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Relationships Between Executive Function Improvement
and ADHD Symptom Improvement With Lisdexamfetamine
Dimesylate in Adults With ADHD and Executive Function Deficits:

A Post Hoc Analysis

Thomas E. Brown, PhD?*; Jie Chen, MSP; and Brigitte Robertson, MD¢

ABSTRACT

Objective: Executive function (EF) deficits are not generally considered
synonymous with attention-deficit/hyperactivity disorder (ADHD).
Evidence suggests stimulants improve ADHD symptoms and EF deficits
in adults with ADHD, but the relationships between improvements in
these domains have not been studied.

Methods: These post hoc analyses used data from a 10-week double-
blind, placebo-controlled study of adults with ADHD and EF deficits
treated with lisdexamfetamine dimesylate (30-70 mg) or placebo
conducted from May 2010 to November 2010. Efficacy endpoints
included change from baseline at week 10/early termination (ET) in self-
report Behavior Rating Inventory of Executive Function-Adult Version
(BRIEF-A) Global Executive Composite (GEC) T-score and ADHD-Rating
Scale with Adult Prompts total score (ADHD-RS-AP-TS). Relationships
between ADHD symptom and EF changes were examined using
recursive path analyses.

Results: Mediation proportions were 0.62 (indirect and total treatment
effect coefficients [95% Cl]: -6.85 [-9.83 to —-3.86] and -11.12 [-14.88 to
-7.371) for self-report BRIEF-A GEC T-score change from baseline at week
10/ET on ADHD-RS-AP-TS change from baseline at week 10/ET and 0.93
(indirect and total treatment effect coefficients [95% Cl]: -10.34 [-14.11
to —6.57] and -11.18 [-15.80 to —6.55]) for ADHD-RS-AP-TS change from
baseline at week 10/ET on self-report BRIEF-A GEC T-score change from
baseline at week 10/ET.

Conclusions: Although these data suggest ADHD symptom and EF
deficit improvement following lisdexamfetamine are interdependent,
it is advantageous to use measures like the BRIEF-A to assess stimulant
effects on the wide range of EF deficits associated with ADHD that are
not captured by the ADHD-RS-AP alone.

Trial Registration: Data used in this secondary analysis came from
ClinicalTrials.gov identifier: NCT01101022.
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The understanding of attention-deficit/
hyperactivity disorder (ADHD) has evolved
over the past decade, with substantial clinical and
empirical research suggesting diagnostic criteria
for ADHD based on previous and current versions
of the Diagnostic and Statistical Manual of Mental
Disorders (DSM) and measures of executive function
(EF) are best used together to more fully understand
the impairment, prognosis, and therapeutic needs of
patients with ADHD. Although it is widely accepted that
ADHD is a complex syndrome, impairment of central
cognitive management systems, specifically EF and
related activities, appears to result in some of the most
impairing and predictive features of ADHD.! ™ EF refers
to activities carried out by brain circuitry that prioritize,
integrate, and regulate other cognitive activities.
Gioia et al® defined EF as processes responsible for
purposeful, goal-directed, problem-solving behavior,
such as those that manage, guide, and direct cognitive,
emotional, and behavioral functions. As noted by Vohs
and Baumeister,® EF provides a mechanism for self-
regulation. Depending on the criteria used to define
EF impairment, approximately 30% to >70% of adults
diagnosed with ADHD based on the DSM, Fourth
Edition (DSM-IV) exhibit some level of EF deficit.”®
Barkley et al,’ Biederman et al,'’ Faraone et al,'!
and Kessler et al'? have presented data demonstrating
that combining specific types of EF impairments with
DSM-based ADHD diagnostic criteria provides a
more adequate ADHD assessment than do the DSM
ADHD criteria alone. In a study assessing 2 national
community samples of adults who were screened for
ADHD using both EF measures and DSM-IV symptom
criteria, Kessler et al'? reported that a factor analysis
indicated a 3-factor structure for adult ADHD. One
of the factors included 6 non-DSM symptoms related
to EF (difficulty planning, prioritizing, multitasking,
remembering details, meeting deadlines, and
maintaining self-discipline) and 3 DSM symptoms
related to EF (difficulty organizing tasks, makes careless
mistakes, and loses things). Further, logistic regression
analyses demonstrated that EF deficits (ie, difficulty
prioritizing work, trouble planning ahead, cannot
complete tasks on time) were discriminating predictors
of adult ADHD.!? On the basis of these findings and
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Clinical Points

B |mpairment of executive function is increasingly
recognized as a useful elaboration of the diagnostic
criteria for attention-deficit/hyperactivity disorder (ADHD)
based on the Diagnostic and Statistical Manual of Mental
Disorders (DSM).

B Self-report rating scales, such as the Behavior Rating
Inventory of Executive Function-Adult Version (BRIEF-A),
can provide an effective normed measure of executive
function impairments associated with ADHD.

