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Abstract

Rationale A rich literature suggests that both impulsiveness
and drug-induced euphoria are risk factors for drug abuse.
However, few studies have examined whether sensitivity to
the euphoric effects of stimulants is related to attention
lapses, a behavioral measure of inattention sometimes
associated with impulsivity.

Objective The aim of the study was to examine ratings of
d-amphetamine drug liking among individuals with high,
moderate, and low attention lapses.

Methods Ninety-nine healthy volunteers were divided into
three equal-sized groups based on their performance on a
measure of lapses of attention. The groups, who exhibited
low, medium, and high attention lapses (i.e., long reaction
times) on a simple reaction time task, were compared on
their subjective responses (i.e., ratings of liking and
wanting more drug) after acute doses of d-amphetamine
(0, 5, 10, and 20 mg).

Results Subjects who exhibited high lapses liked 20 mg d-
amphetamine less than subjects who exhibited low lapses.
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These subjects also tended to report smaller increases in
“wanting more drug” after d-amphetamine.

Conclusion The findings suggest that participants who
exhibit impaired attention may be less sensitive to
stimulant-induced euphoria.
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Drug liking - Subjective effects - Dopamine - Impulsiveness

Introduction

Susceptibility to use drugs has been linked to two
apparently separate processes, impulsiveness or lack of
behavioral control and drug-induced euphoria (de Wit and
Richards 2004). Impulsiveness refers to a heterogeneous
cluster of behaviors relating generally to a lack of control,
insensitivity to negative consequences, and an inability to
inhibit inappropriate behaviors (de Wit 2009). Greater
impulsiveness is typically associated with higher risk for
drug use (Tarter et al. 2003). Drug-induced euphoria refers
to subjective or mood states that correspond to feelings of
well-being that are commonly associated with behavioral
preferences for drugs (de Wit and Phan 2009). Interestingly,
although both impulsive tendencies and susceptibility to
euphoria have been linked to functioning of the dopamine
system (Baler and Volkow 2006; Everitt et al. 2008), few
studies have examined the two behavioral processes at the
same time in the same subjects. Thus, little is known about
the relationships between them. Intuitively, it might be
predicted that individuals with less behavioral control
would be more likely to experience euphoria induced by a
drug since both are associated with increased risk for drug
abuse. However, it is also possible that individuals who are
more impulsive or more distractible experience less
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euphoria from a drug, which might lead them to consume
more of the drug to achieve the desired effect. Alternately,
the factors may be unrelated to one another.

Inattentiveness is the inability to maintain focused
attention of goal relevant information, as evidenced by
attention lapses (Leth-Steensen et al. 2000). There is
considerable research linking inattention and impulsivity.
Lapses of attention may degrade an individual’s ability to
inhibit responses, thus resulting in impulsive behavior
(Castellanos and Tannock 2002; de Wit 2009; Leth-
Steensen et al. 2000). Impulsivity and inattention are core
features of attention-deficit hyperactivity disorder (ADHD;
Castellanos et al. 2006; Castellanos and Tannock 2002;
Simmonds et al. 2007), and both are reduced to a similar
degree by neurofeedback (Arns et al. 2009; Gevensleben et
al. 2009) or methylphenidate (Conners 2002; Spencer et al.
2009). Methylphenidate reduces symptoms of both impul-
sivity and inattention in accordance with changes in striatal
dopamine (Rosa-Neto 2005). Furthermore, attention lapses
is correlated with self-reported motor impulsivity (de Wit
2009), and inattentive symptoms were superior to impulsive
symptoms in predicting poor performance on a behavioral
measure of impulsivity (Gambin and Swiecicka 2009),
suggesting that inattention is closely related to other forms
of impulsive behaviors and may represent a dimension of
impulsivity (de Wit 2009).

Few studies have examined individual differences in
cognitive performance (e.g., inattentiveness) in relation to
the rewarding or mood-altering effects of drugs. More
impulsive animals, as measured by the inability to withhold
responses or by delay discounting, exhibit higher rates of
drug self-administration (Belin et al. 2008; Perry et al.
2008; Poulos et al. 1998). However, in the animal studies, it
is not always clear whether more self-administration
indicates greater or lesser rewarding effects of the drug. In
an earlier study on humans, we (de Wit et al. 2000) reported
a significant relationship between false alarm rate and
amphetamine-induced euphoria. Participants who per-
formed more impulsively (i.e., had a higher false alarm
rate) on a go-no-go task in the drug-free state experienced
less euphoria when they received a single dose of d-
amphetamine (20 mg). This suggests that less attentive
individuals may also be less sensitive to the rewarding
effects of a drug and perhaps reward more generally.

