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Introduction

Developmental models of psychopathology identify critical transition periods
during which an individual’s ongoing trajectory of health and well-being is vulrestabl
change (Mash & Dozois, 2003). The college years, occurring during the transition
between adolescence and young adulthood, represent a time when the initiation and
escalation of heavy drinking may set the stage for lifelong difficultis alcohol and
other drugs (Maggs, 1997). According to developmental models, pathways to the
development substance use disorders (SUD) arise from the interaction batween a
activating environment and within-individual vulnerabilities (Tarter, Vo &
Kirisci, 2008). The college campus, with its unique drinking norms (Wechsler, Kuo, Lee,
& Dowdall, 2000), may be an activating environment for students at risk for the
development of SUD. Attention-deficit/hyperactivity disorder (ADHD) &etiavioral
disinhibition, two known risk factors for problematic alcohol use (Wilens, 2004), may
represent an intraindividual vulnerabilities that interact with collegeHspec
environmental factors to create a pathway for the development of alcohebirelat
problems. Drawing upon a behavioral control model of alcohol use (Fillmore, 2003), the
current study examines behavioral disinhibition as a specific vulnerahgityrtay
contribute to (and partially explain) alcohol-related impairment amonggeodiidents
with ADHD.

ADHD is characterized by developmentally inappropriate inattention and
hyperactivity/impulsivity resulting in academic and social impairngafA, 2000).
Recent theories have attributed the core symptoms of ADHD (i.e., inattention,

hyperactivity, and impulsivity) to deficits in executive functioning (e.qg.jaliffies with



behavioral inhibition, planning, goal persistence, and working memory; Barkley, 1997;
Nigg, 2001). Many of these deficits have also been identified as risk factors for
problematic alcohol use, independent of ADHD (Lyvers, Czerczyk, Follent, & Pheobe
2009; Martel et al., 2007; Nigg et al., 2004). In addition, the impairments associated with
the persistence of ADHD symptoms into adolescence amplify the risk for alebaied
problems in this population. These impairments include difficulty adapting teeisiag
academic demands, interpersonal problems, and a persistent reliance on sotecesl

of structure (e.g., parents) during a time when such external support is not considered
developmentally normative (Pelham & Fabiano, 2008; Smith, Waschbusch, Willoughby,
& Evans, 2000). Many of these impairments have been proposed as mechanisms
underlying the association between ADHD and the development of problematiolalc

use. These proposed mechanisms, however, have largely gone unstudied. Alternatively,
executive functioning deficits, such as behavioral disinhibition, that are Icentin@ories

of both ADHD and problematic alcohol use may represent alternative mecbdaham
explains the relationship between ADHD and alcohol-related problems.

Problematic alcohol use tends to peak during late adolescence/early adulthood and
declines throughout the mid-to-late twenties (Dawson, Grant, Stinson, & Chou, 2004;
Johnston, O'Malley, Bachman, & Schulenberg, 2009). The college years overlap
developmentally with both the peak period of alcohol use (Johnston et al., 2009) and the
stage of life when personality traits, such as impulsivity or disinhibitien;edatively
unstable (Roberts et al., 2006). Thus, the trajectory for the development of problematic
alcohol use may be ripe for change during this transitional period. Identifgtays that

affect this trajectory for vulnerable college students, such as those witABldrucial



to understanding which students may likely experience alcohol-related prahiems
the college years and into adulthood. In addition, the knowledge about underlying causa
mechanisms has the potential to contribute to the development of targeted interventions
aimed at modifying factors that are amenable to change. The majomynatiuals
mature oubf problematic alcohol use during their mid- to late-twenties (Bachman,
Freedman-Doan, O'Malley, Schulenberg, & Johnston, 2008; Christo, 1998; Donovan,
Jessor, & Jessor, 1983; Fillmore, Carscadden, & Vogel-Sprott, 1998; Jessor, Donovan, &
Costa, 1991, Littlefield, Sher, & Wood, 2009). This normative decline in alcohblasse
been associated with the assumption of adult roles and responsibilities incompi#ttible
excessive drinking, such as marriage, parenthood, and full-time employmemtin@aet
al., 2008; Bachman et al., 2002; Gotham, Sher, & Wood, 2003; Leonard & Rothbard,
1999). This hypothesis has received empirical support, and life transitions and social
roles likely influence patterns of alcohol use (Bachman et al., 2008). In addition, an
alternative hypothesis focused on changes in personality traits (e.g., intgulsivi
neuroticism, extraversion) during the transition between adolescence and young
adulthood has recently been examined (Littlefield et al., 2009).

Traditionally, personality traits have been considered unchanging internal
characteristics (Costa & McCrae, 1995; Dick et al., 2010; McCrae et al., 1299ablet
al., 2000). More recently, however, these traits have come to be viewed as dynamic
constructs which change systematically over the course of developmenb(ldHiaks,
McGue, & Icano, 2007; Roberts, Walton, & Viechtbauer, 2006). Typically, individuals
become more socially dominant, conscientious, and emotionally stable agé¢hey a

(Caspi, Roberts, & Shiner, 2005; McCrae et al., 1999). In addition, a recent metsanaly



found that personality traits changed more during late adolescence and young adulthood
than during any other period (Roberts et al., 2006). Within the context of a large
longitudinal study, which assessed participants 6 times between the agesof3B3 a
Littlefield and colleagues (2009) examined the relationship between develofiynenta
normative changes in personality and the developmental patteratofing outof
problematic alcohol use. The authors found that changes in the personality traits of
impulsivity and neuroticism were associated with the normative declineahah use.
Specifically, as impulsivity and neuroticism decreased over time, probteatedhol use
decreased as well. In addition, the authors found that while marriage and becoming a
parent both influenced changes in neuroticism and problematic alcohol use, they did not
sufficiently explain the association between personality and alcohol usestlitly
appears to be the first to identify changes in personality traits thetllyagxplain the
developmentally normative process of maturing out of alcohol-related problemis. W
researchers are only beginning to examining mechanisms underlying develdpment
patterns in alcohol use, a well-established literature identifies latesagolce and early
adulthood as the peak periods of alcohol use. These developmental periods overlap with
the college years and may represent a key time point for alcohol use rerneahal
prevention measures.

Patterns of Alcohol Use in College Students

A wealth of information about college student drinking behavior has been
collected through several large-scale studies (Johnson et al., 2009; Preshey,&Che
Pimentel, 2004; Wechsler et al., 2002). Across studies college students have been found

to engage in higher rates of heavy episodic drinking than their non-college peers



(Johnson et al., 2009; Wechsler et al., 2002). The Monitoring the Future study (an
ongoing study of behaviors, attitudes, and values of American secondary school students
college students, and young adults) provides valuable comparison data on patterns of
alcohol use among college students and their same-age peers who are not attending
college (Johnston et al., 2009). While alcohol use is prevalent among late adolescents and
young adults, results from the Monitoring the Future study generally shoerriski

patterns of use among college students relative to their non-college $pecifically,

college students report a significantly higher rate of having used alcohol theipgst

30 days relative to their non-college peers (69% vs. 55%) and report a gredeaaci

of having ever been drunk during the past 30 days (45% vs. 31%). Heavy episodic
drinking constitutes a particularly hazardous pattern of alcohol use that isatsd®ath

an increased risk for accidental injury, unplanned and unsafe sex, and a host of other
social and psychological problems (Wechsler, Davenport, Dowdall, Moeykens, &
Castillo, 1994; Wechsler, Lee, Kuo, & Lee, 2000; Wechsler et al., 2002). Acrossstudie
college students have a significantly higher prevalence of heavy episodimgri

(defined as five or more drinks on one occasion) during the past two weeks relative t
their non-college peers (40% vs. 30%). In addition, fraternity and sororityoerem
consistently report rates of heavy episodic drinking that are higher tharofitbse

general college student population (Bartholow, Sher, & Krull, 2003; Borsari &/Car

2006; Borsari & Carey, 1999; Capone, Wood, Borsari, & Laird, 2007; Cashin, Presley, &
Meilman, 1998; Larimer, Irvine, Kilmer, & Marlatt, 1997; Lo & Golobetti, 1995; Rabow

& Duncan-Schill, 1995; Sher, Bartholow, & Nanda, 2001).



There is evidence to suggest that environmental factors specific to college

campuses influence patterns of alcohol use among students. Findings from the Harvard

School of Public Health College Alcohol Study, which included more than 100 colleges

in four national surveys spanning a 12-year period, revealed that heavy episodic drinking

(i.e., binge drinking) varies by college (ranging from 1% of students to 76%; \Weehsl|
al., 2002). Within colleges, however, rates of heavy episodic drinking have remaine
stable over time (Wechsler et al., 2002). This suggests that environmental ctors (
type of residence, price of alcohol, density of alcohol outlets, and prevailing drinkin
rates at the college) influence drinking patterns among college studentsg¥ozva see
Wechsler & Nelson, 2008). The Monitoring the Future research group suggedte that t
role incompatibilityhypothesis (Yamaguchi & Kendel, 1985) may partially also explain
differences in drinking patterns between college students and their non-college pee
(Johnson et al., 2009). Specifically, traditional college students are lesdhikeltheir
non-college peers to be married and are more likely to move away from htmatwi
first obtaining full-time employment, two factors that have repeatedly $lemmn to

decrease the likelihood of heavy drinking (Bachman et al., 2008; Bachman et al., 2002;

Leonard & Rothbard, 1999). In summary, patterns of alcohol use among college students

differ from those of their non-college peers. College students engage in tatgseof

heavy episodic drinking and drink more frequently than their peers who are not attending

college. In addition, late adolescence and early adulthood represent deveéd pime

points when hazardous alcohol use is at its peak. For students who may be predisposed to

the development of alcohol-related problems, such as those with ADHD, the college



years may represent a key developmental period when alcohol prevention and
intervention efforts are needed.

College Students with ADHD

Advances in the use and effectiveness of psychosocial and pharmacological
interventions and increased legislative suppuatze made higher education more
accessible for students with ADHD (Gallagher, Sysko, & Zhang, 2001). \&ffelefic
data on the prevalence of college students with ADHD is not available, preliminary
findings suggest that students with ADHD represent a significant populationlegecol
campuses. Specifically, 2 - 8% of college students self-report symptomsteonwith a
diagnosis of ADHD (for a review see Weyandt & DuPaul, 2008) and up to 10% of
college students report elevated levels of current ADHD symptoms (Gaiykstra,
Pinchevsky, Caldeira, Vincent, & Arria, 2011). These rates are comparableéd Unit
States general population prevalence estimates, which indicate that ajgtedxi7.8%
of children aged 4 — 17 have received a diagnosis of ADHD (Centers for Diswasel C
and Prevention, 2005). College students with ADHD may represent a unique subgroup of
the broader ADHD population given that they have thus far achieved a relatively high
level of academic functioning (DuPaul, Weyandt, O'Dell, & Varejao, 2009). Studies
suggest that relative to their peers with ADHD who are not attending collelpgyecol
students with ADHD have greater cognitive abilities, greater past erpendth
academic success during grade school, and better coping skills (Glutiunggstrom, &
Watkins, 2005). Despite this relative advantage, college students with ADHD appear to

have more academic and interpersonal difficulties than their peers withéi Aflor a

! Section 504 of the Rehabilitation Act of 1973 and the Americans with Disebiict of 1990



review see DuPaul, Weyandt, O’Dell, & Varejao, 2009). In addition, college students
with ADHD are likely at increased risk for problems with alcohol and ildcitgs
(Rooney et al., 2011). These impairments, in addition to the core symptoms of ADHD,
may make it difficult for these students to successfully meet the shalieassociated
with college attendance (e.g., moving away from home, making autonomous decisions,
establishing a new peer group, managing unstructured social and academic emigonme
DuPaul, Weyandt, O’Dell, & Varejao, 2009; Weyandt & DuPaul, 2008). In addition,
these impairments may exacerbate the vulnerability for alcohol-agladdlems in
students with ADHD.

Patterns of Alcohol Use in Adolescents, Young Adults, and College Students with
ADHD

Despite the fact that the college years are a developmentaibgaictime period,
few studies have examined alcohol use among college students with ADHD. Irsicontra
a substantial literature exists on non-college adolescents and young attuk®iD. A
majority of these studies are longitudinal in design and benefit from haviegsass
participants during childhood, a time when ADHD is most easily and accurately
diagnosed according to DSM criteria (APA, 2000; Pelham, Fabiano, & Massetti, 2005)
With regard to the assessment of substance-related problems, howeveruthiese st
suffer from a number of weaknesses. Early longitudinal research in thisexyeantly
relied exclusively on a diagnosis of alcohol use disorder (AUD) as an indicator of
alcohol-related problems (Molina, Pelham, Gnagy, Thompson, & Marshall, 2007). This
practice may have resulted in an underestimation in the rate of alcohottfaialéems

because the age of participants at the time of assessment (i.e., ap@igximgears)



was often below the age range associated with peak risk for AUD (Griaat&on,
1997). Thus, an AUD diagnosis may not have been a developmentally appropriate
indicator of problematic alcohol use (Molina et al., 2007). Not surprisingly, thdge ea
studies did not find differences in rates of AUD between adolescents with ADHD and
without ADHD (Gittelman et al., 1985; Hartsough & Lambert, 1987).

More recently, longitudinal studies have aimed to incorporate more
developmentally-sensitive indicators of problematic alcohol use among addéerg.,
age of first use, frequency of use, hazardous patterns of use; DeWit, Adalf, &fford,
Ogborne, 2000; Grant & Dawson, 1997; Warner & White, 2003). These recent studies
have found that adolescents with ADHD typically begin using alcohol at an eaydier
(Molina & Pelham, 2003), use alcohol with greater frequency, and engage in more
hazardous patterns of use (e.g., have 5 or more drinks in a sitting) than adolescents
without ADHD (Molina & Pelham, 2003; Langley et al, 2010). In addition, when
compared to age-matched controls without ADHD, Molina and colleagues (2007) found
higher rates of AUD among ADHD participants between the ages of 15-17, but not
among ADHD participants ages 13-15. Longitudinal studies have also idenskest ri
patterns of alcohol use in young adults with confirmed ADHD diagnoses relative ¢o thos
without ADHD (Weiss & Hechtman, 1993; Wilens et al., 1998; Wilens et al., 2002).
Young adults with ADHD were significantly more likely to abuse alcohol or hivedal
use disorder (Smith, Molina, & Pelham, 2003; Weiss & Hechtman, 1993) than their peers
without ADHD. In contrast, young adults with ADHD didt appear to use alcohol at
higher rates than those without ADHD (Barkley, Fischer, Edelbrock, & S&inallB9o;

Biederman et al., 1997). This finding may be explained by the fact that increesiedl al



use is normative during young adulthood in the United States (Johnston et al., 2009;
SHAMSA, 2009). In contrast, behavior patterns that constitute alcohol abuse orrAUD a
not developmentally normative and are, by definition, associated with impairment in
functioning.

In summary, early studies of alcohol use among adolescents with confirmed
ADHD diagnoses did not find clear evidence of higher rates of alcohol use disorders in
this group. Findings from more recent studies, which incorporated developmentally-
sensitive measurements, suggest that adolescents and young adults widlrafeDHore
likely to engage in patterns of alcohol use indicative of current or future alcodiaere
problems. A number of limitations, however, are not addressed in the existingiléerat
These include (1) a reliance on predominately male samples, (2) a relrasamples of
longitudinal study participants who were diagnosed with ADHD in childhood and who
may or may not have continued to meet diagnostic criteria during adolesaah(¢g) a
failure to consider college enroliment status when examining patterns of alcehakus
outcomes may differ as a function of gender and current diagnostic status YBh9KI8;
Monuteaux, Faraone, Gross, & Biederman, 2007), and college students engage in patterns
of alcohol use that differ from those of their non-college peers (Johnston et al., 2009;
Wechsler & Nelson, 2008), future studies should address these additionaldimsitati
Lastly and perhaps most importantly, while a number of studies have examined
differences in patterns of alcohol use between individuals with and without ADWD, fe
studies have examined mechanisms underlying the association between ADHD and

problematic alcohol use.

10



To the best of our knowledge, our preliminary study was the first to examine
patterns of alcohol use in college students with confirmed ADHD diagnoses tleat wer
based on a comprehensive assessment using Diagnostic and StatisticaHWésrsain
4, Text Revision (DSM-IV-TR; APA, 2000) criteria (Rooney et al., 2011). We found that
ADHD was associated with significantly higher scores on a global neeasatcohol-
related impairment (the Alcohol Use Disorders Identification Test BRYUSaunders,
Aasland, Babor, De La Fuenta, & Grant, 1993), an increased risk for alcohol dependence
or emerging dependence, and higher rates of negative consequences dssiliate
alcohol use (i.e., having a hangover, getting into an argument or fight, gettingtedusea
or having vomited, being criticized by someone due to drinking or drug use, experiencing
memory loss, doing something one later regretted, being hurt or injured). lmadditi
self-reported difficulty stopping a drinking session mediated the assockmtween
ADHD diagnosis and the negative consequences of alcohol use, suggesting that
behavioral inhibition may represent a causal mechanism that warrants further
investigation. Consistent with longitudinal studies examining the frequencyabicdl
consumption among young adults with ADHD (Weiss & Hechtman, 1993; Wilens et al.,
1998; Wilens et al., 2002), college students with ADHD did not report consuming alcohol
with greater frequency or in larger quantities than their peers without ARdbney et
al., 2011). As noted by Smith, Molina, and Pelham (2002), the finding that young adults
with ADHD are not consuming alcohol with greater frequency or in larger gearttian
their peers should not be interpreted as evidence that this group is not consuming alcohol
at high rates. Rather, in the United States, high rates of alcohol consumption are

normativeduring this developmental stage (SHAMSA, 2009), and young adults with

11



ADHD appear to be “keeping up with” their non-disordered peers. Given this finding, it
does not appear to be the amount of alcohol consumed by college students with ADHD
that puts them at risk for alcohol-related problems. Rather, this population appears to be
more vulnerable to developing alcohol dependence or experiencing other negative
consequences associated with use.

Behavioral Disinhibition

Across the lifespan behavioral disinhibition is associated with both ADHD the
development of alcohol-related problems (Homack & Riccio, 2004; lacano, Carlson,
Taylor, Elkins, & McGue, 1999; Lijffijt, Kenemans, Verbaten, & van Engeland, 2005;
Nigg et al., 2004; Romine et al., 2004; Sher, Grekin, & Williams, 2005; Stacy &
Newcomb, 1998; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). As a construct
that is independently associated with both problematic alcohol use and ADHD,
behavioral disinhibition may represent one mechanism which underlies the association
between ADHD and alcohol-related problems.

Behavioral Disinhibition: Construct Definition and Measurement

As a construct, behavioral disinhibition is loosely defined and is often used
interchangeably with impulsivity or behavioral undercontrol (Dick et al., 2010; Sher
Bartholow, & Wood, 2000; Whiteside & Lynam, 2001). In addition, there are both
behavioral- and personality trait-based approaches to the definition and ensarsuof
disinhibition (for a review see Dick et al., 2010). According to the behavioral ajiproa
disinhibition is broadly defined as an impaired ability to ignore irrelevantrrdtion or
suppress inappropriate responses to environmental cues, particularly those that are

habitual or ongoing (Barkley, 1997; Quay, 1997). Researchers employing a bdhaviora

12



approach frequently utilize laboratory performance tasks that are thougbasoima
variability in the state-basembgnitiveprocesses that may underlie disinhibited behavior
(Logan & Cowan, 1984; Nigg, 2001; Pennington & Ozonoff, 1996). The trait-based
approach defines behavioral disinhibition as a personality trait encompassing bot
affective and cognitivprocesses that contribute to individual differences in ways of
responding to and perceiving the world (Dick et al., 2010). Researchers emplaying t
trait-based approach typically utilize self-report questionnaires teureaehavioral
disinhibition. Currently there are a variety of self-report questionnanskhble, many

of which contain subscales measuring facets of disinhibition (for a reviewf-oépett
guestionnaires see Reynolds, Ortengren, Richards, & de Wit, 2006).