B Use of a normed self-report scale, such as the BRIEF-A, in
combination with DSM criteria for ADHD can provide a
useful way to identify patients with ADHD, to monitor the
effectiveness of ADHD treatment for a range of symptoms,
and to provide guidance for increasing the effectiveness
of ADHD treatment.

others, the authors concluded that problems associated with
EF are present among almost all adults with ADHD.!>!3
Additionally, the symptoms of adult EF had no significant
comorbidities with other DSM-IV disorders and therefore
can be used to differentiate other conditions from ADHD.!2
In support of these findings, a validation of the Adult ADHD
Self-Report Scale based on the DSM, Fifth Edition (DSM-5
ASRS), included 2 non-DSM-5 EF symptoms (puts things
off to last minute, depends on others to keep life in order)
in a 6-item screener.!* Furthermore, in an analysis of the
relationship between the core ADHD symptoms as defined
by the DSM-5 and EF, it was demonstrated that both the
inattentive and hyperactive/impulsive symptoms of ADHD
were significantly correlated with and highly predictive of
EF deficits."?

Although there is an emerging consensus on the important
role of EF in mediating ADHD symptoms, there is lack of
agreement on the role of self-report EF scales in diagnosing
ADHD or an appreciation of how the relationship between
EF and DSM-defined ADHD symptoms may affect treatment
decisions or patient outcomes. Although some assume EF
impairments must be measured with classical tests of EF,
there is support for using normed rating scales that elicit
information about the effectiveness of an individual’s EF
for multiple tasks of daily life in a variety of settings over
time.>16-20 Furthermore, some studies'®!? suggest EF rating
scales are better than neuropsychological tests of EF for
assessing impairment of major life activities. In a study'?
comparing neuropsychological tests of EF with self-reported
EF rating scales, self-report rating scales were significantly
more effective in predicting impairment on multiple
measures of occupational functioning. Another study!’
of individuals with ADHD and EF deficits (and full-scale
intelligence quotients >70) provided additional support
for using self-report rating scales to assess ADHD-related
impairments of EF. In this study,'® neuropsychological
tests primarily identified participants with lower IQ and
achievement test scores, while self-report EF measures
identified individuals with more severe ADHD symptoms,

higher frequencies of psychiatric comorbidities, and greater
levels of interpersonal deficits. All of the studies of EF and
ADHD cited previously, including Barkley et al,’ Biederman
et al,'” Faraone et al,'! and Kessler et al,'? utilized normed
rating scales, not neuropsychological tests. Thus, the data
obtained from these studies support the concept that ADHD
assessment is done most effectively when using both DSM
diagnostic criteria and self-report measures of EF.

Although studies?'~*” have examined various relationships
between EF and ADHD, the effect of ADHD pharmacotherapy
on DSM-based ADHD symptoms and on EF measured
using normed self-report EF rating scales in adults with
DSM-1V Text Revision (DSM-IV-TR)-based ADHD has not
been systematically studied. In a published study of adults
with ADHD and clinically relevant EF deficits, defined as
self-report Behavior Rating Inventory of Executive Function—
Adult Version (BRIEF-A) Global Executive Composite
(GEC) T-scores > 65, lisdexamfetamine dimesylate produced
significantly greater EF improvement than placebo. At
treatment week 10/early termination (ET), least square (LS)
mean BRIEF-A GEC T-score changes from baseline (primary
efficacy endpoint) were -22.3 with lisdexamfetamine and
-11.1 with placebo, representing an effect size of 0.74.2% In
the same study,”® LS mean ADHD-Rating Scale with Adult
Prompts (ADHD-RS-AP) total score reductions from baseline
at week 10/ET (secondary efficacy endpoint) were -21.4 with
lisdexamfetamine and -10.3 with placebo, representing an
effect size of 0.94. However, the relationship between ADHD
symptom improvement and EF improvement in this study was
not investigated, and no such analyses have been conducted
in other ADHD pharmacotherapy studies.

Given the association of EF with adult ADHD,'>% it
could be hypothesized that the effects of lisdexamfetamine
on ADHD symptoms and EF in the aforementioned study?®
were interdependent. This article reports post hoc analyses
of data from the aforementioned lisdexamfetamine study.”
These analyses were conducted to assess the reciprocal
relationships between the effects of lisdexamfetamine on
EF, as measured by the normed BRIEF-A self-report and
informant report, and DSM-IV-TR-based ADHD symptoms,
as measured by ADHD-RS-AP score change. Specifically,
path analyses were used to examine (1) how improvement
in EF following lisdexamfetamine mediates improvement
in ADHD symptoms and, conversely, (2) how improvement
in ADHD symptoms following lisdexamfetamine mediates
improvement in EE.

