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Abstract

Background and Objectives Relatively little is known about the neuropsyawtal
profiles of college students who misuse prescnipsitmulant medicationdlethods:
Data presented are from college students aged 28 years who misused prescription
stimulants prescribed for attention-deficit/hypeiraty disorder and controls (no
prescription stimulant misuse). Students were asskeseuropsychologically using the
self-report Behavioral Rating Inventory of Execetivunctioning (BRIEF-A), the
Cambridge Automated Neuropsychological Test andeBa{CANTAB), and other tests
of cognitive functioning. The analyses included t88trols (age 20.7 + 2.6 years) and
100 prescription stimulant misusers (age 20.7 tyg&afs)Results On the BRIEF-A,
misusers were more likely than controls to endgrsater dysfunction on 8 of 12
measures including Inhibition, Self Monitor, Intiazn, Working Memory, and
Plan/Organize, when adjusting for race and sexp(alk0.05). Similarly, when
dichotomizing the BRIEF-A as abnormal (T sceré5), misusers had more
abnormalities on 5 of 9 subscales, as well as ajbnmindices (p’s<0.05). Misusers also
performed worse on several subtests of the CANTAdB standardized cognitive battery

(p’s <0.05). A proxy of prescription stimulant mssufrequency was positively correlated



with greater executive dysfunction on the BRIEFMAscussion and ConclusionsThese
data demonstrate elevated risk for neuropsychabdysfunction among students who
misuse prescription stimulants compared to non-simgupeers. The presence of ADHD
contributed significantly to these cognitive fingf Students who misuse prescription
stimulants should be screened for neuropsycholbdysdunction.Scientific

Significance: These data may better elucidate the neuropsyclualogiofile of college-

aged prescription stimulant misusers.

INTRODUCTION

Stimulant medications continue to be among tist line agents for attention-
deficit/hyperactivity disorder (ADHD) in older adssicents, and young adultslany of
the 4% to 5% of college students with ADA2ceive stimulantand stimulants are
increasingly being diverted to those without a dizgjs of ADHD or a prescriptiot®
Nonmedical use of prescription stimulants (e.g.wsleout a prescription) has risen
accordingly, and has become a public health corfcern

Several studies have shed light on the contegteascription stimulant misuse.

For instance, data from McCabe ef aliggest that stimulant misuse among high school



students is associated with higher rates of alcahdldrug use. Similarly, investigations
in older populations provide evidence that presioipstimulant misusers are more likely
to meet full criteria for a substance use diso(&&tD)>*° In a 4-year prospective study,
work by Arria et af demonstrated that the escalation of substancprobéems was
related to both declining class attendance andemc@dperformance, as well as
subsequent stimulant misuse. This association leeta@eademic difficulties and
nonmedical prescription stimulant use is an outcuaiisely corroborated by others: ™

Additional studies have shown that psychiatric dises including depressith®
and ADHD'® may be related to stimulant misuse. Arria €f aéported significantly
higher levels of ADHD symptoms among individualghwpersistent, nonmedical
prescription stimulant use throughout college, caragd to both non-users of drugs or
persistent marijuana users. Similarly, using blthd&uctured interviews, we recently
reported a two-fold risk for broad ADHD—inclusiohlwoth subthreshold and threshold
symptoms—associated with stimulant misuse in &gelsamplé®

These emerging data show compelling associationgelea stimulant misuse,
ADHD symptomatology, SUD, academic decline, anetotiategorical psychiatric
diagnoses:>***°Prior work has focused on the potential cogniéméancement of
stimulants among healthy adults, but there is @ipaaf data on the occurrence and
nature of cognitive dysfunction in prescriptiomatiant misusers. Despite speculation of
“self medication” associated with prescription stlemt misusé® relatively few data
exist on the subjective and objective neuropsydafioéd functionindg! particularly
executive functioning in traditional college-aged students who reportusiisg

stimulants. One study (N=305) in a college settihgwed a positive association between



self-reported executive dysfunction and prescripibmulant misus&" While useful,
this thesis on a small sample of actual stimulastusers (N=58) necessitates replication
with larger samples and more sophisticated dedimstifor neuropsychological
functioning.

To this end, we now report on a controlled studgtohulant misuse in college
students. The current investigation representai@ngld, primary analysis of cognitive
functioning among prescription stimulant misusiofege students compared to their

4718205nd lower

non-misusing peers. Based on past findings of higlmHD rate
academic performant*®in stimulant misusers, we hypothesized that stmil
misusers would endorse higher rates of both cagnitysfunction in general and
executive dysfunction specifically, compared tdexge students who do not misuse
stimulants. Furthermore, we hypothesized that sinmtumisusers would exhibit greater
deficits on both subjective, self-report measures @bjective tests of neuropsychological
functioning. We also sought to replicate finding$oover academic performance in
misusers compared to their non-misusing peers.
METHODS

Details of the study are presented elsewfeBziefly, we recruited 100 subjects
who were not currently receiving prescription stiamis therapeutically, but endorsed
misusing a stimulant medicatiomigusers), and 200 subjects who similarly were not
being treated with stimulant medication, and hatenenisused prescription stimulants
(contrals). A prior diagnosis of ADHD was not exclusionaoy gither group. For the

purpose of this report, stimulant misuse was ddfseethe procurement and illicit use of

another individual’s prescription stimulant medioat or past misuse of one’s own legal



prescription (e.g. using more than prescribed)uskss and controls were categorized
appropriately following a pre-screening questiorgan addition to specific prompts on
the MGH Medication Misuse Assessment that queigedrisuse of a legal stimulant
prescription, or misuse of another individual’sratlant prescription. Of note, only a
single incident of misuse was needed to categanzadividual as a misuser.
Additionally, we were only concerned with thoseratlants with FDA indications for
ADHD, and did not investigate the misuse of modafarmodafinil, methamphetamine
or other sympathomimetic amines (e.g. cocaine, MDMrthe misuse of non-stimulant
ADHD medicationg?