In this analysis, we examined the relationship between
lapses in attention and ratings of drug liking after d-
amphetamine (5, 10, or 20 mg). Specifically, we grouped
individuals based on their performance on the lapses of
attention measure into high, moderate, and low levels
of attention lapses and compared these groups on measures
of drug liking, wanting more, and feeling the effects of the
amphetamine. Based on our previous finding (de Wit et al.
2000), we hypothesized that participants with more atten-
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tion lapses would like d-amphetamine less than participants
with fewer attention lapses and that these differences would
be most pronounced at the highest dose of d-amphetamine
(20 mg). We also hypothesized that the participants with
more lapses would “feel” the effects of the drug less and
indicate lower ratings of “want more drug” than participants
with more lapses.

Materials and methods
Design

This analysis was conducted using data from a larger study
on the genetic basis of response to d-amphetamine (Lott et
al. 2005) using a four-session crossover design. Healthy
young adults received placebo and three doses of d-
amphetamine (5, 10, and 20 mg oral) in randomized order
and under double-blind conditions. Subjective, physiolog-
ical, and behavioral effects of d-amphetamine were
recorded over 4 h after drug administration.

Participants

The sample consisted of 99 male (»=50) and female (n=
49) Caucasian volunteers, aged 18-35 (M=22.61, SD=
3.60). Volunteers were excluded from participation if their
BMI was less than 18 or greater than 26, if they consumed
more than three cups of coffee a day or smoked more than
ten cigarettes a week, if they had less than a high school
education or lack of fluency in English, if they had any
serious medical condition, current axis I psychiatric
disorder including ADHD (though adult ADHD was not
assessed), substance abuse or dependence (APA 1994), or
any current or past medical condition that was considered to
be a contraindication for amphetamine administration.
Women were tested in their follicular phase of the
menstrual cycle (White et al. 2002). Subjects were
trichotomized into equal low (n=33), moderate (n=33),
and high (n=33) attention lapse groups based on their
simple reaction time variability (deviation from the mode-
see below) in the placebo condition.

Measures

Drug Effects Questionnaire Subjects completed several
standardized questionnaires, but here we report only on
the Drug Effects Questionnaire (DEQ), which consisted of
three visual analog scale items (a 100-mm line) on which
subjects rated how much they felt a drug effect, liked the
drug, and wanted more of the drug. For each question, an
area under the curve (AUC) was calculated separately for 5,
10, and 20 mg d-amphetamine and subtracted from the
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placebo AUC to create an index of drug effects net placebo
responding. It should be noted that these items are based on
a simple visual analog scale, and because the participants
were not drug users, it should not be considered a measure
of drug “craving”.

Barratt Impulsiveness Scale 11 The Barratt Impulsiveness
Scale 11 (BIS-11; Patton et al. 1995) is a self-report
measure of impulsiveness. Each item is rated on a four-
point scale ranging from “rarely/never” to “almost always/
always”. The BIS-11 is comprised of three subscales (motor
impulsiveness, cognitive/attentional impulsiveness, and
nonplanning impulsiveness) which when combined provide
a total impulsivity score (BIS total). The BIS-11 is an
internally consistent (a=0.79-0.83), valid measure of
impulsiveness (Patton et al. 1995). Ninety of the 99
subjects completed the BIS.

Multidimensional Personality Questionnaire The Multidi-
mensional Personality Questionnaire (MPQ; Patrick et al.
2002) is a 155-item self-report measure comprising three
scales that assess positive emotionality, negative emotion-
ality, and behavioral inhibition (constraint). Higher scores
on the constraint scale suggest less impulsivity. For this
study, we used only the constraint scale of the MPQ.
Eighty-seven of the 99 subjects completed the MPQ.

