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Objective: The main goal of this study was
to evaluate the impact of stimulant medication
on executive function deficitsin a group of ado-
lescents and young adults with attention-deficit/
hyperactivity disorder (ADHD; DSM-111-R
criteria).

Method: Male and female subjects aged 15
to 25 years were divided into 3 groups: subjects
with ADHD treated with stimulants who took
their medication at the time of testing (ADHD
active stimulant treatment: N = 26), subjects with
ADHD who had not taken stimulant medication
in the past month (ADHD no stimulant treatment:
N = 94), and non-ADHD control subjects (con-
trols: N = 133). The neuropsychological battery
assessed domains of cognitive functioning known
to be relevant in ADHD, including tests of execu-
tive functions and learning and memory. Data
were collected from July 1998 to April 2003.

Results: The ADHD no stimulant treatment
group had significantly lower aggregate scores
compared with the controls for the total aggre-
gate, working memory, interference control, pro-
cessing speed, sustained attention, and verbal
learning domains (all p <.001). The ADHD
active stimulant treatment group had significantly
poorer scores on the total aggregate (p = .002),
interference control (p <.001), and processing
speed (p = .003) domains compared with the con-
trols. The ADHD active stimulant treatment sub-
jects scored significantly higher on the domains
of sustained attention (p = .04) and verbal learn-
ing (p = .03) compared with the ADHD no stimu-
lant treatment subjects.

Conclusions: Our study showed that subjects
with ADHD who took stimulant medication had
higher neuropsychological measures of attention
compared with subjects with ADHD who did
not take stimulant medication, but differences
were not found for other measures of executive
function.
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A consistent literature has documented significant as-
sociations between attention-deficit/hyperactivity
disorder (ADHD) and executive function deficits (EFDs).
Executive functions refer to a set of higher self-regulatory
cognitive functions including the ability to inhibit, shift
set, plan, organize, use working memory, problem solve,
and maintain set for future goals.™® Numerous studies
have documented that children with ADHD are signifi-
cantly more likely to manifest EFDs compared with chil-
dren without ADHD.**® Our group also documented that
a high proportion of children with ADHD and associated
EFDs were at significantly higher risk to have severe
educational deficits compared with children with only
ADHD. These deficits were characterized by over 2 times
the rate of grade retention, placement in special classes,
in-school tutoring, and learning disabilities compared
with other children with ADHD without these deficits.
These results held, even after controlling for socioeco-
nomic status, learning disorders, and 1Q scores.’®

Despite evidence that stimulants are effective in the
treatment of ADHD,”® there is uncertainty asto the effects
of stimulants on EFDs. While a body of literature indi-
cates that impairment in sustained attention as measured
by continuous performance tests are responsive to stimu-
lant treatment, whether stimulants have a broader impact
on other domains of executive function isnot clear. While
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some studies have shown improvements after treatment in
areas of selective inhibition,® color naming,’® and visual-
spatial memory,** others have not. Moreover, in clinical
practice, many children with ADHD continue to struggle
with residual educational deficits even after treatment with
stimulants, suggesting that there may be dissociation be-
tween improvement in ADHD symptoms and improve-
ment in EFDs.

The main goal of this study was to evaluate the impact
of stimulants on EFDs. Considering the morbidity and
dysfunction associated with EFDs, a better understanding
of the effects of stimulants on EFDs has important clinical
and educational implications. If treatments with stimulants
improve EFDs, they would have amuch larger impact than
just improvement of ADHD symptoms. If, on the other
hand, stimulants were to have limited impact on EFDs,
this finding would guide clinicians to more aggressively
seek appropriate psychoeducational interventions for chil-
dren with ADHD and associated EFDs and would drive
drug discovery toward developing treatments specific to
EFDs. In this analysis, we utilized data from our group’s
longitudinal studies of adolescents and young adults with
and without ADHD to investigate the impact of stimulant
medication on domains of neuropsychological functioning
between treated and untreated individualswithADHD. On
the basis of the literature, we hypothesized that stimulant
medication would have an effect on measures of attention
but limited effects on other measures of EFDs.

