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Evaluate lisdexamfetamine dimesylate (LDX) augmentation of antidepressant monotherapy for executive dysfunction in partially or fully

remitted major depressive disorder (MDD). This randomized, placebo-controlled study (NCT00985725) enrolled 143 adults (18–55 years)

with mild MDD (Montgomery-Åsberg Depression Rating Scale (MADRS) score p18) and executive dysfunction (Behavior Rating

Inventory of Executive Function-Adult Version (BRIEF-A) Self-Report Global Executive Composite (GEC) T score X60) on stable

antidepressant monotherapy for X8 weeks. After 2 weeks of screening, participants were randomized to 9 weeks of double-blind LDX

(20–70 mg/day) or placebo augmentation, followed by 2 weeks of single-blind placebo. The primary end point was change from baseline

to week 9/end of study (EOS) in BRIEF-A Self-Report GEC T score; secondary assessments included the BRIEF-A Informant Report,

MADRS, and treatment-emergent adverse events (TEAEs). Of 143 randomized participants, 119 completed double-blind treatment

(placebo, n¼ 59; LDX, n¼ 60). Mean±standard deviation (SD) BRIEF-A GEC T scores decreased from baseline (placebo, 74.2±8.88;

LDX, 76.8±9.66) to week 9/EOS (placebo, 61.4±14.61; LDX, 55.2±16.15); the LS mean (95% CI) treatment difference significantly

favored LDX (� 8.0 (� 12.7, � 3.3); P¼ 0.0009). The LS mean (95% CI) treatment difference for MADRS total score also significantly

favored LDX (� 1.9 (� 3.7, 0.0); P¼ 0.0465). TEAE rates were 73.6% with placebo and 78.9% with LDX; serious TEAE rates were 4.2

and 2.8%. In this trial, LDX augmentation significantly improved executive dysfunction and depressive symptoms in participants with mild

MDD. The safety profile of LDX was consistent with prior studies in adults with attention-deficit/hyperactivity disorder.
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INTRODUCTION

Major depressive disorder (MDD) is often chronic and/or
recurrent (Kupfer, 2005); the estimated lifetime preva-
lence is 16% (Kessler et al, 2003). Antidepressant
pharmacotherapy does not always result in remission.
The Sequenced Treatment Alternatives to Relieve Depres-
sion (STAR*D) trial reported remission rates of 37, 31, 14,

and 13% after successive treatments in individuals
with non-psychotic MDD using the 16-item Quick
Inventory of Depressive Symptomatology (QIDS)-Self-
Report (Rush et al, 2006). Even when depressive
symptoms abate, cognitive problems may persist
(Preiss et al, 2009; Reppermund et al, 2009), compromis-
ing an individual’s coping ability (Gualtieri et al, 2006)
and likelihood of successfully returning to work
(Reppermund et al, 2009).

In the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition Text Revision, several of the criteria
for MDD describe symptoms related to cognition, including
changes in psychomotor activity, diminished ability to think
or concentrate, and indecisiveness (American Psychiatric
Association, 2000). Additionally, a recent meta-analysis
noted that individuals with MDD exhibit non-specific
cognitive deficits related to difficulty planning and slower
processing speed (Snyder, 2013). Furthermore, several
reports note that attention, memory, and executive function
are commonly impaired in individuals with MDD (Gualtieri
et al, 2006; Marazziti et al, 2010; Preiss et al, 2009;
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Reppermund et al, 2009), as is psychomotor function
(Gualtieri et al, 2006; Preiss et al, 2009).

Of particular interest in MDD are executive function deficits
(Reppermund et al, 2009), which comprise higher-order
functions such as problem solving, goal setting, planning, and
sequencing actions (Elliott, 2003), because it creates signifi-
cant problems in coping with life events (Marazziti et al,
2010). Executive dysfunction is linked to disrupted prefrontal-
subcortical circuitry (Rogers et al, 2004). Norepinephrine
(NE) and dopamine (DA) are critical to maintain executive
functions mediated by the prefrontal cortex (Arnsten and Li,
2005); thus, agents that modulate these systems may
ameliorate executive dysfunction in MDD. Stimulants, such
as those used to treat attention-deficit/hyperactivity disorder
(ADHD), preferentially modulate central DA and, to a lesser
extent, NE systems (Arnsten, 2006).

Lisdexamfetamine dimesylate (LDX), a pharmacologically
inactive prodrug of D-amphetamine, is approved for
treatment of ADHD in children, adolescents, and adults
(Vyvanse (lisdexamfetamine dimesylate), 2012). In a small
clinical study assessing LDX augmentation in individuals
with residual depressive symptoms after escitalopram
monotherapy (Harvey et al, 2012), LDX was superior to
placebo in reducing depressive symptoms and self-reported
executive dysfunction on the Behavior Rating Inventory of
Executive Function-Adult Version (BRIEF-A), a predefined
secondary end point.

