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Abstract
Rationale There has been controversy over the abuse
potential of methylphenidate (MPH) in the context of
treatment for attention deficit hyperactivity disorder
(ADHD).
Objective The objective of this study was to compare the
reinforcing and subjective effects of oral MPH in adults
with and without ADHD.
Materials and methods Following screening, 33 adults (n=
16 with ADHD; n=17 free from psychiatric diagnoses)
completed four pairs of experimental sessions, each of
which included a sampling session and a self-administration
session. During sampling sessions, subjects received in
randomized order 0 (placebo), 20, 40, and 60 mg MPH.
During self-administration sessions, subjects completed a
progressive ratio (PR) task to earn portions of the dose
received on the corresponding sampling session. Subjective
effects were recorded throughout all sessions. The main
outcome measure for the study was the number of ratios
completed on the PR task. Secondary measures included
peak subjective effects and area-under-the-curve values for
subjective effects.

Results Compared to the control group, the ADHD group
completed more ratios on the PR task. Both groups showed
robust effects of methylphenidate on subjective endpoints.
Main effects of group were noted on subjective effects
involving concentration and arousal.
Conclusions Compared to placebo, MPH produced rein-
forcing effects only for the ADHD group and not for the
control group. Increases in stimulant-related subjective
effects in non-ADHD subjects were not associated with
drug reinforcement.
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Introduction

Methylphenidate (MPH) is commonly prescribed for the
treatment of attention deficit hyperactivity disorder
(ADHD), with hundreds of trials demonstrating efficacy
in managing the disorder in children and adults (Elia et al.
1999; Goldman et al. 1998). Consequent increases in use
of MPH in both the USA and other countries have led to
significant controversy regarding the abuse, misuse, and
diversion of MPH (Berbatis et al. 2002; Fogelman and
Kahan 2001; Ivis and Adlaf 1999; Lin et al. 2005;
Robison et al. 1999; Romano et al. 2002; Safer et al.
1996; Zito et al. 2000). MPH has high potential for abuse
and is considered a schedule II drug by the Drug
Enforcement Administration. A number of single-case
studies describe inappropriate intranasal or intravenous
use of orally prescribed MPH (Garland 1998; Levine et al.
1986; Massello and Carpenter 1999). In addition, the
majority of laboratory-based studies with both nonhumans
and humans suggest that MPH exhibits a behavioral
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profile similar to other drugs of abuse, such as amphet-
amine and cocaine (Kollins 2003; Kollins et al. 2001).
Other studies have shown that a substantial minority of
young people report lifetime and past year use of
prescription stimulants and that diversion is a common
problem (Johnston et al. 2006; Kroutil et al. 2006).

In spite of the controversy surrounding the abuse and
diversion of MPH, relatively few studies have systemat-
ically assessed MPH abuse potential in adults with and
without ADHD under controlled laboratory conditions.
Such laboratory studies may be useful to help identify
mechanisms underlying the reported misuse and diver-
sion of MPH and other stimulants by determining the
extent to which individuals with or without ADHD will
self-administer MPH and how the subjective effects of
the drug influence this behavior. Several studies have
assessed the reinforcing effects of MPH—considered to
be an important determinant of abuse potential (Brady
1988)—in non-ADHD subjects. Two studies used a choice
procedure and reported that presumably non-ADHD adults
did not choose to take MPH (10–40 mg) over placebo or
the option to take no capsules under normal conditions
(Chait 1994; Roehrs et al. 1999). However, when
participants were limited to 4 h of sleep, 10 mg/kg MPH
was reliably selected (88%) over placebo (Roehrs et al.
1999). Another study with healthy adults used a progres-
sive ratio procedure and demonstrated that 40 mg oral
MPH significantly increased break points compared to
placebo and was comparable to 10 and 20 mg d-
amphetamine (Rush et al. 2001). A series of more recent
studies reported that MPH functioned as a reinforcer when
administered intranasally (10–30 mg) or when adminis-
tered prior to a high-demand task (Stoops et al. 2003,
2005). However, these studies also showed that when
administered prior to a relaxation condition or when
administered in moderately high doses (48 mg) to
stimulant abusers, MPH did not function as a reinforcer
(Stoops et al. 2004, 2005).

