsin-
Milwaukee, Adolescent Brain Cognitive Development Study
(https://abcdstudy.org)
Supervisor: Krista Lisdahl, Ph.D.

1) Serve as Graduate Research Assistant and work directly with youth and parents
participating in the ABCD Study, a ten year, NIH-funded, prospective longitudinal
study examining multiple factors that affect adolescent brain, cognitive, emotional
and physical development in a diverse, national sample across 21 research sites.

Duties: Recruit participants and families from the community, attend community engagement
events; conduct 7-hour youth (ages 9-16) research study sessions that include

neuropsychological battery (measuring working processing speed, working memory, verbal
fluency, executive functioning, and attention), psychiatric and mental health (e.g., K-SADS),
substance use, culture/environment, and physical health questionnaires and interviews; collect
biological markers; assist with HCP multi-band functional (task based, resting scan) and
structural MRI scans; conduct physical and mental health interviews (e.g., K-SADS) and
questionnaires with parents. Implement contingency and behavioral management techniques with
youth. Assessing and triaging for suicide risk with youth and parents, supervise staff and RAs on
suicide, homicide and abuse risk assessments. Attend and contribute content for weekly RA
meetings. Attend bi-weekly meetings with P1 and weekly laboratory meetings. Supervise
undergraduate students in completing mentored research projects. Responsible for conducting
research sessions under observation during annual ABCD data harmonization site visits. Conduct
data analysis, manuscript preparation, and local and national dissemination of findings.

Funding Source: U01 DAO41025 (PI Lisdahl); 2U01-DA041025 (PI Lisdahl, Larson)
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January 2017-July 2021 Graduate Research Assistant, University of Wisconsin-
Milwaukee, Imaging Data in Emerging Adults with Addiction
(https://abcdstudy.org)
Supervisor: Krista Lisdahl, Ph.D.

1) Serve as Graduate Research Assistant in managing the Imaging Data in Emerging
Adults with Addiction (IDEAA) database, a database created by a multi-site
consortium comprised of investigators using common, overlapping neuroimaging and
behavioral measures in over 600 cannabis using and healthy control adolescents and
emerging adults.

Duties: Help manage and clean data across all sites and provide necessary data as requested by
members of the consortium and aid with data analysis.

Funding Source: 3R01 DAO030354-03S1 (PI Lisdahl)

August 2016-May 2020 Graduate Research Assistant, University of Wisconsin-
Milwaukee, Brain Imaging and Neuropsychology Lab
Supervisor: Krista Lisdahl, Ph.D.

1) Served as a Graduate Research Assistant and assisted in running a three-week study
of the effects of marijuana use on adolescent and emerging adult brain development
as well as measuring potential influences such as alcohol use, life stress, and exercise.

Duties: Conducted 3 hour research sessions with adolescents and young adults (ages 16-26).
Study sessions included neurocognitive batteries (measuring working memory, attention, and
processing speed), assessing substance use, administering questionnaires evaluating emotional
and mental health, collecting biological markers, assist with functional (task based, resting scan)
and structural MRI scans. Continuing to conduct data analyses for presentation and manuscript
preparation.

Funding Source: R01 DA030354, NIDA,; PI: Lisdahl, K.M.

September 2016-May 2017 Research Assistant, University of Wisconsin-Milwaukee,
Kinesiology and Psychology Department
Supervisor: Ann Swartz, Ph.D.

Neuropsychology Supervisor: Krista Lisdah, Ph.D.

1) Integration of Standing Desks in Elementary Schools to Reduce Sedentary Behavior
and Improve Neuropsychological Functioning

Duties: Assisted in a year long study determining if standing desks impact grade school aged
children with cognitive outcomes as well as other physical activity levels. Administered subtests
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of the NIH toolbox measuring executive functioning, attention, and learning at baseline, 4
months, and 8 months.

Funding source: SAFCO Products Company

May 2014-July 2016 Research Assistant, University of lowa, Department of
Psychiatry
Supervisor: Jatin Vaidya, Ph.D./ Dan O’Leary, Ph.D.