METHOD

Subjects

Subjects were derived from 2 identically designed
longitudinal case-control family studies of ADHD.'**
These studies ascertained male and female subjects aged
6 to 18 years with (N =140 boys, N =140 girls) and
without (N = 120 boys, N = 122 girls) Diagnostic Statisti-
cal Manua of Mental Disorders, Third Edition, Revised
(DSM-I11-R)—diagnosed ADHD from pediatric and psy-
chiatric clinics. This analysis reports on neuropsychologi-
cal data collected at the male subjects’ 10-year follow-
ups™ and female subjects 5-year follow-ups.™ Because of
differences in age among subjects in the 2 studies, we re-
stricted the age of the subjects in each group to the same
age range in the present study. Additionally, we excluded
individuals from the present analysis who had been taking
medication during the past month but did not take their
medication on the day of assessment (N = 31). Therefore,
this analysis reports on 120 ADHD subjects (64 boys
and 56 girls) and 133 control subjects (55 boys and 78
girls) between the ages of 15 and 25 years (mean = 19.2
years, SD = 2.8 years). Data were collected from July
1998 to April 2003.

A 3-stage ascertainment procedure was used to select
the probands for both groups. For subjects with ADHD,
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the first stage was the patient’s referral. The second stage
confirmed the diagnosis of ADHD by using a telephone
questionnaire administered to the mother. The question-
naire asked about the 14 DSM-I11-R symptoms of ADHD
and contained questions regarding study exclusion crite-
ria. The third stage confirmed the diagnosis with a
face-to-face structured interview with the mother. Only
patients who received a positive diagnosis at al 3 stages
were included. For control probands, we ascertained par-
ticipants from referrals to medical clinics for routine
physical examinations. In the second stage, the control
mothers responded to the telephone questionnaire. Eli-
gible controls meeting study entry criteria were recruited
for the study and received the third-stage assessment
(structured interview). Only subjects classified as not hav-
ing ADHD at al 3 stages were included in the control
group. Potential subjects were excluded if they had been
adopted or if their nuclear family was not available for
study. We also excluded potential subjects if they had
major sensorimotor handicaps (paralysis, deafness, blind-
ness), psychosis, autism, inadequate command of the
English language, or afull-scale 1Q score less than 80.

Psychiatric Assessments

All diagnostic assessments used structured interviews
based upon the criteria of the DSM-111-R.* Psychiatric as-
sessments of probands relied on the epidemiologic version
of the Schedule for Affective Disorders and Schizophrenia
for Children."” Diagnoses were based on independent in-
terviews with the mothers and direct interviews of pro-
bands. Maternal reports and self-reports were combined
by considering a diagnosis as positive if it was endorsed
by either interview. The structured interviews assessed
lifetime history of psychopathology. Subjects reported im-
pairment for each disorder as mild, moderate, or severe.

The interviewers/psychometricians had undergraduate
degrees in psychology; they were trained to high levels of
interrater reliability for the assessment of psychiatric
diagnosis by the first author (J.B.). We computed K co-
efficients of agreement by having experienced, board-
certified child and adult psychiatrists diagnose subjects
from audiotaped interviews made by the assessment staff.
On the basis of 173 interviews from a mixed pediatric and
adult data set, the median k for all diagnoses was .86 and
for ADHD was .98. All assessment personnel were blind
to proband diagnosis (ADHD or control) and ascertain-
ment site (psychiatric or pediatric).

A committee of board-certified child and adult psychia-
trists resolved all diagnostic uncertainties. The committee
members were blind to the subjects’ ascertainment group,
ascertainment site, all data collected from other family
members, and all nondiagnostic data (e.g., neuropsycho-
logical tests). Diagnoses were considered positive if,
based on the interview results, DSM-III-R criteria were
unequivocally met to aclinically meaningful degree.
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Parents and adult offspring provided written informed
consent to participate, and parents also provided consent
for offspring under the age of 18 years. Children and ado-
lescents provided written consent to participate. The hu-
man research committee at Massachusetts General Hospi-
tal, Boston, approved this study.

Treatment

As this was a naturalistic study, no treatments were
assigned to the subjects, nor were treatments a factor in
study participation. Thus, treatment was allowed to vary
by design, and al psychotropic medications were recorded
as part of the diagnostic interview. We stratified subjects
with ADHD by use of current psychotropic medications.