To date, only two studies have evaluated the reinforc-
ing effects of MPH in individuals diagnosed with
ADHD. These studies showed that both children and
young adults with ADHD reliably chose MPH over
placebo capsules but that these effects were not associ-
ated with typical stimulant and/or euphorigenic subject-
rated effects (Fredericks and Kollins 2004; MacDonald
Fredericks and Kollins 2005). These studies were com-
paratively small, did not control for previous MPH or
other stimulant exposure, did not use a non-ADHD
comparison group, and did not evaluate a range of doses
of MPH. The purpose of the present study, therefore, was
to compare the reinforcing and subjective effects of orally
administered MPH in adults with and without ADHD
under controlled laboratory conditions.

Materials and methods

Subjects

Thirty-three subjects participated in the study after provid-
ing informed consent approved by the local Institutional
Review Board. Sixteen were diagnosed with ADHD, and
17 were free from all psychiatric disorders. There were no
significant differences between the groups with respect to
demographic variables (Table 1). Inclusion criteria for both
groups included age between 18 and 45 years and body
mass index between 18 and 30. For the ADHD group,
subjects had to meet Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV) criteria for
ADHD, any subtype, and have elevated scores on relevant
subscales of both self report and observer versions of the
Conners’ Adult ADHD Rating Scales (CAARS; Conners et
al. 1998). Exclusion criteria for both groups included: (a) a
history of adverse reactions to stimulant medication; (b)
resting heart rate or systolic blood pressure>100 bpm or
160 mm/Hg, respectively; (c) history of seizures, heart
palpitations, or other significant medical conditions; (d)
estimated IQ of less than 70; (e) current DSM-IV axis I or II
disorder (except for nicotine dependence); (f) current

Table 1 Demographic and screening information

ADHD Control p value

Total N 16 17
Male 8 9
Female 8 8
Ethnicity (%Caucasian) 81.3 76.5 NS
Age (years) 28.6 24.9 NS
Vital signs
Height (in.) 68.0 67.9 NS
Weight (lbs) 164.1 162.2 NS
Body mass index 24.7 24.4 NS
Heart rate (bpm) 75.9 68.6 NS
Systolic blood pressure (mmHg) 122.6 127.0 NS
Diastolic blood pressure (mmHg) 74.1 73.3 NS
CAARS self-report
Inattentive (T score) 78.9 44.8 <0.001
Hyperactive impulsive (T score) 66.6 41.1 <0.001
ADHD index (T score) 65.5 41.4 <0.001
CAARS observer report
Inattentive (T score) 69.7 47.2 <0.001
Hyperactive impulsive (T score) 66.3 46.1 <0.001
ADHD index (T score) 66.2 46.4 <0.001
Cognitive functioning
KBIT composite 111.7 111.8 NS
KBIT vocabulary 108.6 109.8 NS
KBIT matrices 112.4 111.5 NS

CAARS Conners’ Adult ADHD Rating Scale; KBIT Kaufman Brief
Intelligence Test
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psychoactive drug use; and (g) history of clinical or
recreational use of stimulant drugs, including MPH,
amphetamine, cocaine, and 3,4 methylenedioxymetham-
phetamine. For the Control group, subjects were excluded
from participation if they scored highly (T score≥60) on
any of the relevant subscales on self-report or observer
versions of the CAARS. All of these inclusion/exclusion
criteria have been used in previous studies in our laboratory
and in other studies. For the ADHD group, the recruitment
of individuals with no history of stimulant drug treatment
could represent a challenge with respect to generalizability
of findings. However, since only approximately 10% of
adults meeting criteria for ADHD are currently treated
(Kessler et al. 2006), this concern was mitigated.

Psychiatric functioning was assessed using the Conners’
Adult ADHD Interview for DSM-IV (CAADID; Epstein et
al. 2000), a screening version of the Structured Clinical
Interview for DSM-IV (SCID; First et al. 1996), and a
semi-structured clinical interview with a trained clinician.
Subjects underwent a physical examination and medical
and developmental histories were obtained. Current and
previous drug use, including alcohol and cigarettes, was
also measured. There were no differences between the
groups with respect to frequency or history of alcohol,
cigarette, marijuana, or other drug use.

