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Background: Sleep disturbances may cause distress
among individuals with attention-deficit/hyperactivity
disorder (ADHD), but few studies have examined the
impact of stimulant pharmacotherapy for ADHD on
sleep in adults.

Method: These post hoc analyses included sleep data
collected with the Pittsburgh Sleep Quality Index (PSQI),
a self-rated questionnaire, from 831 adults with DSM-IV-
TR-defined ADHD in 2 large, randomized, double-blind,
placebo-controlled, forced-dose titration studies of lis-
dexamfetamine (N =420; conducted from May 25, 2006,
to November 16, 2006) and triple-bead mixed amphet-
amine salts (MAS) (N=411; conducted from April 25,
2005, to November 4, 2005). Change from baseline to
endpoint in PSQI clinically meaningful change categories
(ie, “decrease,” “no change,” or “increase”) was analyzed
by treatment group in each study using the x? test. The
Cochran-Mantel-Haenszel method was used (1) to deter-
mine whether there was a statistically significant difference
in Clinical Global Impressions-Improvement (CGI-I)
score of 1 or 2 (improved) versus >2 (not improved) rela-
tive to a decrease or an increase in PSQI and (2) to analyze
shifts from good sleep at baseline (PSQI <5) to poor sleep
at endpoint (PSQI >5).

Results: Impaired sleep (PSQI score > 5) relative to
baseline was demonstrated in 8.3% and 9.7% of the treat-
ment and placebo groups, respectively (P=.18), in the
MAS study and 7.7% and 8.2%, respectively (P=.03), in
the lisdexamfetamine study. Clinically meaningful change
in baseline to endpoint PSQI was not statistically signifi-
cantly different between treatment and placebo groups
in either study. A significant difference in CGI-I 1 and 2
relative to an increase or decrease in PSQI was found in
both the triple-bead MAS (P<.0001) and the lisdexam-
fetamine (P=.0008) trials. More subjects with improved
CGI-I rating of 1 or 2 had improvement in PSQI than had
worsening.

Conclusions: Approximately one-third of subjects
receiving treatment or placebo had clinically meaning-
ful sleep improvement, emphasizing that change in sleep
quality during treatment may not necessarily be related
to stimulant therapy. When managing complaints of sleep
difficulties in ADHD subjects, clinicians should undertake
a broad assessment and consider underlying conditions
that may contribute to sleep disruption.
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Attention-deficit/hyperactivity disorder (ADHD) is a
common childhood condition that persists into adult-
hood. Recent estimates of the prevalence of adult ADHD
indicate that the disorder affects 3% to 4% of adults in the
United States.'~

Anecdotal reports have emphasized that sleep disrup-
tion is common in adults with ADHD. In a controlled study
examining self-reported sleep characteristics of adults with
and without ADHD,* sleep impairment was significantly
associated with ADHD, independent of stimulant pharma-
cotherapy, age at ADHD onset, and comorbidities associated
with sleep disturbances. A pilot study of 6 adults with ADHD
and sleep complaints showed evidence of sleep-disordered
breathing in all patients.> Another study comparing adults
with ADHD (without comorbidity, substance abuse, or
medication) versus healthy controls found that adults with
ADHD had a significantly greater incidence of a variety of
sleep disorders, including movement disorders, insomnia,
and parasomnias.®

Stimulant pharmacotherapy is the mainstay of ADHD
treatment; however, stimulants may potentially exacerbate
sleep disruption in adults with ADHD because of their
known wake-promoting effects in healthy individuals. Un-
fortunately, there have been limited studies examining the
impact of pharmacotherapy on sleep in adults with ADHD.
Early studies were conducted with methylphenidate only and
were limited by small samples or lack of controlled treatment
design.””?