The BRIEF-A is a psychometrically validated executive
function assessment tool for adults (Roth et al, 2005), which
demonstrates strong convergent validity with other execu-
tive function assessment instruments (ie, the Dysexecutive
Questionnaire and the Frontal Systems Behavior Scale)
(Roth et al, 2013) and modest correlations with standard
neuropsychologic tests (Rabin et al, 2006). However, there
has been debate over whether these two types of tools
measure the same processes. It has been suggested that
performance measures objectively assess cognitive skills
and rating scales subjectively assess the application of those
skills in everyday life function, the latter supported by
evidence that executive function rating scales correlate with
real-world measures of function such as academic perfor-
mance (Isquith et al, 2013).

The current study included individuals reporting executive
dysfunction on the BRIEF-A despite partially or fully
remitted MDD (Montgomery-Åsberg Depression Rating
Scale (MADRS) p18) at screening and baseline. The primary
objective was to evaluate the efficacy of LDX augmentation of
selective serotonin reuptake inhibitor (SSRI) monotherapy
for treating executive dysfunction. The primary end point
was change in executive functioning on the BRIEF-A Self-
Report form; secondary cognitive end points included
executive functioning as observed by a knowledgeable
informant (using the BRIEF-A Informant Report form),
and objective cognitive functioning as assessed using the
CNS Vital Signs computerized testing battery.

The decision to use the BRIEF-A Self-Report was partially
driven by the recognition that demonstrations of improved
cognitive function on laboratory-based measures have
limited practical meaning if patients are unaware of
improvement in their everyday lives. Thus, a self-report
provides some degree of ecological validity (an approxima-
tion of the real-world experience) (Isquith et al, 2013), with

objective end points (ie, CNS Vital Signs data) placing the
subjective data in perspective. In this regard, it should be
noted that the STAR*D study (Rush et al, 2006) used
remission based on the QIDS Self-Report as a primary end
point. Additionally, since BRIEF-A was included as a
secondary end point in a separate LDX augmentation study
of individuals with MDD who had not achieved remission
on escitalopram monotherapy (Harvey et al, 2012), inclu-
sion of the BRIEF-A in the current study provides data that
will complement previously reported findings in a distinct
population of individuals with MDD.

PATIENTS AND METHODS

Study Design

This randomized, double-blind, placebo-controlled, paral-
lel-group, multicenter study was conducted from 29
October 2009 to 18 April 2011 at 27 US clinical research
sites (clinicaltrials.gov registration: NCT00985725). The
protocol was approved by institutional review boards and/
or independent ethics committees at each clinic.

Participants

Eligible participants, individuals with self-reported executive
dysfunction despite full or partial remission of depressive
symptoms in MDD, were recruited across study sites via
advertisements and from private practices of investigators.
Participants included men and non-pregnant women
(18–55 years) who, for X2 years before screening, main-
tained a primary diagnosis of recurrent, non-psychotic MDD
by Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition-Text Revision (DSM-IV-TR) criteria, con-
firmed by the Structured Clinical Interview for DSM-IV-TR
disorders–Axis I. Eligible participants also had a BRIEF-A
Self-Report GEC T score of X60 (1 standard deviation (SD)
above the normative mean) and MADRS total score p18 at
screening and baseline. All participants had maintained SSRI
monotherapy (citalopram, escitalopram, fluoxetine, parox-
etine, or sertraline) for X8 weeks at a stabilized therapeutic
dosage (ie, SSRI dosage did not vary by more than ±10%
during a 4-week period before augmentation baseline); SSRI
usage continued during the course of the study.

Key exclusion criteria included comorbid psychiatric
disorders controlled with prohibited medications (stimu-
lants or stimulant-like agents, cholinesterase inhibitors, N-
methyl-D-aspartic acid receptor modulators, pramipexole,
modafinil, bupropion, mirtazapine, monoamine oxidase
inhibitors, serotonin-NE reuptake inhibitors, tricyclic anti-
depressants, mood stabilizers, antipsychotics, and narco-
tics) or uncontrolled and significantly symptomatic; history
of psychotic symptoms; symptoms that contraindicated
LDX treatment or could confound efficacy or safety
assessments; previous ADHD diagnosis, treatment for
ADHD, or fulfillment of DSM-IV-TR criteria before the
age of 7 in a retrospective review based on participant
interviews; first-degree relative with bipolar I disorder;
suicidality (current risk or prior attempt within 3 years);
history of non-response of depressive symptoms to a
stimulant or hypersensitivity to stimulants; history of
symptomatic cardiovascular disease or other serious cardiac

Lisdexamfetamine for executive dysfunction
M Madhoo et al

1389

Neuropsychopharmacology



problems; or a recent history of substance abuse (p6 months).
All participants received a complete study description and
provided written informed consent in accordance with
Good Clinical Practice guidelines.

Treatment

After a 2-week screening period while participants remained
on antidepressant medication, participants entered a double-
blind phase and were randomized to placebo or LDX
augmentation in a 1 : 1 ratio for 9 weeks. Randomization
numbers and treatments were assigned using an interactive
voice response system/interactive Web response system,
which investigators accessed to obtain bottle numbers for
double-blind treatment. Double-blind LDX treatment
was initiated at 20 mg/day and, if tolerated, increased to
30 mg/day at the start of week 1. Participants continued to
maintain or increase their dose in 10-mg increments at
weekly intervals (maximum, 70 mg/day), depending on
tolerability, until week 6 (the dose optimization period).
During weeks 7–9, participants maintained their optimized
dose (the dose maintenance period). All participants
received single-blind placebo for 2 weeks upon completion
of double-blind treatment, with participants remaining
blinded to treatment, to determine whether cessation of
LDX treatment was associated with safety or tolerability
concerns. Compliance with treatment was assessed as
(the total number of capsules taken� 100)/total number of
dosing days; lost medication was recorded as taken.