A growing body of evidence suggests that no single personality trait fully
encompasses the construct of behavioral disinhibition (Smith et al., 2007; Whiteside &
Lynam, 2001). Recent models have instead incorporated three moderatelyenbrrela
classes of personality traits: emotion-based traits, conscientiousisesktizats, and
sensation seeking-based traits (Cyders et al., 2007; Whiteside & Lynam, 200iiprE
based traits includeositive-urgencythe tendency to act impulsively when experiencing
a euphoric mood, antkgative urgencythe tendency to act impulsively when
experiencing a negative mood. Conscientiousness-based traits iladkadé planning
andlack of perseverancgyhich manifests adifficulty tolerating boredom or remaining
focused in the face of distraction. Sensation seeking does not include any subrtgpes,
is described as a tendency to seek out novel or thrilling stimulation. Each of these
subtypes has been found to be associated with risky patterns of alcohol use (Magid,

MacLean, & Colder, 2007; Nagoshi, 1999; Nagoshi, Wilson, & Rodriguez, 1991).

13



Sensation seeking, in contrast with other facts of impulsivity, has been found to
differentially predict alcohol related problems rather than rate of alcobqMesgid et

al., 2007). The identification of this three-class model represents significgneps

toward an empirically based understanding of the disinhibition construct (Dick et al
2010). Since this model was developed through an analysis of existing measures of
impulsivity, it allows for measures used in previous studies to be placed into one of the
three classes. This empirically-based model also provides an enhancentestardhe
study of external correlates specific to each of the three classagxfas well as
differences in the genetic and neurobiological etiology of of disinhibition (Syeteal.,
2007; Dick et al. 2010, Smith 2007; Whiteside et al., 2005). Taken together, recent
advancements in our understanding of the disinhibition construct have the potential to
refine and expand our understanding of how this personality trait contributes to the
development and maintenance of a wide spectrum of problematic behaviors and
disorders.

There are both positive and negative aspects to both behavioral and trait-based
measurements of disinhibition (Kazdin, 2003). Self-report questionnaires have the bene
of capturing both cognitive and affective responses and can inquire about behavior in
real-world settings. They are, however, particularly susceptible tanafurbias. In
addition, when multiple variables in a single study are measured usingsatf-r
guestionnaires, correlations among variables may be inflated by shared meiaoceva
Behavioral tasks are performance based and are generally not dependentipamarti
self-perception. As a result, both informant bias and shared method variance are

minimized when comparing behavioral task performance to self-report questionnai

14



responses. Laboratory tasks, however, measure behavior in controlled settings, and
laboratory task performance may or may not generalize to behavior in real-vitngsse
In addition, it is often unclear which specific cognitive processes inflysgréermance
on any one behavioral task. It is possible, even likely, that cognitive procdssethan
those of interest are captured by behavioral task performance. This cancbedknges
when interpreting findings. Until researchers develop a more homogenous alefwfiti
behavioral disinhibition and are able to clearly delineate the cognitive pescesgstured
by behavioral tasks performance, it may be prudent to incorporate both behavibr-base
and trait-based measurements in study designs.

Behavioral Disinhibition and Alcohol-Related Problems in Normative Samples

Disinhibition has consistently been associated with problematic alcohol use.
Prospective studies have identified behavioral disinhibition during childhood and
adolescence as a risk factor for the development of alcohol use disorders,(laca
Carlson, Taylor, Elkins, & McGue, 1999; King et al., 2009; Nigg et al., 2006; Sher,
Bartholow, & Wood, 2000). Recent evidence also suggests that genetic variance in
behavioral disinhibition accounts for a significant proportion of the genetic varianc
alcohol dependence (Slutske et al., 2002; Schuckit, 2009). In cross-sectional studies,
individuals meeting criteria for alcohol use disorder score high on both self-(8pert
Grekin, & Williams, 2005; Trull, Waudby, & Sher, 2004) and laboratory measures
(Hildebrant, Brokate, Eling, & Lanz, 2004; Van der Linden et al., 2007) of disinhibition.
These findings must be interpreted with caution, however, since long-term alsehol
can result in changes in cognitive functions, including disinhibition (Bartsch &0alr).

Alcohol consumption also acutely increases disinhibition in healthy adultsrgureav
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see Fillmore, 2003). The acute effects of alcohol on behavioral disinhibition have been
studied using laboratory tasks based on the stop signal paradigm (de Wit, Crean, &
Richards, 2000; Easdon & Vogel-Sprott, 2000; Fillmore & Van Selst, Z0D2§se

studies have consistently found that even moderate doses of alcohol reduced the drinkers’
ability to inhibit behavior (Fillmore, 2003; Marczinski, Abroms, Van Selst, & Filkenor
2005). For those with ADHD, the degree of impairment may be even greater since
ADHD is associated with inhibitory deficits in sober individuals. This hypathesdich

has yet to be tested, may explain results from our preliminary study wioeled that,
despite equivalent rates of self-reported alcohol consumption, college studbnts w
ADHD report more negative consequences from alcohol use than college students
without ADHD (Rooney et al., 2011).

While studies of stop task performance demonstrate that alcohol impairs the
ability to inhibit a behavioral response in healthy participants, these studies do not
provide information about the environmental conditions that may exacerbatenoatdte
the disinhibiting effects of alcohol (Fillmore, 2003). Fillmore notes that with cespe
response inhibition, the environment likely exerts some stimulus control over bahavio

responding.

2 Stop-signal tasks require participants to respond as quickly ablpdesa “go” target
stimulus. Intermittently the go target is followed by a second tarigatlsts, the “stop” target.
The stop target signals the participant to withhold the prepared égpbnse. The stop task
assesses two processes: the reaction process (“go”) and tieiglprocess (“stop”) (Logan,
1994).
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Researchers using the cued go/no-go taslaboratory task based on the stop
signal paradigm, have identified a cognitive mechanism teonedlependendpat
appears to protect individuals against the disinhibiting effects of alcohol. Within
controlled laboratory settings the pre-response cues on the cued go/no-go tasknmay m
the real-world environmental cues that trigger the preparatory cognitivesses:
necessary for effective behavioral inhibition or behavioral activation of respoms
environmental stimuli (Fillmore, 2003). Recent studies have utilized cued go/nskgo ta
to assess the influence of preresponse cues on the ability of healthy aphdt®qa- 29)
to activate or inhibit a behavioral response while under the influence of alcohol (&brom
Marczinski, Fillmore 2003; Marczinski & Fillmore, 2005; Fillmore, 2003; Marczinski &
Fillmore 2003; Miller; Fillmore, 2004). These studies have consistently shown that

alcohol produces a dose-dependent increase in inhibitory failures on trials with

inconsistent cue-target pairinfj$., a go cue followed by a no-go target). On these trials,

participants have begun the preparatory processxirutinga response based on the
information provided by the preresponse cue. Once the no-go target is presented they
must act against their preparation, avithhold a response. These same studies have also

consistently found that alcohol does not produce an increase in inhibitory failures on

trials of consistent cue-target pairinNgsno-go cue followed by a no-go target). On these

% On the cued go/no-go task participants are presented with either ar“gus-go”
target and are expected to execute or withhold a response. Eacligargeno-go) is preceded
by preresponse cue which provides information about the nature of the upcom@igGar cues
indicate that there is an 80% chance the upcoming target will be a gb Trgrefore,
participants should prepareagecutea response to the target. No-go cues indicate that there is an
80% chance that the upcoming target will be a no-go target. Thereforeippats should
prepare tanhibit or withholda response to the target. On 20% of trials, the cue-target parings ar
inconsistent. Reliance on preresponse cues®dependencis operationalized as having fewer
errors on trials with consistent cue-target pairings and more errdmglsrwith inconsistent cue-
target pairings.
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trials, participants have begun the preparatory procesgtfanoldinga response. Once
the no-go target is presented, they act in accordance with their pi@parad in fact
withholda response. This same pattern of responding was displayed for reaction-time
trials, where participants are expecte@xecutea response when the go target is
presented. Alcohol slowed reaction time in a dose-dependent manner on trials of
inconsistent cue-target parings (a no-go cue followed by a go target), but haglchoreff
reaction time on trials of consistent cue-target pairings (a go cowvéallby a go target).
Participants who respond differentially based on cue condition are displaying a
cue dependenaffect. As the dose of alcohol increases, the participants’ level of cue
dependency increases. That is, the difference in error rates betweeoftcahsistent
cue-target parings and trials of inconsistent cue-target paringssasras a function of
alcohol dose. This increase in cue dependency occurs because the participants' behavi
becomes increasingly disinhibited on inconsistent cue-target trials, aetbteethe
error rate on these trials increases. Simultaneously, participants’ dethavsinhibition
remains relatively stable on consistent cue-target trials. Therdferdegree of
difference in the level of behavioral disinhibition displayed between the twtaoyet
pairing conditions increases as a function of alcohol dose in healthy adultsuJdests
that in order to maintain appropriate inhibitory responding under the impairing effects of
alcohol, the drinker must increase his/her reliance on the immediate envirahment
context (Fillmore, 2003; Marczinski & Fillmore, 2005). Increased reliancéen t
environmental context under alcohol conditions may be a compensatory mechanism that
protects against the disinhibiting effects of alcohol in healthy adultsc@uteki &

Fillmore, 2005). Given that alcohol slows information processing (Fillmore et al., 1998;
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Fillmore & Vogel-Sprott, 1997; Mitchell, 1985; Moskowitz, Burns, & Williams, 1985), it
IS not surprising that reliance on environmental cues, which increase the amounet of ti
available for responding by enabling early response preparation, impespesnse
inhibition task performance (Marczinski et al., 2005; Posner, Snyder, & Davidson, 1980).
In fact, prior research has demonstrated that multiple factors known to slomartifam
processing speed simultaneously increase dependency on environmental kcnese(Fil
& Van Selst, 2002). For example, conditions that increase the cognitive load (e.g.,
increased task complexity, divided attention; for a review, see Pashler &alght397)
and factors that slow the rate at which information is processed (e.glatpeticognitive
decline, low working memory capacity; Laver, 1993; Finn, Justus, Mazas, & Stejnmet
1999) also increase reliance on environmental cues. Therefore, alcohol’s effect on
information processing speed is one of many factors that should be considered & studie
examining associations between response inhibition and alcohol-related problems.
Behavioral Disinhibition and ADHD
Behavioral disinhibition is central both to theories of problematic alcohol use and
theories of ADHD (Barkley, 1997). Thus, when seeking to identify mechanisms that may
underlie the impairing effects of alcohol in individuals with ADHD, a model empinasi
the role of behavioral disinhibition represents a viable starting point (W&aferore, &
Milich, 2009). Researchers have posited a variety of theories to describgtiiteseo
underpinnings of ADHD symptomatology (for review, see Castellanos & Tannock,
2002). Most recent theories emphasize higher-order cognitive processefienbbiy the
frontal lobes such as working memory (Rapport, Chung, Shore, & Issacs, 2001), delay

aversion (Sonuga-Barke, 2002), and behavioral inhibition (Barkley, 1997). These
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processes fall under the umbrella category of executive function. Whilaghenmeently

no consensus definition of “executive function” (Castellanos & Tannock, 2002), the term
is broadly used to describe a wide range of top-down cognitive processes lat ena
flexible, goal- directed behavior. Examples of these processes include plantiaiyg

and discontinuing actions, inhibiting habitual or prepotent responses, performance
monitoring, and set shifting.

Barkley’'s (1997) comprehensive theory of ADHD proposes that deficient
inhibitory control, or behavioral disinhibition, is the core feature of ADHD thaupis
other secondary executive function processes and leads to downstreamlefteetautt
in the characteristic behavioral and academic impairments seen in ADHDth@ past
decade, a substantial body of literature has supported Barkley’s thdanettil and has
made behavioral disinhibition the most studied of the executive deficits known to be
associated with ADHD (Homack & Riccio, 2004; Lijffijt, Kenemans, Verba& van
Engeland, 2005; Romine et al., 2004; Willcutt, Doyle, Nigg, Faraone, & Pennington,
2005).Researchers studying the neurological underpinnings of ADHD use the term
“cognitive control” to describe the ability to adjust behavioral responses acctwding
environmental stimuli (Nigg & Casey, 2005). Cognitive control is dependent on the
ability to predict temporal and contextual structure in the environment, which allows
individuals to appropriately tailor responses based on environmental stimuli (Nigg &
Casey, 2005). Behavioral disinhibition may arise when individuals have difficulty
predicting the occurrence of events or difficulty detecting violations ofctaten, and
thus, are unable to adjust the execution or inhibition of a response accordingly (Durston

et al., 2007). According to Barkley (1997) the inhibition of behavior is an important
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function that “sets the occasion” for many other activities requiring eslfaint and

regulation of behavior. Without the ability to inhibit behavioral responses indigidual

would behave in a highly reactive manner toward environmental stimuli and internal

states (e.g., hunger) regardless of conditions that may render these renatamaptive.
Support for an inhibitory deficit in ADHD comes from studies utilizing labogator

tasks (Lijffijt et al., 2005; Oosterlaan, Logan, & Sergeant, 1998), speciftballgtop

task (described in footndtabove). A meta-analysis of studies examining stop task

performance provides robust evidence for an inhibitory deficit in children and aathlts

ADHD (Lijffijt et al., 2005; Oosterlaan et al., 1998). While behavioral disinlghitan

be observed across the lifespan in those with ADHD, the nature of the cognitore defi

underlying behavioral disinhibition appears to change over the course of development.

Specifically, children (ages 18 and under) display deficits associated withssing

speed, whereas adults (ages 18 and older) display deficits consistent with thiembibi

a behavioral response (Lijffijt et al., 2005). While performing response inhibasks t

children with ADHD generally respond to cues more slowly and with greatebiy

than children without ADHD, but both groups experience equal difficulty when required

to quickly execute or withhold a prepotent response (i.e., engaging inhibitory psjcesse

The authors concluded that for children the combination of greater variability in

performance and comparable slowing of both executing and stopping a prepared response

is not indicative of an underlying deficit in response inhibition per se; but rather,

broader deficit in generalized attention (Lijffijt et al., 2005). In contiadults with

ADHD were not found to respond to “go” stimuli more slowly than adults without

ADHD (Lijffijt et al., 2005). On “stop” trials, however, the mean reaction tinas w
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significantly slower for adults with ADHD relative to adults without ADH®oreover, a
test for the difference between the adults’ mean reaction times on ‘@s”darid on
“stop” trials revealed a moderate effect size, indicating a dispropoeigrsibw
response to “stop” signals relative to “go” signals. These findings supgéstlt) the
cognitive underpinnings of performance on the stop task differ as a function a2jage; (
the deficit in processing speed and variability in response time observed in the
performance of children with ADHD may no longer be impairing once these indisidual
reach adulthood; and (3) an inhibitory deficit appears to emerge in individuals with
ADHD over the course of development, perhaps as processing speed increases and
becomes less variable. Given that executive functions continue to develop throughout
childhood, adolescence, and young adulthood (Romine & Reynolds, 2005), it is possible
and perhaps likely that the cognitive processes underlying an inhibitorit detOHD
change over the course of development.

ADHD and Cued Go/No-Go Task Performance

The majority studies examining behavioral disinhibition in ADHD have utilized
standard response inhibition tasks (e.g., the stop task; Lijffijt et al., 2005; @astet!|
al., 1998). With the goal of examining more detailed processes that may influence
response inhibition, researchers have recently begun studying cued go/no-go task
performance (described in footnd&bove) in ADHD (Derefinko et al., 2008; Durston et
al., 2007). To date, two studies have examined cued go/no-go task performance in
children with ADHD (Derefinko et al., 2008; Durston et al., 2007), and one has examined
cued go/no-go performance in adults with ADHD who were under the acute influence of

alcohol (Weafer et al., 2009). These studies provide preliminary evidence about how
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individuals with ADHD may utilize environmental cues to prepare or withhold a stemul
response. As seen in the meta-analyses of stop task performance in individuals wit
ADHD (described above), there are likely developmental differences icotimnitive
processes influencing task performance (Lijffijt et al., 2005). Therefdrde the
findings from studies examining cued go/no-go performance in children with A&YeID
presented, it cannot be assumed that these findings will apply to adults with ADHD.
The first study using the cued go/no-go task with children (ages 9 — 12) idkntifie
differences in cue dependency between the inattentive (ADHD-I) and comAiDetD¢
C) subtypes of ADHD (Derefinko et al., 2008yhe ADHD — | group responded to all
targets requiring the execution of a response (go targets) in a slow ardievaxr@aner
relative to the ADHD-C and control groups, regardless of whether the cuegangegs
were consistent (go cue followed by a go target) or inconsistent (no-dolloweed by a
go target). This pattern of responding is similar to the pattern of slow and gariabl
processing speed observed in the performance of children with ADHD on standard stop
tasks (Lijffijt et al. 2005). The ADHD-C and control groups both performed equally
better than the ADHD-I group on trials of response execution. Like the ADgtBup,
their performance did not differ as a function of cue condition. Therefore, while the
ADHD-C and control groups performed significantly better than the ADHUgon

trials of response execution, neither the control group nor the ADHD groups relied on

* The Diagnostic and Statistical Manual — Fourth iadit- Text Revision (DSM-IV-TR; APA, 2000)
describes ADHD as a heterogeneous disorder widetbubtypes: inattentive (ADHD-I),
hyperactive/impulsive (ADHD-H), and combined (ADHD)- Diagnostic criteria for all subtypes require
that symptoms be present before age 7 and thatteymspare not better accounted for by another DSM-IV
TR disorder or an underlying medical condition. I@n with the inattentive subtype must also have a
minimum of 6 current DSM-IV-TR inattentive symptomasd fewer than 6 current DSM-IV-TR
hyperactive/impulsive symptoms. Children with tleenbined subtype must have at least 6 current DSM-
IV-TR inattentive symptoms and at least 6 curreBMBIV-TR hyperactive/impulsive symptoms.
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preresponse cues to prepare their responses to the target stimuli. Oneaslsing
response inhibition, both the ADHD-1 and ADHD-C groups displayed more inhibitory
failures on all no-go trials than the control group. However, only the ADHD-C and
control groups displayed a cue dependency effect. That is, these two groups performed
significantly better on inhibitory trials with consistent cue-target pgsrino-go cue
followed by a no-go target) than on inhibitory trials with inconsistent cuettpagengs
(go cue followed by a no-go target). The ADHD-I group, in contrast, did not show a cue
dependency effect and performed poorly on trials of response inhibition regardless of
whether the cue target pairing was consistent or inconsistent. The authors ctratiude
these findings are indicative of an inability of individuals with ADHD-I to adflasir
responses to stimuli based on relevant cues in the environment (Derefinko et al.,t2008). |
is also possible, however, the difference in cue dependency between groups can be
explained by differences in processing speed, and that the cognitive nsethani
underlying behavioral disinhibition differ between the ADHD-I and ADHD-C groups.
Findings related to differences in ADHD subtype in this study should be
interpreted with caution because of the atypical diagnostic criteria uskdsdycthe
two groups (Derefinko et al., 2008). In an effort to identify a subgroup of ADHD children
with only inattentive symptoms the authors followed a unique categorization procedure
previously employed by Milich and colleagues (2001). Consistent with DSVIRV-
criteria, children in the ADHD-I group were required to have 6 or more DSMRV-T
inattentive symptoms (APA, 2000). In contrast to typical DSM-IV-TR gatéowever,
children in the ADHD-I group were permitted to have only 3 or fewer DSM-IV-TR

hyperactive/impulsive symptoms rather than the 5 or fewer permitted in the(ASA
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200). In fact, the mean number of hyperactive/impulsive symptoms for the ADHD-I
group was only 1.5 (SD=1.5). The children in the ADHD-I group were also required to
have elevated T-scores the Conners Cognitive Problems/Inattention scale (Conners,
1997) and T-scores at or below the mean on the Conners Hyperactivity scale (Conners
1997). Therefore, participants in the ADHD-I group likely had fewer
hyperactive/impulsive symptoms than children classified as ADHD-I in rasstirch
studies and in clinical practice.