Recent analyses of the impact of 2 amphetamine-based
stimulant medications, lisdexamfetamine dimesylate and a
triple-bead formulation of mixed amphetamine salts (MAS),
utilized a self-report sleep quality measure, the Pittsburgh
Sleep Quality Index (PSQI), to assess sleep at baseline and
following 4 weeks of treatment. Roth and colleagues!® an-
alyzed pooled data from 2 phase 3 studies in adults with
ADHD to assess the incidence rate and characteristics of
treatment-emergent insomnia reports with triple-bead
MAS compared with placebo. Although insomnia was the
most common treatment-emergent adverse event reported
in the 2 pooled clinical trials (triple-bead MAS, 37.8%; pla-
cebo, 10.5%), a similar incidence of insomnia events was
reported by subjects with baseline PSQI scores of very good/
fairly good compared with subjects who reported very bad/
fairly bad sleep. In a 4-week, double-blind, forced—-dose esca-
lation study of adults with ADHD, 420 participants received
placebo or lisdexamfetamine 30, 50, or 70 mg/d, taken in
the morning.!! Sleep quality was assessed at baseline and
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Clinical Points

week 4 with the self-rated

PSQI. Compared with pla- = Attention-deficit/hyperactivity disorder (ADHD) is often
associated with sleep disruption.

cebo, lisdexamfetamine was
not associated with an overall
worsening of sleep.

Proper clinical manage-

ADHD subjects with sleep
disturbances is important,
since sleep impairment is
associated with distress and
poor daytime function. Because stimulants are a standard
therapy for management of ADHD, but have wake-promoting
properties that could disrupt sleep, it is important to clarify
their impact on sleep to inform clinical treatment decisions.

To clarify the clinical significance of stimulant-related
changes in sleep, it is important to understand both the
association of ADHD with sleep disruption prior to treat-
ment, which may be inherent to the disorder, and changes in
sleep disruption that occur during treatment. Using a vali-
dated clinical assessment of overall sleep, this study sought
to establish the baseline status of sleep in ADHD prior to
initiation of stimulant therapy and to examine how sleep
changes with stimulant therapy. Using data on sleep from 2
large, randomized, double-blind, placebo-controlled trials of
long-acting amphetamine treatments, we hypothesized that
active treatment, relative to placebo, would be associated with
significant improvement in sleep for subjects from baseline
to study endpoint and that these findings would be replicated
across the 2 studies.

METHOD

Sleep was evaluated in adults participating in 2 large,
randomized, double-blind, placebo-controlled trials of long-
acting amphetamine treatments: (1) a 4-week, forced—dose
titration study of lisdexamfetamine!? and (2) a 6-week,
forced-dose titration study of triple-bead MAS.!*!3 PSQI
data were collected from a total of 831 subjects during these
trials (triple-bead MAS, N =411, and lisdexamfetamine,
N =420). The lisdexamfetamine study was conducted from
May 25, 2006, to November 16, 2006, and the triple-bead
MAS study, from April 25, 2005, to November 4, 2005. The
trials were registered with clinicaltrials.gov (NCT00334880
and NCT00152022).

Subjects

In the lisdexamfetamine study,'? adults aged 18 to 55 years
with moderate to severe ADHD (Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision
[DSM-IV-TR] criteria'*) were treated with lisdexamfetamine
30,50, or 70 mg/d or placebo. Exclusion criteria were as follows:
comorbid psychiatric diagnosis with significant symptoms
that might preclude treatment; history of seizures; medica-
tions affecting the central nervous system or blood pressure;
known cardiac structural abnormality or any condition
that could affect cardiac performance; clinically significant
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® Stimulant therapy may not impair sleep quality in adults
with ADHD significantly more often than placebo.

ment of sleep disruption in = Comprehensive treatment of ADHD includes evaluation
for and therapeutic targeting of sleep disruption.

electrocardiogram or labora-
tory abnormality at screening
or baseline; history of hyper-
tension or a resting sitting
systolic blood pressure > 139
mm Hg or diastolic blood
pressure >89 mm Hg; preg-
nancy or lactation; and
positive urine drug results at
screening or baseline. Wom-
en of childbearing potential
had to comply with contraceptive restrictions.