Subjects from both misuse and control groups wdtdime undergraduate
college students (18 and 28 years) in the Bostdrop@itan area recruited by way of
internet advertisements (e.g., craigslist.com, mgspom, etc.). Eligible individuals
were contacted to complete a direct interview aitireport questionnaires. All subjects
completed an informed consent to participate instihdy. We obtained a federal release
of confidentiality, and all aspects of the study&vapproved by the institutional review
board.

Assessments
Neuropsychological Functioning

To assess clinical evidence of executive functigywme used the Behavior Rating
Inventory for Executive Function-Adult Version (BE¥-A).? The BRIEF-A is a
standardized self-report measure for adults 18e2@sythat captures the behavioral
manifestations of executive dysfunction acrossffeidint subscales: Inhibit, Shift,

Emotional Control, Self Monitor, Initiate, Workindemory, Plan/Organize, Task



Monitor, and Organization of Materials. The firsb#the aforementioned 9 scales
comprise the higher-level Behavioral Regulatioreba@BRI), which is a measure of an
individual’s ability to appropriately regulate bef@ral and emotional responses. The
remaining 5 scales comprise the Metacognition IM@#), which assesses an
individual’s effective use of planning and orgatiaa to problem solve. When
combined, the BRI and MI map onto the Global Exeeu€omposite (GEC). Higher
scores on any of the 9 subscales, or the indicesndicative of more severe executive
dysfunction.

The BRIEF-A is a self-report scale comprised ofjégstions that are answered
with a “Never,” “Sometimes,” or “Often” responsearfexample, the Self-Monitor
subscale assesses aspects of interpersonal antlassareness and prompts the reader to
answer how frequently he/she talks at inapproptiates, has difficulty reading others’
feelings, doesn’t understand why others might setymr says things without thinking,
etc. Although there are 9 subscales, questionsimespersed throughout and lack a
visible demarcation indicating which subscale astjoa belongs to (e.g. Self-Monitor
draws from questions: 13, 23, 37, 50, 64, 70). BREEF-A has demonstrated reliability
and validity across the major indices and compasitescales when assessing executive
functioning in college students.

Neuropsychological Assessment

For our neuropsychological assessment battery,sed Tthe Cambridge
Neuropsychological Test Automated Battery (CANTAB)yhich is a computerized test
system that assesses a range of executive funagiabilities: decision making and

response control, attention, visual memory, seroamibal memory, and cognitive



flexibility and planning. The CANTAB has demonsgatreliability when assessing
cognitive functioning in substance-using patiéfitSubtests included the following:
Spatial Working Memory (SWM), Verbal Recognition Mery (VRM), Stockings of
Cambridge (SOC), Intra-Extra Dimensional Set Siift{lED), Rapid Visual Information

Processing (RVP), Affective Go/No-go (AGN), and B&n Time (RTI).

For 1Q, subjects completatle Wechsler Abbreviated Scale of Intelligence (WAS?’
Vocabulary and Matrix Reasoning. Additional cogrettests included the Wechsler
Adult Intelligence Scale (WAIS-IV}® Wide Range Achievement Test (WRAT-III
Math)?° the Test of Word Reading Efficiency (TOWRE-i)and the Delis-Kaplan
Executive Functions Scale (DKEF8)In total, administration time of the BRIEF-A,
CANTAB, 1Q testing, structured interview, and otlsetf-report measures averaged

between two and a half to four hours.

Frequency of Stimulant Misuse

Due to the heterogeneity of the misuse groupgome individuals may have only
misused once or twice, while others may have miosany times) we were interested in
comparing neuropsychological functioning of missseith varying frequencies of
stimulant misuse. Unfortunately, we did not havastion that specifically queried for
lifetime frequency of stimulant misuse across aiire misuse sample. Instead, we
derivedestimated frequency of stimulant misuse using a single iteom the previously
described MGH Medication Misuse and Diversion Assent®*?The single item read:;
“On how many occasions have you bought or tradedqoiption ADHD medication that

was not prescribed to you?” Subjects were dematdzsed on lifetime frequency of



misuse categorized as either: 1-5 times, 6-20 tioe30+ times.

Satistical Analyses

We used the Student’s t-test for continuous outepihe Wilcoxon rank-sum
tests for SES, and Pearsog‘dor binary outcomes. Fisher's exact test was lrséle
event of small numbers. Linear and logistic regoeswere used to analyze the BRIEF-A
and CANTAB. To determine whether sex affected #ationship between misusers and
the endorsement of psychiatric disorders and SUbinaluded the interaction term,
misuse status-by-sex, in all models. If the inteoacwas not significant, we removed it
from the analyses and collapsed the resultswhg significant we reported the results by
sex. All statistical analyses were conducted uSitaga 12.0. All tests were two-tailed
with an alpha level set at 0.05 unless noted otiserviData are presented as mean +

standard deviation (SD) unless otherwise specified.

RESULTS

Clinical characteristics of the sample

As described previousf§ our final sample included 100 stimulant misusage(
20.7 £ 1.7 yearsand 198 controls (age 20.7 + 2.6 years)—a total adntrols from the
originally recruited 200 were dropped a priori fréime analysis due to incomplete data.
There were no significant differences between neigiand controls in age,
socioeconomic status (SES; 2.0 + 1.0 vs. 1.9 ££:9).58; p=0.57), or gender (47% vs.
41% maley 2=0.84; p=0.36). There were also no significantadéfhces between
misusers and controls regarding the repeatinggohde, special class accommodations,

or extra help. We did find however, that misuseesenmore likely to be Caucasian than



controls (84% vs. 680/952=8.53; p=0.03). As a result, we adjusted for rawess all

analyses.