Efficacy Assessments

The primary efficacy end point was change from baseline
to week 9/EOS in BRIEF-A GEC Self-Report T score. The
BRIEF-A (Roth et al, 2005) assesses aspects of executive
function manifested in everyday life during the past month;
it has been used in healthy and clinical populations
(Garlinghouse et al, 2010; Rabin et al, 2011; Rabin et al,
2006). The BRIEF-A includes 75 items scored on 3-point
Likert scales, with higher scores indicating worse executive
function; both Self-Report and Informant Reports are
available. The BRIEF-A provides an overall score (GEC)
composed of the Behavioral Regulation Index (BRI) and
Metacognition Index (MI). The BRI has four clinical scales
(Inhibit, Shift, Emotional Control, and Self Monitor); the MI
has five (Initiate, Working Memory, Plan/Organize, Task
Monitor, and Organization of Materials). Executive dys-
function on the BRIEF-A is reported as a T score; T scores
are linear transformations of the raw scores that normalize
them with respect to a standardization sample, for which
the mean T score is 50 (SD, 10) (Roth et al, 2005). Cronbach
alpha coefficients for the clinical scales range from 0.73 to
0.90; 1-month test–retest reliabilities range from 0.82 to 0.93
(Roth et al, 2005). The current report focuses on changes in
Self-Report GEC T scores. The mean percentage change
from baseline to week 9/EOS in BRIEF-A Self-Report GEC T
score was also calculated.

Secondary cognitive end points included changes from
baseline to week 9/EOS in BRIEF-A Informant Report GEC
T score, which complemented the Self-Report, and in the
performance-based Neurocognitive Index (NCI) derived
from the validated, computerized CNS Vital Signs testing

battery. The CNS Vital Signs comprise seven neuropsycho-
logical tests (Gualtieri and Johnson, 2006). The NCI
incorporates verbal, visual, working, and composite mem-
ory; sustained and complex attention; cognitive flexibility;
executive function; processing speed; and reaction time
(higher scores reflect better performance).

Raters received training in the use of all assessment
instruments at an investigators meeting; follow-up training
was provided as needed.

Secondary efficacy end points included MADRS total score
changes and Clinical Global Impression-Severity (CGI-S)
and -Improvement (CGI-I) response frequencies (categorical
scores) from baseline to week 9/EOS. The MADRS is a
validated 10-item questionnaire, with each item rated from 0
(best) to 6 (worst); overall score ranges from 0 (normal) to
60 (very severe depression) (Montgomery and Asberg, 1979).
The CGI-S and CGI-I provide global evaluations of disease
severity and improvement over time; both measures are
rated from 1 (best) to 7 (worst) (Guy, 1976).

Changes in the 7-item Generalized Anxiety Disorder Scale
(Spitzer et al, 2006), Short Form-12 Health Survey (Ware
et al, 1996), Quality of Life Enjoyment and Satisfaction
Questionnaire (Endicott et al, 1993), Endicott Work
Productivity Scale (Endicott and Nee, 1997), and a more
detailed presentation of CNS Vital Sign cognitive test
battery changes will be described elsewhere.

Safety Assessments

Safety end points included treatment-emergent adverse
events (TEAEs), which were recorded throughout the study
and categorized by severity and relationship to treatment.
TEAEs of special interest included psychiatric (psychosis/
mania, suicide, aggression, or other) and non-psychiatric
(weight, clinical laboratory measures, vital signs, and sexual
dysfunction) events. Participants also received physical
examinations (screening and week 9/EOS), vital sign
assessments at each visit, clinical laboratory evaluations
(screening, week 6, and week 9/EOS), and electrocardio-
grams (screening, baseline, and week 9/EOS).

Other safety evaluations assessed withdrawal, suicidality,
and sexual functioning. The Amphetamine Cessation
Symptom Assessment (ACSA; measured at baseline and
weeks 10–11 (single-blind stage)) is a validated self-report
with 16 items rated from 0 (not at all) to 4 (extremely)
(McGregor et al, 2008). The Sheehan Suicidality Tracking
Scale (STS; monitored at each visit) is a prospective scale
that assesses suicidal ideation and behaviors, with 8 items
rated from 0 (not at all) to 4 (extremely) (Coric et al, 2009).
The Changes in Sexual Functioning Questionnaire Short-
Form (CSFQ-14; measured at baseline, week 6, and end
point) is a validated 14-item instrument rated on a 5-point
scale, with higher scores indicating higher levels of sexual
functioning (1 (never) to 5 (every day) for 12 items; 1 (every
day) to 5 (never) for 2 items) (Keller et al, 2006).