In the triple-bead MAS study,'*!? adults aged 18 to 55 years
with moderate to severe ADHD (DSM-IV-TR criteria) were
treated with 25, 50, or 75 mg/d triple-bead MAS or placebo.
Subjects were otherwise healthy adult men or nonpregnant,
nonlactating women with exclusion criteria similar to those
of the lisdexamfetamine study.

Both studies were performed in accordance with the
Declaration of Helsinki and Good Clinical Practice ac-
cording to the International Conference on Harmonization
guidelines. Study protocols were approved by the institutional
review board of each institution, and all subjects provided
written informed consent.

Study Design

Both the 4-week lisdexamfetamine!? and the 6-week triple-
bead MAS trials'®!® were forced-dose titration studies. In the
lisdexamfetamine study, after a 7- to 28-day washout, subjects
were randomly assigned (2:2:2:1) to 4 weeks of lisdexamfet-
amine treatment with 30 mg/d, 50 mg/d (30 mg/d for week 1
with forced dose escalation to 50 mg/d for weeks 2 to 4), or
70 mg/d (30 mg/d for week 1 with forced dose escalation to
50 mg/d for week 2 and 70 mg/d for weeks 3 and 4) or pla-
cebo, administered orally. In the triple-bead MAS trial, all
eligible subjects were randomly assigned (1:1:1:1) to triple-
bead MAS treatment with 25, 50, or 75 mg/d or placebo. All
subjects assigned to active treatment were started at a triple-
bead MAS dose of 25 mg/d. Subjects assigned to doses of
50 mg/d were titrated over 3 weeks, and those assigned to
75 mg/d were titrated over 4 weeks.

Measures

The PSQL' a 19-item, self-rated questionnaire, assessed
various aspects of sleep, sleep quality, and sleep disturbances
over the previous month. Psychometric evaluation of the
scale supports its internal consistency reliability and con-
struct validity, and the scale is highly sensitive and specific
for the identification of sleep disturbances in a variety of
clinical populations.!® The PSQI is composed of 7 compo-
nents: subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use of sleeping
medication, and daytime dysfunction. The sum of scores
for these 7 components yields 1 global score. Total PSQI
scores > 5 have yielded a diagnostic sensitivity of 89.6% and
a specificity of 86.5% in distinguishing poor sleepers from
good sleepers.' In the lisdexamfetamine study,'? internal
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consistency reliability for the PSQI total score as measured by
Cronbach a was 0.75 for the treatment group and 0.86 for
the placebo group. Internal consistency reliability in the
triple-bead MAS study!'®!® was low for the treatment group
(Cronbach a=0.56) and acceptable for the placebo group
(Cronbach a=0.69).

Two measures of PSQI scores were used in this study:
dichotomized PSQI categories utilizing a score of > 5 as a cut-
off, where <5 indicates better sleep and > 5 indicates poorer
sleep, and post hoc—derived PSQI clinical categories of sleep
change (referred to as clinically meaningful change catego-
ries), defined as “increase,” where the endpoint assessment
is at least 1 modified standard error (SE) distance away from
baseline score toward worsening; “no change,” where the
endpoint assessment is within 1 modified SE distance from
baseline; and “decrease,” where the endpoint assessment is
at least 1 modified SE distance away from baseline toward
improvement. The modified SE does not solely rely on sam-
ple parameters to determine the significance of a change
in a score when reassessed, but considers the reliability or
stability of the measure when readministered to establish a
level for a clinically meaningful change.!” The modified SE
is defined as the baseline standard deviation x square root
of 1 - Cronbach coefficient a of baseline and endpoint.

The Clinical Global Impressions-Improvement scale
(CGI-I),"® an investigator-rated scale, assessed each subject’s
improvement over time via a 7-point subscale ranging from
1 =very much improved to 7=very much worse. Prior to
analysis, this variable was dichotomized a priori into 2 cat-
egories: “improved,” which included all subjects regarded as
“much improved” and “very much improved” (CGI-I ratings
of 1 or 2), or “not improved” (CGI-I rating > 2).

