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Abstract

Objective: To assess the effects of lisdexamfetamine dimesylate (LDX) on executive function (EF) behaviors in children with
attention-deficit/hyperactivity disorder (ADHD).

Methods: This observational, open-label, 7-week, dose-optimization study of LDX (20-70 mg/day) in children with ADHD
evaluated efficacy with the ADHD Rating Scale I'V; safety measures included adverse events (AEs). EF was assessed with the
Behavior Rating Inventory of Executive Function (BRIEF). Post hoc analyses examined BRIEF scores by sex, ADHD
subtype, comorbid psychiatric symptoms, and common treatment-emergent AEs (TEAEs). ADHD Rating Scale IV scores
were assessed in subjects categorized by baseline BRIEF global executive composite T scores with clinically significant
(>65) or not clinically significant (<65) impairment in EF.

Results: Mean (standard deviation) change from baseline to endpoint for BRIEF of —17.9 (12.5) for Global Executive
Composite, —15.4 (12.6) for Behavioral Regulation Index, and —17.6 (12.3) for Metacognition Index demonstrated im-
provement with LDX (pooled doses; p < 0.0001 for all). Improvements in BRIEF scores were seen regardless of sex, ADHD
subtype, comorbid psychiatric symptoms, common TEAEs, or baseline EF impairment category. TEAESs included decreased
appetite, decreased weight, irritability, insomnia, headache, upper abdominal pain, and initial insomnia.

Conclusions: Improvements were demonstrated in EF behaviors and ADHD symptoms with LDX. LDX safety profile was

consistent with long-acting stimulant use.

Introduction

XECUTIVE FUNCTION (EF) 18 defined as a group of processes

(e.g., inhibition, working memory, and the ability to plan and
organize) (Gioia et al. 2000) that are dependent on and, in turn,
influence more basic cognitive abilities such as attention, language,
and perception. This top-down model of behavior control posits
that the EFs are collectively essential for setting goals and solving
problems (Miller and Cohen 2001). Similar to the functional or-
ganization of the frontal lobe (Badre 2008), EF is theorized to be
hierarchically organized and may best be viewed as involving
multiple levels of increasingly complex functioning, including
new, more multifaceted abilities, skills, and goals and increasingly
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intricate nested sets of behavioral sequences needed to achieve
those goals via management of lower levels (Changeux and
Dehaene 2000).

Barkley (1997) proposed the hypothesis that attention-deficit/
hyperactivity disorder (ADHD) symptoms may be due to EF defi-
cits. In a meta-analysis of 83 studies, children and adolescents with
ADHD exhibited significant deficits compared to those without
ADHD in neuropsychological measures of EF; the EF domains that
showed impairments included planning, spatial and verbal working
memory, response inhibition, and vigilance (Willcutt et al. 2005).
The primacy of EF deficits in ADHD has not been clearly estab-
lished, with some experts (Scheres et al. 2004; Willcutt et al. 2005)
accepting that some—but not all—patients with ADHD suffer from
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significant EF deficits; other experts assert that all patients with
ADHD have EF deficits and that ADHD is essentially a develop-
mental impairment of EF (Brown 2006).

Laboratory neuropsychological tests evaluate specific compo-
nents of tasks thought to be associated with EF (Pennington and
Ozonoff 1996). For those children with ADHD who had EF deficits
identified by neuropsychological tests, outcomes may be worse
than in those without identifiable EF impairments. Children with
ADHD having EF impairments demonstrated in a laboratory setting
also had worse task performance in a real-life setting than did
control subjects without executive dysfunction (Lawrence et al.
2002, 2004). Moreover, children with both ADHD and executive
dysfunction are at greater risk for poor academic outcomes (e.g.,
learning disabilities or repeating a grade) than are children diag-
nosed with ADHD without concurrent executive dysfunction
(Biederman et al. 2004). Impairments in specific EFs identified
with neuropsychological tests appear to be associated with worse
outcome for subjects with ADHD. However, these tests have
demonstrated considerable variability from patient to patient
(Doyle 2006).