METHODS

The overall methodology of this phase 4 study has
previously been described.?® Key information related to the
study design and participants is summarized in the following
sections.

Study Design and Treatment Regimen
This randomized, double-blind, placebo-controlled study
(ClinicalTrials.gov identifier: NCT01101022) enrolled adults
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with ADHD and elinically relevant EF deficits from 33 clinical
research sites in the United States between May 2010 and
November 2010. The study was conducted in accordance
with the guidelines of the International Conference on
Harmonization of Good Clinical Practice and the principles
of the 18th World Medical Assembly, including amendments
of the 29th, 35th, 41st, and 48th World Medical Assemblies
and the Declaration of Helsinki. The protocol and relevant
supporting materials were reviewed and approved by local
institutional review boards and appropriate regulatory
agencies before study initiation. Written informed consent
was required from participants before any procedures were
conducted.

Following a screening and washout period, eligible
participants were randomized 1:1 to dose-optimized
lisdexamfetamine or to placebo capsules that were identical
in appearance to lisdexamfetamine capsules. Participants
then entered a 10-week double-blind treatment phase (4
weeks of dose optimization, followed by 6 weeks of dose
maintenance). During the 4-week dose-optimization period,
lisdexamfetamine treatment was initiated at 30 mg during week
1. The dose was then increased to 50 mg during treatment week
2 and 70 mg during treatment week 3. A single dose reduction
was permitted during dose optimization. During the 6-week
dose-maintenance period, participants were maintained on
the optimized lisdexamfetamine dose established during dose
optimization; no further dose reductions were allowed. A
participant’s optimal dose was defined as one associated with
a 230% decrease in ADHD-RS-AP total score from baseline
and a Clinical Global Impressions-Improvement rating of 1
or 2, with acceptable tolerability.

Participants

Men or women (aged 18-55 years) meeting DSM-IV-TR
criteria for a primary ADHD diagnosis were eligible to
participate. Participants were required to have baseline
self-report BRIEF-A GEC T-scores =65 and baseline ADHD-
RS-AP total scores >28. Participants were also required to
have a close domicile relationship (eg, spouse or significant
other) for =6 months before screening to ensure availability
of an informant able to report the participant’s behavior and
symptoms.

Individuals were excluded if they had comorbid psychiatric
conditions, including severe Axis I or II disorders, controlled
with prohibited medications or uncontrolled and associated
with significant symptoms. Additional exclusion criteria
included having a body mass index < 18.5 kg/m? or >40 kg/
m?; being considered a suicide risk, having previously made
a suicide attempt, or currently demonstrating active suicidal
ideation; having a history of cardiovascular disease or any
serious cardiac issue that could increase vulnerability to
the sympathomimetic effects of a psychostimulant; having
a history of moderate to severe hypertension, resting sitting
systolic blood pressure >139 mm Hg, or diastolic blood
pressure >89 mm Hg; having ADHD that was well controlled
by current therapy; or previously failing to respond to an
adequate course of amphetamine treatment.

Executive Function ADHD Symptom Path Analysis

Endpoints

The primary efficacy endpoint was change from baseline
at week 10/ET in self-report BRIEF-A GEC T-score. The
BRIEF-A is a validated 75-item instrument measuring aspects
of EF in everyday life during the past month; both self-report
and informant-report forms are available.*® The 75 items of
the BRIEF-A form 9 clinical scales from which a GEC score
can be generated as a summary measure that incorporates
all clinical scales. Scores on the BRIEF-A are reported as
T-scores, which are linear transformations that normalize
raw scores to a standardization sample; the normative mean
of the standardization sample is 50 (SD = 10).3° The inclusion
criterion defining impaired EF in this study (GEC T-score
>65) is 1.5 SD above the normative sample mean (higher
T-scores indicate more severe impairment).*® The BRIEF-A
(self-report and informant-report) was assessed at screening,
baseline, and treatment weeks 4, 7, and 10/ET.

Change from baseline at week 10/ET on the ADHD-RS-AP
was a secondary efficacy endpoint. The 18-item ADHD-
RS-AP isavalidated scale based on the ADHD-RS, which was
developed for children,*! that employs adult prompts to allow
clinicians to probe the extent, frequency, breadth, severity,
and consequences of ADHD symptoms in adults based on
DSM-IV-TR diagnostic criteria.*>* Each item is scored on
a 4-point scale ranging from 0 (no symptoms) to 3 (severe
symptoms), with total scores ranging from 0 to 54. The scale
is divided into 2 subscales (hyperactivity/impulsivity [H/I]
and inattentiveness [IA]), which each include 9 items. The
ADHD-RS-AP was assessed at screening, baseline, treatment
weeks 1 through 4, and treatment week 10/ET.