Clinical evidence of executive functioning (BRIER-A
Insert Table 1

We first examined T-scores on the self-reportedEBBRA, and found that
stimulant misusers were more likely to endorse éigitores indicative of greater
dysfunction in executive cognitive operations. Speadly, misusers endorsed a higher
GEC (p=0.02)when adjusting for race and sex (Table 1A). Missis¢s0 manifested
more dysfunction than controls on the BRI (p=0.88) MI (p=0.02). Of the nine
subscales that contribute to the GEC, misusergdduogher than controls on the
following: Inhibition, Self Monitor, Initiation, Wiking Memory, and Plan/Organize (all
p values <0.05). When ADHD was included in the nhoeo indices (BRI, GEC) and
three subscales (Self-Monitor, Initiation, Plan/@rge) lost statistical significance.

We next examined clinically relevant abnormalioesthe BRIEF-A (i.e. T scores

> 65). As seen in Table 1B, misusers were moreylitemanifest clinical evidence of
executive dysfunction than controls in multiple dons. More misusers than controls
endorsed a T score65 for the overall GEC, BRI, and Ml (all p%0.02). Upon
examination of the nine BRIEF-A subscales, moraisess than controls had clinically
and statistically significant abnormalities (T sear65) for Inhibition, Initiation,
Working Memory, Plan/Organize, and Task Monitot (&l0.05). When ADHD was
included in the model, two indices (BRI, GEC) amt subscales (Working Memory,

Task Monitor) on the BRIEF-A lost statistical sifioance.



Objective neuropsychological functioning (CANTAB)
Insert Table 2

We utilized the CANTAB to examine objective neurpg®logical differences
between stimulant misusers and controls. For thBITT*B, we found a significant sex
interaction effect for Stockings of Cambridge (SO@pblems solved in minimum
moves and Rapid Visual Information Processing (RXR)l'able 2). For the SOC, male
misusers performed significantly worse compareahéde controls, when adjusting for
race (p=0.046). When ADHD was added to the mot&d,dubtest lost significance.
Similarly, when adjusting for race, male misusesgfgrmed worse than male controls on
the RVP test (p=0.007) and significance remainést ZDHD was added to the model.

Analyses focusing on the remaining tasks of the CAR revealed that misusers,
compared to controls, were more likely to haveghér score for the median correct
latency variable of the Affective Go/No-Go (AGN)hen adjusting for race and gender

(p=0.01). We found no other significant associati¢all p values >0.05).

Additional cognitive battery
Insert Table 3

In addition to the CANTAB, a cognitive battery diag from various
standardized assessments was used to objectiwagsaseuropsychological performance
(Table 3). There were no significant differencesMeen misusers and controls regarding
Full Scale 1Q; however, misusers were more likelgtore lower on the Digit Span
(p=0.03), and Letter Number Sequencing (p=0.01)esutb, as well as the cumulative
Working Memory index of the WAIS-IV, when adjustifg race and sex. All of the

aforementioned differences on the WAIS-IV remaistatistically significant after



ADHD was added to the model. We found no otheri@mt associations on the

remaining subtests of the WRAT-IIl, TOWRE-II, anKBFS (all p values >0.05).

Frequency of Stimulant Misuse

Insert Table 4
We further examined a subset of 83 misusers whe diided into three groups based
on lifetime frequency of buying or trading prestiop stimulants: 1-5 times (N=53), 6-
20 times (N=23), or 20+ times (N=7). There wasgaiicant, positive correlation
between greater frequency of buying or tradinggrpson stimulants and self-reported
executive dysfunction on all subscales and indidése BRIEF-A (p <0.05) (Table 4),

excluding Task Monitor.

DISCUSSION

Our current data support our hypothesis that desgilar intelligence, college-
aged stimulant misusers have more evidence of psychological dysfunction in
general, and clinical executive dysfunction spealfy, compared to their non-misusing
peers. The amount of misuse appears connected geterity of executive functioning
difficulties. Due to the cross-sectional naturehaf sample and high rates of confounders
such as ADHD and SUDs — independently linked tamesychological dysfunctidf®*
— the directionality or mechanism(s) of risk of naiye deficits are outside of the scope
of this study and need to be further examined.

Our finding of more executive dysfunction in stirand misusers compared to
controls supports prior work conducted with a seradamplée? in addition to extending

the work of others who have shown ADHD symptomaggl@cademic decline and



performance issues related to stimulant miSisé&:8In fact, the two-fold risk for broad
ADHD among misusers previously reported in this glenimisusers 27% vs. controls
16%), combined with the loss of significance forage of subtests when covarying by
ADHD, suggests that ADHD symptomatology contribusedstantially to the
neuropsychological dysfunction among misusersspreetive of the origin of the
observed neuropsychological deficits (e.g. dueDdP, SUD, other psychopathology)
these data are among the first to report simultagslgmn subjectively and objectively
derived cognitive dysfunction in young adults wing&ge in the misuse of prescription
stimulants used for the treatment of ADHD.

Self-reported levels of dimensionally rated exeaitlysfunction were
significantly greater among stimulant misusers carag to controls on the three major
indices of the BRIEF-A (i.e. GEC, BRI, and Ml), afiek of the nine subscales (Table
1A). Elevated scores on the BRI for this samplegssgstimulant misusers are more
likely to suffer from an impaired ability to bothamitor the self and situation for what are
considered to be acceptable social behaviors amthifait impulsive reactions. Elevated
scores on the MI, which remained significant evéremcovarying by ADHD, suggest
that when stimulant misusers are presented witiolalgm, they are less adept at
maintaining and organizing information in workingmory, strategically planning and
executing a response, and making necessary chaaged on the outcome. The
breakdown of stimulant misusers versus controll aiinormal threshold of executive
dysfunction (e.g., T-scores65) provides further insight into the self-pereslv

differential functioning between the two groupsshBers not only scored dimensionally



higher than controls on the aforementioned scdlablé 1A), but were also more likely
to exhibit dysfunction at severe, clinically relaevéevels (T> 65) (Table 1B).