Significant group differences exist in neuropsychological testing
between subjects with and without ADHD (Willcutt et al. 2005),
but no more than half of tested subjects with ADHD exhibit im-
pairment on any particular neuropsychological test. In fact, inhib-
itory control, the most common ADHD-associated EF impairment,
has been found in only 40%—50% of subjects (Doyle 2006). Thus,
impaired neuropsychological performance may be generally pre-
dictive of ADHD, but scores in the normal range do not rule out
ADHD. This may be because EF neuropsychological impairment is
not a universal feature of ADHD, because the subject developed
adequate compensatory mechanisms to offset impairment on a
specific test, or because the tests chosen were not the appropriate
ones for the particular subject (Doyle 2006).

Most traditional tests of neuropsychological function do not
correlate well with real-world or ecological functional outcomes
(Gioia et al. 2000). Some researchers believe that EF impairments
may be more pervasive and more apparent in observations or as-
sessments of how patients with ADHD perform daily tasks over time.
Such assessments provide a complementary perspective to labora-
tory tests. This has resulted in the development of parent-reported
questionnaire assessments of EF behaviors, theoretically based on
how specific traits apparent in neuropsychological tests may be
observable in day-to-day behavior. The Behavior Rating Inventory
of Executive Function (BRIEF) is one such tool designed to evaluate
EF using eight domains of executive functioning: Inhibition, shifting
(i.e., moving freely from one thing to another), emotional control,
initiation (i.e., beginning a task), working memory, planning/orga-
nizing, organizing materials, and monitoring (i.e., checking work)
(Gioia et al. 2000). The BRIEF has previously been used in children
with and without ADHD to evaluate EF behaviors (Jarratt et al.
2005; Bodnar et al. 2007; Mahone and Hoffman 2007). The BRIEF
was designed to assess real-world EF behaviors in the home and/or
school as assessed by parents and teachers using a behavior rating
scale (Gioia et al. 2000) and may capture deficits not evident on
isolated laboratory performance tests. The BRIEF has demonstrated
convergent and divergent validity with a number of measures of
behavioral and emotional functioning, respectively (Gioia et al. 2000).
Recent data suggest partial convergence between neuropsychological
testing of EF and the behavioral ratings of EF as assessed by the
parent- and teacher-rated BRIEF (Toplak et al. 2009).

Emotional regulation is thought to be an important aspect of EF
and is one of the domains assessed by the BRIEF (Gioia et al. 2000).
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Alterations in emotional regulation due to problems related to
behavioral inhibition have been hypothesized to be important
components in the EF deficits associated with ADHD (Barkley
1997). Other experts posit that managing frustration and regulating
emotion comprise one of several cognitive functions affected by
deficits in executive functioning (Gioia et al. 2002; Brown 2006).
Accompanying analysis of EF with concurrent analysis of emo-
tional regulation may provide a more complete assessment of the
impact and functional impairments associated with ADHD.

Stimulants have demonstrated efficacy in the management of
ADHD symptoms in children (Brown et al. 2005). Moreover,
stimulants may improve EF; in an open-label pilot study, adults
diagnosed with ADHD who were administered a long-acting
stimulant had significant improvement in EF (p <0.0085) (Fallu
et al. 2006). Emotional regulation may also be impacted by the
administration and subsequent wearing off of a stimulant. Thirty
percent of children with ADHD who were given a stimulant ex-
perienced some rebound when the medication began to wear off
before the next dose; symptoms included sadness, crying, insom-
nia, irritability, or euphoria, but this rebound was serious in only
8.7% of the cases (Carlson and Kelly 2003). Switching medications
from a stimulant to either a different stimulant or a nonstimulant
has also been shown to improve emotional expression in some
children with ADHD (Kratochvil et al. 2007).

Lisdexamfetamine dimesylate (LDX; Vyvanse®; Shire US Inc.)
is the first long-acting prodrug stimulant and is indicated for the
treatment of ADHD in children 6-12 years of age and in adults.
LDX is a therapeutically inactive molecule (Leroux et al. 2009).
After oral ingestion, LDX is converted to l-lysine and active
d-amphetamine, which is responsible for the therapeutic effect.
Although a small amount of LDX is hydrolyzed to d-amphetamine
in the gastrointestinal tract, the conversion of LDX into active
d-amphetamine occurs primarily in the blood. The combination of
I-lysine and d-amphetamine created a new chemical entity with a
prodrug technology of delivery of d-amphetamine (Pennick 2010).