General procedures

Following screening, subjects completed four pairs of
experimental sessions, for a total of eight sessions. Subjects
abstained from food and beverage 4 h prior to scheduled
sessions and abstained from alcohol 12 h prior to scheduled
sessions. Subjects were told that the purpose of the study was
to measure the effects on mood and behavior of various drugs
used to treat ADHD (MPH, amphetamine, atomoxetine), and
that they could receive these drugs or placebo. Other than
receiving this general information, participants were unaware
of the type of drug administered.

Each pair of experimental sessions consisted of a
sampling session and a self-administration session. On
each of the sampling sessions, subjects were exposed to one
of four fixed doses of MPH (0, 20, 40, and 60 mg). These
doses were administered in eight identical capsules each
sampling session, such that subjects received eight capsules
containing 0, 2.5, 5 mg, or 7.5 mg each for the 0, 20, 40,
and 60 mg conditions, respectively. All eight capsules were
ingested at the same time (seeDrug Dose and Administration
below) On subsequent self-administration sessions, subjects
had the opportunity to work for the same divided doses of
drug they received on corresponding sampling sessions. For
example, for the 20-mg condition, subjects received eight
capsules of 2.5 mg each on the sampling session. During the
subsequent self-administration session, subjects could earn

zero to eight capsules of 2.5 mg MPH, depending on their
performance on the progressive ratio (PR) task (see below).
Subjects were instructed that each capsule earned during the
self-administration session corresponded to the same dose as
each capsule taken during the preceding sampling session.

Across all sessions, subjects were provided a standardized
meal at the beginning of the session. Subjects provided urine
samples each day that were screened for excluded drugs using
InstaCup Drug Screens (Columbia Laboratory Supplies).
Breath alcohol levels (BAL) were assessed each morning
with a handheld breathalyzer (ALERT model; Columbia
Laboratory Supplies), and participants were required to record
a BAL of 0.0. No subjects were excluded for noncompliance
with drug and alcohol requirements. Throughout all sessions
when behavioral testing was not being conducted, subjects
were allowed to participate in a variety of sedentary activities,
including watching television/movies, playing video games,
reading, or completing puzzles.

Behavioral testing was conducted in a separate sound-
attenuated room located adjacent to the general laboratory
area. The testing area consisted of a desk and chair, a
microcomputer, computer monitor, keyboard, computer
mouse, and physiological monitoring equipment. Responses
to all subject-rated measures and the Progressive Ratio Task
were collected via computer. Sampling sessions lasted
approximately 4.5 h, and Self-Administration sessions lasted
approximately 6 h. Subjects were able to earn a total of $1,030
for participation in this experiment.

Sampling session procedures

On each sampling session, subjects first completed all pre-
drug subject-rated questionnaires, and vital signs were
assessed. MPH or Placebo capsules (n=8 capsules each
day) were then simultaneously administered orally, and
subjects were informed that in subsequent sessions they
would have the opportunity to work on a computer task to
earn the drug dose they received during the sampling
session. They were explicitly informed that they would be
able to earn zero to eight capsules in the corresponding self-
administration session. Subject-rated drug effects were
evaluated 15 min prior to capsule administration and every
30 (Adjective Rating Scale [ARS], Drug Effect Question-
naire [DEQ], Side Effects) or 60 min (Addiction Research
Center Inventory [ARCI]) thereafter. Heart rate and blood
pressure were assessed using a Vital Check 4200 digital
monitor (Ivac Corp., San Diego, CA, USA) 15 min prior to
capsule ingestion and every 30 min thereafter.

Self-administration session procedures

Self-administration sessions took place 1–2 days after the
corresponding sampling sessions. They were similar, except
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that after arrival at the laboratory and completion of the
subjective effects questionnaires, subjects completed the
progressive ratio task (see below) in which they had the
chance to work to receive up to the total dose of MPH
administered during the corresponding sampling session.
The PR task lasted 60 min, after which whatever portion of
the MPH dose earned was administered. Subjects then
remained in the laboratory for 4 h and behavioral testing
took place as described in the sampling sessions. Subjects
were informed that even if they chose not to complete any
ratios they would still remain in the laboratory for the full
duration of the session.

Dependent measures—drug reinforcement

Progressive ratio task During this task, subjects were
instructed that they would have the opportunity to work
for doses of the medications received during the previous
sampling session. A total of eight divided doses MPH (or
placebo) were available to subjects during each self-
administration session, the total of which was equal to the
dose administered during the sampling session that imme-
diately preceded it.