Neuropsychological Assessments

The neuropsychological battery assessed domains of
cognitive functioning known to be relevant in ADHD,
including tests of executive functions and learning and
memory. Tests were selected to measure domains of func-
tioning thought to be indirect indices of frontostriatal sys-
tems that have been found to be impaired in youth and
adultswith ADHD.**#2 These functionsinclude sustained
attention, working memory, interference control, abstract
problem solving/set shifting, planning/visuospatial or-
ganization, processing speed, and verbal learning.®#?
Subtests were selected from several well-studied clinical
instruments that purport to measure these constructs, al-
though it should be noted that these measures may be mul-
tifactorial and may assess more than 1 domain of function.
Thetestsincluded in this study were consistent with those
used in our previous work.'?**% Asin previous studies,'?**
tests were administered in afixed order asfollows: (1) the
Rey-Osterrieth Complex Figure copy?; (2) the Wechsler
Adult Intelligence Scale, Third Edition (WAIS-II11)*®
(Wechdler Intelligence Scale for Children, Third Edition
[WISC-111]% for individuals aged < 17 years) vocabulary,
digit span, and symbol search; (3) the Rey-Osterrieth
Complex Figurerecall; (4) the WAIS-II (WISC-111 for in-
dividuals aged < 17 years) block design, arithmetic, and
coding/digit symbol subtests; (5) the Auditory Continuous
Performance Test (ACPT)?; (6) the total words learned on
the California Verbal Learning Test (CVLT)*® (CVLT-
Child for individuals aged < 17 years®); (7) the computer-
ized Wisconsin Card Sorting Test (WCST)¥; and (8) the
Stroop Color and Word Test.** The test battery usually
took approximately 2 hours on 1 day to administer. Rest
periods were given during the testing sessions as needed.

The Rey-Osterrieth Complex Figure was administered
and scored according to the Developmental Scoring Sys-
tem.* This method was chosen because we hypothesized
that subjects with ADHD would have organization (i.e.,
executive function) deficitsin contrast to simple visuospa-
tial deficits, the developmental scoring of Waber and
Holmes assesses such strategies.* The organization score
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distinguishes executive functions from accuracy mea-
sures of visuospatial processes. Further administration
and scoring details on the Rey-Osterrieth Complex Fig-
ure and application to ADHD are provided elsewhere.
The tests used in the study have interrater reliabilitiesin
the 0.90s.*

The testers were recent college graduates who had
undergraduate degrees in psychology; they were trained
in neuropsychological assessment by a licensed neuro-
psychologist who is a coauthor (R.F.) of this article.
Testers were trained to maintain the interest of subjects
with positive rapport and sensitivity to fatigue. Thus, all
neuropsychological function assessments were adminis-
tered and scored by examiners who were unaware of all
other data except for medication status of the subjects.
The psychometricians administering the tests are trained
to administer the testing in an exact format without any
variation from the written administration. They do not
administer any tests that need interpretation, they do not
interpret material, and every subtest is double-checked
for precise administration (tapes) and scoring. Thus, the
lack of blindness to medication status would have no
bearing on test results.

Statistical Analysis

The z scores were created for each neuropsychologi-
cal score using the means and standard deviations of the
control subjects. Therefore, the z score for the control
group had amean of zero for all neuropsychological vari-
ables. All z scores were scored in the same direction of
effect; that is, a lower score translates to poorer perfor-
mance. We then created domain scores based on the do-
main of neuropsychological functioning that each test is
purported to measure. Thus, working memory consisted
of the Wechsler scores on oral arithmetic and digit span
as well as the ACPT memory and interference scores.
The interference control domain comprised the Stroop
color-word and interference scores. Set shifting consisted
of the WCST categories completed and perseverative and
nonperseverative errors. Visuospatial organization in-
cluded the Rey-Osterrieth Complex Figure copy and re-
call organization scores. Processing speed was com-
prised of Stroop word and color-naming items, aswell as
the Wechsler digit symbol and symbol search subtests.
The domains of sustained attention and verbal learning
each had only 1 test score included. The sustained atten-
tion domain used ACPT vigilance score, while verbal
learning used total words learned (trials 1-5) of the
CVLT. Domain scores were created by taking the mean
of the z score variables in the same neuropsychological
domain. An overall aggregate score was calculated as the
mean of al neuropsychological scores. Each domain
score was compared between groups using analysis of
covariance that controlled for age and gender. If a do-
main score significantly differed between groups, pair-
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Table 1. Demographics of Adolescents and Young Adults With ADHD With and Without Stimulant Treatment and Controls

ADHD Active Stimulant

ADHD No Stimulant

Demographic Controls (N = 133) Treatment (N = 26) Treatment (N = 94) Test Statistic p Value

Age, range, y 15-25 15-24 15-25 NA NA

Age, mean+ SD, y 189+ 29 183+ 23 201+27 F=6.80 .001
df = 2,250

Education, mean+ SD, y 128+ 22 120+ 19 126+ 20 F=1.40 .25
df = 2,249

Gender (male), N (%) 55 (41) 11 (42) 53 (56) x>=5.25 .07
df =2

Ethnicity (white), N (%) 123(92) 26 (100) 91 (97) X% =3.69 .16
df =2

Socioeconomic status, mean + SD 1.7+08 16+08 1.8+1.0 X% =1.69 43
df =2

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, NA = not applicable.

wise comparisons were made between the 3 groups. All
tests were 2-tailed with an o set at 0.05.