In a randomized, controlled trial in children with ADHD, LDX
was effective throughout the day, up to 6 p.m., as measured by
parent ratings. Efficacy was also demonstrated by clinician mea-
sures (Biederman et al. 2007b). The most common adverse events
(AEs) associated with LDX included decreased appetite, insomnia,
abdominal pain, and irritability (Biederman et al. 2007b). LDX was
effective from 1.5 to 13 hours postdose in a randomized, controlled
trial in children in a laboratory classroom study (Wigal et al. 2009).
AEs were consistent with other pediatric studies of LDX.

A 7-week, open-label, dose-optimization study of LDX in
children aged 6-12 years with ADHD provided an opportunity to
further evaluate the effectiveness and safety of LDX and to evaluate
the impact of LDX on EF (Findling et al. 2009). This analysis
presents a priori and post hoc analyses of data related to EF and
emotional expression with the goals of providing a broad assess-
ment of EF deficits and LDX treatment-related improvements in
EF in children with ADHD, and to examine whether factors
such as sex, ADHD subtype, and comorbid psychiatric symptoms
influence EF.

Methods

Study design

This prospective, open-label, multicenter (46 centers throughout
the United States; 42 sites enrolled subjects), dose-optimization
study was conducted between June 2007 and January 2008 to
evaluate the efficacy and safety of LDX (20, 30, 40, 50, 60, and
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70 mg/day) in children aged 6—12 years with a primary diagnosis of
ADHD. The study protocol was approved by the institutional re-
view board at each study center, and the study was performed in
accordance with the principles of the International Conference on
Harmonization Good Clinical Practice, 18th World Medical As-
sembly (Helsinki, 1964), and amendments of the 29th (Tokyo,
1975), the 35th (Venice, 1983), the 41st (Hong Kong, 1989), and
the 48th (South Africa, 1996) World Medical Assemblies. All
subjects’ parents or legally authorized representatives read and
signed an informed consent form.

The study consisted of three phases: (1) Screening and medica-
tion washout (2 weeks); (2) open-label dose optimization (5 weeks)
and maintenance (2 weeks); and (3) 30-day safety follow-up.

Dose-optimization phase

The 5-week dose-optimization phase was initiated after the
completion of the baseline visit (visit 0); the morning after the
baseline visit, all subjects were administered LDX at a dosage of
20 mg/day for the entire week. An acceptable response was defined
as a significant reduction in ADHD symptoms, defined by a > 30%
reduction in the ADHD Rating Scale IV (ADHD-RS-1IV) score and
a Clinical Global Impressions-Improvement scale score of 1 (very
much improved) or 2 (much improved) with tolerable side effects.
If a subject had an acceptable response, that dosage was maintained
for the remainder of the study. If an acceptable response was not
achieved, the dosage was increased in a stepwise manner by 10 mg/
week (i.e., LDX dosages available: 20-70 mg/day). In the event of
intolerable side effects during the dose-optimization phase, one
downward titration was permitted, but if side effects persisted at
the next lower dose, the subject was discontinued from the study.
Week 5 was the last visit that a dose could be modified; subjects
who did not achieve an acceptable response or had intolerable
AEs were discontinued from the study. During the titration phase,
if an acceptable dose was well tolerated but, in the opinion of the
clinical investigator, a subject could potentially achieve greater
symptom reduction, the dose could be increased to the next
strength.

Maintenance and follow-up phase

The maintenance phase of the study was during weeks 6 and 7, at
which visits efficacy and safety assessments were completed. For
follow-up, subjects were contacted by telephone ~ 30 days after the
last dose of LDX to monitor for the presence of ongoing or new
AEs, serious AEs, and concomitant medications. Follow-up con-
tinued until all AEs were resolved.