Statistical Analysis

Statistical analysis was performed using SASs Version 9.2
(SAS Institute, Cary, NC, USA). Efficacy analyses were based
on the full analysis set (FAS: all randomized participants
who took X1 study drug dose and had X1 post-baseline
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BRIEF-A assessment). The primary analysis used analysis
of covariance (ANCOVA) assessing group differences in the
LS mean change in BRIEF-A Self-Report GEC T score from
baseline to week 9/EOS, with treatment as a factor and
baseline score as a covariate. Last observation carried
forward (LOCF) was used to account for missing data;
statistical significance was set at two-sided Po0.05.
Assuming an effect size of 0.56 for the LDX vs placebo
comparison, a two-sided, two-sample t-test needed X52
participants/group to provide 80% power. Secondary
efficacy end points were assessed using ANCOVA (MADRS
total score) or the Cochran–Mantel–Haenszel test stratified
by baseline CGI-S score (CGI-I). The distribution of
standardized CNS Vital Signs scores was assessed using
Wilcoxon rank sum tests. Post hoc assessment of between-
group differences in demographic and clinical character-
istics at baseline used t-tests for continuous variables and
Chi-square tests for categorical variables. Two post hoc
regression models, based on ANCOVA with MADRS total
score change as a dependent variable and treatment as an
effect, assessed the independence of cognitive and depres-
sion symptom changes: one employed BRIEF-A GEC T
score change as a covariate and the other employed CNS
Vital Signs NCI score change as a covariate. No multiplicity
adjustments were performed for efficacy end point analyses.

Safety end points were assessed using the safety analysis
set (all randomized participants who took X1 dose of study
drug and who had X1 follow-up safety assessment) and are
presented descriptively.

RESULTS

Disposition, Demographics, and Drug Exposure

Participant disposition is summarized in Figure 1. All 143
enrolled participants were randomized (placebo, n¼ 72;
LDX, n¼ 71) and included in the FAS and safety analysis
sets; 119 (placebo, n¼ 59; LDX, n¼ 60) completed 9 weeks
of double-blind treatment. Of the 24 participants (placebo,
n¼ 13; LDX, n¼ 11) not completing the study, the reasons
cited were participant withdrawal (placebo, n¼ 4; LDX,
n¼ 4), protocol violation (placebo, n¼ 3; LDX, n¼ 1), other
(placebo, n¼ 3; LDX, n¼ 1), adverse events (placebo, n¼ 1;
LDX, n¼ 4), lost to follow-up (placebo, n¼ 1; LDX, n¼ 1),
and lack of efficacy (placebo, n¼ 1).

With the exception of average citalopram dosage, which
was significantly lower in participants randomized to LDX,
demographic and primary clinical variables (BRIEF-A Self-
Report GEC T score and MADRS total score) did not differ
significantly between treatment groups at baseline (Table 1).
Mean±SD age was 40.7±10.23 years; the majority were
white and female. Executive dysfunction and depressive
symptom levels, as measured by BRIEF-A Self-Report GEC T
scores and MADRS scores, respectively, did not differ
between groups. SSRI usage between treatment groups
before double-blind augmentation is summarized in Table 1.

A majority of participants randomized to LDX were
receiving doses between 50 and 70 mg/day at the end of dose
optimization (week 6; 49/68) and at week 9 (45/63).
Mean±SD optimized LDX doses were 53.2±17.42 mg/day
and 53.2±16.76 mg/day at weeks 6 and 9, respectively.
Compliance during double-blind treatment ranged from 80

to 120% for a majority of participants (placebo, 68/72
(94.4%); LDX, 69/71 (97.2%)).

Efficacy

Primary end point. At baseline, mean±SD BRIEF-A
Self-Report GEC T scores were 74.2±8.88 and 76.8±9.66
with placebo and LDX, respectively; at week 9/EOS,
T scores decreased to 61.4±14.61 (mean±SD reduction:
� 12.8±13.89) and 55.2±16.15 (mean±SD reduction:
� 21.6±14.55), respectively (Figure 2, inset). LS mean
(95% CI) reductions in BRIEF-A Self-Report GEC T score
are depicted in Figure 2. The primary efficacy analysis
showed LS mean (95% CI) GEC T score reductions
of � 13.2 (� 16.5, � 9.9) for placebo and � 21.2 (� 24.5,
� 17.9) for LDX at week 9/EOS; the LS mean (95% CI)
treatment difference statistically favored LDX (� 8.0
(� 12.7, � 3.3); |t140|¼ 3.38, P¼ 0.0009). The ANCOVA
model-based effect size (95% CI) at week 9/EOS (LDX—
placebo) was � 0.6 (� 0.9, � 0.2).

Secondary end points
BRIEF-A Self-Report. Statistically significant LS mean

treatment differences between placebo and LDX were
observed at weeks 5–9 (all |t140|41.9771¼ t0.025,140; all
Po0.05, Figure 2). From baseline to week 9/EOS,
the mean±SD percentage change in GEC T score
was � 17.0±18.09% with placebo and � 28.1±18.07%
with LDX. Using the linear regression model for the MADRS
total score changes from baseline to week 9/EOS with
treatment group and BRIEF-A GEC T score changes from
baseline to week 9/EOS as a covariate revealed that the
MADRS total score and BRIEF-A GEC T score changes from
baseline to week 9/EOS were strongly correlated (r2¼ 0.30).
Additionally, the coefficient of change in BRIEF-A GEC T
score was statistically significant (estimate, 0.21; t-statistic,
7.33; Po0.0001), but the analysis showed that there was no
differential effect of treatment with LDX vs treatment with
placebo (t-statistic, –0.41; P¼ 0.6818).