The PR session lasted 60 min and was administered via
computer (Rush et al. 2001; Stoops et al. 2003, 2004). The
computer screen first displayed the question: “Do you want
to work to earn one of the capsules from the previous
sampling session?” If the participant selected “No,” they
were required to remain in the testing room for the duration
of the task, but no capsules were subsequently adminis-
tered. If a subject responded “Yes”, a response box
appeared in the center of the computer screen and they
were instructed to click the mouse within the box in order
to earn access to the drug. Subjects were not instructed as to
how many times the button had to be pressed. The PR task
was programmed such that the first ratio required 75 clicks,
and each subsequent ratio required a number of clicks equal
to 1.75 times the previous ratio (131, 230, 402, 703, 1,231,
2,154, and 3,770 responses, for the remaining seven ratios).
As soon as a ratio was completed, the screen went blank,
and a message appeared indicating that they had earned a
capsule. Subjects were then given the option to continue
working for additional capsules. They also had the option
to choose not to respond for additional capsules. At the end
of the 60 min, subjects were given the number of capsules
(zero to eight) corresponding to the number of ratios they
completed. The primary outcome measure was the number
of ratios completed.

Dependent measures—subject-rated effects

The Adjective Rating Scale (Oliveto et al. 1992), the
Addiction Research Center Inventory (Martin et al. 1971),

the Drug-Effect Questionnaire (Rush et al. 2001; Stoops et
al. 2004), and a Side Effects Questionnaire (SEQ; Rapoport
et al. 1980) were used to assess subjective effects. The ARS
consists of 32 items and contains two 16-item subscales:
Sedative and Stimulant. The Stimulant scale from the ARS
has been shown to be sensitive to the effects of MPH in the
dose range used in the present study (Rush et al. 2001). The
ARCI is commonly used to assess abuse liability of a
variety of drug classes and contains five major subscales:
Morphine-benzedrine group (MBG; a measure of euphoria);
pentobarbital, chlorpromazine, alcohol group (PCAG; a
measure of sedation); lysergic acid diethylamide (LSD; a
measure of dysphoria); and benzedrine group and amphet-
amine scales (BG, A; empirically derived stimulant sensitive
scales). The DEQ consists of eleven 100 mm visual analog
scales presented on the computer screen one at a time.
Subjects are instructed to rate each item on the basis of how
they feel at the present time. Each visual analog scale was
anchored with the descriptors “not at all,” “some,” and “an
awful lot.” The DEQ items were: “I feel the medicine’s
effect,” “I feel good effects of the medicine,” I feel bad
effects from the medicine,” “I like the medicine,” “I feel
friendly,” “I feel confused,” “I can concentrate right now,” “I
feel excited,” “I feel alert,” “I feel relaxed,” and “I would
like to take this medicine again.” Subjects used the mouse to
position a cross-line on the analog scale to indicate their
response. The SEQ is an eight-item scale that has been used
to assess common side effects of stimulant drugs (e.g.,
Rapoport et al. 1980). The items are as follows: Worried/
Anxious, Tired, Headache, Stomachache, Irritable, Sad, Loss
of Appetite, and Uninterested in being around others.
Participants rated each of the items on a four-point scale
(1=None; 2=Mild; 3=Moderate; 4=Severe).

Drug dose and administration

All drugs were administered under double-blind conditions.
Sequences of dose conditions were randomized and letter
codes used to identify the conditions were counterbalanced
across participants. All drugs were prepared by a research
pharmacy, which also prepared and dispensed capsules.
Medical oversight for the protocol was the responsibility of
the study physician (AKC). During each session, partic-
ipants orally ingested eight capsules (sampling sessions) or
zero to eight capsules (self-administration sessions) with
150 ml water. During both sampling and self-administraton
sessions, all capsules for each given day were administered
at the same time. During the sampling sessions, the eight
capsules were administered at the beginning of the session,
and during the self-administration sessions, all earned
capsules were administered at the end of the PR task.
Doses were prepared by encapsulating commercially
available immediate-release MPH hydrochloride and lac-
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tose filler. Placebo capsules contained only lactose. The
total dose administered for each of the four sampling
sessions was 0 (placebo), 20, 40, or 60 mg MPH. The
amount of drug in each of the eight capsules was 0, 2.5, 5,
and 7.5 mg, respectively, for these sessions. During self-
administration sessions, dosing varied depending on subject
performance during the PR task. Drug administration
procedures were designed to ensure that participants
swallow the capsules and did not open them in their
mouths and taste the contents (Abreu and Griffiths 1996).