The second study examining response inhibition in children with ADHD utilized
a cued go/no-go task to determine whether children with ADHD (ages 7 — 14 )eexperi
greater difficulty predicting the occurrence of events based on environmeaasahan
their peers without ADHD (Durston et al., 2007). The authors hypothesized that if
children with ADHD were unable to accurately predict event occurrence, then their
reaction to a typically predicable event would be both slower and more variabieerel
to the reaction of control children to a predictable event. Study results suppated thi
hypothesis. Reaction times on trials where cue-target pairings wersteotyor
predictable (i.e., a go cue followed by a go target), were more variablelfirea and
adolescents with ADHD, regardless of subtype, than for children and adolesitkatg w
ADHD. In addition, children and adolescents with ADHD showed less of a cue
dependency effect than those without ADHD. This findingesnsistentvith the results
of the study by Derefinko and colleagues (2008), which showed that on response
execution trials, neither the ADHD nor the control groups displayed a cue dependency
effect. It is possible that differences in sample age may have condrioutee

inconsistency across studié®lR|1 data collected during the task showed that, relative to
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the control group, participants with ADHD displayed attenuated activation in the
prefrontal regions (i.e., the ventral prefrontal cortex, the anterior cinduigtes, and
regions in the cerebellum) thought to be associated with the detection of expectanc
violations on unpredictable trials (Davidson et al., 2004). The authors conclude that,
taken together, these results suggest that children and adolescents with ARHBt ma

be predicting the occurrence of future events based on environmental cues to the same
degree as their non-disordered peers, and are therefore less able to prepasptrses

to environmental stimuli (Durston et al., 2007). Durston and colleagues did not, however,
report on findings related to response inhibition. While their findings regarding cue
dependency on trials of response execution contradict the findings from the Derefinko
(2008) study, th&MRI findings support the notion that children with ADHD are not
utilizing pre-target cues to adjust their expectations about the natureupfdiaing

target stimuli.

In summary, studies of children with ADHD provide preliminary evidence for
deficient cue-based responding in a least a subset of children with the disorder. Whi
conclusions about ADHD subtype differences and cue-dependency must be interpreted
with caution (Derefinko et al., 2008), the findings suggest that the inattentive sysnptom
may be uniquely associated with a specific pattern of inhibitory responding thate
prior research has identified differences in response inhibition acrossoags,gr
however, knowledge about the performance of adult ADHD participants cannot
necessarily be inferred from studies conducted with children. These studiagh&legsr

provide a model and starting point for research with adult participants.
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To date, only one study has examined cue dependency in adults with ADHD
(Weafer et al., 2009). This study of 10 adults with ADHDdge = 22.8 year§D= 1.8)
and 12 adults without ADHDV age = 22.8 year§D =1.1) utilized the cued go/no-go
task to measure the degree to which cue dependency protected individuals from the
disinhibiting effects of alcohol. The authors controlled for factors that may muiue
response to alcohol such as drinking habits, age, gender, and IQ. Results indicate that,
while under the influence of alcohol, the ADHD group performed similarly to the non-
ADHD group on trials of response execution. Differences between the two groups
emerged however, on trials of response inhibition. The non-ADHD group displayed a cue
dependency effect that increased as the dose of alcohol increased. That isnadriline
influence of a moderate dose of alcohol, the non-ADHD group performed significantly
better on no-go trials with consistent cue-target parings than on no-go tttals wi
inconsistent cue-target parings. In contrast, the ADHD group, while under the influence
of alcohol, performed poorly on both cue conditions. Thus, the ADHD group did not
appear to rely on the pre-response cues to prepare their responses tottegrtarigen
trials of response inhibition. As a result, the pre-response cues consistent witkgthe no
targets did not protect against the disinhibiting effects of alcohol in the ADHD group as
they did in the non-ADHD group. Weafer and colleagues (2009) did not report on the
differences in cue dependency between groups for the placebo condition. Graphica
representations of the data, however, indicate that task performance in the placebo
condition was similar in pattern to the alcohol condition, but lower in the magnitude of

difference between groups and between cue conditions.
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On trials of response execution both the ADHD and non-ADHD groups showed a
cue dependency effect. In both groups, performance remained unaffected by alcohol on
trials where the cue-target pairings were consistent (go cue follojwedd target). In
contrast, performance was equally impaired on trials where the cue-tairgejpwere
inconsistent (i.e., no-go cue followed by a go target). Since the ADHD and noADH
groups showed statistically equivalent decreases in reaction time under atatibbos
when cue-target pairings were inconsistent, Weafer and colleagues cdrtblaide
impairment in inhibitory control seen in ADHD patrticipants could not be attributely sole
to alcohol-induced deficits in processing speed. To the best of our knowledge, no studies
have examined the cued go/no-go task performance in sober adults with ADHD. The
absence of a studies examining cue-dependency in sober adults with ADHERmepaes
significant gap in the literature. Although one study has found a cue dependeaity def
on trials of response inhibition in a subset of children with ADHD, it cannot be assumed
that the same pattern of responding exists in adults with the disordert(etjti., 2005).
Therefore, it is currently unknown whether adults with ADHD display a defiatie
dependent responding on trials of response inhibition when sober, or if this deficit is only
present when alcohol has been consumed. Given that cue-dependency has been found to
protect against the disinhibiting effects of alcohol (for a review, skadfe, 2003), it
may be that a pervasive deficit in cue dependent responding, also present when the
individual is sober, becomes patrticularly impairing when alcohol is consumed.

Present Study
ADHD has repeatedly been associated with the development of alcohol-related

problems in adolescents and young adults (Smith, Molina & Pelham, 2002; Weiss &
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Hechtman, 1993; Wilens et al., 1998; Wilens et al., 2002). Few studies, however, have
examined mechanisms underlying this association. Behavioral disinhibition,teucons
central to theories of both ADHD (e.qg., Barkley, 1997; Quay, 1997) and problematic
alcohol use (e.g., Fillmore, 2003), may represent one underlying mechanism. The prese
study is part of a program of research examining substance use behavidegm col
students with ADHD. Individuals with ADHD represent a growing population ongmlle
campuses, yet few studies have examined the psychosocial functioning of thass.stude
In our prior study we found that ADHD was associated with risky patteralsafol use
(Rooney et al., 2011). Specifically, we found that ADHD was associated withr highe
rates of negative consequences from alcohol use relative to those without ADHD: despit
equivalent rates of self-reported rates of alcohol consumption. The iderarficht
causal factors underlying the association between ADHD and the development of
negative outcomes, such as alcohol-related problems, is crucial to the development of
targeted interventions grounded in scientific theory (Sonuga-Barke & Halger0).
The current study evaluated three possible mechanisms (all reflespiacts of
behavioral inhibition) that may, at least in part, explain the association betwd¢d AD
and problematic alcohol use: (1) self-reported difficulty stopping a drinkingpae$2)
behavioral disinhibition (i.e., sober state cue dependency), and (3) trait-disarhdsti
mediators of the association between ADHD and alcohol-related problems gecolle
students.

Cue dependency has been identified as a compensatory mechanism that protects
against the disinhibiting effects of alcohol on laboratory task performancer@viesv,

see Fillmore, 2003). The single study that has examined cued dependency in ddults wit
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ADHD found that, when under the influence of alcohol, adults with ADHD did not
display the cue dependency effect observed in adults without ADHD. No studies have
examined cue dependency in sober adults with ADHD. If individuals with ADHDagispl
a cue dependency deficit under sober conditions, this may indicate the awaitdibilit
fewer cognitive resources for coping with the disinhibiting effects of alcéts a result,
individuals with ADHD may experience more negative consequences asdtafes
alcohol use, despite consuming alcohol at rates equivalent to those without ADHD. The
current study is the first to assess sober state cue dependent responsanimiijatiing
adults with and without ADHD. In addition, level of cue dependency under sober
conditions and trait-disinhibition were examined as mechanisms by which college
students with ADHD experience more negative consequences related to akmtwhn
their peers without ADHD. The current study also sought to replicate findimgsadur
preliminary study that identified an association between ADHD and highsrafate
negative consequences of alcohol use, as well as difficulty stopping a drinkiog sess
a mediator of this relationship. The current study therefore aims to extendegearch,
which sought simply to identify differences in problematic alcohol use betweegeoll
students with and without ADHD, by identifying mechanisms that may explain the
association between ADHD and alcohol-related problems. Specific studyraias a
follows:

Aim la: To compare participants with and without ADHD on self-report
measures of quantity of alcohol use, difficulty stopping a drinking session, andraegati

consequences associated with alcohol use.
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Hypothesis 1a: Consistent with results from our preliminary study (Rooney et al.,
2011) and from prior studies of adolescents and young adults with ADHD (Smith,
Molina, & Pelham, 2003; Weiss & Hechtman, 1993), it was hypothesized that self-
reported quantity of alcohol use will be equivalent between the ADHD and non-ADHD
groups. It was expected, however, that the ADHD group would self-report having
difficulty stopping a drinking session more frequently than the non-ADHD graup. |
addition, those with ADHD would report significantly more negative consequenees as
result of alcohol use than their peers without ADHD (Rooney et al., 2011).

Aim 1b: To compare the performance of participants with and without ADHD on
a laboratory task-based measure of cue dependency.

Hypothesis 1b: It was hypothesized that there would be a significant difference in
cue-dependent responding on response inhibition trials between the ADHD and non-
ADHD groups. Specifically, on the cued go/no-go task ADHD participants wer
expected to display a lack of cue dependency on trials measuring responsemhHibgi
cue dependency deficit associated with ADHD would not be present however, on task
trials measuring response execution. In contrast, we hypothesized that thBIHEN-A
participants would display cue dependency on trials of both response inhibition and
response execution. These predictions were based on findings from studiesrexamini
cue-dependency in children with ADHD (Derefinko et al., 2008; Durston et al., 2007),
and on a study of cue-dependency in adults with ADHD who were under the influence of
alcohol (Weafer et al., 2009). We also hypothesized that the ADHD group would display
a greater mean proportion of inhibitory failures across both cue conditions. We based this

prediction on studies showing that adults with ADHD perform more poorly than those
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without ADHD on behavioral tasks measuring response inhibition (Lijffijt et al., 2005)
In addition, we hypothesized that there would be no differences between the &RHD
non-ADHD groups in mean reaction time, an indictor of processing speed. This finding
was based on studies of adults with and without ADHD on non-cue based behavioral
measures of response execution, and on the study examining cued go/no-go task
performance in adults with and without ADHD under the influence of alcoholifiLgtf

al., 2005; Weafer et al., 2009).

Aim 2a: In our preliminary study self-reported “difficulty stopping a drinking
session” mediated the relationship between ADHD and negative consequendesealssoc
with alcohol use (Rooney et al, 2011). In the proposed study we aim to replicate this
finding.

Hypothesis 2a: We hypothesized that results of our prior study would be
replicated such that the relationship between ADHD and the negative consequdiences o
alcohol use would be mediated by difficulty stopping a drinking session.

Aim 2b: We aimed to extend our finding that difficulty stopping a drinking
session mediated the relationship between ADHD and the negative consequences of
alcohol use by identifying a specific inhibitory deficit associated witficdify stopping
a drinking session. Based on prior literature (for a review, see Fillmore, 2068 3)
examined whether sober-state level of cue dependency on trials of responsembibiti
the cued go/no-go task was correlated with self-reported difficulty stoppingkandyi
session. In addition, we examined the degree to which cue dependency on trials of
response inhibition mediated the relationship between ADHD and self-reported@egati

consequences of alcohol use.
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Hypothesis 2b: We hypothesized that cue dependency on trials of response
inhibition would be significantly correlated with self-reported difficultypgping a
drinking session. In addition, we expected that cue dependency on trials of response
inhibition (as described in Aim 1b) would mediate the relationship between ADHD and
self-reported negative consequences of alcohol use.

These hypotheses were based on literature identifying difficulty stopping a
drinking session as a manifestation of alcohol-induced behavioral disinhibitiofiefWea
& Fillmore, 2008). Studies have identified a reliance on pre-response cues (i.e., cue
dependency) as a factor that protects against the disinhibiting effectetuflada task
performance. If individuals with ADHD exhibit deficits in cue dependency when in a
sober state, then they will likely exhibit this deficit when under the influendedid.
Under alcohol conditions this deficit would represent the absence of a cognitive
mechanism that protects against disinhibited behavior. Therefore, we proposed that sobe
state level of cue dependency would be significantly correlated withepelfted
difficulty stopping a drinking session, a manifestation of disinhibited behavior when
under the influence of alcohol. If these two variables were highly codeltaien we
hypothesized that level of cue dependency would also mediate the relationslaerbetw
ADHD and the negative consequences of alcohol use.

Aim 3a: To examine the degree of correlation between the behavior-based
measurement of disinhibition (performance on the cued go/no-go task) and the
personality-based measurement of disinhibition (DIS-M).

Hypothesis 3a: Studies have found that behavior-based and personality-based

measurements of disinhibition are not highly correlated (Dick et al., 2010; Rewtolds
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al., 2006). We therefore hypothesize that the two measures of disinhibition used in the
current study will not be significantly correlated. If not significamtyrelated, it is likely
that these two measures are measuring separate facets of the loosedy lukthavioral
disinhibition construct.

Aim 3b: We aimed to extend our finding that difficulty stopping a drinking
session mediated the relationship between ADHD and the negative consequences of
alcohol use by examining the role of trait-based disinhibition. We examinedgtezde
which trait-based disinhibition (DIS-M) was correlated with self-reggbdifficulty
stopping a drinking session. In addition, we examined the degree to which trdit-base
disinhibition mediated the relationship between ADHD and the negative conseqgoknces
alcohol use.

Hypothesis 3b: Based on studies suggesting that difficulty stopping a drinking
session is a manifestation of behavioral disinhibition (e.g., Weafer & FillrR0668), we
hypothesized that trait-based disinhibition would be significantly corcelait
difficulty stopping a drinking session. Difficulty stopping a drinking sessios faand to
mediate the relationship between ADHD and the negative consequences of alcamol use i
our preliminary study (Rooney et al., under review). If trait-based disirdmbatnd
difficulty stopping a drinking session were significantly correlated, ypothesized that
trait-based disinhibition (DIS-M) would also mediate the relationship betwe&tDAD

and the negative consequences of alcohol use.
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Method

Participants

Participants included 50 University of Maryland undergraduate students
diagnosed with ADHD and 50 University of Maryland undergraduate students without an
ADHD diagnosis. Participants in the ADHD sample: (1) met full DSM-IV-di&jnostic
criteria for ADHD during childhood based on self report; (2) had a T-score of 60 or
above (1 SD above the mean) on the Conners Adult ADHD Rating Scale - ADHD Index
(CAARS; Conners et al., 1999); (3) currently met full diagnostic criteria asfigoein
the DSM-IV-TR according to self report, with one exception. Given that there ar
currently no empirically-supported guidelines for diagnosis ADHD in younglamhdt
the DSM-IV-TR symptom count specified for a childhood diagnosis was modified to
accommodate a young adult symptom presentation. The threshold for diagnost atas
four current symptoms in either the inattentive or hyperactive-impulsivgargteather
than the six symptoms specified in the DSM-IV-TR according to the guidekhésrth
by McGough and Barkley (2004) and in accordance with procedures used in studies of
adult ADHD conducted in our lab (Chronis-Tuscano, Raggi et al., 2008; Chronis-
Tuscano, Seymour et al., 2008) and others’ research labs (Biederman & Spencer, 2002;
McGough & Barkley, 2004); (4) were enrolled as a full-time undergraduatensiatihe
University of Maryland; (5) and lived independently away from their par&iis study
included both students who were taking medication to treat ADHD and those who were
not. Forty-six percent (n = 23) of the ADHD group was currently taking ADHD
medication. In addition, fifty-two percent (n = 26) of participants in the ADHD group

reported a previous ADHD diagnosis.
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Students in the non-ADHD comparison group: (1) had fewer than three current
DSM-IV-TR symptoms of ADHD and no history of the disorder according to qadite
(2) had a T-score of 50 or lower (i.e., at or below the mean) on the CAARS ADHD
Index; (3) had never been prescribed medication to treat ADHD symptoms; (4) were
enrolled as full-time undergraduate students at the University of Marydadd5) lived
independently away from their parents. Additionally, students with one or more Axis |
disorders (not including ADHD) were eligible to participate in either gré&articipant
characteristics are presented in Table 1.
Procedures

Participants in the ADHD and non-ADHD groups were recruited throughsflye
posted in classroom buildings on campus, through an online system advertising studies
offering course credit in exchange for study participation, and through an ordteensy
advertising studies offering payment ($25.00) for study participation. Flydtgled the
following study description:

Undergraduates who live away from their parents and have been in

college for at least six-months may be eligible to partieip@ our

study of behavior and relationships in college students with and

without ADHD. Participants attend a single 2-hour appointment in

the Biology-Psychology Building. Participants are asked to answer

written and verbal questions and complete a computer task.

Participants are paid $25. Contact Mary Rooney (rooney@umd.edu
or 301-405-4606).

Two versions of the flyer were posted. One with the heading “Study of Students with
ADHD” and the second with the heading “Study of Undergraduate Students.”
Participants were likely drawn to the study because of the financial me@mtbecause
they were seeking extra credit in one of their classes. Some students with B

have been interested in participating because they wanted to contribute richrasead
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at achieving a better understanding of the disorder with which they had been diagnosed.

Participants completed a brief phone survey during which study requirements and
procedures were reviewed. Since the study included a computer task that may be
sensitive to the effects of stimulant medication (Tannock, Schachar, Carr,a§c@ikz
1989; Tannock, Schachar, & Logan, 1995), participants who were currently taking
prescribed stimulant medication for ADHD were asked to attend the study apgaintm
without their medication in effect. In accordance with IRB approved procedueassks
associated with skipping a dose of ADHD medication were discussed (e.g., eriviag
unmedicated, short-term negative impact on academic performance, etwipdddast
who were comfortable skipping their medication were encouraged to schedule their
appointment for a time when withholding medication would not interfere with their
academic or occupational performance. In addition, these participants kedd@s
agree that they would not drive to the study appointment.

Two graduate students under the supervision of a licensed clinical psychologist,
Andrea Chronis-Tuscano, Ph.D., conducted diagnostic assessments. Assessments
included the administration of the K-SADS (Schedule for Affective Disordets a
Schizophrenia for school age children; Kaufman et al., 1997) ADHD module modified
for use with adults to assess past and current symptoms (Biederman & Spencer, 2002)
and the M.I.NL.I. International Neuropsychiatric Interview (MINI; Sheeti®98). During
the visit, participants also completed electronic versions of five self-ne@asures
related to the current study: the Conners Adult ADHD Rating Scale (CAARS
Conners et al., 1999; Erhardt, Epstein, Conners, Parker, & Sitarenios, 1999a, 1999b),

Personal Drinking Habits Questionnaire (PDHQ); Vogel-Sprott, 1992), the CORE
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Alcohol and Drug Survey (CORE; Core Institute, 2005), the Alcohol Use Disorders
Identification Test (AUDIT; Saunders, Aasland, Babor, De La Fuenta,aft(51993),
the Zuckerman Sensation Seeking Scale — V (SSS-V; Zuckerman, 1994) and a
demographics form (see Appendix for copies of measures). Finally, partgipa
completed the cued go/no-go computer task (Fillmore, 2001). See Figure 2 (p. 83) for
participant flow diagram.

Students who received elevated scores on any modules of the MINI or K-SADS
or who requested referrals for pharmacological or psychosocial treatreenteferred to
the University Health Center and the University Counseling Center fomeaat
Measures

ADHD Assessment

The Conners Adult ADHD Rating Scale — Long Version (CAARS — LV; Conners
et al., 1999; Erhardt, Epstein, Conners, Parker, & Sitarenios, 1999a, 1999b) provides a
continuous measure of ADHD symptoms specific to adults with the disorder. This
measure has excellent psychometric properties and allows for thatygamef an ADHD
symptom profile that can be compared against established age and gender norms. The
CAARS — LV is a 93-item, reliable and valid measure of current ADHD syngioma
form suitable for adults (Conners et al., 1999; Erhardt et al., 1999a). Students in the
ADHD group were required to have a T-score at or above 60 (1 SD above the mean) on
the ADHD Index. Participants in the non-ADHD group were required to have ar&-sc
at or below 50 (the mean).

In accordance with the guidelines provided by McGough and Barkley (2004),

final group classification was determined through the administration of a tectused
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interview based on DSM-IV-TR criteria. The investigators administeneddified

version of the ADHD module of the K-SADS to the participants. The questions from the
K-SADS were modified to be appropriate for retrospective and currenepelftiby

adults in accordance with procedures utilized in previous studies (Biederman &Spenc
2002; Faraone, Biederman, & Milberger, 1995; Faraone, Biederman, & Monuteaux,
2002). The K-SADS has well-established reliability for the diagnosis ¢f[Bh

children (Ambrosini, 2000).