Subjects

Male and female children, aged 6-12 years, with a primary di-
agnosis of ADHD according to the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition, Text Revision (DSM-IV-
TR) (American Psychiatric Association 2000), and a baseline
ADHD-RS-IV score >28 were eligible for the study. Additional
eligibility criteria included blood pressure measurements within the
95th percentile for age, sex, and height. Subjects diagnosed with
conduct disorder, a comorbid psychiatric disorder with significant
symptoms, and a history (within the past 6 months) of or suspected
substance abuse or dependence disorder (excluding nicotine) were
excluded from the study. Subjects were also excluded if they had a
positive urine drug test, clinically significant (CS) electrocardio-
gram or laboratory abnormality, weight <50 Ib, or body mass index

505

>98th percentile. Subjects well controlled on their current ADHD
therapy were ineligible for the study as well as were individuals
taking other medications that have central nervous system effects or
affect performance.

Efficacy and safety measures

The primary efficacy measure was the clinician-completed
ADHD-RS-1V score (Faries et al. 2001), based on the parent and
teacher ADHD-RS developed by DuPaul et al. (1998), at endpoint
(the score collected on day 49 or the last score collected post-
baseline) compared with the ADHD-RS-IV score at baseline.
ADHD-RS-IV measurements were collected at baseline and
weekly during the dose-optimization and maintenance phase. Three
scores were derived from the ADHD-RS-IV: The total score and 2
subscales (inattention and hyperactivity-impulsivity), which eval-
uate the 18 Diagnostic and Statistical Manual of Mental Disorders,
4th edition (DSM-IV) (American Psychiatric Association 1994)
symptom domains of ADHD. Items on the ADHD-RS-IV are
scored from O (never or rarely exhibits symptom) to 3 (very often
exhibits symptom); ADHD-RS-1V total score can range from 0 to
54, whereas each subscale score can range from 0 to 27 (DuPaul
et al. 1998; Faries et al. 2001).

Other efficacy measures collected during this study included the
Expression and Emotion Scale for Children (EESC) (Perwien et al.
2008) and the BRIEF. The parent-rated EESC was administered at
baseline and the final study visit (visit 7 or early termination). The
EESC includes 29 questions, with a 5-point rating scale ranging
from 1 (not at all true) to 5 (very much true) and has three subscales:
Emotional flatness, positive emotions, and emotional lability
(Perwien et al. 2008). Questions are designed to allow parents to
rate characteristics of their child’s emotional expression: My child
does not talk enough; my child’s mood is flat; my child has sparkle
in his/her personality; my child seems happy; my child gets upset
easily; my child’s personality seems ‘“dampened,” etc.

The BRIEF was administered at baseline and the final study visit
(visit 7 or early termination). This parent-rated measure contains 86
items, scored as 1 (never), 2 (sometimes), or 3 (often) (Gioia et al.
2002). These 86 items are categorized based on assessment of eight
domains of EF behaviors (Gioia et al. 2000): Emotional control
(e.g., overreacts to small problems); initiate (e.g., is not a self-
starter); working memory (e.g., when given three things to do, only
remembers the first or last); organization of materials (e.g., leaves
playroom a mess); shift (e.g., tries the same approach to a problem
over and over when it does not work); plan/organize (e.g., does not
bring home homework, assignment sheets, materials, etc.); monitor
(e.g., does not check work for mistakes); and inhibit (e.g., interrupts
others). Although several factor models for the BRIEF have been
proposed, the current study used the original model in which the
BRIEF has three summation indices: The Behavioral Regulation
Index (BRI), which comprises inhibit, shift, and emotional control
domains; the Metacognition Index (MCI), which comprises
working memory, initiate, plan/organize, organization of materials,
and monitor domains; and the Global Executive Composite (GEC)
index, which includes all eight of the previously described do-
mains. Each subject’s raw BRIEF index score, GEC, BRI, MCI,
and individual BRIEF domains were used to derive standardized T
scores from tables in the BRIEF Professional Manual (Gioia et al.
2000). BRIEF T scores can be categorized as CS (scores >65, 1V2
standard deviation [SD] above the population norm) or not clini-
cally significant (scores <65, <1%2 SD above the population norm),
with higher BRIEF T scores indicating poor executive functioning
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TABLE 2. MEAN BEHAVIOR RATING INVENTORY
oF ExecuTivE FUNCTION T ScorRE CHANGES
FROM BASELINE TO END-OF-STUDY VISIT
(INTENTION-TO-TREAT POPULATION)