Data analysis

Analyses were conducted using Stata SE/9.0 for Macintosh
(Stata Corp., College Station, TX, USA). The primary
outcome measure for the study was the mean number of
ratios completed on the PR task. We initially evaluated
group differences on this measure using a three-way mixed
model analysis of variance (ANOVA) with Group (ADHD
versus Control) and Sex (Male versus Female) as the
between-subjects factors and MPH Dose (placebo, 20 mg,
40 mg, 60 mg) as the within-subjects factor. Since there
were no main effects or interactions with the Sex factor,
men and women were combined for subsequent analyses.
When main effects of interactions were observed, planned
post hoc comparisons were conducted using Tukey’s
honestly significant difference method to further explore
main effects and interactions. We did not apply any
statistical corrections to control for familywise error rate
but instead used the conventional alpha level of 0.05 to
determine statistical significance.

Data from sampling sessions only were used for analysis
of subjective effects, since these sessions ensured standard-
ized dosing across all participants. Peak effects for each day
were calculated as the highest value post drug administra-
tion. Area under the curve (AUC) was calculated for each

measure using the trapezoid method1, which integrates the
time course of subjective effects across each session. Both
peak effects and AUC data were subsequently analyzed in
the same manner as described above for the PR task using
mixed model ANOVA. Pearson correlations were also
calculated between peak subjective effects from the DEQ
during sampling sessions and PR performance for the
corresponding self-administration session to determine
whether there were specific subjective effects that were
associated with MPH reinforcement. These correlations
were calculated separately for ADHD and Control groups
to determine whether the pattern of associations differed
between groups.

Results

Progressive ratio task

For the mean number of PR ratios completed, there was a
significant main effect for dose (F=3.67, p=0.02) and a
significant dose × group interaction (F=3.82, p=0.01; see
Fig. 1). Planned comparisons revealed that the ADHD
group completed significantly more ratios for the 20-mg
dose compared to the Control group (p<0.01), and a trend
was noted (p<0.10) for the ADHD group to complete more
ratios for the 40- and 60-mg doses. A trend was also noted
for the Control subjects to complete more ratios for the
placebo dose. The difference in the number of ratios
completed under placebo versus active drug conditions

1 The trapezoid method sums post drug administration values
according to the following formula: [1/2×(time 1 value)+sum (time
2 value+time 3 value+…time n−1 value)+1/2×(time n value)]. This
method has been used previously to describe time course effects of
drugs in laboratory studies (Kollins and Rush 1999).

D: F(3,93) = 3.67, p = 0.02 

G: F(1,31) = 1.53, NS 

D x G: F(3,93) = 3.82, p = 0.01 

Fig. 1 Progressive ratio task
performance as a function of
MPH dose for Control and
ADHD subjects
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across groups likely accounted for the significant interac-
tion effect.

Subject-rated effects

Figures 2 and 3 display representative items for subject-
rated items. AUC analyses are shown since they represent

the full time course of drug effects throughout the day. Peak
effects and AUC results were largely similar (see below).
Figure 2 shows results from prototypical stimulant drug
effects (Feel Drug, ARCI A scale, ARS stimulant scale).
Figure 3 shows items for which significant main effects for
Group were observed. Specific details of each scale are
described below.

D: F(3,93) = 38.46, p < 0.0001 

G: F(1,31) = 0.09, NS 

D x G: F(3,31) = 1.07, NS 

D: F(3,93) = 13.26, p < 0.0001 

G: F(1,31) = 0.86, NS 

D x G: F(3,31) = 1.37, NS 

D: F(3,93) = 10.04, p < 0.0001 

G: F(1,31) = 1.56, NS 

D x G: F(3,31) = 0.34, NS 

C 

B 

A 

Fig. 2 Area-under-the-curve
figures for selected subject-
rated effects as a function of
MPH dose for Control and
ADHD subjects. Items were
selected on the basis of being
prototypical items for which
stimulants produce robust
effects and for showing signifi-
cant dose effects, but no group
or group × dose interaction
effects. D dose, G group. a DEQ
feel drug, b ARCI A scale,
c ARS Stimulant scale
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ARS