Profile of Mood States The Profile of Mood States (POMS;
McNair et al. 1971) is a 72-item adjective checklist in
which participants rate each adjective in relation to how
they feel “right now” using a five-point Likert-scale
(0="not at all” to 4="extremely”). The items comprise of
eight factor-analytically derived scales: anxiety, depression,
vigor, anger, fatigue, friendliness, confusion, and elation.
From these scales, two higher-order factors of arousal
[(anxiety + vigor) — (fatigue + confusion)] and valence [a.k.
a. “positive mood” = (elation — depression)] are derived.
The POMS positive mood scale was used in the present
study. Research supports the utility of this scale as a
sensitive measure of mood fluctuation in normal subjects
(de Wit et al. 1989).

Simple reaction time task The simple reaction time (SRT)
from the Automated Neuropsychological Assessment Met-
rics (Reeves et al. 2006) was used to assess lapses in
attention. For the SRT, subjects are required to press a key
as quickly as possible upon screen presentation of a symbol
at variable intervals. From the distribution of reaction times,
the mean deviation of the individual reaction times from the
modal reaction time was calculated for each subject.
The mean deviation from the mode is equivalent to the
difference between the mean and the mode of a reaction
time distribution, which reflects the proportion of reaction

times that are unusually long (lapses in attention; Spencer et
al. 2009). Deviation from the mode is one of several
acceptable methods (e.g., ex-Gaussian) to characterize RT
variability (Leth-Steensen et al. 2000). We chose to use
deviation from the mode due to its relative ease of
calculation and heartiness to variations in the shape of RT
distributions (Hausknecht et al. 2005; Spencer et al. 2009).

Procedure

Subjects first attended an orientation session to provide
informed consent and complete some of the trait self-report
measures (e.g., BIS, MPQ). They were instructed to abstain
from taking drugs including alcohol, nicotine, or caffeine
for 24 h before each session and to fast from midnight the
night before the sessions. Subjects were tested individually
in a comfortably furnished room with television and
reading materials for the 4-h session. Subjective and
behavioral tasks were administered via computer. This
study was approved by the institutional review board of
The University of Chicago and was carried out in
accordance with the Helsinki Declaration of 1975.

Sessions were conducted from 9:00 AM. to 1:00 pM., at
least 48 h apart. At the beginning of each session, subjects
provided breath and urine samples to confirm their drug
and alcohol abstinence. Subjects were also given a standard
breakfast (granola bar). Volunteers then completed predrug
baseline mood questionnaires assessing subjective states. At
9:30 AM., subjects ingested a capsule containing either
placebo or d-amphetamine (5, 10, or 20 mg). Clinically
recommended daily doses of d-amphetamine for school-aged
children with ADHD range as high as 40 mg (Greenhill et al.
2002; Spencer et al. 2006). The low doses used here
minimized risk to subjects while producing measurable
effects. Subjective, behavioral, and physiological measures
were obtained 30, 60, 90, 150, and 180 min after capsule
intake. Of interest for this report was the administration of
the simple reaction time task, which was completed once per
session at approximately 120 min after ingestion of the
capsule.

Data analysis

Preliminary analyses assessed for potential order effects
associated with attention lapses on the SRT, the relationship
between drug liking and positive mood, group (low,
moderate, and high attention lapse groups) differences on
the demographic variables of age, gender, and education, and
the association between lapses of attention and self-reported
impulsivity. Primary analyses then evaluated the attention
lapse groups on their responses to d-amphetamine on the
three DEQ items (liking drug, wanting more, feeling drug
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effects) using a 3 (attention lapse group: low, moderate,
high)x3 (drug dose 5, 10, and 20 mg d-amphetamine)
multivariate analysis of covariance (MANCOVA). Drug
dose order was included as the covariate since we were not
able to counterbalance the drug order for each group. A
multivariate analysis was chosen because preliminary anal-
yses showed that the three outcome measures were moder-
ately correlated with each other at each drug dose (rs=0.16—
0.67). Significant multivariate effects were followed up with
univariate analyses (ANCOVAS). Significant univariate
interactions were probed using simple effects (Girden
1992), while significant univariate main effects and simple
effects were probed using Tukey’s tests on adjusted means
for between subjects (lapse group) variables and Bonferonni
corrected ¢ tests for within-subjects (drug dose) variables.
Analyses were conducted two-tailed at the 0.05 level of
significance. Significant within-subjects effects were tested
using the Greenhouse—Geisser correction when violations of
sphericity were detected. All uncorrected significant findings
remained significant when thus adjusted. We therefore report
the degrees of freedom from uncorrected analyses.