Adverse events during the 2 studies were obtained
through close observation and monitoring of subjects during
the study'? and through nonleading questions and sponta-
neous report by the subjects during clinical interviews.!?
Treatment-emergent insomnia was defined in the triple-
bead MAS study as any event with a Medical Dictionary for
Regulatory Activities Version 8.1 preferred term of insomnia,
initial insomnia, middle insomnia, or early morning awak-
ening that began or increased in severity on or between the
dates of first and last study medication dose.!®!® For the lis-
dexamfetamine trial, the Medical Dictionary for Regulatory
Activities Version 9.1 was used.!! In each study, comorbid
mental health conditions were assessed at baseline using the
Structured Clinical Interview for DSM-IV-TR Axis I Disor-
ders during the initial evaluation of subjects to determine
eligibility for study enrollment.

Data Analysis

For purposes of these post hoc analyses, the study
populations were all those participants for whom both
baseline and endpoint measures of PSQI were available.
This is analogous to, but not identical with, the intent-to-
treat (ITT) populations, which consisted of all subjects for
whom a baseline measure and a subsequent measure were
available on the primary study outcome instrument, the
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Attention-Deficit/Hyperactivity Disorder Rating Scale
Version IV. Hypothesis testing was performed at the 5%
level. Chi-square statistics were used for the analyses of the
change in PSQI clinically meaningful change categories from
baseline to endpoint by treatment group in each study. The
Cochran-Mantel-Haenszel method with a null hypothesis
of no study medication effect across the clinically meaning-
ful change strata was used to answer the question, “Is there a
statistically significant difference between CGI-I 1 or 2 ver-
sus CGI-I>2 ratings that depends on whether or not one has
a decrease or an increase in PSQI?” and the analysis of shift
of categorized sleep quality index (ie, <5 and >5).

RESULTS

Participants in the lisdexamfetamine study were
randomly assigned to lisdexamfetamine 30 (n=119), 50
(n=117), 0or 70 (n=122) mg/d or placebo (n=62). Of these,
414 subjects were included in the ITT population (n=115,
117, 120, and 62, respectively). Of the 420 enrolled subjects,
71 (17%) terminated before study completion. Discontinua-
tion rates in each lisdexamfetamine group (13%-20%) were
similar to those among the placebo group (16%). Of the sub-
jects randomly assigned to receive treatment, adverse events
were the most common reason for discontinuation (0.5%;
2/358), whereas lack of efficacy was the most common rea-
son in the placebo group (1.6%; 1/62). Sleep-related adverse
events leading to discontinuation in the lisdexamfetamine
group included insomnia (2.2%; 8/358), hypersomnia (0.3%;
1/358), restlessness (0.3%; 1/358), and sleep disorder not
specified (0.3%; 1/358); there were no discontinuations due
to sleep-related adverse events in the placebo group.

In the triple-bead MAS trial, all eligible subjects were
randomly assigned to triple-bead MAS treatment with 25
(n=104), 50 (n=101), or 75 (n=102) mg/d or placebo
(n=104). Of these, 405 subjects were included in the ITT
population (n=103, 101, 98, and 103, respectively); 120
(29.6%) terminated before study completion. Discontin-
uation rates in the treatment groups ranged from 22.1%
(25 mg/d) to 26.5% (75 mg/d) and 42.3% in the placebo
group. Adverse events were the most common reason for dis-
continuation among subjects who received treatment (11.0%;
34/307), whereas “other” was cited as the most common
cause in the placebo group (20.2%; 21/104). Sleep-related
adverse events in the triple-bead MAS groups combined
included insomnia (3.9%; 12/307) and restlessness (0.7%;
2/307); in the placebo group, these adverse events each led
to discontinuation in 1 subject (1.0%).