BRIEF subscale Mean (SD) change®

Inhibit —16.3 (12.4)
Shift —12.6 (12.9)
Emotional control —10.9 (12.8)
Initiate —13.8 (11.8)
Working memory —17.9 (12.4)
Plan/organize —16.6 (12.6)
Organization of materials —10.6 (10.0)
Monitor —14.7 (12.4)

p < 0.0001 for all subscales based on one-sample t-test.
Abbreviation: BRIEF = Behavior Rating Inventory of Executive Func-
tion; SD = standard deviation.

Of the 308 subjects in the intention-to-treat population who had
both baseline and endpoint (visit 7 or early termination) BRIEF
measurements, there was a significant improvement in BRIEF in-
dices, as demonstrated by the mean (SD) changes in the GEC
(—17.9 [12.5], p <0.0001), BRI (—15.4 [12.6], p <0.0001), and
MCI (—17.6 [12.3], p<0.0001). Moreover, there was an im-
provement in all eight domains of the BRIEF; the mean change in T
score from baseline to the last visit significantly improved for all
eight domains (p < 0.0001) (Table 2).

For the evaluation of treatment outcome by ADHD subtype, the
mean (SD) GEC T scores for subjects with inattentive, hyperactive-
impulsive, and combined ADHD subtypes were CS at baseline.
Also at baseline, the mean (SD) MCI T score was CS in the
inattentive and the combined subtype, but not the hyperactive-
impulsive (T = 64.3 [8.1]), whereas the mean (SD) BRI T score was
CS in the combined and hyperactive-impulsive subtypes but not
the inattentive (T =61.2 [12.8]). At endpoint, scores of none of
the BRIEF indices remained CS (Fig. 1).

Analysis demonstrated that both sexes had CS baseline T scores
and improvement on all indices. For female subjects with both
baseline and endpoint BRIEF scores (n = 90), mean (SD) baseline

100 4 Global Executive Behavioral Regulation MetaCognition
] Composite Index Index
90
o 804
8
8 704, _{,_ Tl i
= 60
a
@ 504
c
é 40
30
20
104
0 T T T 1
Baseline Endpoint Baseline Endpoint Baseline Endpoint
[0 Predominantly inattentive
[ Predominantly hyperactive-impulsive
O Combined
FIG. 1. Mean (SD) BRIEF T scores at baseline and end of study

by ADHD subtype (intention-to-treat population). At baseline and
endpoint, n =54 and 51 for the inattentive, n =4 and 4 for the
hyperactive-impulsive, n =257 and 253 for the combined groups,
respectively. Dashed line represents standardized T score of 65.
T scores >65 have potential clinical significance. Error bars indicate
SD. ADHD = attention-deficit/hyperactivity disorder; BRIEF =
Behavior Rating Inventory of Executive Function; SD = standard
deviation.
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GEC, BRI, and MCI scores were 76.1 (9.9), 72.1 (12.1), and
76.0 (9.4), respectively. For male subjects with both baseline and
endpoint BRIEF scores (n =218), mean (SD) baseline GEC, BRI,
and MCI scores were 73.1 (8.3), 70.7 (11.6), and 71.9 (7.7), re-
spectively. At endpoint, scores of none of the BRIEF indices re-
mained CS, and all showed significant improvement ( p < 0.0001)
from baseline for both female and male subjects. Mean (SD)
changes from baseline scores for female subjects were —19.4
(12.4), —15.9 (12.5), and —19.8 (12.3) for GEC, BRI, and MCI
indices, respectively. Mean (SD) changes from baseline scores for
male subjects were —17.3 (12.5), —15.2 (12.6), and —16.6 (12.3)
for GEC, BRI, and MCI indices, respectively.