Results
Preliminary analyses

To explore the relationship between the behavioral meas-
ures of inattention and self-reported impulsivity, attention
lapses in the placebo condition (mean deviation from the
mode) were correlated with the BIS total and MPQ
constraint scores. As predicted, attention lapses were
inversely correlated with MPQ constraint (r [87]=—0.24,
p<0.05) and also showed a weak, nonsignificant positive
relationship with BIS total score (r [90]=0.13, p=0.22).
These results provide evidence of the modest association
between behavioral and self-report measures of impulsivity,
consistent with other reports (Reynolds et al. 2006).

To assess the relationship between mood and drug
liking, we correlated POMS positive mood with the drug
liking item from the DEQ at each dose of d-amphetamine.
As expected, positive mood was significantly correlated
with drug liking at 5 mg (r [94]=0.28, p<0.01), 10 mg
(r [94]=0.33, p<0.01), and 20 mg (r [94]=0.53, p<0.001)
of d-amphetamine.

To assess order effects on attention lapses under placebo
conditions, a one-way ANOVA was conducted with placebo
order as the independent variable. Attention lapses were not
significantly affected by order, F(3, 95)=1.88, p>0.10.
Subjects were then divided into equal groups (n=33 per
group) of low, moderate, and high attention lapses based on
their SRT lapses (deviation from the mode) in the placebo
condition. The mean deviations from the mode in these
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three groups were as follows: high (M=81.65, SD=37.76),
moderate (M=34.65, SD=6.25), and low (M=4.53, SD=
18.10; ANOVA all p<0.001). The three attention lapse
groups did not differ with respect to age, gender, or
education level (Table 1; all p>0.48).

To assess for potential group differences in subjective
response to placebo, a one-way (group) MANCOVA was
performed on the three DEQ items (liking drug, wanting
more of the drug, feeling drug) with placebo order as the
covariate. The groups differed on one measure of placebo
session responses: The high attention lapse group (M,q=
1.39, SD=2.84) reported “wanting more” on the placebo
compared to the moderate attention lapse group (Mug=
—0.88, SD=3.20). The low attention lapse group (M,;=0.27,
SD=2.93) did not differ from either of the other groups.

Primary analyses

To assess the separate and combined influences of
inattentiveness and drug dose on drug liking, a 3
(group)x3 (drug dose) MANCOVA was performed on the
three DEQ items (liking drug, wanting more of the drug,
feeling drug) with drug order as the covariate. Results
revealed a multivariate main effect of drug dose [Wilks F(6,
90)=3.15, p<0.01] and a nonsignificant multivariate trend
for group [Wilks F(6, 186)=1.77, p=0.10]. The effects
were limited by a multivariate group by drug dose
interaction [Wilks F(12, 180)=1.92, p<0.05]. No other
multivariate effect approached significance (all p>0.20; see
Table 2 for a list of the adjusted means and standard
deviations for the DEQ items).

The high attention lapse group reported lower ratings of
drug liking after 20 mg d-amphetamine than the low attention
lapse group (Fig. 1). This was evidenced by a group x drug
dose interaction for liking drug [F(4, 190)=2.77, p<0.05,
ﬁp2=0.06], in which simple main effects at each level of drug
dose showed a significant group difference at 20 mg d-
amphetamine [F(2, 283)=8.85, p<0.001], but not at 10 mg
(F<1) or 5 mg (F<1) d-amphetamine, and post hoc tests at
20 mg d-amphetamine confirmed that the high attention
lapse group liked the drug less than the low attention lapse
group (p<0.05). Groups did not differ on ratings of wanting
more drug [F(4, 190)=1.76, p=0.14, 17'p2:0.04] or feeling
the drug [F(4, 190)=1.65, p=0.16, ;7'p2:0.03].