There was a main effect of dose on the AUC analysis of the
Stimulant subscale (F=13.26, p<0.01), with all active
MPH doses higher than placebo and the 60 mg dose higher
than 20 mg. The AUC analyses also revealed significant
main effects of dose (F=2.76, p<0.05) and group (F=4.63,
p<0.05) for the Sedative subscale of the ARS. Post-hoc
comparisons showed that the 40-mg dose was significantly
lower than placebo and that the ADHD group scored
significantly higher than the Control group. Only a
significant main effect of dose for peak effects on the
Stimulant subscale of the ARS (F=14.67, p<0.001) was
observed (20, 40, 60 mg>placebo; 60>20 mg).

ARCI

There were significant main effects of dose for all five
subscales in the AUC analysis (F values=4.74–10.36, p’s<
0.01). The 40- and 60-mg doses were significantly different
from placebo for all subscales, and the 20-mg dose was
significantly different from placebo for the BG and PCAG

subscales. There was also a significant main effect of group
for the BG scale (F=4.9, p<0.05) with the Control group
reporting higher ratings than the ADHD group. For peak
effects analyses, significant main effects of MPH dose were
identified for four of the five ARCI subscales (A, BG,
MBG, LSD; F values=7.69–18.12, p’s<0.001). For these
scales, there were generally dose-dependent increases in
scores, and all active doses of drug were statistically
different from placebo.

DEQ

AUC analyses of DEQ items resulted in significant main
effects for eight of 11 subscales (all items except Bad
Effects, Confused, Relaxed; F values=3.99–38.46, p’s<
0.01), with active doses of MPH generally higher than
placebo. There were also significant main effects of group
for the Confused, Concentrate, and Alert items (F values=
4.40–11.85, p’s<0.05) with the Control group scoring
higher than the ADHD group for the Concentrate and Alert
items and the opposite (ADHD > Control) for the Confused
item. Finally, there was a significant dose × group

Fig. 3 AUC figures for selected
subject-rated items as a function
of MPH dose for Control and
ADHD subjects. Items were
selected on the basis of showing
significant effects of Group. D
dose, G group. a DEQ Concen-
trate Item, b ARS Sedative scale
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interaction for the Concentrate item, and post hoc compar-
isons revealed that the Control group scored higher under
the placebo, 20, and 60 mg conditions. The pattern of
findings for peak effects analyses were largely the same as
for the AUC analyses of DEQ items.

SEQ

The AUC analyses of SEQ items revealed main effects of
dose for the Worried–Anxious, Tired, and Loss of Appetite
items (F values=4.30–14.32, p’s<0.01). Pairwise compar-
isons revealed that the 20, 40, and 60 mg doses were all
higher than placebo for the Loss of Appetite item, and the
60-mg dose was higher than placebo for the Worried–
Anxious item. The 40 mg MPH dose was lower than
placebo for the Tired item. There were also main effects of
group for the Irritable and Tired items with the ADHD
group scoring higher (F values=4.12–4.59, p’s<0.05). In
addition, a main effect of group was observed for the Sad
item with ADHD individuals reporting higher scores
compared to the Control group (F=7.23, p<0.05). Peak
effects analyses of the SEQ items resulted in a similar
pattern of findings.

Relationships between PR task and subjective effects

Table 2 shows the DEQ items by group and dose condition
that were significantly correlated with PR ratios completed.
As can be seen, the pattern of associations differed between
the two groups—there were significant correlations be-
tween the Alert and Concentrate subjective effects items
and PR ratios completed for the ADHD group only under
the 20 and 40 mg dose conditions. The only DEQ items that
were correlated with PR performance in the Control
condition were Like Drug and Take Again for the placebo
and 20-mg conditions.