Although we found relatively fewer major differeisdeetween misusers and
controls on the objective CANTAB and IQ/cognitiasts, several measures were
significant. For instance, in SOC in males, spatiahning difficulties were noted that
have been related to frontal lobe dysfuncfioir*®Prior work has linked frontal lobe
dysfunction to cognitively impaired decision-makingsponse inhibition, planning, and
memory®’*® Other objective findings indicated a decreaseccigpfor vigilance and
sustained attention (male misusers), processirggbjand working memory difficulties
in misusers— also substantiated by self reporherBRIEF-A. These findings have been
linked to neuropsychological dysfunction, SB3hrisk for substance use in
adolescenc®**and affective disordefé:*®

Similar to Rabiner and colleagu¥sye previously reported higher rates of
ADHD among stimulant misusers in this sampl@he current data further suggest that
misusers are at higher risk for deficits in attemtand executive functioning — both of
which have been independently related to SUD aadexunic underachievement in older
adolescents and young aduté® While the directionality of the association rengain
unclear in our study, executive dysfunction appéaked to stimulant misuse. Due to
the high rates of alcohol and drug use disorde@gmstimulant misusers in the current
sample® SUD may be contributory in part to the observegropsychological
dysfunction. Further studies might aim to bettecelate the relative contributions of
ADHD and SUD to the neuropsychological dysfunctdrcollege-aged stimulant

misusers.



We speculate that the cognitive impairment in gapulation likely represents a
preexisting condition that misusers may attempéetoncile by misusing prescription
stimulants. The positive correlation in the curnegort between our proxy of stimulant
misuse frequency and level of executive dysfun¢tampears to support this supposition.
Given the inherent pressures to perform academicabollege, it is not altogether
surprising that the nonmedical use of prescripstimulants represents one of the few
substance use behaviors that is more prevalent@traxfitional-age college students
relative to their same-age young adult peers niehding collegé.Our findings, in
conjunction with the literature, lend credibility the notion that stimulant misusing
college students may be self-medicating attentidifBtulties, executive dysfunction,
and academic impairment.

There are a number of limitations in the currepbré Although the
overwhelming majority of findings consistently to=d in the direction predicted by our
hypotheses, the risk for Type | error must be askedged due to the number of
(sub)tests on the BRIEF-A, CANTAB and our cognitbadtery. Statistical corrections
were not conducted because of the cross-sectiabalenof the study and in order to
prevent the introduction of Type Il error. The hetgeneous nature of our misuse group
(i.e. single misuse and 20+ incidents of lifetimisuse grouped together) likely resulted
in an underestimation of effect sizes. Studentewlerived from the metropolitan Boston
area and may not generalize to other regions. Vitideverall sample size was modest
(N=298), the cell sizes in specific groups weratreely small, thus limiting our Power.
Since we relied on self-report for some of our meas, our subjects may not have

completed their questionnaires fully, and/or mayehanderreported their pathology.



Additionally, we did not instruct misusers to alist@om nonmedical use of stimulants
on the day of neuropsychological testing, althoaghinority of misusers reported
current nonmedical use of prescription stimulaitsvhy of self-report and scheduled
interview. We did not account for the higher risk ADHD in misusers versus controls;
however, for these analyses, we were focused omtoggdysfunction relative to
stimulant misuse status and not the role of ADHDt @roxy of frequency of stimulant
misuse was based on a single item from a questii@ntiat indirectly evaluated this
issue. Lastly, our data are cross-sectional, arstiels, are associative in nature.

Despite these limitations, the current controlledig provides new information
on the high rates of neuropsychological dysfunciiogeneral, and executive dysfunction
more specifically, in college students who misussgription stimulant medications. Our
findings add to previous work linking high ratesAd®HD and executive dysfunction to
misuse of prescription stimulants, and highligle tieed to clinically and scientifically
further assess neuropsychological functioning itege students who misuse

prescription stimulant medications.

Acknowledgements
This work was supported by a NIH K24 DA016264 granDr. Timothy Wilens; in

addition to research grants RO1DA031160, RO1DA036aAd RO1CA203809 from



the National Institute on Drug Abuse and Nationah€er Institute, National Institutes
of Health to Dr. Sean McCabe. The content is sdledyresponsibility of the authors
and does not necessarily represent the officialvief the National Institute on Drug
Abuse, National Cancer Institute, or the Natiomatitutes of Health. The funding
sources had no role in the design and conducteddtiidy; collection, management,
analysis, or interpretation of the data; or prep@nareview, or approval of the
manuscript.

Declaration of Interest

Dr. Timothy Wilens receives or has received grapp®rt from the following sources:
NIH(NIDA). Dr. Timothy Wilens is or has been a caitant for: Euthymics/Neurovance,
NIH(NIDA), Ironshore, Sunovion, TRIS; US Nationaddtball League (ERM
Associates), U.S. Minor/Major League Baseball; Baye Human Services and Phoenix
House (Clinical Services). Dr. Timothy Wilens hasublished bookStraight Talk About
Psychiatric Medications for Kids (Guilford Press); and co/edited book&DHD in

Children and Adults (Cambridge Press), and Massachusetts General Hospital
Comprehensive Clinical Psychiatry (Elsevier). Dr. Wilens is co/owner of a copyrighted
diagnostic questionnaire (Before School Functiouggstionnaire)Dr. Wilens has a
licensing agreement with lIronshore (BSFQ Questioahdr. Wilens is Chief, Division
of Child and Adolescent Psychiatry and (Co) Directfothe Center for Addiction

Medicine at Massachusetts General Hospital.