For the purpose of screening for other disorders that could potentially account for
ADHD symptoms and to isolate associations between co-occurring disondetfea
variables of interest, Axis | disorders were assessed using a sttudtagnostic
interview, the revised M.I.N.I. International Neuropsychiatric Intevyieersion 5.0
(MINI; Sheehan, 1998). The MINI was selected because of its solid psycitomet
properties and relatively short administration time (approximately 20 rsiute
Comparisons of diagnoses made with the clinician-rated MINI and those made with the
Structured Clinical Interview for the DSM-1V (SCID; First, Spitz&ibbon, & Williams,
1996) have been characterized by good or very good kappa values (Sheehan et al., 1998).
The MINI features a closed-ended question format with optional rater inqoiir28 f
disorders. The following modules of the MINI were administered in the curreht: st
Major Depressive Episode (Past & Current), Dysthymia (Past & Curigptlar
Disorder (Past & Current), Panic Disorder (Current & Lifetime), ragbobia (Current),
Social Phobia (Current), Specific Phobia (Current), Generalized Anxietydeis
(Current), Obsessive Compulsive Disorder (Current), Alcohol Dependence (Past 12

Months & Lifetime), Alcohol Abuse (Past 12 Months & Lifetime), Substance
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Dependence — Non-Alcohol (Past 12 Months & Lifetime), Substance Abuse — Non-
Alcohol (Past 12 Months), Antisocial Personality Disorder (Current), Conductdais
(Lifetime), Anorexia Nervosa (Current), Bulimia Nervosa (CurrentdyBDysmorphic
Disorder (Current).

Symptoms associated with Learning Disabilities (LD) may be adsdowith
many of the behaviors under examination in the current study, including alcohol use
(Fernandez, 2007; McCrystal, Percy, & Higgins, 2007). The comprehensive
neuropsychological assessment required to adequately test for learainiteis was
beyond the scope of this project; however, participant responses to an open-ended
guestion about a previous LD diagnosis were captured. It was intended that LD idiagnos
would be included as a covariate in analyses when LD diagnosis was significantly
associated with the outcome variable. In the current sample, however, only aufsetl s
of participants in the ADHD group endorsed a prior LD diagnosis (see Table 1). Due to
the lack of variability in the comparison group, LD diagnosis was not used as ateovaria
in analyses.

Substance Use

Two questionnaires were included to assess the quantity and frequency of alcohol
use. The Personal Drinking Habits Questionnaire (PDHQ; Vogel-Sprott, 1992) was
selected because of its use by researchers in previous studies of tiseoéfésihol on
cued go/no-go task performance. The PDHQ yields quantity and frequensyreseaf
typical drinking habits. Administration of this measure in the current study was
problematic as participants reported finding the question format confusing andsast

skipped many items. Form administration was changed from paper and penciltibormat
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an interview in an effort reduce participant confusion. The large amount ohgnizda,
however, reduced the PDHQ'’s utility as a primary outcome measure. Expforator
analyses were conducted with this measure and results are presented in ABpendix

The second measure of alcohol use, the Alcohol Use Disorders Identificatton Tes
(AUDIT; Saunders, Aasland, Babor, De La Fuenta, & Grant, 1993), also contains
guestions about the quantity and frequency of alcohol use. This measure was used in our
previous study of college students (Rooney et al., 2011) and was developed by the World
Health Organization as a simple, brief method of screening for excessikimgliand
related impairment (Babor, Higgins-Biddle, Saunders, & Monteiro, 2001). In addition t
utilizing the quantity and quantity/frequency measurement included in the AWRAT
fourth item on the questionnaire was used as a measure of self-reported difficulty
stopping a drinking session: “How often during the past year have you found that you
were not able to stop drinking once started? (0) Never (1) Less than Monthly (2) Monthly
(3) Weekly (4) Almost Daily.

The Core Alcohol and Drug Survey (CORE; Core Institute, 2005) Negative
Conseguences Subscale is a 19-item scale designed to assess negativenocasseque
associated with alcohol use tailored to the college environment (e.g., thsequence
of your drinking during the last year how often have you: (a) had a hangover; (b)
performed poorly on a test or important project, (c) been in trouble with police, residenc
hall, or other college authorities; [etc.]”). It was selected speckidailits strong
psychometric properties and its relevance to the present study’s hegeastions. Test-
retest reliability ranges between .61 - .80 for most items (Biscaoey B Taylor, 2004;

Core Institute, 2005). Responses to items on the Negative Consequences of Alcohol Use
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subscale were summed to form a total composite score. The CORE also contains a
subscale of polysubstance use during the past 12-months. Responses to questions on the
drug use subscale were summed to form a composite score utilized in aralyses a
measure of current drug use.

Disinhibition

The cued go/no-go task (Fillmore, 2001) was utilized as a measure of cue
dependency on trials of response inhibition and response execution, and mean reaction
time on trials of response execution. This task has been used with ADHD partigipants
three previous studies (Derefinko et al., 2008; Durston et al., 2007; Weafer et al., 2009)
and in research examining the disinhibiting effects of alcohol (e.qg., Féletal., 2005;
Marczinski, Abroms, Van Selst, & Fillmore, 2005). This task was selected because
unlike simple reaction time tasks (e.g., the stop task) which provide no information about
participant’s ability to utilize environmental cues to initiate the proceseeafgsponse
preparation, the cued go/no-go task employs pre-stimulus cues thattéaoilitanpede
early response preparation. In studies examining the effects of alcohol on task
performance in young adults (ages 22 — 29), appropriate reliance on pre-respsnse cue
(i.e., cue-dependency) has been shown to protect against the disinhibiting effects of
alcohol (e.g., Fillmore et al., 2005; Marczinski, Abroms, Van Selst, & Fillmore,)2005
Therefore, this measure was appropriate for identifying a soberestatdependency
deficit in young adults with ADHD.

The task was operated using E-Prime software (Schneider, Eschman, &
Zuccolotto, 2002)Trials involved the following sequence of events: (a) presentation of a

fixation point (+) for 800ms; (b) a blank white screen for 500 ms; (c) a cue, disptayed f
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one of five stimulus onset asynchronies (100, 200, 300, 400, and 500 ms); (d) a go or no-
go target which remained visible until a response occurred or 1,000 ms had elapsed; and
(e) an interval of 700 ms.

The cue was a rectangle (7.5 cm X 2.5 cm) framed in a 0.8 mm black outline that

was presented in the center of the computer monitor against a white bacl Id

o

The cue was presented in either a horizontal (no-go =1 or vertical (go cue,|:|
orientation. The orientation of the cue signaled the probability of a go or no-go target
appearing next on the screen. Cues presented vertically preceded gotagf#¥¥s of the

trials and preceded the no go target on only 20% of the trials. Cues presented hgrizontall
preceded the no-go target on 80% of the trials and preceded the go target on only 20% of

the trials.

Targets were presented as green _ or blue (no-go',- rectangles.
Participants were instructed to press the question mark (?) key on the keybs@od as
the green (go) target appeared on the screen and to withhold a response when a blue (no-
go) target appeared. The variability and randomness of the time interve¢ebehe
presentation of cues and targets (100, 200, 300, 400, and 500 ms) encouraged participants
to pay attention to the cues, and prevented the participants from anticipatingdhe e
temporal display of the targets.

The test consisted of 250 trials that presented the four possible cue-target
combinations. An equal number of vertical (125) and horizontal (125) cues were
presented, and an equal number of go (125) and no-go (125) target stimuli were
presented. Each cue-target combination was randomly presented at each of the five

random time intervals. For each trial, the computer recorded whether a respomsed
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and, if so, the response time in milliseconds was measured from the onset of the targe
until the key was pressed. To encourage quick and accurate responding, the program
provided feedback to the participant after each response. On response execjtherial
response time in milliseconds was presented on the screen. On response inhillstion tria
where a keystroke was not withheld (i.e., an participant error occurred) ttie wor
“incorrect response” appeared on the screen.

The Sensation Seeking Scale — V (SSS - V; Zuckerman, 1994) is a 40-item,
forced choice inventory designed to measure sensation seeking. Sensation seeking i
multifaceted construct comprised of four components: thrill and adventure seeking
experience seeking, disinhibition, and boredom susceptibility (Zuckerman, 1994;
Zuckerman, Eysneck, & Eysenck, 1978). Each of these four components is captured in
individual subscales of the SSS-V. The reliability and construct validity fds 3%V
has been well established (for a review, see Zuckerman, 1994). The psychometric
properties of the scale were reevaluated using a sample of college studgmniblec
university (Roberti, Storch, & Bravata, 2003). Confirmatory factor anasygpported the
four-factor structure. Internal consistency was high with Chronbach’s algiasect as
follows: Thrill and Adventure Seeking (.80), Experience Seeking (.75), Disinhibition
(.80), and Boredom Susceptibility (.76.).

The present study utilizes a modified version of the disinhibition subscale (DIS-
M) as a measure of self-reported behavioral disinhibition. Within the contextsatsm
seeking, disinhibition is characterized by the expression of reduced sociaarinst
(Zuckerman, 1994). Individuals who score high on the disinhibition subscale are

generally less constrained by social norms and expectations so they srllbeimore
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experimental with regard to their behavior. Of the four SSS - V subscalegjlaligon
has repeatedly been found to be most highly correlated with alcohol use (for regiew s
Hittner & Swickert, 2006). The disinhibition subscale contains three alcohol and/or drug
use items, which may inflate the association between disinhibition and alcohal ase. |
recent meta-analysis, excluding the substance use-related items frembsbale did not
significantly diminish the effect size between disinhibition and alcohol usa¢H&
Swickert, 2006). In the present study, however, we chose to act conservatively and, in
accordance with procedures used in previous studies (Darkes, Greenbaum, & Goldman,
1998; Henderson, Goldman, Coovert, & Carnevalla, 1994), modified the disinhibition
subscale by removing the three items that explicitly endorse alcohol us®leement
(“If feel best after a few drinks,” “I often like to get high [drinking alcobokmoking
marijuana)”’, and “Keeping the drinks full is the key to a good party”).
Evaluation of Aims

Preliminary Analyses

All dependent variables were examined for frequency, variability, and the
identification of outliers. One outlier was identified on the cue-dependency task.
Analyses were conducted once with the outlier included and once with the outlier
excluded. Since results differed greatly when the outlier was removddrisigises
excluded this participahtThis participant’s data is excluded from the analyses presented

in all tables, including the participant characteristics table (Table 1).

® The excluded participant is a 19-year-old, whitadée. She does not meet the study’s diagnostierizit
for ADHD and has an estimated IQ in the above aerange (standardized WTAR score = 119). The
participant’s cue dependency score of .40 on tdatesponse inhibition was 93D above the non-ADHD
group meanNl =.017,SD=.041).
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Prior to running the main analyses for each outcome variable, correlatiosemnaly
were conducted to determine the extent to which the variables of age, gender,
race/ethnicity, fraternity/sorority membership, drug use (i.e., compasite of drug use
during the past 6 months from CORE), were associated with the mediator and outcome
variables. The variables examined in preliminary analyses (i.e., ager,gende
race/ethnicity, fraternity/sorority membership, and current drug use)sskyeted based
on studies in the existing literature suggesting that they may diff@lfgrtifect patterns
of substance use.

Regarding age, problematic alcohol use has been found to increase during late
adolescence and peak during young adulthood (Littlefield, et al., 2009), and longitudinal
studies have found that alcohol consumption varies as a function of age (Johnston et al.,
20009).

Regarding gender, research has shown that women generally consume less
alcohol per drinking session than men (Johnston et al, 2009), reach higher blood alcohol
concentration levels than men when consuming equivalent amounts of alcohol (Baraona
et al., 2001), have a later age of first use (Johnston et al, 2009), and a shorter time from
first drink to dependence (Johnson, Richter, Kleber, McLellan, & Carise, 2005)eht rec
cohorts, however, differences between genders in age of first use and timagstom fi
drink to dependence were diminished suggesting that gender-based norms may be
shifting (Keyes, Martins, Blanco, & Hasin, 2010).

Regarding racial and ethnic groups, differences in patterns of alcohol use and
problematic alcohol use have been identified in a in several large scale studibsgs

student substance use (i.e., College Alcohol Study, Harvard School of Public Health;
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Monitoring the Future; The Core Alcohol and Drug Use, and the National Collegé Healt
Risk Behavior Survey (O'Malley & Johnston, 2002). Consistently across studies Whit
students are highest in heavy drinking, black students are lowest, and Hispanisstudent
are intermediate (O'Malley & Johnston, 2002). Further, in a study examining the
interaction of college enrollment and race/ethnicity on patterns of alcohol teselaaice

at a four-year college has been found to increase the likelihood of heavy drinking for
White young adults, and decrease the likelihood for black and Asian young adults
(Paschall, Bersamin, & Flewelling, 2005). Ethnic differences in thetyatolimetabolize
alcohol have also been established (e.g. ALDH2 and ADH1B genotypes
disproportionately identified among Asians; Hendershot, et al. 2009).

Regarding fraternity/sorority membership, a host of prior studies havefigenti
increased rates of problematic drinking among fraternity and sororityoaremelative to
non-member college students. Alcohol-related problems among fraternityAsororit
members include: higher levels of alcohol use, alcohol-related negativejaenses,
and dependence symptomatology (Bartholow, Sher, & Krull, 2003; Borsari & Carey,
2006; Borsari & Carey, 1999; Capone, Wood, Borsari, & Laird, 2007; Cashin, Presley, &
Meilman, 1998; Larimer, Irvine, Kilmer, & Marlatt, 1997; Lo & Golobetti, 1995; Rabow
& Duncan-Schill, 1995; Sher, Bartholow, & Nanda, 2001). In an extensive review of the
literature, Borsari & Carey (1999) identified five factors contributmthe heavy
drinking observed among fraternity/sorority students: (a) a continuity of hézhoh
use from high school to college; (b) self-selection into heavy drinking envirdange)
the central role that alcohol plays in fraternity selection; (d) mispeoces of drinking

norms; and (e) the enabling environment of the fraternity house. In a recent pvespecti
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study of alcohol use among fraternity/sorority students, researchenseubfi@idings
consistent with these five factors (Capone, Wood, Borsari, & Laird, 2007). In addition,
they concluded that heavy drinking within the fraternity/sorority commusia result of
a mutually reinforcing system in which initially higher levels of alcoholarsproblems
by students who self select into the community are exacerbated by theaacrea
affiliation with heavier drinking peers within the fraternity/sorority conmity.
Fraternities and sororities require that members maintain a grade pmagawf 2.5 or
higher (North American Intrafraternity Conference, 2009), suggestingigamembers
are meeting academic standards despite their heavy drinking. Thisigggssthat
students with ADHD who are members of fraternities or sororities may hé@ufzaly
high functioning subset of the ADHD college student population.

Finally, regarding drug use, across multiple large-scale studiesugeulgas been
correlated with alcohol use in young adults and college students in multipkesstudi
(Johnson et al., 2009; Wechsler et al., 2002).

It was proposed that ADHD medication status and LD diagnoses would also be
included in preliminary analyses. However, participants taking ADHD migalicar
with an LD diagnosis were present only in the ADHD group. Due to the lack of
variability in the non-ADHD group, these variables were not included in preliminary
analyses. Within-group (ADHD) comparisons were conducted for all outcomeélearia
The means of all outcome variables were not significantly different facipants with
and without a self-reported LD diagnosis (see Table 2). Likewise the rokalhs
outcome variables were not significantly different for participants in DEB group

with a prior ADHD diagnosis and participants within the ADHD group without a prior
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ADHD diagnosis (see Table 3). Finally, the means of all outcome variablesiotere
significantly different for participants within the ADHD group who wererently

prescribed ADHD medication and those within the ADHD group who were currently not
prescribed ADHD medication (see Table 4).

Between group differences in rates of Axis | disorders were also exarimned.
cases where disorder rates differed, comorbid diagnoses were included imarglim
analyses to examine whether they were associated with outcome vafalldsct
disorder, which occurs in up to 40% of children and adolescents with ADHD (Barkley,
1998; Lahey, McBurnett, & Loeber, 2000) occurred in 20% (n = 10) of the ADHD group
and in O participants in the non-ADHD group. Of those with comorbid CD, three
participants (6%) had symptoms consistent with childhood-onset CD and four
participants (8%) had symptoms consistent with adolescent-onset CD. Sigfiyfic
higher rates of major depressive disorder (MDD) - past episode, panic disaaeent,
and social phobia — current were found in the ADHD group relative to the non-ADHD
group (see Table 2). No patrticipants in either group endorsed symptoms comsthtant
current episode of MDD. Relative to the non-ADHD group, participants in the ADHD
group also endorsed significantly higher rates of lifetime alcohol dependi¢sitme
alcohol abuse, and current alcohol abuse. Rates of non-alcohol substance use disorders
were not significantly different between groups (see Table 5). Correl&siwsen Axis

| disorders and outcome variables are presented in Table 6.

Predictor variables associated with the outcome variable at a signifieaetef
p < .05 in preliminary analyses were included as covariates in primarysasaMean

and standard deviation values for all outcome variables are presented in Table 7. A
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number of significant correlations were identified during preliminary @ealyFirst,

gender was negatively correlated with the quantity of alcohol consumed timglitteat
females consumed less alcohol than males. Second, fraternity/sorority rsieimbers
positively correlated with the negative consequences of alcohol use and gifficult
stopping a drinking session. Third, panic disorder was significantly correléted w
difficulty stopping a drinking session (Table 19). This finding is consistent tithes
showing higher rates of alcohol-related problems among individuals with panidedisor
(Bystrisky et al., 2010; Otto, Pollack, Sachs, O'Neil, & Rosenbaum, 1992; Swendsen et

al., 1998).

Surprisingly higher rates of alcohol use and alcohol related problems were not
associated with a history of MDD. This finding is inconsistent with studiesisgow
higher rates of alcohol use and related problems among those with MDD or elevated
depression sympatology (Dixit & Crum, 2000; Harrell & Karim, 2008; Nolen-Horkse
2004; Pedrelli et al., 2010). One posibility for the discrepant finding is that only those
experiencing a current MDD episode, or currently elevated depression syhopmyy,
show higher rates of use. No participants in the current sample endorsed symtpoms

consistent with a current MDD episode. Only past MDD episodes were reported.

Significant correlations among substance use and alcohol use disordersswere al
identified. While current alcohol dependence was not significantly assoaath any
substance use disorders, lifetime alcohol dependence and both current angl lifetim
alcohol abuse were significantly associated with both current and lifatins¢éasice
dependence as well as current substance abuse. The high correlations arsong thes

diagnoses are consistent with studies showing high rates of comorbidity anwing alc
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and substance use disorders. In addition, these findings are consistent with’&ruege
two-factor model of mental disorder classification (Krueger, 1999). Accotding
Krueger’s (1999) analyses of the National Comorbidity Survey data, 10 common DSM
IV mental disorders fall into internalizing and externalizing factord) witostance use
disorders as well as antisocial personality disorder falling on the extergdactor. In a
replication study examining the consistency of Krueger’'s two-factor modesample of
adolescents and young adults, the structure of the externalizing factappliasble
(Wittchen et al., 2009). Additional studies are needed to determine the genetic,
neurobiological, or environmental factors underlying the high rate of comorbiditygamon

substance use disorders (Krueger & Markon, 2006).

Aim la: Analytic Plan

We evaluated whether differences exist between participants with araitvith
ADHD on self-report measures of quantity of alcohol use (AUDIT item #Z)culify
stopping a drinking session (AUDIT item #4), and negative consequences adsoitlate
alcohol use (CORE Negative Consequences Subscale total). One-way ANCOVA
analyses (group: ADHD, Non-ADHD) were conducted with each of these outcome
variables. Covariates identified in preliminary analyses included tirgtesorority
membership for each of the Aim 1a outcome variables, gender for the quantity and
frequency of alcohol use, and panic disorder for difficulty stopping a drinking selssion.
addition, to account for the possibility that the quantity of alcohol use, the negative
consequences of alcohol use, or difficulty stopping a drinking session were a strongly

influenced by concurrent drug use, self-reported current drug use (CORE 8gug U
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Subscale total) was included as a covariate in analyses that includeduticeseco
variables.
Aim la: Hypotheses Summary

Quantity of Alcohol UseResults would not differ significantly between ADHD

and non-ADHD groups on self-reported quantity of alcohol use.