BRIEF-A Informant Report. The mean±SD change in
BRIEF-A Informant Report GEC T score from baseline to
week 9/EOS was � 3.0±9.29 with placebo and � 9.6±11.94
with LDX. The LS mean (95% CI) treatment difference
significantly favored LDX (� 5.9 (� 9.3, � 2.6); |t128|¼ 3.53,
P¼ 0.0006).

Other secondary end points. On the CNS Vital Signs-
derived NCI, median (range) standardized scores increased
from baseline (placebo, 99.5 (54, 117); LDX, 96.0 (40, 117))
to week 9/EOS (placebo, 100.0 (33, 118); LDX, 103.0 (73,
121)); there were no significant treatment differences in
median NCI standardized scores at week 9/EOS (Wilcoxon
rank sum test: Z¼ 1.788, P¼ 0.0738). Post hoc regression
analysis revealed that NCI score and MADRS total score
changes at week 9/EOS were not correlated (r2¼ 0.06).
There was a differential effect of treatment (t-statistic,
� 2.66; P¼ 0.0090); the coefficient for change in CNS Vital
Sign NCI score was not significant (estimate, 0.03;
t-statistic, 0.69; P¼ 0.4885).

MADRS total score reductions during double-blind
treatment indicated depressive symptom improvement.
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Mean±SD MADRS total scores decreased from 11.8±3.77
with placebo and 12.7±3.23 with LDX at baseline to 8.9±
5.67 and 7.6±6.28, respectively, at week 9/EOS, represent-
ing mean±SD changes of � 2.9±5.44 with placebo and
� 5.1±5.94 with LDX. Changes in LS mean (95% CI)
MADRS total scores from baseline to week 9/EOS were � 3.1
(� 4.4, � 1.8) with placebo and � 5.0 (� 6.3, � 3.6) with
LDX; the LS mean (95% CI) treatment difference significantly
favored LDX (� 1.9 (� 3.7, 0.0); |t140|¼ 2.01, P¼ 0.0465).

Based on CGI-S scores, a majority of participants in both
treatment groups were borderline to moderately ill at
baseline (Table 1). At week 9/EOS, the percentage of
participants with improved symptoms (ie, CGI-I scores of 1
(very much improved) and 2 (much improved)) was 38.9%
with placebo and 60.6% with LDX.

Safety and Tolerability

TEAE rates were 73.6% with placebo and 78.9% with LDX.
Five serious TEAEs occurred during double-blind treatment
(placebo, n¼ 3 (viral gastroenteritis, Salmonellosis, rhab-
domyolysis); LDX, n¼ 2 (loss of consciousness, suicidal
ideation)). Another serious AE occurred during single-blind
treatment with placebo (pelvic inflammatory disease). With

the exception of loss of consciousness with LDX, none of the
serious TEAEs were deemed by investigators to be
treatment related. Discontinuations due to AEs occurred
in one placebo participant (1.4%; headache) and four LDX
participants (5.6%; moderate rash on lower left arm,
worsening of depression, loss of consciousness, and suicidal
ideation). TEAEs reported by X5% of participants in either
treatment group are summarized in Table 2; those reported
most frequently were headache and dry mouth with placebo
and decreased appetite, headache, dry mouth, insomnia,
and irritability with LDX.

Vital sign and physical examination changes were
generally modest with both treatments (Table 3). There
were no notable trends observed with body weight or body
mass index. Changes in blood pressure were small and
similar between treatment groups. Three participants
(4.2%) in the placebo group and four (5.6%) in the LDX
group were observed to have systolic blood pressure
X140 mm Hg and an increase from baseline of X10 mm Hg
on two consecutive visits; zero participants in the placebo
group and one (1.4%) in the LDX group were observed to
have systolic blood pressure of X140 mm Hg and an
increase from baseline of X10 mm Hg on two consecutive
visits when one of the visits was the last study visit. One

Excluded (n=74)
Exclusion criteria met (n=37)
Inclusion criteria not met (n=31)
Lost to follow up (n=3)
Other (n=3) 

Lost to follow-up (n=1)
Discontinued (n=12)

Adverse event (n=1)
Protocol violation (n=3)
Withdrawal (n=4)
Lack of efficacy (n=1)
Other (n=3)

Placebo (n=72)
Received intervention (n=72)

Full analysis set (n=72)
Safety analysis set (n=72)

Completed double-blind treatment
(n=59)

Randomized (n=143)

Completed follow-up visit (n=58)

LDX (n=71)
Received intervention (n=71)

Full analysis set (n=71)
Safety analysis set (n=71)

Lost to follow-up (n=1)
Discontinued (n=10)

Adverse event (n=4)
Protocol violation (n=1)
Withdrawal (n=4)
Other (n=1)