Discussion

The present study is the first to directly compare the
reinforcing and subjective effects of MPH in individuals
with and without ADHD. Several noteworthy findings were
observed. First, the reinforcing effects of MPH as measured

by the PR task were significantly higher in adults diagnosed
with ADHD compared to a group of nondiagnosed adults.
Second, the only group differences that were observed for
the subject rated effects measures were on items generally
assessing cognitive status (Concentration and Confused
items from the DEQ) or affect/arousal (Sedative subscale of
the ARS; Irritable, Sad, Tired from the SEQ; Alert from the
DEQ). Since other measures of subject-rated effects did not
differ between groups, it is possible that the comparative
reinforcing effects of MPH in ADHD versus non-ADHD
adults may be more related to the effects of the drug on
these endpoints rather than the euphoria-producing effects
that are commonly associated with drug reinforcement.
Finally, among healthy, non-ADHD adults in the present
study, MPH doses as high as 60 mg failed to increase PR
break points above placebo levels. This was observed in
spite of the fact that robust main effects of MPH were
found for typical stimulant subjective effects (e.g., Like
Drug, Good Effects, Excited, Would Like to Take Again,
ARCI A, and ARCI BG.). This suggests that the reinforcing
effects of MPH are not isomorphic with the subjective
effects of the drug.

These findings are consistent with previous work that
showed children and young adults with ADHD reliably
chose MPH over placebo, with a lack of significant effects
for subjective effects (Fredericks and Kollins 2004;
MacDonald Fredericks and Kollins 2005). In addition,
other studies have reported that MPH failed to produce
reinforcing effects in non-ADHD adults when administered
under routine laboratory conditions, although when envi-
ronmental conditions are manipulated (i.e., sleep depriva-
tion, high demand tasks), MPH exhibits more robust
reinforcing effects (Chait 1994; Roehrs et al. 1999; Stoops
et al. 2005).

ADHD is hypothesized to be the result of disrupted
dopaminergic transmission in corticostriatal circuits, which
in turn gives rise to the characteristic deficits in executive
functioning observed in ADHD patients (Grace 2001;
Solanto 2002). This hypothesis is supported by studies
showing differences in dopamine transporter (DAT) density
in relevant striatal areas in ADHD patients compared to
controls (Cheon et al. 2003; Dougherty et al. 1999; Dresel
et al. 2000; Krause et al. 2000, 2002, 2003; Larisch et al.
2006; Spencer et al. 2005; Volkow et al. 2007). Although

Table 2 DEQ items signifi-
cantly correlated (p<0.05) with
progressive ratio task perfor-
mance by group and dose

Group/dose
condition

Placebo 20 mg MPH 40 mg MPH 60 mg
MPH

ADHD – Friendly (r=0.60);
alert (r=0.54)

Good effects (r=0.54);
concentrate (r=0.49);
take again (r=0.52)

–

Control Like drug (r=0.55);
feel drug (r=0.63)

Like drug (r=0.49);
feel drug (r=0.57)

– –
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these studies have reported discrepant findings with respect
to the direction of DAT density change (i.e., some report
higher levels, some report lower levels in ADHD),
collectively, they suggest associations of DAT density and
its consequent effects on DA neurotransmission with the
clinical condition of ADHD. Since MPH increases DA
neurotransmission through blockade of the DAT, at the
clinically relevant oral doses used in the present study, the
drug may reinforce behavior more strongly in patients with
ADHD not because it produces euphorigenic effects but
rather because it restores DA activity to comparable rates as
non-ADHD individuals. These effects are noticeable by
observed changes in self-reported increases in concentra-
tion, alertness, and decreases in confusion. As such, the
reinforcing effects of the drug in individuals with ADHD
may be mediated most saliently by improvements in
cognition and executive functioning. Preliminary support
for this hypothesis comes from the differential pattern of
correlations observed between items from the DEQ and PR
task performance (Table 2).

There was discordance in the present study between the
reinforcing and subjective effects of MPH among the non-
ADHD subjects. None of the active doses of MPH
occasioned PR responding above placebo levels for the
Control group. By contrast, even when considered inde-
pendently of the ADHD group, a number of prototypical
stimulant drug subjective effects showed main effects of
MPH dose for the Control group (e.g., Good Effects, Like
Drug, Take Again, ARCI A; data not shown). These
findings highlight the fact that multiple behavioral indices
of abuse liability are required to characterize the potential
for a drug to be self-administered. A more fine-grained
analysis of these data may be required to better understand
the findings. For example, previous studies of drug
reinforcement have conducted “responder analyses” by
examining subjects who worked for drug administration
versus those who did not to help identify those individual
difference and drug factors that are most strongly associated
with reinforcement (Perkins et al. 1997). For example,
several studies have shown that the personality trait of
sensation seeking is positively associated with the reinforc-
ing effects of amphetamine (Kelly et al. 2006; Stoops et al.
2007). Although not measured in the present study, similar
personality traits may help to explain our lack of reinforc-
ing effects in the control group and the observed between
group differences