Difficulty Stopping a Drinking SessioParticipants within the ADHD group

would self-report higher rates of difficulty stopping a drinking session thaicipants in
the non-ADHD group.

Negative Consequences of Alcohol UBarticipants within the ADHD group

would self-report experiencing more negative consequences of alcohol use than
participants in the non-ADHD group.

Aim la: Results

Our hypotheses were supported for each of the four Aim 1a outcome variables.

Quantity of Alcohol UseThe ADHD and non-ADHD groups did not differ

significantly on self-reported quantity of alcohol usg4, 96) =.032,p =.859). Results
are presented in Table 10.

Difficulty Stopping a Drinking SessiofParticipants within the ADHD group self-

reported significantly higher rates of difficulty stopping a drinking segbiam those in
the non-ADHD groupK (4, 96)=3.229 p <.01). Results are presented in Table 11.

Negative Consequences of Alcohol UBarticipants within the ADHD group

self-reported significantly more negative consequences as aagkaldohol use than

participants in the non-ADHD group when controlling for alcohol quantity,
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fraternity/sorority membership, and current drug W€ 96)= 5.544,p < .01). Results
are presented in Table 12.

The following specific negative consequences occurred significantly more
frequently within the ADHD group than the Non-ADHD group when controlling for

alcohol quantity, fraternity/sorority membership, and current drug use: HadgaWéan

(F (4, 96)= 6.123,p <.01), Got Nauseated or Vomit¢d (4, 96)= 5.865,p <.05),

Been Criticized by Someone | KndWw (4, 96)= 7.438,p <.01), Got Into an Argument

or Fight(F (4, 96)= 4.582,p < .05), Thought | Might Have a Drinking Problgif (4,

96)= 5.155,p <.05), Did Something | Later Regretté€ (4, 96)= 5.601,p <.05).
Results are presented in Table 13.

The following specific negative consequencesraitioccur significantly more
frequently in the ADHD group than the non-ADHD group when controlling for alcohol

guantity, fraternity/sorority membership, and current drug use: Performed Boaly

Test or Important Projec¢E (4, 96)= .595,p = .442), Missed a Clag§ (4, 96)= 2.559,

p =.113), Been in Trouble with Police, Residence Hall Staff, or other College

Authorities(F (4, 96)= .135,p = .714), Drove a Car While Under the Influer{€e(4,

96)= .171,p =.680), Damaged Property, Pulled Fire Alarm, €&d4, 96)= .192,p

=.662), Been Hurt or Injure(F (4, 96)= .031,p =.860), Had Memory Los@- (4, 96)=

.1.296,p = .258), Have Been Taken Advantage of Sexu@ll{4, 96)= .808,p =.371).

Results are presented in Table 13.
Aim 1b: Analytic Plan
We evaluated whether differences existed between college students with and

without ADHD oncue dependent responding on trials of response inhibition (measured
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by performance on the cued go/no-go task). Cue dependency is present when participant
perform significantly better on trials with consistent cue-target pairing-go cue
followed by a no-go target) than on trials with inconsistent cue target paigogsi€¢
followed by a no-go target). ADHD group classification and cue condition effegts on
inhibition failures in the consistent and inconsistent cue conditions were analyaed by
2(group) x 2(cue condition) ANOVA. To determine whether cue dependency (i.e.,
differential performance based on cue condition) was unique to performancaaoftri
response inhibition, a second 2 (group) x 2 (cue condition) ANOVA was conducted on
trials of response execution. In addition, we examined group differences in avesal
reaction time and overghinhibition failures across cue conditions using a one-way
ANOVA.

Aim 1b: Hypotheses Summary

Cue Dependency — Response Inhibition

There would be a main effect of group, with the ADHD group performing
significantly more poorly on response inhibition trials in both cue conditions.

There would not be a main effect of cue condition. While the non-ADHD group
would perform significantly better in the consistent cue condition than the in@srisist
cue condition, the ADHD group would not show performance difference between cue
conditions.

There would be a significant Group x Cue Condition interaction. Specifically,
performancevouldbe significantly better in the consistent cue condition than the

inconsistent cue condition for the non-ADHD group. In contrast, performance would not
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differ significantly between cue conditions in the ADHD group. Thus, the ADHD@r
would display a deficit in cue dependency.

Cue Dependency — Response Execution

There would be a main effect of group, with the ADHD group performing
significantly more poorly on response inhibition trials in both cue conditions.

There would be a main effect of cue condition. Both the ADHD and non-ADHD
groups would perform more poorly in the inconsistent cue condition than the consistent
cue condition. Thus, both groups would display a cue dependency effect.

There would not be a significant Group x Cue Condition interaction. Specifically,
performancevoulddiffer significantly based on cue condition for participants in both the
ADHD and non-ADHD groups. Thus, members of both groups would display patterns of
cue dependent responding on trials of response execution. This would suggest that the
cue dependency deficit expected in the ADHD group would be isolated to trials of
response inhibition and would not be seen in trials of response execution.

Aim 1b: Results

Cue Dependency - Response Inhibiti@ontrary to our hypothesis a main effect

of group was not observe# (1, 97) = 3.090p = .082). Also contrary to our hypothesis,
a main effect of cue conditiomasobservedfk (1, 97) = 11.575p <.01), indicating that
both the ADHD and non-ADHD groups performed significantly better in the consistent
cue condition. Thus, the ADHD group did not display the expected cue dependency
deficit. Finally, against expectations, a Group x Cue Condition interaction was not

observedR (1, 97)=.007,p = .936). Results are presented in Table 16.

55



Cue Dependency - Response Execution

Contrary to our hypothesis, a main effect of group was not obsdivéd 97) =
2.922,p=.091). Although the ADHD group had slower reaction times relative to the
non-ADHD group, this difference was not statistically significant. Congistéh our
hypothesis, a main effect of cue condition was obseivédil,(97) = 28.128p <.001).

Both groups performed significantly better in the consistent cue condition than the
inconsistent cue condition. Also consistent with our hypothesis, a Group x Cue Condition
interaction was not observed, as both groups displayed cue dependent respo(iding (

97) =.081p =.776). Results presented in Table 17.

ADHD Medication Effects

Post-hoc analyses were conducted to examine whether current ADHD noedicati
status was significantly correlated with any of the cued go/no-go taskmoaitvariables.
Results indicate that ADHD medication status was not correlated witbf dng task
variables (Table 18).

Aim 2a: Analytic Plan

We examined difficulty stopping a drinking session as a mediator of the
relationship between ADHD and negative consequences associated with alcohol use
when including alcohol quantity as a covariate. Analyses were conducteaidatme
with the model of mediation proposed by Baron and Kenny (1986) and reviewed by
Kenny (2009). According to Baron and Kenny (1986), a full meditational model is
supported when the following four statistical criteria are met: (1) thegtoediariable
(ADHD diagnosis) is significantly associated with the outcome variallDlRE Negative

Conseguences Subscale total score); (2) the predictor variable (ADHD diaggosis)
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significantly associated with the mediator (difficulty stopping a drinkiegsion); (3) the
mediator (difficulty stopping a drinking session) is significantly assediaith the
outcome variable (CORE Negative Consequences Subscale total), eveorafigting
for the predictor (ADHD); and (4) the previously significant predictor (ADHD)
outcome relationship (CORE Negative Consequences Subscale total) is reduced
significantly (as determined by the Sobel Test results) when efettie mediator are
controlled.

This model was tested using the three regression analyses (with conditions 3 and
4 being tested with a single regression equation). First, linear regressiors mece|
executed to examine whether ADHD diagnosis was significantly assowdbedegative
consequences of alcohol use. Second, a linear regression analysis was conducted to
examine whether ADHD diagnosis was significantly associated witlewliffi stopping a
drinking session. Third, in a linear regression equation ADHD diagnosis and theamediat
variable, difficulty stopping a drinking session, were entered simultaneously sartiee
step to examine whether the variance accounted for by the relationship betwdBn AD
diagnosis an the negative consequences of alcohol use was substantially redaltgd. F
the Sobel Test was applied to evaluate the statistical significance oéthation effect
(Sobel, 1982). Fraternity or sorority membership current drug use (CORE Deug Us
Subscale total), alcohol quantity (AUDIT Item 2), and panic disorder were imchsle

covariates in these analyses.
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Aim 2a: Hypothesis Summary

On the basis of the findings from our preliminary study, we hypothesized that
self-reported frequency of difficulty stopping a drinking session would reethia
relationship between ADHD and self-reported negative consequences of alcohol use

Aim 2a: Results

Consistent with our hypothesis, the relationship between ADHD and negative
consequences of alcohol use was mediated by difficulty stopping a drinking session. As
Figure 1 illustrates, the standardized regression coefficients betwddb ABd negative
outcomes of alcohol use decreased substantially when controlling for diffitaptyirsg
a drinking session, rendering the relationship between the predictor and outcome
variables insignificant. Sobel Test results confirmed that the reduction assbeiation
between ADHD and negative consequences of alcohol use was indeed significaint (Sobe
Test Statistic = 2.62% < .01). The other conditions of mediation were also met: ADHD
was a significant predictor of difficulty stopping a drinking session, and difficult
stopping a drinking session was a significant predictor of negative conseqaénces

alcohol use while controlling for ADHD. Results are presented in Table 19.
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Mediator
Difficulty Stopping A
‘ Drinking Session

.316%* .399%**

1 i ‘ 226%* Outcome Variable
Predictor Yariable MNegative Consequences
ADHD (.113) 4 of Alcahol Use

Note: ADHD = Attention-Deficit/Hyperactivity Disorder. p < .05. ** p <.01. *** p<
.001.

Figure 1. Standardized regression coefficients for the relationship betvizd¢nd And
negative consequences of alcohol use as mediated by difficulty stopping a drinking
session. The standardized regression coefficient between ADHD and negative
consequences of alcohol use controlling for difficulty stopping a drinking session is in
parentheses.

y

Aim 2b: Analytic Plan

First we examined the degree to which cue dependency and difficulty stopping a
drinking session were correlated. Consistent with methods utilized in priorss{adie
Derefinko et al., 2007; Marczinski & Fillmore, 2003), a cue dependency score was
calculated by subtracting the proportion of inhibitory failures on trials withistens
cue-target pairings from the proportion of inhibitory failures on trials witbnsistent
cue-target pairings. Second, we examined cue-dependency on trials of eespdnson
as a mediator of the relationship between ADHD and the negative consequences of
alcohol use. The mediation analyses were conducted following Baron and Kenny's
(1986) model for mediation (described in Aim 2a).

Aim 2b: Hypothesis Summary

Correlations Level of cue dependency and self-reported frequency of difficulty

stopping a drinking session would be significantly correlated.
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Mediation Level of cue dependency would mediate the relationship between self-
reported frequency of difficulty stopping a drinking session and self-reportedveegat
consequences of alcohol use.

Aim 2b: Results

Correlations Contrary to our hypothesis, cue dependency and difficulty stopping
a drinking session were not significantly correlated.096,p = .342). Results are
presented in Table 9.

Mediation Contrary to our hypothesis, the relationship between ADHD and
negative consequences of alcohol use nasnediated by cue dependency. Specifically,
the association between ADHD and cue dependéhey.008,p = .455) was not
significant. Results are presented in Table 20.

Aim 3a: Analytic Plan

We examined whether the mean overall proportion of failures on trials of
response inhibition was correlated with trait disinhibition as measured by the
disinhibition subscale of the Sensation Seeking Scale — V (DIS-M; Zuckerman, 1994). |
these two measures were significantly correlated, this would indicatiadlyaare likely
measuring a similar facet of disinhibition. If not correlated, it is likedy they are
measuring separate aspects of the loosely defined behavioral disinhibitiomcionst

Aim 3a: Hypothesis Summary

We hypothesized that these two measures of disinhibition would not be

significantly correlated.
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Aim 3a: Results

Behavior-based disinhibition and trait-based disinhibition were not significantly

correlatedi( = .024,p = .836). Results presented in Table 3.

Aim 3b: Analytic Plan

Previous studies have shown that individuals with ADHD report higher levels of
trait behavioral disinhibition than those without ADHD (for a review see Faraone,
Kunwar, Adamson, & Biederman, 2009). Therefore, we explored group differences in
self-reported trait disinhibition. We also evaluated whether trait disidniDIS-M) is
a mechanism by which ADHD and the negative consequences of alcohol use are
associated. As per procedures used in previous studies (e.g., Darkes et al.,af§d8; M
MacLean, & Colder, 2007), we modified the disinhibition subscale (DIS-M) by removin
items that included questions about alcohol and drug use prior to conducting exploratory
analyses.

First, one-way ANOVA analyses were conducted to examine whether ddéere
in self-reported behavioral disinhibition on the DIS-M existed between the ADHD and
non-ADHD groups. Next we examined the degree to which trait disinhibition (DIS-M
was correlated with self-reported difficulty stopping a drinking sessioallf;inve then
examined self-reported behavioral disinhibition as a mediator of the relapdretween
ADHD and the negative consequences of alcohol use by employing Baron andKenny’
(1986) model for mediation (described in Aim 2a). Fraternity or sorority mempesti
current drug use (CORE Drug Use Subscale total) were included as tesvarithese

analyses.
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Aim 3b: Hypothesis Summary

Between Group ComparisariBhe ADHD group would have significantly higher

levels of trait disinhibition than the non-ADHD group.

Correlation Trait disinhibition would be significantly correlated with difficulty
stopping a drinking session.

Mediation Trait disinhibition would mediate the relationship between ADHD and
the negative consequences of alcohol use.

Aim 3b: Results

Between Group Comparisararticipants in the ADHD group had significantly

higher scores on the DIS-M than participants in the non-ADHD gie(#) 88)= 5.411,
p <.05). Results are presented in Table 21.

Correlation Self-reported behavioral disinhibition (DIS-M) was significantly
correlated with difficulty stopping a drinking sessior(.330,p <.01). Results are
presented in Table 6.

Mediation Self-reported trait disinhibition (DIS-M) did not mediate the
relationship between ADHD and the negative consequences of alcohol use when
controlling for alcohol quantity as well as gender and fraternity/sgrstatus.
Specifically, the associations between ADHD and the negative consequenaahof al
use remained significagf =.202,p < .05) after DIS-M was added to the equation. DIS-
M was not significant when ADHD was included in the model. ADHD, however,
remained significant throughout all steps of the equation. Results are pdesehable

22.
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Discussion

The present study examined mechanisms underlying the association between
ADHD and self-reported negative consequences of alcohol use in college studerdgs. Whil
patterns of alcohol use have been studied in adolescents and young adults with confirmed
ADHD diagnoses, to the best of our knowledge, only one published study, conducted in
our laboratory, has focused exclusively on college students with confirmed DIWR-1V-
ADHD diagnoses (Rooney et al., 2011). Furthermore, to the best of our knowledge, no
studies have examined potential mechanisms underlying the association beten A
and alcohol-related problems. The existing literature on adolescents and yousg adult
with ADHD provides a useful foundation for studies of college students with the
disorder. Characteristics unique to college students and the college environment,
however, limit the generalizability of findings derived from studies of individwéls
ADHD who are not enrolled in college.

The present study focused on both personality trait- and behavior-based aspects of
disinhibition, as well as reported difficulty stopping a drinking session, as toexicd
the relationship between ADHD and negative consequences of alcohol use. A number of
interesting findings were generated. When the ADHD and non-ADHD groups wer
compared on rates of comorbid psychopathology and substance use disorders, the ADHD
group was found to have higher rates of past and current comorbid psychological
disorders including alcohol and substance use disorders. This suggests thalthe stud
included a clinically representative sample, and that college students Dib Aave
comorbidity profiles similar to their peers with ADHD who are not attendinggelke

detailed discussion of these findings is provided below. Regarding patterns of alehol us
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and related problems, findings are consistent with results from our priaraiese
Specifically, the ADHD group reported more negative consequences of tlodiolalse
and higher rates of difficulty stopping a drinking session despite reportirsgofate
alcohol consumption equivalent to those of the non-ADHD group. Possible explanations
for these findings are presented below. In our examination of mediators of the
relationship between ADHD and negative consequences of alcohol use, only difficulty
stopping a drinking session mediated the relationship when controlling for alcohol
guantity. Difficulty stopping a drinking session and trait disinhibition wegeicantly
correlated with each other, suggesting that difficulty stopping a drinking sesajobena
manifestation of disinhibition. Trait disinhibition itself however, did not mediate the
relationship between ADHD and the negative consequences of use when controlling for
guantity. Possible explanations for the null findings are described below.

Discussion of Preliminary Analyses

A number of significant group differences and correlations were identified
through preliminary analyses. When the ADHD and non-ADHD groups were compared
on rates of DSM-IV Axis | disorders, the ADHD group has singificantly highes raf
past MDD episodes, higher rates of current social phobia, current specific pinobia, a
current panic disorder. These findings are generally consistent witmgatfe
comorbidity found among adolecents and young adults with ADHD (Bagwell, Molina,
Kashdan, Pelham, & Hoza, 2006; Barkley, Murphy, & Kwasnik, 1996; Biederman et al.,
2008; Biederman et al., 1993; Shekim, Asarnow, Hess, Zaucha, & Wheeler, 1990) .
However, given the high rates of depression identified in numerous studies of auslesce

and young adults with ADHD (Bagwell, Molina, Kashdan, Pelham, & Hoza, 2006;
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Biederman et al., 2008; Chronis-Tuscano et al., 2010; Fischer, Barkley, Smallish, &
Fletcher, 2002), it is surprising that in the current study no participants wittDADH
endorsed symptoms consistent with a current MDD episode. Evidence suggestsihat whe
MDD co-occurs with ADHD, MDD has a longer durartion and results in greater
impairment (Biederman et al., 2008). Thus, it is possible that participants with the
impairment associated with comorbid ADHD and MDD interfered with studelpitgya
to intiate the process of participating in a research study, resultingak af
representation in our sample. It is also possible that students with this pattern of
comorbidity are less likely to successfully complete the transition fromdalgool to
college, and are therefore not represented among the majority of collegetstaith
ADHD. Additional studies are needed to better understand patterns of comorbidity
among college students with ADHD.

Regarding substance use disorders, findings were consistent with stughes@f
adults with ADHD (Smith, Molina, & Pelham, 2003; Weiss & Hechtman, 1993), with
participants in the ADHD group having higher rates of alcohol use disorders and non-
alcohol substance use disorders. This finding suggests that college students Mith AD
are experiencing higher rates of clinically significant impairnasm result of their
substance use than their peers without ADHD. Surprisingly, higher ratesloblalise
and alcohol related problems were not associated with a history of MDD. Adhiscfiis
inconsistent with studies showing higher rates of alcohol use and related prablents
those with MDD or elevated depression sympatology (Dixit & Crum, 2000; H&srell
Karim, 2008; Nolen-Hoeksema, 2004; Pedrelli et al., 2010). One posibility for the

discrepant finding is that only those experiencing a current MDD episodeyenttyr
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elevated depression sympomatology, show higher rates of use. No participants in the
current sample endorsed symtpoms consistent with a current MDD episode. Only past
MDD episodes were reported. Significant correlations among substance usechiodl al
use disorders were also identified. While current alcohol dependence was not
significantly associated with any substance use disorders, lifelboteoddependence
and both current and lifetime alcohol abuse were significantly associated with bot
current and lifetime substance dependence as well as current subbtaseerae high
correlations among these diagnoses are consistent with studies showing high rates
comorbidity among alcohol and substance use disorders. In addition, these findings are
consistent with Krueger’s two-factor model of mental disorder claasdit (Krueger,
1999). According to Krueger’s (1999) analyses of the National Comorbidity Surteey da
10 common DSM-IV mental disorders fall onto internalizing and externalizingr&ct
with substance use disorders as well as antisocial personality disolidgrdalthe
externalizing factor. In a replication study examining the consigtehikrueger’s two-
factor model in a sample of adolescents and young adults, the structure of the
externalizing factor was applicable (Wittchen et al., 2009). Additional stuciesaded
to determine the genetic, neurobiological, or environmental factors undehgitggih
rate of comorbidity among substance use disorders (Krueger & Markon, 2006).
Discussion of Primary Aims
Prior to examining mechanisms that may underlie the association betwedn ADH
and alcohol-related problems, we sought to replicate findings from our prelimindyy s
(Rooney et al., 2011) which found significant associations between ADHD and tifficul

stopping a drinking session as well as associations between ADHD and the negative
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consequences of alcohol use. These findings were replicated in the current Baalple
cases, the associations were in a positive direction, such that college siitte ABHD
reported higher rates of both difficulty stopping drinking and negative consequences of
alcohol use. In the current study, trait disinhibition (as measured by thIDA&s

higher in the ADHD group than the non-ADHD group (see Table 7). In addition, trait
disinhibition was moderately correlated with difficulty stopping a drinkingisaqsee
Table 9). Therefore, it is likely that trait disinhibition is accounting foragertion of the
variance in difficulty stopping a drinking session. There are a number ofcaxddliti

factors not measured in the current study that may explain why those with AEpdD r
higher rates of difficulty stopping drinking than those without ADHD. First, inldizis

with ADHD have been shown repeatedly to have a decreased sensitivity to delayed
rewards, which frequently presents as a preference for smaller imenedliatrds over
larger long-term rewards (Castellanos, 2009; Paloyelis, Asherson, & Kuntsi, R3§9)
possible that for those with ADHD the delayed reward of stopping drinking (e.g.,
preventing nausea or a hangover the next day) is not sufficiently motivating to stop the
individual from drinking in the moment. Second, it is possible that one of the facets of
disinhibition identified in recent models of disinhibition (Cyders et al., 2007; Diek,et
2010; Whiteside & Lynam, 2001) but not measured in the current study (i.e., positive
urgency, negative urgency, lack of planning, and lack of perseverance), are elevated in
individuals with ADHD and contribute to the higher rates of difficulty stopping drinking
identified in the current ADHD sample. Additional studies are needed to exansee the

factors and their association with ADHD and difficulty stopping a drinking@®ss
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Consistent with studies of adolescents and young adults with ADHD (Weiss &
Hechtman, 1993; Wilens et al., 1998; Wilens et al., 2002) and with our preliminary
findings (Rooney et al., 2011), college students with ADHD did not report consuming
alcohol in greater quantities than their non-ADHD peers. Thus, it does not appear to be
theamountof alcohol consumed by college students with ADHD that puts them at risk
for alcohol-related problems. Rather, this population appears to be more vulnerable to
experiencing negative consequences during the past year as a rémiftaltohol use
In the current study, we did not specifically examine factors explainmygstudents with
ADHD report more negative consequences of alcohol use relative to the non-ADHD

group despite reporting a statistically equivalent amount of alcohol consumed.