Data Analysis and Statistics

A complete reporting of the prespecified analyses and
results from this study have been described elsewhere.?
These post hoc analyses used simple recursive path analyses
in a classical mediation model to assess the relationships
between changes from baseline to week 10/ET in BRIEF-A
GEC T-scores and ADHD-RS-AP scores. Simple recursive
path analyses involving treatment (lisdexamfetamine vs
placebo), mediators, and outcomes (self-report BRIEF-A
GEC T-scores, informant-report T-scores, ADHD-RS-AP
total scores, ADHD-RS-AP subscale scores) were conducted,
with direct arrows from the treatment group, mediator
baseline, and outcome baseline to the mediator and the
outcome and from the mediator to the outcome. Path
analyses are best suited for these examinations because they
allow for the decomposition of correlations among variables
(eg, the total effect, the direct effect, and the indirect effect via
mediation), which enhances the interpretation of relations
and the pattern of effects of one variable on another.

The mediation proportion was defined as the indirect
treatment effect divided by the total treatment effect.
All analyses were conducted using the full analysis set
(participants taking >1 study drug dose in the double-
blind phase and having >1 postrandomization primary
efficacy assessment). These analyses were not included in
the prespecified statistical analysis plan for which the study
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Table 1. Baseline Demographics and Clinical Characteristics, Full Analysis Set

Placebo (n=75) Lisdexamfetamine (n=79)

Age, mean£SD,y
Sex, n (%)
Male
Race, n (%)
White
Black or African American
Asian
American Indian or Alaska Native
Other
Weight, mean+SD, kg
Body mass index, mean +SD, kg/m?
Baseline self-report BRIEF-A GEC T-score, mean + SD

Baseline informant-report BRIEF-A GEC T-score, mean + SD?

Baseline ADHD-RS-AP score, mean+SD
Hyperactivity/impulsivity subscale
Inattentiveness subscale
Total

34.7+10.92 34.2+10.58
42 (56.0) 40 (50.6)
66 (88.0) 65 (82.3)
7(9.3) 9(11.4)
0 2(2.5)
1(1.3) 1(1.3)
1(1.3) 2(25)
80.66+17.311 81.82+16.769
27.529+5.1627 27.721+4.3726
79.4+8.68 79.5+8.01
66.6+10.73 65.3+9.53
17.4+5.67 17.3+5.19
2254301 22.6+3.50
39.9+6.83 39.9+7.37

2Based on n=74 for placebo and n="78 for lisdexamfetamine.
Abbreviations: ADHD-RS-AP = Attention-Deficit/Hyperactivity Disorder-Rating Scale with Adult Prompts,
BRIEF-A GEC=Behavior Rating Inventory of Executive Function-Adult Version Global Executive Composite.

Table 2. Path Analysis: BRIEF-A GEC T-Score Change on ADHD-RS-AP Score Change

(lisdexamfetamine vs placebo), Full Analysis Set

Coefficient? (SE) 95% Cl Nominal P Value
Mediator: Self-report BRIEF-A GEC T-score
Outcome: ADHD-RS-AP total score
Direct treatment effect -4.28 (1.35) -6.92t0 -1.64 .001
Indirect treatment effect —6.85 (1.52) -9.83t0-3.86 <.001
Total treatment effect -11.12(1.92) -14.88to-7.37 <.001
Outcome: ADHD-RS-AP hyperactivity/impulsivity subscale score
Direct treatment effect -2.03(0.71) -3.43t0-0.64 .004
Indirect treatment effect —-2.99 (0.68) -433t0-1.65 <.001
Total treatment effect -5.02 (0.92) -6.82t0-3.22 <.001
Outcome: ADHD-RS-AP inattentiveness subscale score
Direct treatment effect -2.21(0.77) -3.71t0-0.70 .004
Indirect treatment effect —-3.88 (0.87) -5.59t0-2.17 <.001
Total treatment effect -6.09 (1.10) -8.23t0-3.94 <.001
Mediator: Informant-report BRIEF-A GEC T-score
Outcome: ADHD-RS-AP total score
Direct treatment effect —-8.00 (1.84) -11.61to-4.38 <.001
Indirect treatment effect -2.57(0.93) -4.3910-0.75 .006
Total treatment effect -10.57 (1.95) -14.38 t0 -6.75 <.001
Outcome: ADHD-RS-AP hyperactivity/impulsivity subscale score
Direct treatment effect -3.72(0.92) —5.52t0-1.92 <.001
Indirect treatment effect -1.13(0.42) -1.96 to -0.30 .008
Total treatment effect —-4.85 (0.95) -6.71t0-2.99 <.001
Outcome: ADHD-RS-AP inattentiveness subscale score
Direct treatment effect -4.24(1.03) —-6.27 t0 -2.22 <.001
Indirect treatment effect -1.46 (0.53) -2.481t0-0.43 .006
Total treatment effect —5.70(1.09) —7.84t0 -3.55 <.001

aCoefficients represent unit increases in the outcome measure for a 1-unit increase in the mediator while holding all other

variables constant.