The lack of reinforcing effects of MPH in the non-
ADHD individuals in the present study deserves comment
given the well-established abuse potential of MPH (Kollins
et al. 2001). This observation is not unprecedented in the
literature. Several previous studies have failed to show that
MPH functions as a reinforcer under routine laboratory
conditions (Chait 1994; Roehrs et al. 1999; Stoops et al.

2005). In studies that have shown MPH to function as a
reinforcer, it often occurs under specific environmental
conditions, such as sleep deprivation or prior to a high
demand task (Roehrs et al. 1999; Stoops et al. 2005). The
methods for this study did not require any specific demands
following the PR task, other than remaining in the
laboratory for several hours and participating in sedentary
activities. As such, the present findings are comparable to
those studies that failed to report reinforcing effects of
MPH in presumably non-ADHD adults. Participants in the
present study were also stimulant naïve and were therefore
receiving MPH for the first time in the laboratory. The
reinforcing effects of MPH may have been different in the
non-ADHD group if individuals who had recreational
experience with stimulant drugs were included.

The present study had several limitations. First, we did
not include objective measures of attention, concentration,
or other executive functions, and thus, the interpretation
that MPH reinforcement was mediated in individuals with
ADHD by improvements in concentration and alertness is
based solely on self-report. Moreover, the observed
mediation is only a correlation and cannot be interpreted
as causal. It will be important for future work to evaluate
the association between improvements in cognitive func-
tioning and drug reinforcement in individuals with ADHD.
The dose range of MPH evaluated in the present study (20–
60 mg) was also somewhat narrow and may explain the
lack of reinforcing effects in the non-ADHD participants
and, in general, the lack of dose-dependent effects across
endpoints. Also, there were no explicit task manipulations
following MPH administration, and this may have also led
to lower reinforcing effects among non-ADHD subjects.
Given that group differences in drug reinforcement were
still observed, however, the dose range and post-adminis-
tration tasks might best be viewed as independent variables
to be manipulated in subsequent studies, rather than
outright limitations of this study. Our sample ascertainment
strategy may limit generalizability of the findings. We
excluded those participants in both groups who exhibited
any DSM-IVAxis I or II psychopathology, or who had any
history of recreational or clinical stimulant use. Comorbid-
ity in adult ADHD is common and among non-ADHD
individuals, those with no psychiatric history may be least
likely to misuse MPH (Kessler et al. 2006). Epidemiolog-
ical surveys suggest that illicit use of prescription stimu-
lants like MPH is more likely to occur in individuals with
more extensive drug use history (McCabe et al. 2005). It
would be interesting in future studies to include a more
diverse sample of both ADHD and non-ADHD individuals
to determine whether psy chiatric comorbidity or stimulant
use history moderate the reinforcing effects of the drug. We
also did not apply any corrections to our statistical tests,
and given the number of comparisons that were conducted,
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it is possible that some of the observed effects occurred by
chance. However, since the majority of significant effects
converged in a similar direction, this concern is mitigated to
some degree. Finally, our use of immediate-release MPH
precludes conclusions about the reinforcing or subjective
effects of longer-acting formulations of MPH, which are
commonly used. At least two studies have shown that longer-
acting formulations produce lower magnitude subjective
effects in non-ADHD individuals, and future work should
clarify whether similar formulation differences are observed
for reinforcing measures (Kollins et al. 1998; Spencer et al.
2006).

In spite of these limitations, the present study adds to the
literature on abuse liability of MPH, especially in the
context of clinical use of the drug for the management of
ADHD in adults. Individuals with ADHD responded more
for MPH capsules than their nondiagnosed peers, and these
reinforcing effects were not related to euphorogenic
subjective effects. MPH and other stimulants continue to
be a mainstay of effective management of ADHD across
the lifespan. Still, better understanding of the risk profile of
the drug with respect to abuse liability will improve the care
we are able to provide to our patients.
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