Completed double-blind treatment
(n=60)

Completed follow-up visit (n=59)

Assessed for eligibility (n=217)

Figure 1 Participant disposition. LDX, lisdexamfetamine dimesylate.
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participant (1.4%) in the placebo group and three (4.2%) in
the LDX group were observed to have diastolic blood
pressure of X90 mm Hg and an increase from baseline of
X10 mm Hg on two consecutive visits; zero participants in
the placebo group and one (1.4%) in the LDX group were
observed to have diastolic blood pressure of X90 mm Hg
and an increase from baseline of X10 mm Hg on two
consecutive visits when one of the visits was the last study
visit. Electrocardiogram results at week 9/EOS showed a
small mean±SD decrease in heart rate with placebo

(� 0.9±7.16) and an increase with LDX (3.2±10.71). One
participant (1.4%) in the placebo and three (4.2%) in the
LDX group were observed to have pulse rates X100 b.p.m.
and increases of X15 b.p.m. from baseline.

There were no apparent withdrawals or rebound
effects based on the ACSA. Mean±SD aggregate ACSA
scores decreased from baseline (placebo, 25.5±9.91;
LDX, 26.4±11.04) to weeks 10 (placebo, 19.5±10.63;
LDX, 17.1±11.85) and 11 (placebo, 19.7±10.26; LDX,
16.6±11.66). There were no results of concern on the

Table 1 Baseline Demographic and Clinical Characteristics, Safety Analysis Set

Placebo (n¼72) LDX (n¼ 71) P-value

Age, mean±SD 39.5±10.59 41.9±9.79 0.164a

Sex, n (%)

Men 24 (33.3) 20 (28.2) 0.503b

Women 48 (66.7) 51 (71.8)

Race, n (%)

White 64 (88.9) 60 (84.5) 0.605b

Black or African American 6 (8.3) 8 (11.3)

Native Hawaiian or Pacific Islander 0 1 (1.4)

Asian 1 (1.4) 2 (2.8)

American Indian or Alaska Native 0 0

Other 1 (1.4) 0

Weight (kg), mean±SD 82.3±18.95 83.2±18.50 0.761a

Height (cm), mean±SD 169.6±9.31 166.9±8.02 0.063a

Body mass index (kg/m2), mean±SD 28.5±5.45 29.8±5.47 0.161a

Baseline clinical characteristics, mean±SD

BRIEF-A GEC T score, self-report 74.2±8.88 76.8±9.66 0.100a

BRIEF-A GEC T score, informant reportc 63.1±11.01 63.9±10.81 0.636a

MADRS total score 11.8±3.77 12.7±3.23 0.147a

CGI-S, n (%) 0.878b

Normal, not at all ill 2 (2.8) 0

Borderline mentally ill 6 (8.3) 5 (7.0)

Mildly ill 26 (36.1) 30 (42.3)

Moderately ill 35 (48.6) 32 (45.1)

Markedly ill 3 (4.2) 3 (4.2)

Severely ill 0 1 (1.4)

Among the most extremely ill 0 0

SSRI dosage (mg/day) before double-blind augmentation, mean±SDd

Citalopram 37.6±14.81 (n¼ 22) 27.4±10.83 (n¼ 24) 0.010a

Escitalopram 17.2±8.06 (n¼ 29) 18.7±9.74 (n¼ 18) 0.580a

Fluoxetine 29.2±14.32 (n¼ 21) 32.2±15.24 (n¼ 28) 0.489a

Paroxetine 30.5±17.07 (n¼ 10) 26.6±9.23 (n¼ 20) 0.420a

Sertraline 111.3±54.40 (n¼ 18) 115.6±55.76 (n¼ 22) 0.805a

Abbreviations: BRIEF-A GEC, Behavior Rating Inventory of Executive Function-Adult Version Global Executive Composite; CGI-S, Clinical Global Impression-Severity;
LDX, lisdexamfetamine dimesylate; MADRS, Montgomery-Åsberg Depression Rating Scale; SSRI, selective serotonin reuptake inhibitor.
aBased on post hoc t-test.
bBased on post hoc Chi-square test.
cBased on full analysis set.
dThe sum of participants across SSRIs exceeds the overall population count due to the use of 41 SSRI before double-blind augmentation.
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STS; participants had low mean±SD scores at baseline
(placebo, 0.0±0.12; LDX, 0.1±0.39) and showed virtually
no change throughout double-blind and single-blind treat-
ments. CSFQ-14 total scores increased slightly from baseline
to week 9 (observed cases) for men (mean±SD change from
baseline: placebo, 2.1±5.06; LDX, 2.4±4.72) and women
(mean±SD change from baseline: placebo, 1.6±5.91; LDX,
2.6±8.65); total scores were similar between treatment
groups at week 9.

DISCUSSION

Participants with partially to fully remitted MDD and
executive dysfunction exhibited significantly greater impro-
vements in executive function with LDX augmentation

compared with placebo, as measured by BRIEF-A Self-
Report GEC T scores. This patient-reported amelioration
was supported by the significant improvement reported by
knowledgeable informants; for the other secondary cogni-
tive end point, a performance-based computerized test of
neurocognitive function, the improvement seen with LDX
was not statistically superior to placebo. Overall, these
findings support previous evidence of the ability of dopami-
nergic agents to mitigate cognitive dysfunction (Killgore
et al, 2008; Schachar et al, 2008).