Abbreviations: ADHD-RS-AP = Attention-Deficit/Hyperactivity Disorder-Rating Scale with Adult Prompts, BRIEF-A
GEC=Behavior Rating Inventory of Executive Function-Adult Version Global Executive Composite, SE=standard error.

was powered. As such, all reported P values are nominal
(uncorrected for multiple comparisons) and are included for
descriptive purposes only.

RESULTS

Disposition and Demographics

A full description of participant disposition has been
published.?® In brief, 161 participants were enrolled and
randomized to treatment (placebo, n=81; lisdexamfetamine,

n=_80). The full analysis set included 154 participants (placebo,
n="75; lisdexamfetamine, n="79). The study was completed by
115 participants (placebo, n=53; lisdexamfetamine, n=62).

Baseline demographic and clinical characteristics are
presented in Table 1. Most participants were white and slightly
more than 50% were men. Overall, participant characteristics
were well balanced across treatment arms.

Concomitant medication use was reported in 68.8% (55/80)
and 72.2% (57/79) of the placebo and lisdexamfetamine
groups, respectively. Medications used by > 5 participants in
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ADHD-RS-AP Score Change (outcome), Full Analysis Set

Figure 1. Path Analyses for Lisdexamfetamine Dimesylate Tréatme

Executive Function ADHD Symptom Path Analysis
(3

Effects®P: BRIEF-A GEC T-Score Change (mediator) on

A. Self-Report BRIEF-A GEC

Treatment-Mediator Path Coefficients<
Total score: -11.18
IA subscale score: -11.19
H/I subscale score: -11.12

Self-Report BRIEF-A GEC

T-Score Change From

Mediator-Outcome Path Coefficientsd
Total score: 0.61
IA subscale score: 0.35
H/I subscale score: 0.27

Baseline at Week 10/ET

Direct Treatment Effect Coefficients®

Lisdexamfetamine or

Total score: -4.28
IA subscale score: -2.21
H/I subscale score: -2.03

ADHD-RS-AP Score

Change From Baseline at

Placebo Treatment

Lisdexamfetamine or

Total Treatment Effect Coefficients’
Total score: -11.12
IA subscale score: -6.09
H/I subscale score: -5.02

Week 10/ET

ADHD-RS-AP Score

Placebo Treatment

B. Informant-Report BRIEF-A GEC

Treatment-Mediator Path Coefficients©
Total score: -4.86
IA subscale score: -4.86
H/I subscale score: -4.84

Informant-Report BRIEF-A GEC

T-Score Change From Baseline

Change From Baseline at
Week 10/ET

Mediator-Outcome Path Coefficientsd
Total score: 0.53

IA subscale score: 0.30

H/I subscale score: 0.23

at Week 10/ET

Direct Treatment Effect Coefficients®

Lisdexamfetamine or

Total score: -8.00
IA subscale score: -4.24
H/I subscale score: -3.72

ADHD-RS-AP Score

Change From Baseline at

Placebo Treatment

Lisdexamfetamine or

Total Treatment Effect Coefficientsf
Total score: -10.57
IA subscale score: -5.70
H/I subscale score: -4.85

Week 10/ET

ADHD-RS-AP Score
Change From Baseline at

Placebo Treatment

Week 10/ET

2Effect proportions for ADHD-RS-AP score change from baseline at week 10/ET: self-report (total score [indirect effect, 62%; direct effect, 38%], H/I subscale
score [indirect effect, 60%; direct effect, 40%)], IA subscale score [indirect effect, 64%; direct effect, 36%]), informant-report (total score [indirect effect, 24%;
direct effect, 76%), H/I subscale score [indirect effect, 23%; direct effect, 77%)], IA subscale score [indirect effect, 26%; direct effect, 74%)]).

bReported coefficients represent unit increases in the outcome measure for a 1-unit increase in the mediator while holding all other variables constant.

Relationship between treatment (lisdexamfetamine—placebo) and the BRIEF-A GEC T-score change; negative values indicate that lisdexamfetamine reduced

the T-score more than placebo.

dRelationship between BRIEF-A GEC T-score change and ADHD-RS-AP score change; positive values indicate that when the BRIEF-A GEC T-score was reduced,

the ADHD-RS-AP score decreased.