Dr. Amy Yule received grant support from the AmaricAcademy of Child and

Adolescent Psychiatry Pilot Research Award for duRaculty supported by Lilly USA,



LLC in 2012. She received grant support from thesddahusetts General Hospital Louis
V. Gerstner lll Research Scholar Award from 2012@&6. Dr. Yule is currently
receiving funding through the American Academy bfl@ and Adolescent Psychiatry

Physician Scientist Program in Substance Abuse KIFID357-17.

Dr. Ronna Fried is currently receiving researchpsupfrom Lundbeck. In 2015, Dr.
Fried received honoraria from the MGH Psychiatrademy for tuition-funded CME
course. During previous years, she received relseagport from the National Institutes

of Health and Shire.

The authors (Nicholas W. Carrellas, MaryKate MamelRayce Anselmo, and Dr. Sean

E. McCabe) report no conflict of interest.

References

1. The Canadian Attention Deficit Hyperactivity Disorder Resource Alliance
(CAADRA): Adult ADHD Guidelines. 2011.

2. Blase SL, Gilbert AN, Anastopoulos AD, et al. Self-reported ADHD and
adjustment in college: cross-sectional and longitudinal findings. ] Atten
Disord. 2009;13(3):297-309.

3. Stone AM, Merlo L]. Attitudes of college students toward mental illness
stigma and the misuse of psychiatric medications. J Clin Psychiatry.
2011;72(2):134-139.

4. Arria AM, DuPont RL. Nonmedical prescription stimulant use among college
students: why we need to do something and what we need to do. J Addict Dis.
2010;29(4):417-426.

5. McCabe SE, Knight JR, Teter CJ, Wechsler H. Non-medical use of prescription
stimulants among US college students: prevalence and correlates from a
national survey. Addiction. 2005;99(1):96-106.

6. Johnston LD, O'Malley PM, Bachman ]G, Schulenberg JE, Miech RA. Monitoring
the Future National Survey Results on Drug Use, 1975-2014: Volume 2, College



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Students and Adults Ages 19-55. Ann Arbor: Institute for Social Research, The
University of Michigan2015.

McCabe SE, West BT, Teter CJ, Boyd C]. Trends in medical use, diversion, and
nonmedical use of prescription medications among college students from
2003 to 2013: Connecting the dots. Addict Behav. 2014;39(7):1176-1182.
McCabe SE, Teter CJ, Boyd CJ]. The use, misuse and diversion of prescription
stimulants among middle and high school students. Subst Use Misuse.
2004;39(7):1095-1116.

Arria AM, Wilcox HC, Caldeira KM, Vincent KB, Garnier-Dykstra LM, O'Grady
KE. Dispelling the myth of "smart drugs": cannabis and alcohol use problems
predict nonmedical use of prescription stimulants for studying. Addict Behav.
2013;38(3):1643-1650.

Sweeney CT, Sembower MA, Ertischek MD, Shiffman S, Schnoll SH.
Nonmedical use of prescription ADHD stimulants and preexisting patterns of
drug abuse. ] Addict Dis. 2013;32(1):1-10.

Bavarian N, Flay BR, Ketcham PL, Smit E. Illicit use of prescription stimulants
in a college student sample: a theory-guided analysis. Drug Alcohol Depend.
2013;132(3):665-673.

Clegg-Kraynok MM, McBean AL, Montgomery-Downs HE. Sleep quality and
characteristics of college students who use prescription psychostimulants
nonmedically. Sleep medicine. 2011;12(6):598-602.

McCabe SE, Teter CJ, Boyd C]. Medical use, illicit use and diversion of
prescription stimulant medication. Journal of psychoactive drugs.
2006;38(1):43-56.

Poulin C. From attention-deficit/hyperactivity disorder to medical stimulant
use to the diversion of prescribed stimulants to non-medical stimulant use:
connecting the dots. Addiction. 2007;102(5):740-751.

Teter CJ, Falone AE, Cranford JA, Boyd C], McCabe SE. Nonmedical use of
prescription stimulants and depressed mood among college students:
frequency and routes of administration. Journal of substance abuse treatment.
2010;38(3):292-298.

Rabiner DL, Anastopoulos AD, Costello EJ, Hoyle RH, McCabe SE,
Swartzwelder HS. Motives and perceived consequences of nonmedical ADHD
medication use by college students: are students treating themselves for
attention problems? J Atten Disord. 2009;13(3):259-270.

Arria AM, Garnier-Dykstra LM, Caldeira KM, Vincent KB, O'Grady KE, Wish
ED. Persistent nonmedical use of prescription stimulants among college
students: possible association with ADHD symptoms. J Atten Disord.
2011;15(5):347-356.

Wilens T, Zulauf C, Martelon M, et al. Nonmedical Stimulant Use in College
Students: Association With Attention-Deficit/Hyperactivity Disorder and
Other Disorders. J Clin Psychiatry. 2016;77(7):940-947.

McCabe SE, Teter CJ. Drug use related problems among nonmedical users of
prescription stimulants: a web-based survey of college students from a
Midwestern university. Drug Alcohol Depend. 2007;91(1):69-76.



20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

Upadhyaya HP, Kroutil LA, Deas D, Durell TM, Van Brunt DL, Novak SP.
Stimulant formulation and motivation for nonmedical use of prescription
attention-deficit/hyperactivity disorder medications in a college-aged
population. Am J Addict. 2010;19(6):569-577.