However, because there are typically only modest
correlations between BRIEF-A and performance-based
measures of executive function (Isquith et al, 2013), this
finding is not surprising. Furthermore, a population
specifically selected for having high BRIEF-A GEC T scores
may not have exhibited the same level of impairment on the
CNS Vital Signs test battery. As such, the study may have
a higher possibility to detect changes on the BRIEF-A than
on the CNS Vital Signs. It is also possible that additional
training on the CNS Vital Signs may have decreased
variability in this end point, as is observed in many
cognition studies (Brooks and Sherman, 2012; Iverson et al,
2009). To address these issues, future studies should
consider stratifying participants according to both self-
reported and performance-based cognitive measures. This
would ensure that participants are impaired on both types
of measures at baseline, thereby increasing the probability
of detecting improved performance on both measures.
Additionally, including assessments of a participant’s
perception of their treatment regimen (ie, do they think
they were administered active treatment or placebo) would
help to determine whether treatment expectations differen-
tially influence self-reported and performance-based end
points. Finally, as studies are not typically powered to assess
changes in secondary end points, the use of a larger study
population would help reduce measurement variability and
increase the probability of observing statistical differences
vs placebo.

Executive dysfunction can impact daily functioning
(Marazziti et al, 2010). Although the implications of these
findings for clinical practice should be interpreted cau-
tiously until the results are replicated, the clinical relevance
of self-reported changes in executive function should be
considered. In this study, executive dysfunction was
operationally defined as a Self-Report GEC T score of
X60. By study end, mean Self-Report GEC T score with
LDX augmentation was reduced to levels below the
operationally defined inclusion criteria and shifts in
BRIEF-A GEC T scores to within 1 SD of the normative
sample mean were observed. This suggests that executive
function improvements were clinically relevant. Overall,
these findings indicate that some individuals with MDD
report considerable executive dysfunction despite having
only mild depressive symptoms; this self-reported dysfunc-
tion was ameliorated by LDX augmentation. However, it will
be important for future studies to determine whether
performance-based objective tests also demonstrate im-
proved executive function with LDX augmentation.

The mechanism of action by which LDX augmentation
may ameliorate executive dysfunction is uncertain. How-
ever, individuals with MDD exhibit hypoactivation in the
prefrontal and anterior cingulate cortices (Rogers et al,

Figure 2 LS mean (95% CI) change from baseline in (a) BRIEF-A Self-
Report GEC T score and (b) Informant Report GEC T score; full analysis
set, last observation carried forward. *Po0.05 vs placebo; wPo0.01 vs
placebo; zPo0.001 vs placebo. INSETS: Mean (standard deviation) values at
baseline and week 9/EOS; the horizontal line indicates a GEC T score of 60.
BRIEF-A, Behavior Rating Inventory of Executive Function-Adult Version;
CI, confidence interval; EOS, end of study; GEC, Global Executive
Composite; LDX, lisdexamfetamine dimesylate; LS, least square.
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2004), so the ability of stimulants to alleviate executive
dysfunction is likely related to their modulation of cortical
dopaminergic and adrenergic systems (Arnsten and Li,
2005; Elliott, 2003).

In addition to improvements in cognitive function,
residual depressive symptoms were also significantly
improved by LDX augmentation, which is consistent with
the results of a previous study of LDX augmentation for
treatment of depressive symptoms in individuals who did
not achieve remission after 8 weeks of open-label escitalo-
pram (Trivedi et al, 2013). These results are important given
previous data suggesting that residual depressive symptoms
can have a clinically relevant impact on quality of life (ten
Doesschate et al, 2010).

Previous studies of the pharmacotherapy for cognitive or
executive dysfunction in MDD have reported somewhat
inconsistent findings (DeBattista, 2005; Ferguson et al, 2003;
Herrera-Guzman et al, 2010). These inconsistencies are
likely related to the fact that cognitive function was usually
a secondary assessment in individuals selected for having
relatively severe depression with or without documented
cognitive dysfunction at baseline in these previous studies
(Herrera-Guzman et al, 2010; Raskin et al, 2007). In our
study, the primary end point was assessed in individuals
specifically selected for having self-reported executive
dysfunction (ie, BRIEF-A Self-Report GEC T score X60)
and mild or no depression (MADRS score p18). These
inclusion criteria are important because only a subset of
individuals with depression experience cognitive dysfunc-
tion (Grant et al, 2001; Iverson et al, 2011), so observing
cognitive improvement in individuals with impairment may
be difficult when they are grouped with individuals who are
not impaired. Furthermore, cognitive problems may be
exacerbated in those with more severe depression and
improve when depressive symptoms abate. Thus, by

including only those individuals with mild depressive
symptoms, it is possible to assess changes in executive
and cognitive function relatively independent of depressive
symptoms. Post hoc analyses noted that changes in MADRS
total score and BRIEF-A GEC T score were not independent;
MADRS total score and CNS Vital Sign NCI change scores
were independent, although relatively smaller sample size
may have limited our ability to definitively assess this
relationship.