A more in depth evaluation of the specific negative consequences endorsed more
frequently by the ADHD group may aid in forming hypotheses regarding this
phenomenon. Of the 16 negative consequences measured, 6 were endorsed more
frequently in the ADHD group than the non-ADHD group (i.e., doing something s/he
later regretted, having a hangover, becoming nauseated or vomited, gedtiag i
argument or fight, being criticized by someone he/she knows, thinking [he/sh&preay
a drinking problem). One consequence, being arrested for a DUI/DWI occurred for only
one participant (non-ADHD) in the full sample and was excluded from analyses. Th
remaining 9 negative consequences did not occur at significantly differesibetween
the two groups (i.e., performing poorly on a test or important project, missing a class,
being in trouble with police or college authorities, driving a car while under thendg,
damaging property or pulling fire alarm etc., being hurt or injured, having meonssy |

being taken advantage of sexually).
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Notably, the negative consequences occurring with greater frequendies in t
ADHD group included the 2 items related to interpersonal problems (i.e., gettnani
argument or fight, being criticized by someone [he/she] knows). This findimgssstent
with studies that have identified social skill deficits in children with ADHDZ#&l et al.,
2005). It is possible that college students with ADHD are compromised in their
interpersonal interactions even when they are not consuming alcohol. Thus, when they
consume alcohol their weakness in interpersonal interactions is exacerlzate) te
behavior patterns that elicit criticism from friends and concern on the part ADIHB

student that [he/she] may have a drinking problem.

A third item endorsed more significantly more frequently in the ADHD group,
“thinking | may have a drinking problem,” (i.e., concern on the part of the student that
they, themselves, may have a drinking problem) is likely related to “beingzad by
someone | know” since two items are significantly correlated within i3 group
(see Table 15). Furthermore, “thinking | may have a drinking problem” is dexdelath
only one of the 6 negative consequences that occurred with greater fyegutrec
ADHD group: “being criticized by someone | know.” This is striking sialté of the
other negative consequences were significantly correlated with eacliss@d able 16).
Interestingly, no participants in the non-ADHD group reported that they leweglit
they might have a drinking problem during the past year. Therefore, endorsertinesit of
item is unique to the ADHD sample and shows a unique pattern of correlation with other

items.

It is possible that a fourth item endorsed with greater frequency by the ADHD

group, “doing something [he/she] later regretted,” is also related to irdernas
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problems. This cannot be confirmed, however, since participants were not asked to
provide a description of the “something” that was later regretted. The fin@h& tiket
were endorsed more frequently by the ADHD group were related to the glrgféects

of alcohol (i.e., having a hangover and being nauseated or vomiting). It is surgrating t
these were endorsed with greater frequency by the ADHD group since they didorot r
consuming higher quantities of alcohol. It is possible that individuals with ADED ar
paying less attention to the timing and spacing of their alcohol consumption, and are
therefore experiencing more negative physical effects than those withéiD ADis

also possible that students are minimizing the quantity of alcohol consumed. A study
examining ad-lib alcohol consumption in a laboratory setting would be helpful in

exploring this association.

The nine negative consequences not endorsed with greater frequency by the
ADHD group included two items related to academic performance, “perforqmoioidy
on a test or important project” and “missing a class.” Given that individudisARHD
tend to experience more academic problems than their peers without ADHBU|[2uP
al., 2009; Raggi & Chronis, 2006), it is surprising that this vulnerability would not be
exacerbated by alcohol use. It is possible that participants with ADHD dattribtite
any poor performance or missing a class to alcohol use, but instead attributedttéis
ADHD symptoms, their tendency toward unpredictable academic performance, or
external factors such as having unfair questions on a test. Alternativelgpgsible that

there were actually no differences between groups on this variable.

Three of the items not endorsed with greater frequency by those with ADHD

included negative consequences associated with potential legal conssgqtlezing in
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trouble with police or college authorities,” “driving a car while under the inftag¢ and
“damaging property, pulling a fire alarm, etc.” In exploratory analybese three items

were found to be significantly associated with childhood- and adolescent-ondet CD.

fact, only 4 of the 15 negative consequences were significantly correlatke@mi The

fourth item, “being hurt or injured” was also not indorsed with greater frequenteby t
ADHD group. The rate of CD in this sample was relatively low (Moffit, 2003).

Additional studies are needed to determine whether this rate of CD is typocdlieafe
students with ADHD in general or if it is specific to the current sample. Blegar it is
possible that in a sample with a higher rate of CD, these items would have beendendorse
more frequently by the ADHD group but would have been attributed to the comorbid CD.
The remaining two items not endorsed with greater frequency by the ADHD geoup a
“having memory loss” and “being taken advantage of sexually.” It is surptisaghe

rate of reported memory loss was not endorsed with greater frequency bykie AD

group since the two additional items related to the physical effects obaigete

reported more frequently in this group. It is also surprising that being taken agbrahta
sexually was not endorsed at a higher rate by this group since young adultwith A

have been found to engage in higher rates of risky sexual behavior (Flory, Molina,
Pelham, Gnagy, & Smith, 2006). It is possible however, that the low base-rate of

endorsement and small sample size lead to an absence of between-group differences

In our preliminary study we found that difficulty stopping a drinking session, a
possible manifestation of behavioral disinhibition while under the influence of alcohol
(Weafer & Fillmore, 2008), mediated the relationship between ADHD and thaveegat

consequences of alcohol use. This finding was replicated with our current sample and
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represents a mechanism underlying the association between ADHD and-adtaieal
problems. The identification of mechanisms is necessary for the developmegetdéda
interventions (Sonuga-Barke & Halperin, 2010). While it is likely challeg¢p develop
an intervention that targets problems associated with stopping a drinking sessiarisstude
with ADHD can at the very least be informed of their vulnerability for experng this
problem. With this awareness students can proactively implement conditions/thalpm
to limit their alcohol consumption. For example, they can purchase smaller qaaftitie
alcohol or limit their access to alcohol. Alternatively, they may choose tonghgers
who can help them limit the number of drinks they consume in one sitting. In addition,
students (possibly with the assistance of peers) may choose not to join frieratsefor *
two drinks” if they recognize that they may have difficulty stopping. If fhista and
counselors are made aware of the need to assess for difficulty stoppinkirgdsession
in their clients with ADHD, they can assist in the development and implenzentdti
these strategies. Additionally, in recent years there has been a grotemasti in the
development of single-item screeners able to identify high-risk drinkerprelsent to
university health center and primary care settings (Dawson, Pulay, & @@diix, Foote,
Wilkens, & Vavagiakis, 2004). Although highly speculative until further evaluation, the
single question of whether a student ever experiences difficulty stopping agrinki
session may be a candidate for a single-item screener, particulatiydents with
ADHD who visit university health centers regularly for medication mamage.
Researchers have identified a compensatory mechanism, cue dependency, which
protects healthy adults against the disinhibiting effects of alcohol on behaagksl(for

a review see Fillmore, 2003). Since no studies have examined cue dependency in sober
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adults with ADHD, our first task was to establish the presence of a cue dependenc
deficit under sober conditions. To this end, we employed the cued go/no-go task
(Fillmore, 2001) which has been used frequently in studies of healthy adults under the
influence of alcohol (for a review see Fillmore, 2003) and in the single stadyi®xg
cue dependency in adults with ADHD under the influence of alcohol (Weafer et al.,
2009). Contrary to our predictions, ADHD participants did not display a cue dependency
deficit on trials of response inhibition in the current study. Instead, ADHiparnts
appear to have relied on the cues to prepare their responses to targets on tsptseére
inhibition. Cue dependency in the ADHD group mirrored that of the non-ADHD group,
with participants performing significantly better on trials where tewget pairings were
consistent (no-go cue followed by a no-go target) than on trials where caepgairings
were inconsistent (go cue followed by a no-go target). The ADHD and non-ADHD
groups differed however, on the mean overall proportion of response inhibition failures.
Across cue conditions, the ADHD group had a significantly higher proportion of
inhibitory failures than the non-ADHD group. This is consistent with finding® fihe
study of adults with ADHD under the influence of alcohol (Weafer et al., 2009) and
studies of children with ADHD (Derefinko et al., 2008; Durston et al., 2007). Moreover,
the ADHD and non-ADHD groups did not differ significantly in mean reaction time on
trials of response execution. Therefore, the higher rate of inhibitoryesilnthe ADHD
group cannot be attributed to differences in processing speed.

There are a number of possible reasons why the ADHD group did not display a
cue dependency deficit as predicted. First, the cued go/no-go task may not have been

sufficiently challenging to allow for the detection of differences in cyeddency
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magnitude, either because participant performance was not impaired by alcohol or
because members of the ADHD group were derived from a high functioning subset of
those with the disorder (i.e., college students). Supporting this explanation is the sma
mean proportion of inhibitory failurep{nhibition failures) observed in each group (see
Table 7). Second, it is possible that the cue dependency deficit observed in atlults wit
ADHD when under the influence of alcohol (Weafer et al., 2009) is simply not present in
adults with ADHD when they are in a sober state. Alcohol may acutegtaibgnitive
functions underlying cue dependency in individuals with ADHD differently than it does
in those without ADHD, making them more susceptible to negative consequences of
alcohol use. Third, it is possible that the simple cue dependency score used inyhis stud
was insufficient; despite the fact that others have previously used this mdtand w
analyzing cued go/no-go task performance (Marczinski et al., 2005; M&ic&ins

Fillmore, 2003; Weafer & Fillmore, 2008). The cue dependency score, like all basic
difference scores, does not account for differences in baseline level of Earéerm

(Cohen, Cohen, West, & Aiken, 2002). Cue dependency scores increase as failures of
response inhibition increase (Fillmore, 2003). Without utilizing a cue dependency value
that accounts for differences in the proportion of inhibitory failures, one cannot
differentiate effects due to cue dependency from those due to basic responsennimbiti
addition, just as the cue dependency score is confounded with the proportion of response
inhibition failures, the mean overall response inhibition value derived from the cued
go/no-go task is not independent of cue dependency. Since all response inhibitisn target
were preceded by preresponse cues, the degree to which participants engadged in e

response preparation in response to cues influenced their overall task perfoffuauree.
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studies should include a measure of response inhibition independent of cue dependency
(e.g., the stop task; Logan, 1984) to isolate these cognitive mechanisms.

In addition to studying disinhibition as defined from a behavior-based
perspective, we examined associations between personality-based disimiabit
measured by the disinhibition subscale (DIS-M) of the Sensation Seekirg-Séal
(Zuckerman, 1994), modified by removal of the three alcohol and drug items. The
disinhibition subscale was selected because it is highly correlated wiktioblse in
studies of healthy adults (Hittner & Swickert, 2006). Individuals who score hidhion t
subscale tend to be less constrained by social norms and are generally maneeakger
in regard to their behavior. As discussed previously, questionnaires measuting trai
disinhibition have the benefit of capturing both cognitive and affective aspects of
disinhibition as they relate to real-world behavior (Reynolds et al., 2006). Penrgonalit
trait-based measures of disinhibition, however, are typically not highly atadelvith
behavioral measures of disinhibition (for a review, see Dick et al., 2010). This sugges
that trait- and behavior-based measures may be capturing separsteffacgnhibition.
Consistent with the existing literature, in the current study, trait distrdnbivas not
significantly correlated with task-based disinhibition (i.e., overall perfoo@@n cued
go/no-go response inhibition trials; see Table 9). While the behavioral measure of
response inhibition used in the current study was confounded by cue dependency, it
appears that trait disinhibition and response inhibition as captured by the cued@o/no-

task likely measures two separate facets of disinhibition.

Trait disinhibition has consistently been found to be associated with the

development of alcohol-related problems in healthy adults (e.g., Hittner & Swickert,
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2006; Magid, MacLean, & Colder, 2007; Sher et al., 2000). To the extent that
difficulty stopping a drinking session is a manifestation of trait disinhibition, we
predicted that trait disinhibition would mediate the relationship between ADHD and
the negative consequences of alcohol use. Contrary to our prediction, trait
disinhibition did not mediate this relationship. There are a number of possible
reasons why our hypothesis was not supported. First, trait disinhibition was found
to mediate the association between ADHD and the negative consequences of alcohol
use when alcohol quantity was not included as a covariate (see Table 12). Since
alcohol quantity and trait disinhibition are moderately correlated (r =.394, p <.01),
it is possible that the positive association between trait disinhibition and the
negative consequences of alcohol use is driven heavily by the quantity of alcohol
consumed. Therefore, the relationship between trait disinhibition and negative
consequences of alcohol use, while significant, is not strong enough to account for
the association between ADHD and the negative consequences of alcohol use when
controlling for alcohol quantity. Second, it is possible that with a larger sample and
greater statistical power, the influence of trait disinhibition on the relationship

between ADHD and the negative consequences of use could be detected.

Trait disinhibition has been foumt to predictad lib alcohol consumption in a
laboratory setting (Weafer & Fillmore 2008). This finding is inconsistetit the current
study where there was a significant association between trait disiomiditd the self-
reported quantity of alcohol typically consumed. This inconsistency may be dee to t
fact that the trait-based measure of disinhibition differed between theudies Since

behavioral disinhibition is a loosely defined construct, trait-based questionofees
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differ greatly in item selection. Therefore, each disinhibition scalerdiin the degree to
which it is correlated with alcohol use measures (Dick et al., 2010). In additida,aahi
lib alcohol consumption in a laboratory setting has been found to be a valid indicator of
alcohol consumption in real-world settings (Collins, Gollnisch, & 1zzo, 1996; Meskzi
Bryant, & Fillmore, 2005), it differs significantly from self-report ia measurement of
alcohol consumption. This difference in measurement of alcohol quantity may also
explain the inconsistency in findings across studies.

These findings and the questions they generate highlight the need for multi-
method multi-trait study designs when examining factors related tochlcohsumption
and complex, multifaceted traits such as disinhibition. Shared method variance (i.e.,
variance attributable to the measurement rather than to the constructs sheesiea
represent) is a potential problem in all behavioral research that reliesnghea s
measurement modality (e.g., self-report forms), and/or a single infqravatior a single
time point (Campbell & Fiske, 1959; Kazdin, 2003). A number of meta-analyses of
multitrait-multimethod studies (MTMM) have examined the extent to whichedhar
method variance is present in measures used in behavioral studies. In the most
comprehensive of these meta-analyses the amount of common method varianceénpresent
measures was examined across 70 MTMM studies (Podaskoff, MacKenzie, Lee, &
Podaskoff, 2003). The authors found that shared method variance accounted for 26.3% of
the variance in a typical research measure. Using an example from the predg,
shared method variance could partially explain the significant correlatioedretvelf-
reported alcohol quantity and self-reported disinhibition as measured by the Bx8-M

the absence of a significant correlation between self-reported alcohol quadtity a
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behavioral disinhibition on the cued-go/no-go task. It is also possible that thelstwéng
the correlation between alcohol quantity and disinhibition differed between the two
measurement methods because the two measures of disinhibition are tapping two
different constructs. As described previously, disinhibition is a multifacetestreict,
and behavioral measures of disinhibition are typically not significantly ebecelvith
self-report measures of disinhibition (Dick et al. 2010). In fact, in the curredhy self-
reported disinhibition and behavioral disinhibition were not significantly corcelatas
example highlights the need for multiple measures, particularly whentiafaceted,
complex trait is being examined. In addition, alcohol use should be measured using both
self-report and observation afl lib alcohol consumption in a laboratory setting across
multiple time points.

Limitations and Future Directions

Several limitations in the current study should be noted. First, the cross-dectiona
nature of the study limits our ability to draw any inferences about causihige heavy
alcohol use can lead to higher levels of disinhibition over time (Bartsch et al., 2087), it i
possible that higher levels of trait-disinhibition were a result of heawhalaise history.
Second, the study relied solely on self-report data for information retatddahol use.
Objective measures of use (e.g., hair follicle testing) could potentraiyde more
accurate information and minimize the inflation of results from shared methadaar
across measures (Harrison & Huges, 1997). In addition, the use of a labor&téoy tas
measure ad-lib alcohol consumption would be a valuable addition as an observable
measure quantity of alcohol consumed and difficulty stopping a drinking session.

Third, the study did not include a non-college student ADHD comparison group.
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The absence of this comparison group limits our ability to interpret diffesdrateveen
current study findings and those of previous studies examining non-college youisg adul
with ADHD. In addition, participants in the ADHD group were, on average, in their
sophomore year of college. Thus, they may represent a particularly higlofimgti

group since they have already succeeded in managing the adjustment to college that
occurs during freshman year. Future studies should aim to enroll those students who ente
college but drop out during or after their freshman year. In addition, 24% of the ADHD
group and 22% of the non-ADHD group were members of fraternities or sororities. Si
these organizations have GPA requirements for membership it is possible that
participants who were members of these organizations are also higher fungctiem

the general college population. Fourth, since ADHD is a heterogeneous diagnostic
category (APA, 2000), examining differences in patterns of alcohol use and laligdmhi

on the basis of ADHD subtype may be of value (Derefinko et al., 2008). The study’s
small sample size and large number of analyses did not allow for an examination of
ADHD subtype (i.e., ADHD-I, ADHD-C) differences. In fact, our relativetyall sample
limited our ability to conduct a number of important analyses. These include exgmini
the moderating effects of factors such as gender, ADHD subtype, and AlRHDation
status. Since each of these factors is accompanied by differenatasr@hd comorbidity
profiles, they should be examined in future studies with larger samples. Fifth, riéet cur
study was conducted at a large, public, Mid-Atlantic university with stningemissions
criteria and included only “traditional” college students (i.e., those attendilegedill-
time immediately or shortly after completing high school). Therefore,tsesah only be

generalized to similar students with ADHD attending universities witliagi
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characteristics. Additional studies using larger, more diverse samphestigtie
universities are needed to address these limitations. Sixth, as describeudl in det
previously, the cued go/no-go task may not be appropriate (e.qg., sufficientBngiiad),
etc.) for assessing cue dependency in sober adults and fails to independesglyhasse
constructs of cue dependency and response inhibition. Lastly, behavioral disinhibition is
a multi-faceted construct that is loosely defined (Dick et al., 2010). In our weidy
incorporated one of many personality trait-based measures of disinhibii®po#sible,
or even likely, that other personality trait-based measures of disinhibition wmduce
different results. Therefore, results must be interpreted such that theyoappty
disinhibitionas measured bhe modified version of the Sensation Seeking Scale — V
disinhibition subscale. Future studies should seek to further refine the definition of the
disinhibition construct and incorporate multiple scales measuring differes faicthe
trait.