Post hoc assessment showed significant (p < 0.0001) correlation
coefficients of 0.509, 0.396, and 0.346 between baseline BRIEF
GEC index and ADHD-RS-1V total, hyperactivity/impulsivity, and
inattentiveness subscale scores, respectively. At endpoint, corre-
lation coefficients between BRIEF GEC index and ADHD-RS-IV
total, hyperactivity/impulsivity, and inattentiveness subscale scores
were 0.648, 0.554, and 0.636, respectively (p < 0.0001). Similarly,
for change from baseline to endpoint scores, correlation coeffi-
cients between BRIEF GEC index and ADHD-RS-IV total, hy-
peractivity/impulsivity, and inattentiveness subscale scores were
0.605, 0.505, and 0.548, respectively (p < 0.0001).

Similar findings were observed for subjects with and without a
history of other psychiatric symptoms; LDX was effective for both
groups: At baseline, the mean T scores for all three BRIEF indices
were >65. At endpoint, the mean (SD) change in GEC, BRI, and
MCI scores for subjects with and without a history of comorbid
psychiatric symptoms, psychiatric diagnosis, or condition (in-
cluding oppositional defiant disorder, depression, insomnia, initial
insomnia, and emotional lability) was improved compared with
baseline scores (Fig. 2). Also, for subjects who reported common
TEAEsS (those with overall incidence >5%) and for those who did
not report common TEAEs, LDX was effective; at baseline, the
mean T scores for all three BRIEF indices were >65. At endpoint,
the mean (SD) change in GEC, BRI, and MCI scores for subjects
who did or did not report commonly occurring TEAEs improved
compared with baseline scores (Fig. 2).

Global Executive
0 Composite

Behavioral Regulation
Index

MetaCognition
Index

-20

in Standardized T Score

a
-30 a a

a a a a a

Mean (SD) Change From Baseline

O Subjects without history of psychiatric symptoms (n=287)
-40- @ Subjects with history of psychiatric symptoms (n=21)

O Subjects reporting common TEAEs (n=232)

71 Subjects not reporting common TEAEs (n=76)

FIG. 2. Mean BRIEF T score changes from baseline at end of
study/early termination by history of psychiatric symptoms on
medical history and by incidence of common TEAEs (intention-
to-treat population). Common TEAEs were those reported by
>5% of patients with both baseline and end-of-study BRIEF
assessments (i.e., upper abdominal pain, affect lability, decreased
appetite, headache, initial insomnia, insomnia, irritability, nausea,
vomiting, and decreased weight). *p <0.0002 based on one-sam-
ple #-test versus baseline. Error bars indicate SD. TEAEs = treat-
treatment-emergent adverse events.
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The safety profile of LDX was evaluated in the safety population
(n=317), which was defined as all subjects who received >1 dose
of medication. Detailed safety data for this study are presented
elsewhere (Findling et al. 2009). There were no deaths and the
incidence of serious TEAEs was low (two subjects). Of the subjects
who had serious TEAEs, one subject had syncope and the other had
sinus pauses, but both of these subjects had a history of cardio-
vascular issues. The overall incidence of TEAEs was 84.9%. The
most common TEAEs were decreased appetite, decreased weight,
insomnia, irritability, headache, upper abdominal pain, and initial
insomnia. These TEAEs were of mild to moderate severity in the
majority of subjects (Findling et al. 2009).

Discussion

The results of this study indicate that LDX was effective in
improving parent ratings of behaviors related to executive dys-
function and investigator ratings of ADHD symptoms in children
with ADHD. Overall, emotional expression also improved slightly
in children with LDX treatment. Significant improvement in
BRIEF composite, index, and domain scores as well as improve-
ment in ADHD-RS-IV scores from baseline to endpoint were seen.
EF behaviors improved from baseline BRIEF index T scores that
were indicative of CS executive dysfunction to endpoint scores that
were no longer considered CS.