To better characterize the dose by group interaction for drug
liking, we also performed simple main effects at each level of
group. A significant effect of drug dose was found for low [F'
(2, 64)=13.80, p<0.001, ;7'p2=0.30] and moderate [F(2, 64)=
7.59, p<0.01, ﬁp2:0.19] attention lapse groups, but not the
high attention lapse group [F (2, 64)=1.48, p=.24, ﬁpzz
0.04]. Both low and moderate (but not high) attention lapse
groups liked 20 mg of d-amphetamine more than 5 or 10 mg
d-amphetamine. Thus, only the high attention lapse group
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Table 1 Demographic variables ] .
as a function of attention lapse Variable Attention lapse group
group 2
High Moderate Low Flx
Age, M (SD) 22.39 (4.49) 23.21 (3.41) 2221 (2.71) 0.72
Gender, N (%) 0.32
Male 16 (48) 18 (55) 16 (48)
Female 17 (52) 15(45) 17 (52)
Education, N (% 0.4
BA/BS— did not complete bach- ducation, IV (%) ?
elors degree, BA/BS+ completed BA/BS- 16 (49) 11.33) 16(49)
bachelors degree but no post- BA/BS+ 13(39) 16(49) 10(30)
graduate education, Post Grad Post Grad 4(12) 6(18) 721)

some postgraduate education

failed to show increased drug liking at higher drug doses.
This finding does not appear to be an artifact of subject
grouping, as drug liking in the 20-mg d-amphetamine
condition was significantly negatively correlated (partial
correlation controlling for order) with attention lapses as a
continuous variable [rpariar (96)=—0.32, p<0.01].

Participants tended to show more subjective drug effects
at higher doses, with significant drug dose effects for liking
the drug [F(2, 190)=3.97, p<0.05, 77'p2=0.04] and feeling
the effects of the drug [F(2, 190)=9.72, p<0.001, 77'p2=
0.09] and a trend for wanting more of the drug [F(2, 190)=
2.70, p=0.07, ;7'p2=0.03]. Post hoc tests showed subjects felt
the effects of the drug more in the 20-mg d-amphetamine
condition than the 10-mg d-amphetamine condition and
more in the 10-mg d-amphetamine condition than the 5-mg
d-amphetamine condition.

There was also a weak trend for the high attention lapse
group to endorse wanting more of the drug less strongly
than moderate and low attention lapse groups [F(2, 95)=
2.38, p<0.10, ;7'p2=0.05], though post hoc tests showed no
significant differences between low, moderate, and high
attention lapse groups.

To assess the effect of d-amphetamine on attention
lapses among the groups, a 3 (group)*3 (drug dose) mixed
design ANCOVA was performed, controlling for placebo
attention lapses and drug dose order. Higher drug doses
significantly decreased attention lapses (F(2, 186)=4.18,
p<0.05, ;7'p2=0.04). Post hoc analyses showed a trend (p<
0.10) for 5 mg d-amphetamine (M=32.80, SD=25.15) to
produce longer attention lapses than 10 mg (M=28.30,
SD=22.46) or 20 mg (M=26.28, SD=28.00) d-amphet-
amine. Attention lapses increased slightly in the high

Table 2 Mean,q; (SD) drug

effects questionnaire area under Variable

Attention lapse group

the curve as a function of atten-

tion lapses group and High Moderate Low Total
d-amphetamine dose Maq; (SD) Mag; (SD) Maqj (SD) M,qj (SD)
Like drug
5 mg AMPH 0.78 (2.65) 0.86 (2.38) 0.90 (3.15) 0.85 (2.72)
10 mg AMPH 1.74 (4.19) 124 (2.12) 1.96 (2.97) 1.66 (3.19)
20 mg AMPH? 1.83 (4.32) 2.82 (3.55) 4.60 (4.24) 3.09 (4.17)
Total 1.45 (3.72) 1.64 (2.68) 2.50 (3.45) 1.87 (3.36)
Want more
5 mg AMPH —0.92 (5.24) 2.57 (5.12) 1.05 (3.96) 0.90 (4.95)
10 mg AMPH 1.37 (5.58) 3.00 (4.10) 2.65 (4.74) 2.34 (4.84)
Madj means for area under the 20 mg AMPH 2.32 (5.87) 3.15 (4.67) 4.38 (5.09) 3.28 (524)
curve (drug dose) — area under Total 0.92 (5.56) 2.90 (4.63) 2.70 (4.59) 2.17 (5.01)
the curve placebo adjusted for
. Feel drug
order of drug dose presentation,
AMPH d-amphetamine, want 5 mg AMPH ~0.47 (3.40) 0.57 (2.31) -0.32 (1.530) 0.10 (2.54)
more want more of the drug, feel 10 mg AMPH 1.30 (3.58) 1.12 (2.79) 0.46 (2.81) 1.54 (3.07)
drug feel the effects of the drug 20 mg AMPH 2.16 (3.83) 2.93 (3.89) 3.03 (3.36) 1.06 (3.68)
“Low attention lapses > high Total ~0.08 (3.60) 0.96 (3.00) 2.71 (2.56) 0.90 (3.10)

attention lapses (p<0.05)
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Fig. 1 Ratings of drug liking 1.0 -
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attention lapse group and decreased slightly in the moderate
and low attention lapse groups as the dose of d-amphet-
amine increased; however, neither the main effect of group
nor the group X drug dose interaction approached signifi-
cance (F<I). Thus, despite differences in subjective
response to d-amphetamine, there were no clear behavioral
differences as a function of group.