Overall, there were no unexpected safety concerns.
Consistent with previous findings with long-acting stimu-
lant use (Medori et al, 2008; Reimherr et al, 2007), there was
a small mean increase in heart rate with LDX administra-
tion, whereas changes in blood pressure, weight, and BMI
were small and similar between groups. The most common
adverse events with LDX, including decreased appetite,
headache, dry mouth, and insomnia, were similar to those
reported in another study of LDX augmentation to treat
depressive symptoms (Trivedi et al, 2013). Results from the
ACSA during single-blind placebo treatment showed no
evidence of adverse withdrawal effects.

Several limitations should be noted. First, multiple factors
that contribute to cognitive impairment (eg, duration of
disease and age of onset) (Grant et al, 2001) were not
analyzed separately. Second, although the executive func-
tion and neurocognitive measures suggested that function
improved, the study duration may not have been long
enough to show the full impact of these improvements on
daily functioning over time. Third, although the blind was
not broken, the perception of stimulant effects among study
participants who received LDX augmentation may have
contributed to the greater improvement observed on
BRIEF-A Self-Report scores vs placebo. Improvement in a
BRIEF-A informant rating scale may mitigate this concern,
but it would be useful in future studies to ask participants
which treatment they believe they received. Future studies
could also incorporate features into their study designs that
might mitigate or more clearly reveal the influence of a
participant’s treatment expectation on cognitive end points.
Such features could include using an independent rater who
is blind to the treatment regimen, employing a randomized
crossover design in which individual participants are rated
while on active treatment and placebo, or employing a low-
dose comparator arm which would have similar perceived
effects as the active treatment but would be expected to be
ineffective in treating cognitive dysfunction.

Table 2 Summary of Treatment-Emergent Adverse Events, Safety
Analysis Set

Placebo (n¼72) LDX (n¼71)

Participants with any TEAE, n (%) 53 (73.6) 56 (78.9)

TEAE occurring in X5% of participants in any treatment group, n (%)

Decreased appetite 3 (4.2) 16 (22.5)

Headache 11 (15.3) 16 (22.5)

Dry mouth 6 (8.3) 11 (15.5)

Insomnia 2 (2.8) 10 (14.1)

Irritability 5 (6.9) 9 (12.7)

Urinary tract infection 3 (4.2) 7 (9.9)

Anxiety 4 (5.6) 6 (8.5)

Upper respiratory tract infection 4 (5.6) 6 (8.5)

Nausea 4 (5.6) 5 (7.0)

Fatigue 4 (5.6) 4 (5.6)

Hyperhidrosis 0 (0) 4 (5.6)

Somnolence 2 (2.8) 4 (5.6)

Diarrhea 4 (5.6) 2 (2.8)

Sinusitis 4 (5.6) 1 (1.4)

Abbreviations: LDX, lisdexamfetamine dimesylate; TEAE, treatment-emergent
adverse event.

Table 3 Vital Sign and Physical Examination Changes from
Baseline to Week 9/EOS, Safety Analysis Set

Vital sign Placebo (n¼ 72) LDX (n¼71)

n Mean (SD) n Mean (SD)

Systolic blood pressure (mm Hg) 59 1.0 (10.39) 63 1.2 (9.40)

Diastolic blood pressure (mm Hg) 59 0.8 (7.76) 63 2.2 (7.91)

Pulse rate (b.p.m.) 59 � 1.4 (6.99) 63 4.2 (10.25)

Weight (kg) 59 0.5 (1.56) 63 –2.3 (2.42)

Body mass index (kg/m2) 59 0.2 (0.53) 63 –0.8 (0.88)

Abbreviations: b.p.m., beats per minute; EOS, end of study; LDX,
lisdexamfetamine dimesylate.
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Fourth, response rates to placebo can be high in clinical
trials of MDD (Brunoni et al, 2009; Walsh et al, 2002);
however, the consistent observation of superiority of LDX
over placebo across self-reports and informant reports
provides additional support for our positive findings. In
addition, post hoc analyses of all baseline demographic,
patient clinical characteristics, and pivotal assessments
reported only one significant difference, which was mean
citalopram usage before augmentation. Although this base-
line treatment difference was not observed in combination
with baseline differences in depressive symptoms measured
with MADRS total score or executive function measured
with the BRIEF-A Self-Report GEC T score, it could
potentially impact the benefit of LDX augmentation and
should be further explored.

In summary, these findings suggest that LDX augmenta-
tion of SSRI monotherapy significantly improved self- and
informant-reported executive function and reduced depres-
sive symptoms in participants with partially or fully remitted
MDD. In view of the limited attention often paid to patients’
perceptions of their own condition in drug efficacy trials, it
is considered to be important that the improvement in
executive function noted in this trial was demonstrated on
both the self-report and informant-report versions of the
BRIEF-A. The safety profile was similar to that observed in
studies of LDX in adults with ADHD (Weisler et al, 2009;
Wigal et al, 2010) and MDD (Trivedi et al, 2013) and was
consistent with those of other long-acting stimulants
(Medori et al, 2008; Reimherr et al, 2007).
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