A variety of factors not examined in the current study may explain group
differences in patterns of problematic alcohol use. Family history of alsoh@ one
widely recognized risk factor for the development of alcohol related probléutseS
have shown that individuals with a family history of alcoholism are at incres&edr
developing alcohol use disorders themselves (Chassin, Pitts, & Prost, 2002; Dawson,
2000; Dawson, Hartford, & Grant, 1992; Schuckit, 1998; Sher, Walitzer, Wood, & Brent,
1991; Weitzman & Weschler, 2000). Those with a greater familial density of alc&hol us
disorders, as measured by the number of family members with an alcohol use disorder
appear to be at the highest risk for the development of alcohol-related problgqrosgCa

& Wood, 2008). Family history of alcoholism may be a particularly importanfact
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consider in future studies of individuals with ADHD given than those with ADHD are
more likely to have a family history of alcoholism than those without ADHD (Knadpik e
al., 2005; Roizen et al., 1996).

Patterns of alcohol use during high school predict patterns of alcohol use during
college. Specifically, college students who engage in heavy episodic drinking digh
school have higher rates of heavy episodic drinking and alcohol-related problemgs dur
college (Harford, Weschler, & Muthen, 2002; Johnston et al., 2009; Wechsler, Dowdall,
Davenport, & Castillo, 1995; Wechsler, Lee, Kuo, & Lee, 2000). Therefore, intra-
individual and environmental factors present before and during college should be
considered when studying the eitology, prevention, and treatment of problatoakiol
use in college students. Pro-alcohol peer influence has also been found to be one of the
strongest predictors of alcohol consumption patterns in college students (Baer, 2002;
Borsari & Carey, 2001; Jackson, Sher, Gotham, & Wood, 2001; White, Fleming, Kim,
Catalano, & McMorris, 2008). This influence results from both selection and
socialization effects (Leibsohn, 1994). The selection effects may be palyicakent
when considering students with ADHD. ADHD is associated with higher levels of
sensation seeking traits (Downey, Pomerleau, & Pomerleau, 1996), which in turn, are
associated with higher rates of risky patterns of alcohol use (Wattenti®iya010). To
the extent that students with ADHD are seeking out peers similar to thves)gbley may
select peers who model and promote risky patterns of alcohol use. In additiarghrese
suggests that for students with a family history of alcohol problems, pro-alcarol pe
influence is more strongly linked to alcohol use during the college yeatiwvedio those

without a family history of alcohol problems (White & Jackson, 2004). This finding
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highlights the interconnectedness of many of the variables examined in stuchege
student alcohol use and the difficulty associated with isolating specific gggHa the
development of alcohol-related problems.

Despite these limitations, findings from the current study provide additional
evidence that college students with ADHD are a population at risk for the deegibpm
alcohol-related problems. In addition, this study is the first to identifg@hamism,
difficulty stopping a drinking session, which may partially explain theioglship
between ADHD and the negative consequences of alcohol use. This information can help
to further elucidate the underlying causes of alcohol-related problefms group, and

may represent a target for prevention and intervention initiatives withdpidation.
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Tablesand Figures

KSADS symptoms above threshold (n =63 KSADS ADHD childhood criteria not met (n= 23
Participant error on computer task (n= 1) Computer error (n = 1)
Did not compicic seli-report forms (n= 1) Did not compleic seli-repaori

v v
Non-ADHD Group Analyzed (n — 501 ADIHD Group Analyzed (n — 50):
Excluded from analyses. eatlier on computer Exeluded from analyses (1 03

tusk (i)

Note.ADHD = Attention Deficit Hyperactivity Disorder. CARS = Conners Adult ADHD Rating Scale.
KSADS = Schedule for Affective Disorders and Scpizeenia for school age children ADHD module
modified for use with adults to assess past ancentisymptoms.

Figure 2. Flow diagram of participant assessmedtiaciusion in analyses.
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Table 1

Demographic and Diagnostic Characteristics

Non-ADHD ADHD
Characteristic n =50 n =50 Group Contrasts
N (%) N (%)
Age M, SD 19.02 (1.040) 20.14 (1.457) t(98)=4.424,
p = .045*
Year in Schooll{l, SD 13.76  (.8703) 1458 (1.071) t(98)=4.202,
p=.031*
Fraternity/Sorority 11 (22) 12 (24)  4(1,N=100)= .056,
p =.500
Gender
Male 22 (44) 22 (44) (1, N=100)=0.000,
p =.580
Female 28 (56) 28 (56)
Ethnicity
Hispanic or Latino 4 (8) 2 (4) (1, N=100)=0.049,
p =.339
Not Hispanic or Latino 46 (92) 48 (96)
Race
White 36 (72) 35 (70)  x(1, N=100)=0.049,
p =.500
Black/ African American 8 (16) 2 (4) x(1, N=100)=4.000,
p =.047*
Asian 5 (10) 6 (12) 21, N=100)=0.102,
p =.500
More than one race 0 (0) 5 (10) #(1, N=100)=5.263,
p =.028*
Other 1 2) 2 (4) 41, N=100)=0.334,
p =.500
DSM-IV-TR Diagnoses
ADHD
Predominately 0 0) 19 (38)

Inattentive



Hyperactive/Impulsive 0 (0) 1 (2)
Combined 0 0) 30 (60)
CD: Childhood Onset 0 (0) 3 (6) -
CD: Adolescent-Onset 0 0) 7 (14)
Learning Disability 0 0) 9 (18)
ADHD Medication - 0 0) 23 (46)
Current
WTAR Score(M, SD) 113.1 (10.440) 1121 (10.19 t(96) = .447,
2 9 1) p=.760
Previous ADHD Diagnosis 0 (0) 26 (52)

Note DSM-IV-TR = Diagnostic and Statistical Manual,Ufth Edition, Text Revision.
ADHD = Attention-Deficit/Hyperactivity Disorder. CB Conduct Disorder.
WTAR = Wechsler Test of Adult Reading.

* Differences between groupsak .05.
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Table 2

Within ADHD Group Comparison on Outcome Variabletvwgen Participants
With a Self-Reported Learning Disability and thesthout a Self-Reported
Learning Disability

No Learning Learning Disability
Disability
n=9 Group
Variable n=41 Contrasts
M SD M SD
Difficulty Stopping 51 .746 .33 .707  1(48)= .657,
Drinking p=.514
Alcohol Quantity 151 1.165 1.22 .833 (48)=.706,
p=.484
DIS-M 4.170 1.986 4.444 2.068 t(48)=-.372,
p=.712
Negative 12.024 9.456 12.889 10.959 t(48)=-.242,
Consequences p=.810
Cue Dependency .017 .0561 .010 .0567 t(48)= .377,
p=.708

Note.ADHD = Attention-Deficit/Hyperactivity Disorder.
DIS-M = Sensation Seeking Scale — V DisinhibitiarbScale Modified.

Table 3

Within ADHD Group Comparison on Outcome Variabletv&en Participants
Currently Taking ADHD Medication and ParticipantetNCurrently Taking
ADHD Medication.

No Medication Medication
Group
Variable n=27 n=23 Contrasts
M SD M SD
Difficulty Stopping .48 (.700) A8 (.790)  t(48)=.015,
Drinking p =.998
Alcohol Quantity 1.44 1.188 1.48 1.039 t(48)=-.106,
p=.916
DIS-M 3.9529 2.335 4.565 1.440 t(48)=-1.140,
p=.260
Negative 10.593 9.249 14.043 9.934 (48)=-1.271,
Consequences p=.210
Cue Dependency 00.78 .050 .026 .0611 t(48)=-1.189,
p=.240

Note.ADHD = Attention-Deficit/Hyperactivity Disorder. [3-M = Sensation Seeking
Scale — V Disinhibition Subscale Modified.



Table 4

Within ADHD Group Comparison on Outcome Variabletvigen
Participants With and Without a Prior ADHD Diagnesi

No Prior ADHD Prior ADHD
Diagnosis Diagnosis
Group
Variable n=24 n=26 Contrasts
M SD M SD
Difficulty Stopping .54 721 A2 721 t(48)=.566,
Drinking p=.574
Alcohol Quantity 1.54 1.141 1.38 1.098 t(48)=.496,
p=.622
DIS-M 4.21 2.084 4.23 1.924 (48)=-.040,
p=.969
Negative 11.33 10.110 12.96 9.29 {(48)=-.593,
Consequences p=.556
Cue Dependency .02 .061 .01 .0498 t(48)=.945,
p=.350

Note.ADHD = Attention-Deficit/Hyperactivity Disorder. [3-M = Sensation Seeking
Scale — V Disinhibition Subscale Modified.
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Table 5
DSM-IV Axis | Diagnosis By Group

Non-ADHD ADHD
Diagnosis n =50 n=>50 Group Contrasts
N % N %
CD: Childhood Onset 0 0 3 6.0 N/A
CD: Adolescent-Onset 0 0 3 6.0 N/A
MDD Current 0 0 0 0 N/A
MDD Past 6 12.0 30 60.0 #(1,N=100)= 25.000,
p =.000**
Dysthymia Current 0 0 1 2.0  »(1,N=100)=1.031,
p =.495
Dysthymia Past 0 0 3 6.0  »(1,N=100)= 3.093,
p=.121
Manic Episode Current 0 0 0 0 N/A
Manic Episode Past 0 0 0 0 N/A
Panic Current 2 4.0 8 16.0  »(1,N=100)= 4.00,
p =.046*
Social Phobia Current 4 8.0 13 26.0 #(1,N=100)= 6.775,
p =.009**
Specific Phobia Current 7 14.0 14 28.0 »(1,N=100)= 2.954,
p =.070
Generalized Anxiety Disorder 6 12.0 7 14.0 4(1,N=100)=.088,
p =.500
OCD Current 0 0 1 20  x1,N=100)=1.010,
p =.500
Anorexia Current 0 0 0 0 N/A
Bulimia Current 0 0 1 2.0 2(1,N=100)= .000,
p =.753
Alcohol Dependence Current 1 2.0 6 12.0 »(1,N=100)= 3.840,
p =.056
Alcohol Dependence Lifetime 3 6.0 11 22.0 »(1,N=100)= 5.316,
p =.020*
Alcohol Abuse Current 7 14.0 18 36.0 »(1,N=100)= 6.453,
p =.010*
Alcohol Abuse Lifetime 7 14.0 22 44.0 »(1,N=100)= 10.928,
p =.001**
Substance Dependence Current 2 4.0 5 10.0y(1,N=100)= 1.382,
p =.218
Substance Dependence Lifetime 2 4.0 5 10.04(1,N=100)= 1.382,
p =.218

38



Substance Abuse current 4 8.0 8 16.0 »(1,N=100)= 2.990,
p =.074

Note.CD = Conduct Disorder. MDD = Major Depressive Diar. OCD = Obsessive

Compulsive Disorder. DSM-IV = Diagnostic and St Manual, 4 revision. **p < .01.
** < .001.
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Table 7

Means of Outcome Variables

Group
ADHD Non-ADHD
n =50 n =50
Variable Units Range M SD M SD Group
Contrasts
Alcohol & Drug Use
Quantity 0-16 10 5.28 2.588 440 2.864 F(2,98)
/Frequency =1.086
p =.100
Quantity 0-4 4 1.46 1.110 1.26 1.065 F(2,98)
=.845
p =.360
Difficulty 0-4 2 .48 .735 14 351  F(2,98)
Stopping =39.673
Drinking p = .004**
Negative 0-84 33 12.18 9.629 7.12  7.164 F(2,98)
Consequences =5.759
of Alcohol p =.018*
Use
Behavior Task Performance: Response Inhibition
p-Inhibiton  0-1 .16 .04 .040 .02 .036 F(2,98)
Failures — =1.449
Consistent p =.028*
Cue
p-Inhibition  0-1 .36 .05 .068 .04 .060 F(2,98)
Failures — =0.038
Inconsistent p =.217
Cues
p-Inhibition 0-1 .20 .04 .041 .03 .04 F(2,98)
Failures — =4.385
Overall p=.039*
Cue 0-1 .29 .02 .056 .02 .041  F(2, 98)
Dependency =0.948
Score — p =.936
Response
Inhibition

Behavior Task Performance: Response Execution
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Mean 190.48
Reaction

Time -

Consistent

Cues

Mean 187.89
Reaction

Time -

Inconsistent

Cues

Mean 182.66
Reaction

Time —

Overall

Cue 36.58
Dependency

Score -

Response

Execution

Zuckerman 0-7 7
Disinhibition
Subscale

321.30

312.44

319.53

8.86

4.22

35.947

31.110

34.273

18.141

.198

312.07

303.27

310.31

8.80

3.26

28.944

27.645

27.990

15.740

1.79

F(2, 98)
=1.786
p=.161

F(2, 98)
=0.495
p=.123

F(2, 98)
=2.169
p=.144

F(2, 98)
=1.786
p=.161

F(2, 98)
=1.667
p =.013*

Note.ADHD = Attention Deficit Hyperactivity Disorder. ®up contrasts were tested by one-

way between-subjects ANOVAs.pr< .05. ** p <.01.
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Table 8

Correlations among DSM-IV Axis | Diagnosis Sigrfidy Associated with ADHD and
Outcome Variables

Social Difficulty
MDD Panic  Phobia Alcohol Stopping Negative Cons
Past Current Current Quantity Drinking of Alcohol Use  DIS-M

MDD
Past

Panic

Current 005 1

Social
Phobia -.022 .086 1
Current

Alcohol

Quantity -.023 .064 .166 1

Difficulty
Stopping .021 241* .143 231 1
Drinking

Negative
Cons of
Alcohol

Use

.165 .090 .103 .645** A492%* 1

DIS-M  -.029 113 .035 A34** .330** .393** 1

Note.DSM-IV = Diagnostic and Statistical Manual, FouRRvision. ADHD = Attention Deficit
Hyperactivity Disorder. DIS-M = Zuckerman Sensatfeking Scale — V Disinhibition Subscale
Modified. MDD = Major Depressive Disorder.

*p<.05 *p<.01.
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Table 10

Between Group Differences (ADHD and Non-ADHD) AURITantity of Alcohol Use

Source of Variance Adjusted SS  df MS F
ADHD .030 1 .030 .032
Covariates

(adjusted for all effects)

Fraternity/Sorority 3.065 1 3.065 3.286
Panic Disorder .093 1 .093 .099
Drug Use 19.789 1 19.789 21.560%***
Gender 6.177 1 6.177 6.279*

Note.ADHD = Attention Deficit Hyperactivity Disorder. ADIT = Alcohol Use
Disorders Identification Test.p < .05. ** p< .01. ** p < .001.

Table 11

Between Group Differences (ADHD and Non-ADHD) AUDIfficulty Stopping Drinking
Source of Variance Adjusted SS df MS F
ADHD 3.229 1 3.229 10.950**
Covariates

(adjusted for all effects)

Quantity 2.045 1 2.045 7.226**
Fraternity/Sorority .749 1 749 2.645
Panic Disorder 2.086 1 2.086 7.372**
Drug Use 1.817 1 1.817 6.422*

Note.ADHD = Attention Deficit Hyperactivity Disorder. ADIT = Alcohol Use Disorders
Identification Test* p <.05. * p<.01.
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Table 12

Between Group Differences (ADHD and Non-ADHD) ogatise Consequences of Alcohol Use

Source of Variance Adjusted SS df MS F
ADHD 287.529 1 287.529 5.544*
Covariates
(adjusted for all effects)
Quantity 1469.385 1 1469.385 28.33***
Fraternity/Sorority 391.736 1 391.736 7.553**
Panic Disorder 3.562 1 3.562 794
Drug Use 69.931 1 69.931 1.348
Note.ADHD = Attention Deficit Hyperactivity Disorder. y < .05. **p < .01. ** p < .001.
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Table 13

Between Group Differences (ADHD and Non-ADHD) oacsjt Negative Consequences of

Alcohol Use
Source of Variance Adjusted df MS F
Had a Hangover
ADHD 13.188 1 13.188 6.123**
Covariates
Quantity 24.071 24.071 11.175*
Fraternity/Sorority 10.419 10.419 4.837*
Drug Use 147 147 .068
Performed Poorly on a Test or
Important Praiec
ADHD .370 1 .370 .595
Covariates
Quantity 3.523 13.523 3.523 5.669*
Fraternity/Sorority 1.536 1 1.536 2.472
Drug Use 3.401 1 3.401 5.473*
Been in Trouble with Police,
Residence Hall Staff, or other
College Authorities
ADHD .014 1 .014 .135
Covariates
Quantity .090 .090 .855
Fraternity/Sorority .094 .094 .896
Drug Use .001 .001 .006
Damaged Property, Pulled Fire
ADHD .032 1 .032 192
Covariates
Quantity 452 1 452 2.692
Fraternity/Sorority 512 1 512 3.050
Drug Use 1.376 1 1.376 8.189**
Got Into an Argument or Fight
ADHD 5.196 1 5.196 4.582*
Covariates
Quantity 11.939 1 11.939 10.528**
Fraternity/Sorority .021 1 .021 .019
Drug Use .065 .065 .057




Had Memory Loss

ADHD 2.039 1 2.039 1.296
Covariates
Quantity 37.761 37.761 23.997***
Fraternity/Sorority 34.327 34.327 21.814***
Drug Use .028 .028 .018
Did Something | Later
ADHD 5.834 1 5.834 5.601*
Covariates
Quantity 7.043 1 7.043 6.761*
Fraternity/Sorority 10.814 1 10.814 10.382**
Drug Use .569 1 .569 .546
Been Arrested for a
ADHD .013 1 .013 1.271
Covariates
Quantity .012 .012 1.155
Fraternity/Sorority .001 .001 .097
Drug Use .000 .000 .027
Have Been Taken Advantag
ADHD 065 1 065 808
Covariates
Quantity 113 113 1.395
Fraternity/Sorority .065 .065 .803
Drug Use .349 .349 4.315*
Been Hurt or Injured
ADHD .012 1 .012 .031
Covariates
Quantity 3.186 1 3.186 8.555**
Fraternity/Sorority .046 1 .046 125
Drug Use .039 1 .309 104

Note.ADHD = Attention Deficit Hyperactivity Disorder. *p < .01. *** p < .001.*** p<
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Table 14

Correlations Among Negative Consequences of Alddbelwithin the ADHD Group

Thought |

Been Might

Been Criticized by Have a

Hada  GotlInto Nauseated Someone | Drinking

Variable Hangover Fight /Vomited Know Problem

Did
something
| later
Regretted

Had a
Hangover

Got Into
Argument/  .396** 1
Fight

Been
Nauseated .616** 428** 1
/ Vomited

Been
Criticized
by A442%* .488** 453** 1
Someone |
Know

Thought |
Might
Have a 192 .209 -.127 A415%* 1
Drinking
Problem

Did
somethlng 303* 504** 516** A67** .166
| later

Regretted

Note.ADHD = Attention Deficit Hyperactivity Disorder. p < .05. ** p< .01.
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Table 15

Correlations Among Negative Consequences of Alddhelwithin the Non-ADHD Group

Been
Criticized Thought | Did
Been by Might Have something
Had a GotInto  Nauseated Someone | a Drinking | later
Variable Hangover Fight / Vomited Know Problem Regretted

Had a
Hangover

Got Into
Argument/  .375** 1
Fight

Been
Nauseated .423** A7 1
/ Vomited

Been
Criticized
by .383** 113 374** 1
Someone |
Know

Thought |
Might
Have a N/A N/A N/A N/A N/A
Drinking
Problem

Did
something
| later
Regretted

.550** .501** AT71** 402** N/A 1

Note.ADHD = Attention Deficit Hyperactivity Disorder. /= not applicable. Correlation
could not be computed because value is constanté®) was not endorsed by any participants
in the non-ADHD group. *p < .01.
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Table 16

2(Group) x 2(Cue Condition) ANOVA of p-inhibitioaikires

Source of Variance Adjusted SS df MS F
ADHD .013 1,97 .013 3.090
Cue Condition .014 1,97 .014 11.575*
Cue Condition x ADHD 8.000 1,97 .001 .007

Note.ADHD = Attention Deficit Hyperactivity Disorder* p < .05. ** p<.01.