RESULTS

Subjects with ADHD were grouped based on their
treatment status as follows: (1) ADHD probands treated
with stimulants who took their medication at the time of
testing (ADHD active stimulant treatment: N = 26) and
(2) ADHD probands who had not taken stimulant medica-
tion in the past month (ADHD no stimulant treatment:
N = 94). Comparisons were made between these ADHD
groups and non-ADHD controls (controls: N =133).
Table 1 includes demographic information for the 3
groups. The ADHD active stimulant treatment and ADHD
no stimulant treatment groups did not differ inthelifetime
severity of their ADHD (58% vs. 64% with severe impair-
ment, respectively, x>= 0.3, df = 1, p=.57).

Neuropsychological scores (not z scored) for each
of the 3 groups are presented in Table 2. Scores were
grouped by their respective neuropsychological domains.
Figure 1 shows the mean aggregate scores of the 3 groups.
The ADHD no stimulant treatment group had signifi-
cantly lower aggregate scores compared with the controls
for the total aggregate (F =46.04; df = 1,223; p <.001;
Cohen's d=0.92), working memory (F=34.86; df =
1,223; p<.001; Cohen’s d =0.80), interference control
(F=22.50; df =1,221; p<.001; Cohen's d = 0.65), pro-
cessing speed (F = 28.65; df = 1,223; p <.001; Cohen's
d =0.73), sustained attention (F = 14.88; df = 1,216; p <
.001; Cohen’'s d = 0.54), and verbal learning (F = 22.23;
df =1,223; p<.001; Cohen's d=0.64). The ADHD ac-
tive stimulant treatment group had significantly poorer
scores on the total aggregate (F=9.56; df =1,155;
p=.002; Cohen's d=0.67), interference control (F=
18.07; df =1,154; p<.001; Cohen's d =0.92), and pro-
cessing speed (F=8.99; df =1,155; p=.003; Cohen's
d = 0.65) compared with the controls. The ADHD active
stimulant treatment subjects scored higher on sustained
attention (F = 4.47; df = 1,111; p = .04; Cohen’sd = 0.48)
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Table 2. Neuropsychological Scores (mean + SD) of
Adolescents and Young Adults With ADHD With and
Without Stimulant Treatment and Controls

ADHD Active ADHD No

Stimulant Stimulant
Controls Treatment Treatment
Domain (N =133) (N =26) (N =94)
Working memory
Arithmetic? 122+ 3.0 10.8+3.7 10.2+3.1
Digit span® 114+29 10.6+3.3 10.4+2.9
CPT memory 206+3.2 199+ 3.0 189+3.3
CPT interference 26.7+£6.5 25.8+6.6 23.1+6.8
Interference control
Stroop color-word® 53.8+10.0 43.8+100 46.8+10.2
Stroop interference® 56.1+8.5 494+7.4 522+7.7
Abstract problem solving/
set shifting
Categories 59+£05 55+14 5710
Perseverative errors® 60.1+10.7 57.6+12.7 57.9+127
Nonperseverative 548+7.7 525+81 52.6+8.8
errors®
Planning visuospatial
organization
Copy organization 105+ 3.0 10.3+3.1 9.7+34
Delay organization 9.4+35 9.9+ 35 9.4+38
Processing speed
Digit symbol® 112+29 95+31 88+3.1
Symbol search? 112+28 10.0+2.8 10.2+2.7
Stroop word® 46.6+ 7.5 43.7+83 43.3+8.6
Stroop color® 46.6+7.9  422+78  424+78
Sustained attention
ACPT vigilance 293+1.0 29.2+1.0 286+2.1
Verbal learning
CVLT 58.4+74 58.1+9.3 52.4+10.9
aScaled score.
5T score.

Abbreviations: ADHD = attention-deficit/hyperactivity disorder,
ACPT = Auditory Continuous Performance Test, CVLT = California
Verbal Learning Test.

and verbal learning (F = 5.13; df = 1,115; p = .03; Cohen’s
d =0.51) compared with the ADHD no stimulant treat-
ment subjects.