A number of studies using the BRIEF have characterized EF
behavior deficits and assessed the extent of the functional impact of
such EF deficits in children and adolescents with ADHD (Jarratt
et al. 2005; Riccio et al. 2006; Mares et al. 2007; McCandless and
O’Laughlin 2007; Qian et al. 2007; Qian and Wang 2007; Sullivan
and Riccio 2007; Toplak et al. 2009). To date, few published
studies have analyzed the effects of treatment on aspects of EF as
measured by the BRIEF. Unlike the study by Qian et al. (2007) of
children with ADHD, which showed improvement in EF behaviors
with long-acting oral osmotic-release methylphenidate treatment in
GEC, MCI, and some individual domain scores (working memory,
monitor, and inhibition), there was consistent improvement in all
BRIEF indices and subscales in this study with LDX.

Significant correlations between ADHD-RS-IV total scores and
BRIEF GEC index were demonstrated. While r values for corre-
lations of endpoint and change scores were generally in the range
considered high, those at baseline were somewhat lower, in the
medium range. There has been limited analysis of the correlation
between ADHD symptoms and behavioral domains of EF. In a
recent study of adolescents with ADHD, no significant associations
were noted between ADHD symptoms and performance-based
(e.g., neuropsychologic) measures of EF. Conversely, parent-rated
inattention and hyperactivity/impulsivity on the Conners’ Parent
Rating Scales were significantly correlated (p =0.001) with par-
ent-rated BRIEF scores (Toplak et al. 2009). In a recent neuro-
psychiatric assessment of effortful control in children with varying
levels of ADHD symptoms, children with higher scores for ADHD
symptoms demonstrated poorer effortful control by several mea-
sures (Wiersema and Roeyers 2009). Although the findings of the
current study indicate that EF behaviors may be associated with
specific ADHD symptomatology and that improvements in EF
behaviors track with ADHD symptom improvement, this correla-
tion analysis cannot provide direct evidence that specific executive
dysfunctions cause these symptoms. Additionally, the level of
correlation between the BRIEF and ADHD-RS-IV seen in the
current study raises interesting questions related to the degree of
commonality between assessments of ADHD symptoms and of EF
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behaviors: How do these assessments overlap and how do they
diverge? Addressing such questions with further analysis may
provide useful information on the clinical utility of applying
broadened assessment measures to obtain a more complete picture
of the impact of ADHD and the benefits of treatment.

In a further analysis of ADHD symptom groups (e.g., combined,
inattentive, and hyperactive-impulsive subtypes), the majority of
baseline mean EF GEC, BRI, and MCI scores for subjects cate-
gorized with all three ADHD subtypes were >65 and considered
CS. The exceptions at baseline are, again, consistent with what one
might expect: Those diagnosed with predominantly inattentive
subtype of ADHD did not reach the CS level on the BRIEF and
those found to have predominantly hyperactive-impulsive ADHD
subtype did not reach the CS level on the MCI. All mean BRIEF
index scores, regardless of ADHD subtype, improved and were
<65 at study endpoint. A difference in the EF of subjects by ADHD
subtype has previously been observed, although these results differ
between studies (Gioia et al. 2000; Geurts et al. 2005; Willcutt et al.
2005). A meta-analysis found differences in EF of subjects with
combined or inattentive ADHD subtype, although subjects with
hyperactive-impulsive ADHD subtype appeared to have fewer EF
deficits (Willcutt et al. 2005). In another study, children with
combined ADHD subtype had deficits in the inhibition domain of
EF compared with normal controls, whereas no differences in EF
were found between the children with combined ADHD subtype
and children with inattentive ADHD subtype (Geurts et al. 2005).
Sex differences in another study may have confounded the results
in detecting differences between the EF of the different ADHD
subtypes; although children with either inattentive or combined
ADHD subtype did not exhibit differences in EF, when male sub-
jects were evaluated separately, differences in EF between the two
ADHD subtypes were demonstrated (Riccio et al. 2006).