€Relationship between treatment (lisdexamfetamine-placebo) and ADHD-RS-AP change; negative values indicate that lisdexamfetamine reduced the

ADHD-RS-AP score more than placebo.

fRelationship between treatment (lisdexamfetamine-placebo) and ADHD-RS-AP change controlling for BRIEF-A GEC T-score change; negative values indicate
that lisdexamfetamine reduced the ADHD-RS-AP score more than placebo.
Abbreviations: ADHD-RS-AP = Attention-Deficit/Hyperactivity Disorder-Rating Scale with Adult Prompts, BRIEF-A GEC =Behavior Rating Inventory of Executive

Function-Adult Version Global Executive Composite, ET=early termination, H/I =hyperactivity/impulsivity, IA=inattentiveness.

either group (placebo; lisdexamfetamine) were ibuprofen
(16.3% [13/80]; 24.1% [19/79]), acetaminophen (16.3%
[13/80]; 12.7% [10/79]), multivitamins (11.3% [9/80]; 21.5%
[17/79]), loratadine (3.8% [3/80]; 8.9% [7/79]), and vitamin
D (3.8% [3/80]; 8.9% [7/79]).

BRIEF-A GEC T-Score Change (mediator)
on ADHD-RS-AP Score Change (outcome)

Path analysis results with self-report BRIEF-A GEC
T-score change or informant-report BRIEF-A GEC T-score

change as the mediator and ADHD-RS-AP score change
as the outcome are summarized in Table 2 and Figure 1.
The indirect treatment effects of self-report BRIEF-A GEC
T-score changes at week 10/ET on ADHD-RS-AP total,
H/I, and IA score changes at week 10/ET were statistically
significant (all nominal P<.001, Table 2). The mediation
proportions of the self-report BRIEF-A GEC T-score change
from baseline at week 10/ET on ADHD-RS-AP score change
from baseline at week 10/ET were 0.62 for total score, 0.60
for H/I subscale score, and 0.64 for IA subscale score. The
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Table 3. Path Analysis: ADHD-RS-AP Score Change on BRIEF-A GEC T-Score Change

(lisdexamfetamine vs placebo), Full Analysis Set

Coefficient® (SE) 95% Cl Nominal P Value
Mediator: ADHD-RS-AP total score
Outcome: Self-report BRIEF-A GEC T-score
Direct treatment effect -0.84(1.71) -4.19t0 2.51 624
Indirect treatment effect -10.34(1.92) -14.11to -6.57 <.001
Total treatment effect -11.18 (2.36) —15.80 to -6.55 <.001
Outcome: Informant-report BRIEF-A GEC T-score
Direct treatment effect —-1.59 (1.50) -4.52t01.35 290
Indirect treatment effect -3.28(0.87) -4.97 to-1.58 <.001
Total treatment effect —4.86 (1.49) -7.78t0-1.94 .001
Mediator: ADHD-RS-AP hyperactivity/impulsivity subscale score
Outcome: Self-report BRIEF-A GEC T-score
Direct treatment effect -2.26 (1.86) -5.91t01.39 226
Indirect treatment effect -8.86 (1.79) -12.36t0 -5.36 <.001
Total treatment effect -11.12(2.35) —15.73t0 -6.51 <.001
Outcome: Informant-report BRIEF-A GEC T-score
Direct treatment effect -2.07(1.51) —5.02t00.88 169
Indirect treatment effect —2.77 (0.80) -435to-1.19 <.001
Total treatment effect -4.84(1.49) -7.75t0-1.93 .001
Mediator: ADHD-RS-AP inattentiveness subscale score
Outcome: Self-report BRIEF-A GEC T-score
Direct treatment effect -1.21(1.72) —4.57t02.15 480
Indirect treatment effect —-9.98 (1.93) -13.76 t0 -6.20 <.001
Total treatment effect -11.19(2.38) —15.86 to -6.52 <.001
Outcome: Informant-report BRIEF-A GEC T-score
Direct treatment effect -1.66 (1.49) -4.59t0 1.26 265
Indirect treatment effect —3.20 (0.86) -4.88t0-1.52 <.001
Total treatment effect —4.86 (1.50) -7.80t0-1.92 .001

2Coefficients represent unit increases in the outcome measure for a 1-unit increase in the mediator while holding all other

variables constant.

Abbreviatons: ADHD-RS-AP = Attention-Deficit/Hyperactivity Disorder-Rating Scale with Adult Prompts, BRIEF-A
GEC=Behavior Rating Inventory of Executive Function-Adult Version Global Executive Composite, SE=standard error.

indirect treatment effects of informant-report BRIEF-A
GEC T-score changes at week 10/ET on ADHD-RS-AP total,
H/I, and IA score changes at week 10/ET were statistically
significant (all nominal P<.008, Table 2). The mediation
proportions of the informant-report BRIEF-A GEC T-score
change from baseline at week 10/ET on ADHD-RS-AP score
change from baseline at week 10/ET were 0.24 for total score,
0.23 for H/I subscale score, and 0.26 for IA subscale score.