Discussion

This study examined the relationship between lapses of
attention and self-reported ratings of single acute doses of
d-amphetamine (5, 10, and 20 mg) in healthy young adults.
We hypothesized that subjects who exhibited more lapses
of attention would like the drug less, be less interested in
receiving more of the drug, and feel the effects of the drug
less than subjects with fewer attention lapses. Consistent
with this, we found that the group with more attention
lapses liked d-amphetamine (20 mg) less than the low
attention lapse group. Also, there was a trend for subjects in
the high attention lapse group to be less desirous of
receiving more of the drug. The groups did not significantly
differ in how much they felt the effects of the drug.

As hypothesized, we found that subjects in the high
attention lapse group liked d-amphetamine less than
subjects in the low attention lapse group, although this
was only true at the highest level of d-amphetamine used in
the study (20 mg). This is consistent with our earlier work
showing that individuals who were more impulsive on a
measure of behavioral inhibition (go-no-go) task also
experienced less euphoria from 20 mg d-amphetamine (de
Wit et al. 2000). One interpretation of this finding is that
individuals high on behavioral inattention are less sensitive
to the rewarding effects of d-amphetamine. It is also
possible that these individuals did not “like” the drug effect
because they were highly sensitive to d-amphetamine and
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found the 20 mg too high. However, the robust drug liking
scores after the 20-mg dose across all three groups did not
support this interpretation. The lack of relationship between
lapses and drug liking after 5 or 10 mg d-amphetamine is
probably because neither the 5- nor 10-mg dose produced
appreciable levels of liking or euphoria.

In addition to liking the drug less, the high attention
lapse group also tended to “want more” of the drug less
than the other groups. The direction of this trend is
consistent with what might be expected if less attentive
individuals are less sensitive to the rewarding effects of d-
amphetamine. However, the relationship was weaker than
the relationship between attention lapses and drug liking at
20 mg d-amphetamine. It is possible that “wanting” a drug
is a less specific measure of positive drug effects and open
to alternative interpretations by the participants. For
example, individuals might report “wanting” more of a
drug because they like its effects, or because they did not
notice any strong effect, or because they are simply curious
to see what would happen if they took more of the drug.
This would likely result in greater variability of responding
within groups, which is what we found; the standard
deviations were higher for the “want more drug” item than
for either of the other two DEQ items.

The high attention lapse group “wanted more drug” in
the placebo condition more strongly than the moderate
lapses group and to a lesser (nonsignificant) extent more
than the low lapses group. This group difference in
subjective response to placebo was not hypothesized and
may reflect ambiguity in the ratings of wanting more drug,
especially in comparisons across groups of individuals.
The ratings of wanting more drug may have been
influenced by the context of study, in which subjects
expected to receive an active drug, and indeed because of
the counterbalanced orders, most subjects received the
placebo after receiving at least one d-amphetamine dose
at a previous visit. Thus, the ratings may have been
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influenced by expectancies. It is also possible that subjects
in the high attention lapse group reported wanting more
because they wanted a “higher dose” of the agent
administered in order to feel any effect. This would be
consistent with observations that higher levels of impul-
sivity are associated with more positive attitudes toward
and greater use of illicit drugs (de Wit 2009). Thus, the
group differences in ratings of “want more drug” in the
placebo condition must be interpreted with caution
because of possible ambiguity in the question. Notably,
however, the three groups did not differ on overall ratings
of how much they felt the drug effect, suggesting that the
high and low lapses groups did not differ in overall
sensitivity to the drug but rather in how much they liked or
wanted it. It will be of interest to explore more broadly the
range of measures on which behaviorally defined groups
such as these differ in their responses to d-amphetamine
and other drugs.