Duties: Completed intellectual, neuropsychological testing, and behavioral imaging tasks with
adolescent and young adult participants. Organizing and running preliminary analyses on
behavioral data. Preliminary analyses using AFNI on Diffusion Tensor Imaging scans, resting
state scans, etc.

November 2011- July 2016 Research Assistant, University of lowa, lowa ADHD and
Development Lab
Principal Investigator: Molly A. Nikolas, Ph.D.

Duties: Completed intellectual, academic, and neuropsychological testing with child, adolescent,
and young adult participants with ADHD. Routinely scored, entered, checked, and cleaned data
for various projects in the lab. Further, | utilized data collected in the young adult study as part
of my honor’s thesis project.

May 2013-August 2014 Research Coordinator, lowa City Veteran Affairs Hospital
Supervisor: Dr. Terry Wahls, M.D.

Duties: My role as research coordinator required me to oversee recruitment of participants for
studies on nutritional interventions and quality of life with individuals diagnosed with multiple
sclerosis as well as to complete neuropsychological testing procedures with participants.
Additionally, I updated and maintained IRB protocols and cleaned and prepared data for
analyses.

Software/Coding Proficiencies: Linux, SPSS, AFNI, FreeSurfer, MPlus, Matlab, R

CLINICAL EXPERIENCE

August 2021-Present Clinical Internship, University of Tennessee Health Science
Consortium, St. Jude Neuropsychology Track
Supervisor: Brian Potter, Psy.D., ABPP, Jennifer Longoria, Ph.D.,
ABPP

Duties: Complete neuropsychological evaluations of children, adolescent, and young adults who
have previously or currently undergoing treatment for pediatric cancer, sickle cell disease, and
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other pediatric disease within oncology and hematology. Evaluations consist of conducting
interview, scoring and interpreting neuropsychological testing, providing diagnoses and potential
etiology/prognosis, and providing feedback, recommendations and referrals with clients.
Evaluations often occur with multidisciplinary teams, including weekly rounds for patients with
tumors and early childhood clinic. Participated in weekly didactics in clinical neuropsychology,
pediatric psychology, and general psychology.

December 2021-Present Clinical Internship, University of Tennessee Health Science
Consortium, St. Jude Acute Neurological Injury
Supervisor: Darcy Raches, Ph.D.

Duties: Complete neuropsychological evaluations of children and adolescents who are
undergoing active oncology treatment in inpatient and outpatient care, including posterior fossa
syndrome. Evaluations consist of medical chart review, brief interviews with parents, and both
outpatient and inpatient neuropsychological tools to determine extend of functioning to inform
ongoing care. Evaluations often occur with multidisciplinary teams that meet biweekly and
include rehabilitation services. Also conduct cognitive rehabilitation services with children
undergoing active care to help build and continue to evaluate cognitive functioning.

December 2021-Present Clinical Internship, University of Tennessee Health Science
Consortium, Semmes Murphey
Supervisor: Brandon Baughman, Ph.D., ABPP

Duties: Complete neuropsychological evaluations of adolescents and adults across a wide range
of medical referrals, including traumatic brain injuries, epilepsy, genetic disorders, and
externalizing developmental disorders. Duties include conducting interviews, administering and
interpreting neuropsychological testing, providing diagnoses and potential etiology/prognosis,
and providing feedback, recommendations, and referrals with clients.

August 2021-December 2021 Clinical Internship, University of Tennessee Health Science
Consortium, Kindred Place
Supervisor: Catherine Collins, Ph.D.

Duties: Provide intervention and evaluations for children and adults who have survived domestic
and sexual abuse as well as court ordered therapeutic intervention anger management for
perpetuators of domestic violence and assault. Also conducted state mandated co-parenting
courses for newly divorced parents with children to help center child development and needs.