ADHD-RS-AP Score Change (mediator)
on BRIEF-A GEC T-Score (outcome)

Path analysis results with ADHD-RS-AP score change as
the mediator and self-report or informant-report BRIEF-A
GEC T-score change as the outcome are summarized
in Table 3 and Figure 2. The indirect treatment effects
of ADHD-RS-AP total, H/I, and IA score changes on
self-report BRIEF-A GEC T-score changes and informant-
report BRIEF-A GEC T-score changes at week 10/ET were
statistically significant (all nominal P<.001, Table 3). The
mediation proportions of the ADHD-RS-AP score changes
on self-report BRIEF-A GEC T-score change were 0.93
for ADHD-RS-AP total score, 0.80 for ADHD-RS-AP H/I
subscale score, and 0.89 for ADHD-RS-AP IA subscale score.
The mediation proportions of the ADHD-RS-AP score
changes from baseline at week 10/ET on informant-report
BRIEF-A GEC T-score were 0.67 for ADHD-RS-AP total
score, 0.57 for ADHD-RS-AP H/I subscale score, and 0.66
for ADHD-RS-AP IA subscale score.

DISCUSSION

These post hoc path analyses demonstrate that EF
improvement, measured by self-report and informant-report
BRIEF-A GEC T-scores, and DSM-IV-TR-based ADHD
symptom improvement, measured by ADHD-RS-AP scores,
are interdependent following lisdexamfetamine treatment.
Based on the mediation proportions, it was observed that
effects of lisdexamfetamine on self-report BRIEF-A GEC
T-scores (the mediator) accounted for 62% of the effects
of lisdexamfetamine on ADHD-RS-AP total score (the
outcome). Conversely, the effects of lisdexamfetamine on
ADHD-RS-AP total score (the mediator) accounted for
93% of the effects on BRIEF-A GEC T-score (the outcome).
Of note, the indirect mediation proportions for BRIEF-A
GEC T-score changes on ADHD-RS-AP score changes were
greater for the self-report BRIEF-A than for the informant-
report BRIEF-A. Furthermore, the indirect mediation
proportions for ADHD-RS-AP score changes on BRIEF-A
GEC T-score changes were greater than for the BRIEF-A
GEC T-score changes on the ADHD-RS-AP score changes.

Previous publications,**~*® including the primary report
from this study,?® have revealed that stimulants can reduce
the core symptoms of ADHD and EF deficits in individuals
with ADHD. However, to the best of our knowledge, this
is first demonstration of an interdependent relationship
between concurrent reductions in EF deficits and ADHD
symptoms in adults treated with stimulants. These findings
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Figure 2. Path Analyses for Lisdexamfetamine Treatment Effécts®":
T-Score Change (outcome), Full Analysis Set

Executive Function ADHD Symptom Path Analysis
(3

DHD-RS-AP Score Change (mediator) on BRIEF-A GEC

A. Self-Report BRIEF-A GEC

Treatment-Mediator Path Coefficients<
Total score: -11.12
IA subscale score: -6.09
H/I subscale score: -5.02

ADHD-RS-AP Score

Change From Baseline at

Mediator-Outcome Path Coefficientsd

Total score: 0.93
IA subscale score: 1.64
H/I subscale score: 1.77

Week 10/ET

Direct Treatment Effect Coefficients®
Total score: -0.84
IA subscale score: -1.21
H/I subscale score: -2.26

Lisdexamfetamine or

Self-Report BRIEF-A GEC

Placebo Treatment

Total score: -11.18
IA subscale score: -11.19

Lisdexamfetamine or H/I subscale score: —=11.12

Total Treatment Effect Coefficientsf

T-Score Change From
Baseline at Week 10/ET

Self-Report BRIEF-A GEC

Placebo Treatment

B. Informant-Report BRIEF-A GEC

Treatment-Mediator Path Coefficients©
Total score: -10.57
IA subscale score: -5.70
H/I subscale score: -4.85

ADHD-RS-AP Score

T-Score Change From
Baseline at Week 10/ET

Mediator-Outcome Path Coefficientsd

Total score: 0.31
IA subscale score: 0.56
H/I subscale score: 0.57

Change From Baseline at
Week 10/ET

Direct Treatment Effect Coefficients®
Total score: -1.59
IA subscale score: -1.66
H/I subscale score: -2.07

Lisdexamfetamine or Informant-Report BRIEF-A GEC

T-Score Change From Baseline
at Week 10/ET

Placebo Treatment

Total Treatment Effect Coefficientsf
Total score: -4.86
IA subscale score: -4.86
H/I subscale score: -4.84

Informant-Report BRIEF-A GEC
T-Score Change From Baseline
at Week 10/ET

Lisdexamfetamine or

Placebo Treatment

2Effect proportions for BRIEF-A GEC T-score change from baseline at week 10/ET: self-report (total score [indirect effect, 93%; direct effect, 7%], H/I subscale
score [indirect effect, 80%; direct effect, 20%)], IA subscale score [indirect effect, 89%; direct effect, 11%]), informant-report (total score [indirect effect, 67%;
direct effect, 33%], H/I subscale score [indirect effect, 57%; direct effect, 43%], IA subscale score [indirect effect, 66%; direct effect, 34%]).