One of the limitations of this study was the moderate
sample size. On subject ratings of wanting more of the drug
and feeling the drug’s effects after the 20-mg dose, the high
attention lapse group was lower than both the moderate and
low attention lapse groups. However, the mean differences
between high and low attention lapse groups were small to
moderate (Cohens d=0.24-0.37). Effects of this magnitude
would benefit from an even larger sample to increase power
to detect small effects. However, it is noteworthy that the
item which most directly assessed the euphoric effects of d-
amphetamine, “How much do you like the drug”, produced
the strongest group difference at 20 mg d-amphetamine.

It is tempting to speculate about the mechanisms
underlying these findings. Generally speaking, one mech-
anism that might account for higher inattention and lower
d-amphetamine induced euphoria is a dysregulation of the
dopaminergic system (Baler and Volkow 2006; Blum et al.
2000; Everitt et al. 2008). Stimulant drugs and other
compounds that increase dopamine levels reduce symptoms
of impulsiveness and inattention in adolescents with ADHD
(Rosa-Neto et al. 2005), healthy volunteers (de Wit et al.
2002), and laboratory animals (van Gaalen et al. 2006;
Wade et al. 2000), and conversely in animal models,
dopamine antagonists increase measures of impulsiveness
(van Gaalen et al. 2006; Wade et al. 2000). Thus, these
findings suggest that dopamine is involved in inattentive
and potentially impulsive behaviors. There is also a large
body of evidence linking amphetamine-induced reward and
reward salience to dopamine function (Koob and Bloom
1988; Leyton et al. 2007). Specifically, imaging studies
suggest that stimulant-induced dopamine release is posi-
tively correlated to the level of subjective positive drug
effects (Munro et al. 2006; Oswald et al. 2005). Notably,
there is also recent evidence that self-reported impulsivity is
negatively related to striatal dopamine release induced by

amphetamine in humans (Oswald et al. 2007). This is
consistent with the findings reported here of a negative
association between lapses in attention and amphetamine-
induced positive states. Reduced striatal dopamine release
specifically to an anticipated reward has also been found in
impulsive and inattentive (ADHD) adolescents (Scheres et
al. 2007). Thus, deficits in dopamine function may
contribute to impulsive and inattentive behaviors, reward
hyposensitivity, and blunted subjective response to a
dopamine agonist in certain individuals.

We recognize that it is unlikely that the relationship
between behavioral indices of inattention and reward
sensitivity to stimulants is fully explained by low
dopamine release. Impulsiveness and inattention are also
associated with other neurotransmitters, such as serotonin
(Walderhaug et al. 2002) and norepinephrine (Ventura et
al. 2003), as well as with a multitude of organismic and
environmental factors such as stress (Iacono et al. 2008;
Oswald et al. 2007). These factors may moderate the
association between inattentive behaviors, dopamine re-
lease, and stimulus-induced euphoria. Nevertheless, al-
though the specific mechanisms for this association remain
unknown, both our current and previous (de Wit et al.
2000) findings suggest that behavioral inhibition and
lapses of attention (de Wit 2009) are associated with
decreased euphoric effects from stimulants.

This is one of the first studies to examine the relationship
between behavioral inattention and self-reported drug liking
in response to the dopamine agonist d-amphetamine.
Strengths of the study include use of a homogenous well-
defined sample, the use of a novel behavioral measure of
inattention, and the examination of drug effects at multiple
drug levels. However, there are also a several aspects of the
study that limit our ability to generalize results. The study
used a single behavioral measure of inattention, whose
association with other measures of impulsivity is not fully
understood. It will be important to examine the relationship
between amphetamine-induced euphoria and more conven-
tional measures of both inattention and impulsive behavior
in future studies. Also, the study used 20 mg as the highest
level of d-amphetamine, and higher doses of d-amphet-
amine may be needed to study deficits in reward sensitivity
in relation to cognitive function. Finally, future studies will
be needed to identify the role of dopamine and other
neurotransmitter systems in these behaviors.

Despite the limitations, these results suggest new
prospects for research on the relationship between measures
of cognitive function and the subjective experience of
reward in response to d-amphetamine. The findings suggest
that subjects who are less attentive on a behavioral task find
20 mg of d-amphetamine less rewarding than subjects who
are more attentive. This supports the idea that inattention
may be related to insensitivity to reward.
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