Munro B. Prescription Stimulant Misuse: The Relationship Between Executive
Functioning and Academic Outcomes.
http://digitalcommons.uri.edu/oa_diss/4662016.

http://www.drugs.com. Medications for ADHD (Attention Deficit Hyperactivity
Disorder) https:/ /http://www.drugs.com/condition/attention-deficit-
disorder.html. Accessed September 12, 2016.

Roth RM, Isquith PK, Gioia GA. Behavioral rating inventory of executive
function-adult version. Lutz, FL: Psychological Assessment Resources, Inc;
2005.

Hauser P, Lukomski ], Samar V. Reliability and Validity of the BRIEF-A for
Assessing Deaf College Students’ Executive Function. Journal of
Psychoeducational Assessment. 2012;31:363-374.

Cambridge Neuropsychological Test Automated Battery [Computer Program]
[computer program]. Version 1.0.0.2 for Microsoft Windows. Cambridge, UK:
CeNeS Ltd. (Now Cambridge Cognition; 1999.

Potvin S, Pampoulova T, Lipp O, Ait Bentaleb L, Lalonde P, Stip E. Working
memory and depressive symptoms in patients with schizophrenia and
substance use disorders. Cogn Neuropsychiatry. 2008;13(4):357-366.
Wechsler D. Weschler Abbreviated Scale of Intelligence: Second Edition. 2nd
edition ed. San Antonio, TX: Psychological Corporation; 2011.

Wechsler D. Wechsler Adult Intelligence Scale-Fourth Edition. Pearson; 2008.
Wilkinson GS. WRAT3 Wide Range Achievement Test: Administration Manual.
1993 Edition ed. Wilmington, Delaware: Wide Range, Inc.; 1993.

Torgesen JK, Wagner RK, Rashotte CA. Test of Word Reading Efficiency:
Second Edition (TOWRE-2). Austin, TX: Pro-Ed; 2012.

Delis D, Kaplan E, Kraemer JH. Delis-Kaplan executive function system (D-
KEFS). The Psychological Corporation; 2001.

Wilens TE. MGH ADHD Medication Misuse and Diversion Assessment. In.
Original and Adapted Questions from: Monitoring the Future Nation Survey
Results on Drug Use, 1975-2002; NIH Publication 03-5376, Bethesda, MD:
NIDA; Wilens et al. 2006, Characteristics of Adolescents and Young Adults with
ADHD who Divert or Misuse Their Prescribed Medications, JAACAP, vol. 54, no.
4, 408-414. Massachusetts General Hospital2010.

Seidman LJ, Biederman ], Weber W, Hatch M, Faraone S. Neuropsychological
function in adults with attention-deficit hyperactivity disorder. Biological
Psychiatry. 1998;44:260-268.

Vik PW, Cellucci T, Jarchow A, Hedt ]. Cognitive impairment in substance
abuse. Psychiatr Clin North Am. 2004;27(1):97-109, ix.

Ozonoff S, Cook I, Coon H, et al. Performance on Cambridge
Neuropsychological Test Automated Battery subtests sensitive to frontal lobe
function in people with autistic disorder: evidence from the Collaborative



36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Programs of Excellence in Autism network. ] Autism Dev Disord.
2004;34(2):139-150.

Baker SC, Rogers RD, Owen AM, et al. Neural systems engaged by planning: a
PET study of the Tower of London task. Neuropsychologia. 1996;34(6):515-
526.

Lovejoy DW, Ball JD, Keats M, et al. Neuropsychological performance of
adults with attention deficit hyperactivity disorder (ADHD): diagnostic
classification estimates for measures of frontal lobe/executive functioning. /
Int Neuropsychol Soc. 1999;5(3):222-233.

Barkley RA, Grodzinsky G, DuPaul GJ. Frontal lobe functions in attention
deficit disorder with and without hyperactivity: a review and research
report. | Abnorm Child Psychol. 1992;20(2):163-188.

Verdejo-Garcia A, Bechara A, Recknor EC, Perez-Garcia M. Executive
dysfunction in substance dependent individuals during drug use and
abstinence: an examination of the behavioral, cognitive and emotional
correlates of addiction. J Int Neuropsychol Soc. 2006;12(3):405-415.

Glahn DC, Lovallo WR, Fox PT. Reduced amygdala activation in young adults
at high risk of alcoholism: studies from the Oklahoma family health patterns
project. Biol Psychiatry. 2007;61(11):1306-1309.

Wetherill RR, Bava S, Thompson WK, et al. Frontoparietal connectivity in
substance-naive youth with and without a family history of alcoholism. Brain
research. 2012;1432:66-73.

Murphy FC, Sahakian BJ, Rubinsztein |S, et al. Emotional bias and inhibitory
control processes in mania and depression. Psychol Med. 1999;29(6):1307-
1321.

Elliott R, Rubinsztein ]S, Sahakian BJ, Dolan R]. Selective attention to
emotional stimuli in a verbal go/no-go task: an fMRI study. Neuroreport.
2000;11(8):1739-1744.

Biederman ], Petty C, Fried R, et al. Impact of Psychometrically-Defined
Executive Function Deficits in Adults with ADHD. American Journal of
Psychiatry. 2006;163(10):1730-1738.

Biederman ], Monuteaux M, Seidman L, et al. Impact of Executive Function
Deficits and ADHD on Academic Outcomes in Children. Journal of Consulting
and Clinical Psychology. 2004;72(5):757-766.

Langberg JM, Dvorsky MR, Evans SW. What specific facets of executive
function are associated with academic functioning in youth with attention-
deficit/hyperactivity disorder? | Abnorm Child Psychol. 2013;41(7):1145-
1159.