PReported coefficients represent unit increases in the outcome measure for a 1-unit increase in the mediator while holding all other variables constant.

Relationship between treatment (lisdexamfetamine-placebo) and the ADHD-RS-AP score change; negative values indicate that lisdexamfetamine reduced
the ADHD-RS-AP score more than placebo.

dRelationship between ADHD-RS-AP score change and BRIEF-A GEC T-score change; positive values indicate that when the ADHD-RS-AP score was reduced,
the BRIEF-A GEC T-score decreased.

€Relationship between treatment (lisdexamfetamine-placebo) and the BRIEF-A GEC T-score change; negative values indicate that lisdexamfetamine reduced
the BRIEF-A GEC T-score more than placebo.

fRelationship between treatment (lisdexamfetamine-placebo) and the BRIEF-A GEC T-score change controlling for ADHD-RS-AP score change; negative values
indicate that lisdexamfetamine reduced the BRIEF-A GEC T-score more than placebo.

Abbreviations: ADHD-RS-AP = Attention-Deficit/Hyperactivity Disorder-Rating Scale with Adult Prompts, BRIEF-A GEC=Behavior Rating Inventory of Executive
Function-Adult Version Global Executive Composite, ET = early termination, H/I = hyperactivity/impulsivity, IA=inattentiveness.

are supportive of the hypothesis that EF is a central aspect
of ADHD impairment.!>!62% For example, in a study'?
based on data from clinical interviews of subsamples of
individuals from the National Comorbidity Replication
Survey and from a survey of a large managed health care
plan, impaired EF was found to be an important predictor
of adult ADHD in individuals meeting full DSM diagnostic
criteria for ADHD as children. Importantly, unlike other
highly predictive adult ADHD symptoms—all of which
involved inattention—impaired EF was not significantly
comorbid with other adult DSM-IV disorders, suggesting

that EF more specifically differentiated adult ADHD from
other adult DSM disorders.!? Furthermore, in the DSM-5
ASRS, ' 2 of 6 items included in the screener relate to non-
DSM-5 EF symptoms (puts things off to the last minute,
depends on others to keep life in order), suggesting that EF
is a key component of adult ADHD.

As previously noted, the magnitude of the mediation
effect of EF on ADHD symptom reduction was lower when
EF was based on informant report than on self-report.
The finding that informant ratings did not demonstrate as
substantial an impact on treatment as did the self-report
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data 15" understandable because informant ratings only:
provide input on observable behaviors. Informant ratings
do not provide adequate information about the participant’s
subjective experiences, such as having difficulty in
mobilizing attention, being motivated to start tasks,
having problems in sustaining focus and effort, and having
struggles with recall from working memory. Future studies
need to further examine this issue so the reason for this
difference can be more clearly identified. Specifically, what
factors are identified via self-report that might contribute
to the increased mediation effect (eg, improved internal
sense of control, time management, or insight associated
with improved attention). Further, the insight of individuals
with ADHD into their own behavior may be poor, so
corroborative evidence from neuropsychological testing or
an objective third party could prove to be useful. It is also
noteworthy that the magnitude of the mediator effects of
ADHD-RS-AP score changes on BRIEF-A GEC T-score
changes was greater than the mediator effects of BRIEF-A
GEC T-score changes on ADHD-RS-AP score changes.
There are several limitations that should be considered
when interpreting these data. First, as is the case for all
classical mediation analyses in a randomized trial with
a post-baseline mediator, the results are subject to the

limitation that there are no additionalwariables confounding
the relationships between treatment and mediator, mediator
and outcome, and treatment and outcome. Additional
limitations of the path analysis are assumptions that
relationships among variables in the model are linear,
additive, and causal; that each residual is not correlated with
variables that precede it in the model; that causal flow is
assumed to be 1 way; that the variables are measured on an
interval scale; and that the variables are measured without
error. Second, these data are based on post hoc assessments
for which the study was not powered. As such, reported P
values are nominal and descriptive in nature. Last, these
analyses are specific to the enrolled population. Therefore,
it cannot be concluded that these results are generalizable to
a more heterogeneous population of adults diagnosed with
ADHD.

In conclusion, these analyses demonstrate for the first
time that concurrent reductions in EF deficits and in DSM-
based ADHD symptoms during lisdexamfetamine treatment
are interdependent. These findings further emphasize that it
is advantageous to use measures like the BRIEF-A to assess
the impact of stimulants on the wide range of EF deficits
associated with ADHD that are not specifically captured by
the ADHD-RS-AP.
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