DISCUSSION

This study analyzed neuropsychological data from a
large sample of well-characterized youth with and without
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Figure 1. Domains of Standardized Neuropsychological
Scores in Adolescents and Young Adults With ADHD With
and Without Stimulant Treatment and Controls*

B Controls
© ADHD Active Stimulant Treatment
0.24 A ADHD No Stimulant Treatment
o
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8All comparisons p < .05 and adjusted for age and gender.
*Versus controls.

"Versus ADHD active stimulant treatment group.

Abbreviation: ADHD = attention-deficit/hyperactivity disorder.

ADHD ascertained from psychiatric and pediatric referral
sources. Results showed that subjects with ADHD who
were not taking stimulants on the day of testing displayed
robust neuropsychological deficits relative to non-ADHD
controls, while subjects with ADHD who took stimulant
treatment did not display some of these deficits. Results
indicate heterogeneity in the effects of stimulants on neu-
ropsychological functioning, with the largest effects being
on measures of sustained attention (ACPT) and verbal
learning (CVLT), while the weakest effects were on mea-
sures of specific domains of executive function including
organization/planning (Rey-Osterrieth Complex Figure),
working memory (Wechsler digit span and oral arith-
metic), and set shifting (WCST). These findings suggest
that stimulants may have alimited effect on EFDs in indi-
viduals with ADHD.

The strengths of this report include a large well-
characterized sample of teenagers and young adults with
and without ADHD of both sexes. An additional strengthis
the reliance on a battery of clinical neuropsychological
measures that have been shown to distinguish between in-
dividuals with and without ADHD.?® Additionally, prior
studies have documented that the executive function im-
pairments measured with this neuropsychological battery
have been shown to predict educational deficits. The sub-
jects with ADHD who were actively being treated with
stimulants had better scoresin the domains of sustained at-
tention and verbal learning compared with the ADHD sub-
jects who had not taken stimulants within the last month.
The effect size using Cohen’s d for sustained attention was
0.48 and for verbal learning was 0.51, both of which are
less than the effect of stimulants on ADHD symptoms
(about 0.9).2
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Our findings for sustained attention are consistent with
a body of literature documenting similar results using
other continuous performance tests.** Our sustained at-
tention domain comprised the vigilance subtest of the
ACPT,? and the results are consistent with the literature.
Given that these subtests were designed to target atten-
tion, which is 1 of the core components of ADHD, the bet-
ter function on these measuresis not surprising. Our other
significant finding (verbal learning) was consistent with a
study by Buschke and Fuld® that showed significant im-
provement in verbal recall of words presented over 5 tri-
as. Our verbal memory finding was based on total trials
(1-5) of the CVLT (CVLT-Child and -Second Edition ver-
sions). This score reflects appropriate encoding of the
words into short-term memory as well as the ability to re-
trieve them. Yet, in addition to aspects of memory and
learning, this measure also requires sustained attention
while the word list is verbalized to the subject.

In contrast, stimulant treatments did not affect interfer-
ence control and processing speed. Since these are mea-
sures of EFDs, these results are consistent with the disso-
ciation between the effects of stimulants on attentiona
deficits and their effects on EFDs. These findings are also
consistent with the literature that found other tests of
EFDs, such as the Tower of London,* did not show sig-
nificant medication effects.

If confirmed, these results may have important impli-
cationsfor clinicians and educators. Considering the well-
documented history of EFDs on educationa functions,
our findings emphasize the need to define ADHD and
EFDs as entities needing separate and equally important
intervention. Our results may begin to explain the ap-
parent dissociation between stimulant-associated im-
provement in core symptoms of ADHD and academic
performance. Our results support the need to target neuro-
psychological deficitsin clinical practice for appropriate
remediation approaches.

Our results should be considered in light of some
methodological limitations. Since the majority of our sub-
jects were white, our results may not generalize to other
ethnic groups. Because the sample was referred, we do
not know if our results will generalize to children with
ADHD in the general population. Since subjects were
naturalistically treated, our results need confirmation
from prospective randomized clinica trials. Although at-
tempts were made to exclude many of the primary diag-
noses that can have an impact on cognitive functioning,
subjects could have been exposed to substances or mild
head trauma between the baseline testing and follow-up.
If a major problem was identified during the structured
interview, it would have been brought to the attention of
the primary investigator of the study, and the data would
have been deleted.

Our sample was ascertained with DSM-III-R criteria
and not that of the DSM-1V. Biederman and colleagues®
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showed that 93% of children withaDSM-I11-R diagnosis
also received a DSM-1V diagnosis. However, our results
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