Table 1: Evaluation of clinically significant exaue functioning on the Behavior Rating Inventofy o
Executive Function-Adult Version (BRIEF-A) for paption stimulant misusers versus controls
A. BRIEF-A (continuous)

Misusers (N=100) ((:l\?zirg;s)
Subscale T Score + SD T Score + SD Statistics
553+ 122 50.9 + 10 6 beta: 4.5; 95% Cf)nf_idenc%\ Interval (CI): 1.7
7.2; p=0.01

51.7 £ 11.. 50.8 £ 10.. beta: 1.1; 95% CI-1.5, 3.7; p=0.
>ontrc 48.4 + 10.! 47.6 + 103 beta: 1.3; 95% CI-1.2, 3.7; p=0.%

49.3 £ 10. 46.5+9.€ beta: 3.2; 95% CI: 0.7, & p=0.(1V

54 +12.2 51.4+10.F beta: 2.8; 95% CI: 0.1, 5.5; p=0"
'mon 56 £12.¢ 52.8 + 107 beta: 3.6; 95% CI0.8, 6.4p=0.0T
iz 54.1412.% 50.€+ 103 beta: 3.3; 95% CI: 0.6, €; p=0.0z"
) 55.6 + 12.. 53 +111 beta: 2.; 95% CI: -0.07, 5. p=0.(56
n of Materi 525+ 11.l 50.1+ 10.¢ beta: 1.9; 95% CI-0.8, 4.6; p=0.1
Index

on (Ml 52.5+10.! 49.6 + 8. beta: 2.9; 95% CI: 0, 5.2; p=0.0 "
Regulation (BR 49.1+£9.. 47.0 £ 8.( beta: 2.2; 959ClI: 0.2, 4.5 p=0.(3V
sutive Composite (GE 50.9 + 9.¢ 48.2+ 8.4 beta: 2.6; 95% C 0.4, 4.§ p=0.0zV

11 subject did not complete the BRIEfp:value >0.05 when ADHD was included in the motielyalue
<0.05 when ADHD was included in the model

B. BRIEF-A (dichotomous, >=65)

Misusers Controls
(N=100) (N=197)
Subscal N (%) N (%) Statistics
Odds Ratio (OR)=2.7; 95% Confidence Interval (C|):
o) 191(10) ( )1.4, 5.5 p=0.0(5" (
14 (14 18 (9 OR: 1.8; 95% CI: 0.8, 3.8; p=(5
>ontr¢ 10 (10 19 (10 OR: 1.1; 95% CI: 0.5, 2; p=0.¢
10(10) 10 (5 OR: 2.1; 95% CI: 0.8, 5.4; p=(
21 (21 19 (10 OR: 2.5 95% ClI: 1.3, 5.1; p=0.0(
ymon 24 (24 31 (16 OR:1.9; 95% CI: 1.C, 3.5; p=0.5"¥
iz 25 (25 20 (10 OR: 2.7; 95% CI: 1.4, 5; p=0.0(3"
r 22 (22 26 (19) OR:19; 95% C: 1.0, 3.t; p=0.(5¥
n of Materi 17 (17 21(11) OR: 1.6; 95% CI: 0.8, 3; p=0.Z
Index
on (Ml 14 (14 7(4) OR: 4.7; 95% CI: 1.8, 12; p=0.0(2"
Regulation (BR 8 (8) 4(2) OR=4.9; 95% CI: 1.4, 17; p=0.01V
sutive Composite (GE 10 (10 6 (3) OR: 3.4;95% Cl: 1.2, 9; p=0.0z¥

1 subject did not complete the BRIEBf;:value >0.05 when ADHD was included in the motielyalue
<0.05 when ADHD was included in the model




Table 2. Comparative performance of prescription stimutargusers versus controls on the Cambridge
Neuropsychological Test Automated Battery (CANTAB)

(

Misusers Controls Statistics
N=10C N=197
Mean + SC Mean + ST
Verbal Recognition Memory (VRM)
Free recall — total correct (immediate) 71+19 74492 beta: 0.3; 95% Confgd_eoni? Interval (C
Recognitior— total correct (immediat 23.0+1.: 23.2+1.. beta:-0.2; 95% CI-0.5, 0.1; p=
Recognitior— total correci(delayed 22.7+1.! 228+ 1! beta:-0.1; 95% CI-0.5, 0.2; p=(
Spatial Working Memory (SWM) 2
Between errol 16.2+12. 154 +14. beta: 2.4; 95% CI-0.9, 5.6; p=
Between errors z scc 0.9 £0.! 0.9 £0.¢ beta:-0.8; 95% CI-0.2,0.5; p=
Strateg' 27.8£8. 28.8+7.. beta:-0.4; 95% CI-2.3, 1.4; p=
Strategy z sco 0.8 £0.¢ 0.7+1.0 beta:-0.5; 95% CI-0.3, 0.2; p=
Stockings of Cambridge (SOC)
Male
Problems solved in minimum mo\ 951 1011 beta:-0.6; 95% Cl:-1.3,-0.01; p=C
Problems solved in minimum moves z s 0.7 £0.¢ 1.0+ 0.¢ beta:-0.3; 95% CI-0.6,-0.005; p=|
Female
Problems solved in minimum mo\ 9.5+1.¢ 9.0+ beta: 0.5; 95% C-0.1, 1.1; p=(
Problems solved in minimum moves z st 0.7+0 0.4+ beta: 0.3; 95% C-0.7, 0.6; p=(
Intra -Extra Dimensional Set Shift (IED]
Total errors (adjuste 20.3+18.. 21.7+24. beta: 0.03; 95% C-5.5, 5.6; p=
Total errors (adjusted)score 0.3+0.! 0.3+0.0 beta:-0.0; 95% CI-0.2, 0.2; p=
Affective Go/Nc-Go (AGN)®
Correct latency- median- positive 502 £ 63. 485.2 + 5! beta: 18.7; 95% CI: 3.8, 33.6; p
Correct latenc- median- negativi 503.4 + 58.. 493.3 £ 62. beta: 12; 95% CI-3.4, 27.4; p=
Rapid Visual Information Processing
(RVP)
Response laten— mediar 397.2+70. 402.9 £ 9 beta:-3.6; 95% CI-25.1, 18; p-
Response laten— median z scol 1.0+0." 0.9+0. beta: 0.04; 95% C-0.2,0.2; p=
Male
Al 0.89 £0.: 0.94+ 0.0! beta:-0.05; 95% CI-0.09,-0.01; p=
A’ z score 0.12 +0.! 0.37£0.¢ beta:-0.3; 95% CI-0.7,-0.03; p=
Female
Al 0.92 £ 0.0 0.93 + 0.0 beta:-0.005; 95% CI-0.02, 0.01; |
A’ z score 0.24+£0. 0.18 +0.¢ beta: 0.05; 95% C-0.2, 0.3; p=
Reaction Time (RTI)
Five-choice reaction tim— mediar 330.7 £ 79.. 327.5+46. beta: 6.6; 95% C-7.9, 21.1; p-
Five-choice reaction tim— median z scol 05+1.1 0.6 £0.¢ beta:-0.1; 95% CI-0.3, 0.1; p=
Simple reaction tim— mediat 306.8 + 66.: 304.2 + 5l beta: 5.1; 95% C-8.5, 18.7; p-
Simple reaction tim— median z scol 0.3+0.¢ 0.3£0.¢ beta:-0.6; 95% CI-0.2, 0.1; p=
Five-choice error scor—all 0.1£0. 0.1+£0. beta: 0.005; 95% C-0.1, 0.1; p:
Simple error scor—all 0.2+1.( 0.2+0.¢ beta:-0.01; 95% CI1-0.2, 0.2; p+