May 2020-May 2021 Adult Neuropsychology Practicum Externship, Department of
Neurology, Division of Neuropsychology, Froedtert Hospital
and Medical College of Wisconsin
Supervisor: Julie Bobholz, Ph.D., ABPP, Sara Swanson, Ph.D.,
ABPP, Alissa Butts, Ph.D., ABPP, Laura Umfleet, Psy.D., ABPP,
Julie Janecek, Ph.D., ABPP, Sara Pillay, Ph.D.
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Duties: Conduct comprehensive neuropsychological evaluations of adults (from young adults to
geriatric populations) including conducting interviews, administering and interpreting
neuropsychological testing, providing diagnoses and potential etiology/prognosis, and providing
feedback, recommendations and referrals with clients. Worked as part of a multidisciplinary
team in the context of cancer patients as well as surgical cases (e.g., tumor board, epilepsy
board). Training included working with diverse populations and neuropsychological disorders
(including developmental concerns, epilepsy, neuro-oncology, memory concerns, genetic
referrals, and traumatic brain injury). Participated in weekly externship and post-doctoral case
conferences and didactics in clinical neuropsychology, journal club, and fact-findings.

May 2019-June 2020 Pediatric Neuropsychology Practicum Externship, Department
of Neurology, Division of Neuropsychology, Children’s
Hospital of Wisconsin and Medical College of Wisconsin
Supervisor: Amy Heffelfinger, Ph.D., MPE, ABPP, Jennifer Koop,
Ph.D., ABPP, Michelle Loman, Ph.D., and Joseph Amaral, Ph.D.

Duties: Conduct comprehensive neuropsychological evaluations of children and adolescent
including conducting interviews, scoring and interpreting neuropsychological testing, providing
diagnoses and potential etiology/prognosis, and providing feedback, recommendations and
referrals with clients. Worked as part of a multidisciplinary team in the context of cancer patients
as well as surgical cases (e.g., tumor board, epilepsy board). Training included working with
diverse populations and neuropsychological disorders (including developmental concerns,
Autism Spectrum Disorder (ASD), epilepsy, neuro-oncology, genetic referrals, and traumatic
brain injury). Participated in weekly externship and post-doctoral case conferences and didactics
in clinical neuropsychology, journal club, and fact-findings. Observed and scored along to
empirically-supported ASD assessments (e.g., ADOS), pediatric development assessment (e.g.,
Mullen), and pediatric play observations.

Summer 2020 Graduate Student Trainee, Department Psychology Clinic,
University of Wisconsin-Milwaukee (Supplemental Clinical
Experience)
Supervisor: Stacey Nye, Ph.D.

Duties: Conducted intakes with adult clients to determine diagnostic impressions and fit for the
departmental clinic. Intakes were completed virtually through videoconferencing and in
accordance with telebehavioral health guidelines.

August 2018-May 2021 Graduate Student Trainee, Child Neuropsychology Clinic,
University of Wisconsin-Milwaukee (Supplemental Clinical
Experience)
Supervisor: Bonita Klein-Tasman, Ph.D.

Duties: Conduct psychoeducational evaluations of children and adolescents under the
supervision of a licensed psychologist. Administered, scored, and interpreted a variety of
cognitive and academic assessments. Completed psychoeducational reports and conducted
feedback sessions with clients and their families.
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August 2018-May 2021 Practicum in Therapy, Treatment of Eating Disorders,
University of Wisconsin-Milwaukee
Supervisor: Stacey Nye, Ph.D. and Robyn Ridley, Ph.D.

Duties: Conduct empirically supported interventions to treat eating disorders in adolescents and
young adult utilizing a Cognitive-Behavioral Therapy (CBT) theoretical perspective. This
included setting treatment goals, evaluating progress on goals, and working with a
multidisciplinary team (e.g., nutritionist, primary physician) to help facilitate treatment goals. |
have conducted this work in-person and through telebehavioral health appointments via
videoconferencing.

August 2018-May 2021 Practicum in Therapy, General CBT Treatment, University of
Wisconsin-Milwaukee
Supervisor: Robyn Ridley, Ph.D.

Duties: Conduct empirically supported interventions to treat anxiety and depression in young
adult clients with eating disorders, anxiety, and depression utilizing a CBT theoretical
perspective. This work included setting treatment goals and evaluating client progress toward
those goals.