Table 17

2(Group) x 2(Cue Condition) ANOVA of Response Bi@tiReaction Times

Source of Variance Adjusted SS df MS F
ADHD 5347.548 1,97 5347.548 2.922
Cue Condition 4429.154 1,97 4429.154  28.128***
Cue Condition x ADHD 12.807 1,97 12.807 .081

Note.ADHD = Attention Deficit Hyperactivity Disorder. *p < .01.
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Table 18

Correlations between ADHD Medication (Current) added Go/No-Go Task Performance

p-Inhibition Cue
ADHD Failures — p-Inhibition  Dependency: Mean
Meds Inconsistent  Failures — Response RT
Variable Current Cues Overall Inhibition Overall
ADHD
Medication 1.0
Current
p-Inhibition
Failures —  -.042
Consistent Cues
p-Inhibition
Fa|lu_res— 144 10
Inconsistent
Cues
p-Inhibition
Failures—  .006 782** 1.0
Overall
Cue
Dependency’ 169 822+ 287+ 1.0
esponse
Inhibition
Mean RT 509 -307* -217 -.267 1.0
Overall

Note.ADHD = Attention Deficit Hyperactivity Disorder®* p < .01. *** p < .001.*** p<.001
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Table 19

Linear Regression Equations Evaluating Difficultgging Drinking as a Mediator of
the Relationship between ADHD and Negative Consexpseof Alcohol Use

Step and Variable df R’ R°A F SE B

ADHD - Negative
Consequences of

Alcohol Use
Step 1 4,95 .386 .386 14.948
Quantity .736 A40Fr*
Fraternity 1.731 .258**
Sorority
Drug Use .154 .153
Panic Disorde! 2.335 -.039
Step 2 5, 94 436 .049 14.513
ADHD 1.384 .226**
ADHD >
Difficulty Stopping
Drinking
Step 1 4,95 .159 159 4.507
Quantity .058 .258*
Fraternity 137 .167
" Drug Use 012 -.209
Panic Disorde! .185 217*
Step 2 5, 94 .256 .096 6.465
ADHD .108 .316**
Difficulty Stopping
Drinking >
Negative
Consequences of
Alcohol Use
Step 1 4,95 .386 .386 14.948
Quantity .736 A40Fr*
Fraternity 1731 .258**
Drug Use 154 153
Panic Disorde! 2.335 -.039
Step 2 5, 94 .520 134 20.366
Difficulty 1.150 .399%**

Stopping Drinking
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ADHD >
Difficulty Stopping
Drinking >
Negative
Consequences of
Alcohol Use

Step 1 4,95
Quantity
Fraternity
Drug Use
Panic Disorde!
Step 2 6, 93

Difficulty
Stopping
Drinking

ADHD

.386

531

.386

.145

14.948
.736
17.543
1.717
1.323

.328***

134

Note ADHD=Attention-Deficit/Hyperactivity Disorder, CEConduct Disorder.

* p<.05 **, p <.01** p<.001.
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Table 20

Cue Dependency as a Mediator of the Relationshiyyden ADHD and Negative

Consequences of Alcohol Use

Step and Variable df R RA F SE B
ADHD - Negative
Consequences
Step 1 2,97 234 .234 14.789
Fraternity/Sorority 1.864 .316**
Drug Use 152 .333***
Step 2 3,96 .292 .058 13.173
ADHD 1.520 .243*
ADHD - Cue Dependency
ADHD 1,98 .000 .000 .007 .010 008
Cue Dependency Negative
Consequences of Alcohol Use
Step 1 2,97 234 .234 14.789
Fraternity Sorority 1.864 .316%**
Drug Use 152 .333***
Step 2 3,96 .245 .011 10.363
Cue Dependency 15.934  .105
ADHD - Cue Dependency
Negative Consequences of
Alcohol Use
Step 1 2,97 234 .234 14.789
Fraternity Sorority 1.864 .316**
Drug Use 152 .333***
Step 2 4,95 303 .070 10.336
Cue Dependency 15.385 .108
ADHD 1.515 244

Note ADHD=Attention-Deficit/Hyperactivity Disorder, CEConduct Disorder.

* p<.05. ** p < .01. *** p < .001.
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Table 21

Differences between ADHD and MADHD Groups on Zuckerman Disinhibition

Subscale (modified)

Source of Variance

Adjusted SS

df

MS

ADHD

18.490

18.490

5.411*

Note.ADHD = Attention Deficit Hyperactivity Disorder. py < .05.

Table 22

Linear Regression Equations Evaluating Self-RegbBehavioral Disinhibition as a Mediator
of the Relationship between ADHD and Negative Egmsnces of Alcohol Use

Step and Variable df R? RA F SE B
ADHD -> Negative
Consequences of Alcohol Use
Step 1 3,96 .385 .385 20.022
Quantity 732 A39%**
Fraternity Sorority 1.701 .252**
Drug Use 152 147
Step 2 4,95 .436 .051 18.329
ADHD 1.365 .227*
ADHD - SSS-Disinhibition
Step 1 3,96 .191 .191 7.541
Quantity 185 .297**
Fraternity Sorority 430  .096
Drug Use .038 .179
Step 2 4,95 .230 .039 7.089
ADHD 351  .200*
SSS-Disinhibition> Negative
Consequences of Alcohol Use
Step 1 3,96 .385 .385 20.022
Quantity 732 A39%**
Fraternity Sorority 1.701 .252**
Drug Use 152 147
Step 2 4,95 .410 .026 16.531
SSS-Disinhibition 398  .178*
ADHD -> Disinhibition->
Negative Consequences of
Alcohol Use
Step 1 3,96 .385 .385 20.022
Quantity 732 A39%**
Fraternity Sorority 1.701 .252**
Drug Use 152 147
Step 2 5,94 448 .063 15.279
SSS-Disinhibition 396 .144
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ADHD 1.390 .202*

Note ADHD = Attention-Deficit/Hyperactivity DisordeiSSS-Disinhibition = Self-reported
behavioral disinhibition as measured by the modifiersion of the disinhibition subscale of the
Zuckerman Sensation Seeking Scale < .05. ** p < .01. ** p <.001.

Table 23
Between Group Differences (Measure Completion MktRaper and Pencil vs. Verbal) PDHQ
Paper and Pencil Oral
Variable n=18 n =62 Group Contrasts
M SD M SD
Frequency of
c Alcohol — g 5078 4075 5.669  4.144 t(78)= .777,p = .440
onsumption
per Month
Alcohol —  ae9 2048 4723 2949 (78)=.207,p= .837
Quantity

Note.PDHQ = Personal Drinking History Questionnaire.

Table 24

Between Group Differences (ADHD and Non-ADHD) PDAIQohol Quantity

Source of Variance Adjusted SS  df MS F
ADHD 3.507 1 3.507 .536
Covariates

(adjusted for all effects)

Fraternity Sorority 3.271 1 3.271 .500
Drug Use 85.958 1 85.958 13.134**
Panic Disorder 1.465 1 1.465 .224
Gender 68.316 1 68.316 10.438**
Administration Format 2.505 1 2.505 .383

Note.ADHD = Attention Deficit Hyperactivity Disorder. FDQ = Personal Drinking
History Questionnairg < .05. ** p < .01. *** p <.001.
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Table 25

Between Group Differences (ADHD and Non-ADHD) PDAMIQohol Frequency

Source of Variance Adjusted SS  df MS F
ADHD 36.283 1 36.283 2.301
Covariates
(adjusted for all effects)
Fraternity Sorority 19.548 1 19.548 1.240
Drug Use 95.049 1 95.049 6.028*
Panic Disorder .809 1 .809 .051
Gender 5.036 1 5.036 .319
Administration Format 2.750 1 2.750 174

Note.ADHD = Attention Deficit Hyperactivity Disorder. FDQ = Personal Drinking
History Questionnairg < .05. ** p < .01. *** p <.001.
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APPENDIX A
CONCEPTUAL MODEL

Theoretical Basis

Despite a substantial literature identifying ADHD as a risk factothfer
development of alcohol-related problems and evidence indicating that the college
years are a particularly salient time for engagement in hazardoeshpait
alcohol use, only a handful of studies have examined the association between
ADHD and alcohol use in college students. The majority of information about
problematic alcohol use in ADHD comes from several longitudinal studies
examining adolescent and young adult outcomes of children diagnosed with the
disorder. Findings from these studies show that adolescents with ADHD typicall
begin using alcohol at an earlier age, use alcohol with greater fiegueand
engage in more hazardous patterns of use (e.g., have 5 or more drinks in a sitting)
relative to their peers without ADHD (Molina & Pelham, 2003; Langley et al,
2010). Young adults with ADHD do not appear to use alcohol at higher rates than
their peers without ADHD (Barkley, Fischer, Edelbrock, & Smallish, 1990;
Biederman et al., 1997), but are significantly more likely to abuse alcohol or have
an alcohol use disorder (AUD; Smith, Molina, & Pelham, 2003; Weiss &
Hechtman, 1993). Preliminary studies of college students with ADHD reveal
patterns of use similar to those identified through longitudinal research. Blhse a
colleagues (2009) found that students with a self-reported ADHD diagnosis and
elevated ADHD symptoms reported consuming alcohol with greater frequency
than students without ADHD, but not in greater quantities. In a study conducted

in our laboratory, which employed a diagnostic assessment utilizing Diagnost
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and Statistical Manual of Mental Disorders, Version 4, Text Revision criteria
(DSM-IV-TR; APA, 2000) to determine group classification, ADHD was
associated with higher rates of problematic alcohol using among colleigatstu
Specifically, ADHD was associated with: higher scores on a globaureaf
alcohol related impairment - the Alcohol Use Disorders Identificatioh Tes
(AUDIT; Saunders, Aasland, Babor, De La Fuenta, & Grant, 1993), higher rates
of difficulty stopping a drinking session, and higher rates of negative
consequences of alcohol use (i.e., having a hangover, getting into an argument or
fight, getting nauseated or having vomited, being criticized by someone due t
drinking or drug use, experiencing memory loss, doing something they later
regretted, being hurt or injured; citation omitted to maintain anonymity).
Consistent with studies of young adults with ADHD (Weiss & Hechtman, 1993;
Wilens et al., 1998; Wilens et al., 2002), ADHD was not associated with higher
rates of alcohol quantity or frequency in our sample of college students. This
suggests that college students with ADHD may be experiencing greater
impairment as a result of their alcohol use relative to their non-ADH peer
despite equivalent rates of use.

In seeking to understand why college students with ADHD are
experiencing higher rates of alcohol related problems, an examination of risk
factors common to both ADHD and alcohol related problems provides a viable
starting point. Behavioral disinhibition (also referred to as impulsivity or
behavioral under control; for a review see Dick et al., 2010) represents one such

factor. Barkley’s (1997) comprehensive theory of ADHD proposes that deficient
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inhibitory control, or behavioral disinhibition, is the core feature of ADHD, which
ultimately results in the characteristic behavioral and academic mgratis seen

in ADHD. Over the past decade, a substantial body of literature has supported
Barkley's theoretical model and has made behavioral disinhibition the most
studied of the executive deficits known to be associated with ADHD (Homack &
Riccio, 2004; Lijffijt, Kenemans, Verbaten, & van Engeland, 2005; Romine et al.,
2004; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). Behavioral
disinhibition has also consistently been associated with problematic alcehol us
Prospective studies have identified behavioral disinhibition during childhood and
adolescence as a risk factor for the development of alcohol use disorders,(laca
Carlson, Taylor, Elkins, & McGue, 1999; King et al., 2009; Nigg et al., 2006;
Sher, Bartholow, & Wood, 2000). In cross sectional studies, individuals meeting
criteria for alcohol use disorder score high on both self-report and laboratory
measures of disinhibition (Hildebrant, Brokate, Eling, & Lanz, 2004; Sher,
Grekin, & Williams, 2005; Trull, Waudby, & Sher, 2004; Van der Linden et al.,
2007). In addition, alcohol consumption acutely increases disinhibition in healthy
adults (for a review see Fillmore, 2003). Despite the substantial overlap among
ADHD, disinhibition, and problematic alcohol use, only one study has examined
the interaction among these three constructs. Weafer and Fillmore (2009 studie
behavioral task performance on a measure of disinhibition in young adults with
and without ADHD while under the influence of alcohol. Results indicate that
alcohol differentially affected task performance, with the ADHD group sigpw

significantly greater impairment in behavioral disinhibition than the non-ADHD
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group as alcohol dose increased. Thus, when under the influence of alcohol young
adults with ADHD may become more disinhibited than their peers without the
disorder when consuming equivalent amounts of alcohol.

Theories emphasizing trait-based vulnerabilities may be particularly
relevant during late adolescence and young adulthood as this is the time when
personality traits are relatively unstable and undergo a significant anfount o
change (Roberts, Walton, & Viechtbauer, 2006). With regard to alcohol use,
changes in the personality traits of impulsivity and neuroticism areiassibc
with the normative decline in alcohol use that occurs during the mid- to late-
twenties (Littlefield, Sher, & Wood, 2009). Specifically, as impulsivity and
neuroticism decreased over time, problematic alcohol use decreasedwabkerell
controlling for other factors known to be associated with this normative decline in
use (i.e., marriage, parenthood). In addition, promising results obtained through
the delivery of personality-targeted interventions to reduce alcoholdelate
problems among adolescents (O'Leary, Mackie, Castellanos-Ryan, Al-Khydhairy
& Conrod, 2010; Sloboda et al., 2009) suggest that there is clinical utility in
clarifying the role of personality traits in problematic alcohol use.

In summary, alcohol-related problems have consistently been linked
independently to both ADHD and disinhibition. In seeking to examine
mechanisms that explain the association between ADHD and problematic alcohol
use among college students, disinhibition represents a logical starting pemt gi
that changes in this trait have been associated with the normative decline in

alcohol use that follows the college years and the fact that persorsitayaie
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relatively unstable during this developmental time point, and therefore may be
amenable to change. Personality traits, such as disinhibition, can be
conceptualized as distal factors that operate through more proximal behaviors
(Costa & McCrae, 1994; Hogan & Roberts, 2000). Drawing upon findings from
our previous study, which showed that ADHD was associated with higher rates of
difficulty stopping a drinking session, we hypothesized that difficulty stopping a
drinking session would be a proximal behavior associated with trait disinhibition
and behavioral disinhibition as evidenced by it's high correlation with these
constructs. In addition, we hypothesized that difficulty stopping a drinking session
would mediate the relationship between ADHD and negative consequences of
alcohol use, while controlling for quantity of alcohol consumed. We also
examined trait disinhibition and behavioral disinhibition as mediators of the
relationship between ADHD and the negative consequences of alcohol use, while
controlling for alcohol quantity. With these hypotheses we surmise that
disinhibition may be the construct that underlies both the experience of feeling
unable to control one’s drinking as well as decreased of self-control in social
interactions, which may explain specific negative consequences beingeshdors
with greater frequency by the ADHD group, such as: being criticigedfdeer,

getting into an argument or fight, doing something they later regretted, and

ultimately becoming concerned that they may have a drinking problem.
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M easur es Overview

DISINHIBITION

/ SUBSCALE
DISINHIBITION £

.| CUED GO/NO-GO
TASK

Consequences
Subscale

ALCOHOL MINI

AUDIT

CORE DRUG USE
SUBSCALE

SUBSTANCE
USE

MINI

Figure 3. Measures Overview.

ADHD Diagnosis

Group Classification

Group Classification

Sample [Axis | Dx)

Substance Use

Measurement

Behavioral
Disinhibition

Beasurement

Measure: Aleohol Use
Neg Consequences

Alcohol Use Disorders
Dx

Difficulty Stopping a
Drinking Session

Alcohol Quantity

Alcohol Quantity/
Frequency

Mceasurement: Ilicit
Drug Use Past 6
Months

Substance Use
Disorders Dx

\
A\
A Predictor Variable

Mediator Variable
| Mediator Variable

Primary Outcome
Variable

Group Comparison
& Characterization

Mediator Variable

Covariate

Outcome Variable:
Group Comparison

Covariate

Group Comparison
& Characterization

Note.ADHD = Attention Deficit Hyperactivity Disorder. KSADS = Schedule for Affective
Disorders and Schizophrenia for school age childB&ARS = Conners Adult ADHD Scale.
MINI = M.L.N.I. International Neuropsychiatric Imeew. AUDIT = Alcohol Use Disorders
Identification Test. CORE = CORE Alcohol and DrugdJSurvey. Dx = Diagnosis.

114



APPENDIX B

EXPLORATORY ANALYSES

Cued Go/No-Go Task Performance

In our main analyses, ADHD was not associated with cue dependency on
trials of response inhibition or with mean reaction time on trials of response
execution. As outlined in the discussion section, there are many possible reasons
for the absence of these associations. One possible cause is current use of
stimulant medication by members of the ADHD group. Studies have shown that
behavioral tasks similar to the cued go/no-go task are sensitive to the effect
stimulant medication (Tannock, et al., 1989; Tannock, et al., 1995). Therefore, we
required participants to withhold their medication on the day of the study and
obtained verbal confirmation from each participant that they had adhered to this
requirement. It is possible, however, that some participants had indeed taken
stimulant medication despite their statements to the contrary or that our wash-out
period of 24 hours was too short to guarantee that the medication would not be in
effect while participants were completing the behavioral task. fsoxtgercent
(n=23) of the ADHD group reported that they currently take ADHD stimulant
medication regularly. Therefore, we explored whether self-reportechturre
ADHD medication may have influenced results despite the fact that medication
was reportedly withheld on the day of the study.

We conducted correlational analyses between ADHD current medication
status within the ADHD group and each of the cued go/no-go task variables.

Results show that there are no significant correlations between current ADHD
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medication and performance on any aspect of the cued go/no-go tagk (i.e.,
inhibition failures consistent cugsinhibition failures inconsistent cugs,

inhibition failures across cue conditions, cue dependency on trials of response
inhibition, and mean overall reaction time). Results are presented in Table 18. The
absence of an association between ADHD stimulant medication status and
performance on the cued go/no-go task may indicate that participants withheld
their medication on the day of the study as was required and that the washout
period of 24-hours was sufficient to prevent stimulant medication from affecting
study performance. It is also possible, however, that this particular behsastra
was not sensitive enough to detect the performance-enhancing effectsuddrst
medication. Future studies that include larger sample sizes, behavioral tasks of
varying degrees of difficulty, and a group of participants taking active stimul
medication while completing the behavioral task are needed to better understand

these findings.

PDHQ
Consistent with studies conducted by research groups examining the
effects of alcohol on cued go/no-go task performance (Fillmore, 2004;
Marczinski, Abroms, et al., 2005; Weafer & Fillmore, 2008), it was originally
proposed that the variables of alcohol quantity and frequency would be pulled
obtained from the PDHQ. Problems with measure administration however,
resulted in a significant amount of missing data. Specifically, 13 partisipant
(26%) in the ADHD group and 8 patrticipants in the Non-ADHD group (16%) had

unusable PDHQ data. In an effort to correct administration problems, the format
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of measure completion was changed from self-report to interview. In post-hoc
analyses it was found that the means of outcome variables did not differ as a
function of administration method (see Table 23). Administration method was
however, included as a covariate in all PDHQ analyses.

Exploratory analyses were conducted with the PDHQ to examine group
differences (ADHD vs. Non-ADHD) on the variables of alcohol quantity and
alcohol frequency. Between group differences in self-reported alcohol tyuanti
were not statistically significanE((6, 72)= 2.301,p =.134). Results are
presented in Table 24. This finding is consistent with participants self-réporte
alcohol quantity on the AUDIT in the current study (see Table 10). In addition,
PDHQ Quantity was significantly correlated with AUDIT Quantity=(.637,p <
.01). Between-group differences in self-reported frequency of alcohol use were
also not significantK (6, 72) = .536p = .446). Results are presented in Table 25.
PDHQ Frequency and AUDIT Frequency were also significantly coecklpt
.738,p < .01). Both the quantity and frequency findings are consistent with
results from our prior study (Rooney et al., 2011) and with studies of young adults
with ADHD (Barkley, Fischer, Edelbrock, & Smallish, 1990; Biederman et al.,

1997).
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