10One subject was dropped from the analysis duenissing test
2Two subjects were dropped due to scores outsitleeatange of normall
3Two subjects were dropped due to scores outsitieeafange of normal
4Ten subjects were dropped due to scores outsitteeafinge of normal

¥p-value>0.05 when ADHD included in the model
*p-value<0.05 when ADHD included in the model



Table 3. Scaled scores denoting cognitive functioning an\Wechsler Abbreviated
Scale of Intelligence (WASI-II) and Wechsler Adliitelligence Scale (WAIS-IV) for
stimulant misusers versus controls.

Misusers (N=100) Controls Test statistics, pvalue
(N=198)
WASI-II Mean + SD Mean + SD
Vocabulary Scaled Score 129+21 13.2+£25 bet&; 95% Confidence In
-1.1,0.0€, p=010

Matrix Scaled Score 11.7+1.8 11.5+2.2 beta; 952 CI: -0.4, 0.6
Full Scale 1Q 113+8.9 113.5+11.2 beta: -1.1%96I: -3.7, 1.4
WAIS-IV
Digit Span Scaled Scc 10.6+ 2.5 11.£+3.C beta:-0.& 95% CI-1.5, -0.0S;
Arithmetic Scaled Score 12.1+2.3 12.1+25 beéd; 95% CI: -0.7, 0;4
Letter Number Scaled Sct 11.2+ 2. 119+ 2. beta:-0.9; 95% CI-1.5,-0.2;
Digit Symbol Scaled Sco 11.1+ 2.€ 11.5+ 2.6 beta:-0.5; 95% CI-1.2, 0.1
Symbol Search Scaled Score 12.7+25 12.8+3.2 ta: B&2; 95% CI:0.9, 0.5;
Working Memon 107.7 £ 11. 110.7 £ 14. beta:-3.9; 95% CI-7.1,-0.7;
Processing Spe 110.€¢+ 12.€ 111.¢+ 15.7 beta:-1.9, 95% CI-5.5, 1.6

¥p-value>0.05 when ADHD was included in the model

*p-value<0.05 when ADHD was included in the ma

Table 4. Relationship between frequency of buying/trading prescription stimulants
and clinical executive functioning measured by the Behavior Rating Inventory of

Executive Functioning-Adult Version (BRIEF-A).

1-5 Times 6-20 times 20+ Times F statistic, p-value
(N=53) (N=23) (N=7)

Subscale
Inhibition 534+11.3 56.7+12.6 65.3+13.6 F=3.3; p=0.041
Shifting 50.5+9.2 51.3+125 61.4+149 F=3.2; p=0.046
Emotional Control 455+8.2 524 +12.7 56.1 +14.6 F=6.0; p=0.004
Self Monitor 483 +9.1 51+12.1 60.7+11.8 F=4.7; p=0.01
Initiation 51.0 £9.9 54.6 +12.6 68.7 +11.8 F=8.4; p<0.001
Working Memory 549 +11.7 55.1+12.5 669 +13.4 F=3.1; p=0.049
Plan/Organize 514 +9.8 54.0+13.2 69.4+11.2 F=8.4; p<0.001
Task Monitor 54.7+11.6 55.0+12.9 63.6 £13.5 F=1.7; p=0.2
Organization of Material 50.8+11.8 53.3+99 63.1+9.1 F=3.9; p=0.02
Index
Metacognition 50.5+9.1 524 +10.5 64.7 +9.4 F=6.9; p=0.002
Behavioral Regulation 47.0+7.4 51.2+10.5 584 +12.3 F=6.1; p=0.004
Global Executive Composite 48.9 + 8.3 51.7+10.1 624+11.3 F=7.1; p=0.002




Among misusers only (N=83) who answered the prompt, “On how many occasions have you
bought or traded prescription ADHD medication that was not prescribed to you?” a linear
association between prescription stimulant diversion frequency and T-score on the BRIEF-A
subscales was observed