August 2017-May 2018 Practicum in Assessment, University of Wisconsin-Milwaukee
Supervisor: Bonita Klein-Tasman, Ph.D. and Kristin Smith, Ph.D.

Duties: Conducted child and adult psychoeducational evaluations under the supervision of
higher-level graduate students and licensed psychologists within both a departmental clinic and
school setting. Administered, scored, and interpreted a variety of cognitive and academic
assessments. Completed psychoeducational reports and conducted feedback sessions with clients
and their families. Worked with a multidisciplinary school Individualized Education Plan (IEP)
team to help devise IEP’s based on child’s specific strengths and weaknesses.

August 2016-May 2018 Graduate Student Trainee, Vertical Teams, University of
Wisconsin-Milwaukee
Supervisor: Stacey Nye, Ph.D. and Robin Ridley, Ph.D.

Duties: Observed therapy conducted by students during their therapy practicum while being
supervised by licensed psychologists. Learned through observation and supervision core CBT
principles and therapeutic tools. Conducted pyschodiagnostic assessments to help aid case
conceptualization and intervention.

August 2016-May 2017 First Year Clinical Psychology Practicum, University of
Wisconsin-Milwaukee

Duties: Practiced conducting semi-structured interviews with the MINI 6.0 and SCID-5 and
administering and scoring a variety of cognitive tests for children and adults. Work on building
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foundational therapeutic skills and other core clinical skills such as writing integrated reports
based on interview and testing data.

CLINICAL SUPERVISION

June 2018-May 2020 Second Year Practicum Assessment Supervisor, University of
Wisconsin-Milwaukee

Duties: Supervised and directly live observed second-year doctoral students in their assessment
practicum while they conducted intakes, cognitive assessments, and provided feedback on
assessment results and recommendations. Had monthly supervision meetings with second-year
students to discuss cases and conduct trainings on behavioral management, test assessment, and
other clinical responsibilities. Met weekly with Bonita Klein-Tasman, Ph.D. and Kristin Smith,
Ph.D. to receive supervision over peer supervision.

Fall 2019 Student Therapy Peer Supervisor, University of Wisconsin-
Milwaukee

Duties: Supervised third-year doctoral students in their therapy practicum on CBT via peer-to-
peer group and individual supervision as well as observation of video. Met for both group and
individual peer supervision once a week. Received supervision of peer supervision once a month
with Robyn Ridley, Ph.D.

TEACHING EXPERIENCE

Teaching Assistant
Fall 2018-Spring 2020 Psych 821-822 Graduate Assessment Practicum, University of
Wisconsin-Milwaukee

Instructor: Bonita Klein-Tasman, Ph.D. and Kristin Smith,
Ph.D.

Spring 2017-Spring 2018 Psych 325 Research Methods, University of Wisconsin-Milwaukee
Instructor: Susan Lima, Ph.D. and Marcellus Merritt, Ph.D.

Fall 2016 Psych 205 Personality, University of Wisconsin-Milwaukee
Instructor: Marcellus Merritt, Ph.D.

Guest Lecturer

Spring 2021 Psy 323 Health Psychology. Alcohol and Other Drugs.
Instructor: Amy Lang, M.S.
Fall 2020 Psych 912 Developmental Psychopathology (Graduate Level).

Substance Use Disorders.
Instructor: Christine Larson, Ph.D.

Spring 2020 Psy 323 Health Psychology. Alcohol and Other Drugs.
Instructor: Amy Lang, M.S.
Fall 2019 Psych 912 Developmental Psychopathology (Graduate Level).

Substance Use Disorders.
Instructor: Christine Larson, Ph.D.
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Fall 2019

Fall 2018

Fall 2018

Fall 2016

Psych 802 First-Year Practicum (Graduate Level). Clinical Use of
the WIAT-III.
Instructor: Kristin Smith, Ph.D.
Psych 454 Psychopharmacology and Addiction. Opioids.
Instructor: Krista Lisdahl, Ph.D.
Psych 193 First-Year Seminar: Research in Clinical Health
Psychology. ABCD Study
Instructor: Hobart Davies, Ph.D.
Psych 433 Neuropsychology. Child Cognitive Development.
Instructor: Natasha Wright, M.S.