For subjects with and without history of other psychiatric
symptoms, EF behavior dysfunction was similar as demonstrated at
baseline by T scores >65. At endpoint, significant improvement to
scores <65 was seen regardless of history of comorbid psychiatric
symptoms. EF deficits have been found in patients with other
neuropsychiatric disorders such as depression (DeBattista 2005),
bipolar disorder (Quraishi and Frangou 2002; Doyle et al. 2005),
and high-functioning autism (Geurts et al. 2004; Verté et al. 2005).
However, there is no clear interrelationship between comorbid
neuropsychiatric disorders and the occurrence or severity of EF
deficits (Geurts et al. 2004; Oosterlaan et al. 2005; Sarkis et al.
2005). The findings of this study suggest that improvement in EF
behavioral deficits with LDX treatment are not significantly af-
fected by the presence or absence of comorbid psychiatric symp-
toms. Similarly, when evaluated by sex, CS impairment in EF was
seen at baseline in both male and female subjects, and treatment
with LDX resulted in significant improvement in EF for subjects of
both sexes. Although EF and, for that matter, ADHD have been
more extensively studied in boys (Biederman et al. 2008), evidence
confirms that girls are affected by EF deficits in multiple function
domains and settings (Houghton et al. 1999; Biederman et al. 2008;
Wodka et al. 2008).

The majority of TEAEs reported in this study were mild to
moderate in severity. TEAEs of highest incidence included de-
creased appetite, decreased weight, irritability, and insomnia. The
incidence, profile, and severity of TEAEs were similar to those
reported in other recent studies of LDX in children with ADHD
(Biederman et al. 2007a, 2007b; Findling et al. 2008; Wigal et al.
2009), as well as similar to those reported for other long-acting
stimulants (Wolraich et al. 2001; McCracken et al. 2003; McGough
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et al. 2005; Steele et al. 2006). In general, LDX demonstrated a
safety profile consistent with that of long-acting stimulant use.

There are limitations to the ability to draw conclusions from this
study based on inherent design features. As an open-label study
without a comparator arm, the ability to draw definitive conclusions
regarding overall efficacy and safety of LDX is limited. In addition,
studies that evaluate executive dysfunction frequently use normal
controls to assess the characteristics and severity of deficits found
in the subjects with ADHD. Although normative scores for the
BRIEF composite and subscores have been proposed to allow
evaluation of EF deficits in the absence of such normal controls, the
numbers of subjects assessed to date, especially in clinical settings
outside the auspices of a research protocol, are limited. Ad-
ditionally, this study used parent-rated, but not teacher-rated
BRIEF assessments. The differing perspectives of parents and
teachers can be a valuable source for broader and more thorough
assessment when logistical and scientific considerations allow for
analysis of both forms simultaneously. This study used post hoc
data analyses, which evaluated baseline and treatment-related
changes in EF where some subgroups of subjects were small (e.g.,
four subjects in the hyperactivity/impulsivity ADHD subtype
group). Also, inherent in post hoc analysis, the ability to use sta-
tistical measures of hypothesis testing is limited. Further statistical
analyses and additional studies may shed light on the important
interrelationship of core ADHD symptoms and EF deficits. Finally,
the study was of relatively short duration; therefore, it was not
possible to evaluate long-term safety and effectiveness of LDX and
its impact on EF.

In conclusion, treatment with LDX was associated with im-
provement in EF behaviors regardless of ADHD subtype, the
presence or absence of comorbid psychiatric symptoms, or the
occurrence of common TEAEs. Significant improvements were
seen in all identified domains of EF behavior. This study in a large
sample of children with ADHD provides evidence that optimized
treatment of ADHD with the long-acting prodrug stimulant LDX
was effective in reducing parent-reported EF behavioral deficits
from levels considered CS and may, thus, provide relief from the
negative impact of ADHD-related EF deficits in real-world set-
tings. These findings provide additional evidence of the presence
and extent of EF behavioral deficits from a post hoc analysis by sex
in a large group of boys and girls with ADHD, adding substantially
to the overall numbers of subjects assessed by this method. Overall,
these findings strengthen the notion that real-world behaviors, re-
flecting EF deficits, adversely affect many children with ADHD,
and the negative impact on different domains of EF behavior may
improve significantly with ADHD pharmacotherapy.
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