PROFESSIONAL AFFILIATIONS

Fall 2019-Current
Fall 2019-Current
Fall 2018-Current
Spring 2018-Current
Fall 2018- May 2021
Fall 2016- May 2021
Fall 2016-May 2021

AD-HOC REVIEWER

Society of Clinical Child and Adolescent Psychology
American Psychological Association

Academy of Psychological Clinical Science

Division 40 — Society for Clinical Neuropsychology
Associated Graduate Students in Psychology (Treasurer)
Associated Graduate Students in Neuropsychology
Health Graduate Students in Psychology (Treasurer)

Spring 2021
Spring 2020
Fall 2019

Spring 2019

Journal of the International Neuropsychological Society
Cognitive, Affective, and Behavioral Neuroscience
Neuropsychology.

Psychiatric Research: Neuroimaging.

CLINICAL AND PROFESSIONAL TRAINING

Summer 2021

Summer 2020
Spring 2020
Fall 2019
Spring 2019

Spring 2019

Cannabis Testing 101: Introductory analysis of cannabis-derived
samples (12 hours)
Instructor: Jack Henion, Ph.D.
Longitudinal Data Analysis Using R (16 hours)
Instructor: Stephen Vaisey, Ph.D.
Telepsychology Best Practices 101; APA (8 hours)
Instructor: Marlene Maheu, Ph.D.
Machine Learning Training at University of Vermont (16 hours)
Instructors: Hugh Garavan, Ph.D., Sage Hahn
R Statistics Workshop (16 hours)
Instructor: Andrew Miles, Ph.D.
AFNI Bootcamp (40 hours)
Instructors: Robert Cox, Ph.D., Rick Reynolds, Ph.D., Paul
Taylor, Ph.D., University of Wisconsin-Milwaukee
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Fall 2018

Spring 2018

Summer 2017

Fall 2016

Fall 2016

Spring 2016

Fall 2013
Spring 2013
Spring 2013

Spring 2013

Fall 2011
Fall 2011 & 2012

SERVICE

Functional Neuroimaging Workshop (16 hours)
Instructor: Andrew Jahn, Ph.D., University of Wisconsin-
Milwaukee

MGH FreeSurfer Workshop (32 hours)
Martinos Center for Biomedical Imaging, Boston, MA

Clinical Assessment and Treatment of Eating Disorders Seminar
Instructor: Stacey Nye, Ph.D., FAED, University of
Wisconsin - Milwaukee

Introduction to “R” — Learning by Example Seminar
Instructor: David Armstrong, Ph.D., University of
Wisconsin - Milwaukee

Responsible Conduct of Research Course
Instructor: Kari Whittenberger-Keith, Ph.D., University of
Wisconsin Milwaukee

Group ICA of fMRI Toolbox (GIFT) Workshop (16 hours)
Instructor: Vince Calhoun, Ph.D., University of lowa

Sensitivity to Obesity Training

VA Human Subjects Protection and Good Clinical Practices

VA Privacy and Information Security Awareness and Rules of

Behavior training

VHA Privacy HIPAA training

CITI Training (with continued training as appropriate)

Diversity Training with the National Coalition Building Institute

Spring 2022

Summer 2020-Summer 2021

Psychological Safety Policy Group for St. Jude Psychosocial
Department

Member of the Clinical Work Group of the Clinical Program
Diversity Committee at UWM

Summer 2019- Summer 2021 Formed and led Summer Neuropsychology Didactics for UWM

Spring 2019
Fall 2018

Fall 2017

Clinical Psychology Students

Session chair for THC Treatment at The College on Problems of
Drug Dependence 81% Annual Conference

Organized UWM’s 13" Annual Association of Graduate Student’s
in Psychology Symposium

Organized UWM’s 121" Annual Association of Graduate Student’s
in Psychology Symposium
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