Demographic and Baseline Characteristics
Demographic and baseline characteristics of all recruited
study participants are summarized in Table 1.1%13

Sleep Outcomes

In the triple-bead MAS study, of the 301 treated and 103
placebo subjects, 8.3% of the treatment group and 9.7% of
the placebo group demonstrated worse sleep at endpoint
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Table 1. Baseline Demographic and Clinical Characteristics of Enrolled Subjects?

(PSQI >5) than at baseline (PSQI < 5; Fig-

ure 1), while 29.2% of the treatment group

Lisdexamfetamine Triple-Bead MAS

(30, 50, and 70 mg/d combined) (25, 50, and 75 mg/d combined) and 27.2% of the placebo group demon-

Placebo Lisdexamfetamine Placebo Triple-Bead MAS strated better sleep at endpoint than at
Characteristic (n=62) (n=358) (n=104) (n=307) baseline. There was no statistically signifi-
Age, mean+SD, y 352+10.9 35.6+9.8 37.7+9.7 .
Mern n (%) 32 (52) 196 (55) 58 (56) 175 (57) cant cl'lfference betw'een treatmen't groups
Caucasian, n (%) 48 (77) 301 (84) 89 (86) 269 (88) for shifts from baseline to endpoint PSQI
Body mass index, P b 27.5+5.2 27.9+53 scores (P=.18). In the lisdexamfetamine

mean +SD

Baseline ADHD-RS ~ 39.4+6.4 b 40.0+5.4¢ 403456 study, of 339 treated and 61 placebo sub-

total score,
mean +SD

jects, 7.7% of the treatment group and 8.2%

aPData from Roth et al'” and Adler et al.!!
®No group data available.

‘n=103.

dn=302.

Abbreviations: ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale,

MAS = mixed amphetamine salts.
Symbol: ... =data not available.

of the placebo group demonstrated worse
sleep at endpoint (PSQI >5) than at base-
line (PSQI < 5; Figure 1), while 20.9% of the
treatment group and 8.2% of the placebo
group demonstrated better sleep at end-
point than at baseline. This relationship

Figure 1. Percentage of Subjects Shifting From Good Sleep
(PSQI <5) at Baseline to Poor Sleep (PSQI >5) at Endpoint, by
Study and by Treatment Group

124

—
[o2) o
1 1

Subjects Shifting From
Good to Poor Sleep, %
[e)}

1

Abbreviations: MAS = mixed amphetamine salts, PSQI = Pittsburgh Sleep
Quality Index.

Table 2. Change in PSQI Total Score Clinically Meaningful
Change Categories From Baseline to Endpoint by Treatment
Group and Study

Clinically Meaningful Change®

No.of Decrease, No Change, Increase, p
Treatment Group Subjects n (%) n (%) n (%) Valueb

Lisdexamfetamine study

Lisdexamfetamine 339 111(32.7) 189 (55.8) 39(11.5)
Placebo 61 13(21.3)  41(67.2) 7(115) .19
Triple-bead MAS study

Triple-bead MAS 301 108 (35.9) 153 (50.8) 40 (13.3)
Placebo 103 49(47.6) 39(37.9) 15(14.6) .06

Clinically meaningful change categories: decrease =at least 1 modified
SE distance away from baseline toward improvement; no change =end
of study score of assessment is within 1 modified SE distance from
baseline; increase = at least 1 modified standard error (SE) distance
away from baseline score toward worsening. Modified SE =the baseline
standard deviation x square root of 1 — Cronbach coefficient a of
baseline and endpoint.

PTreatment group vs placebo group; determined by x? test.

Abbreviations: MAS = mixed amphetamine salts, PSQI = Pittsburgh Sleep
Quality Index.
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between treatment group and endpoint
PSQI was significant at P=.03.

In both trials, generally more study subjects were in the
PSQI no change category than either the increase or decrease
categories. In both the lisdexamfetamine and the triple-bead
MAS trials, there were no statistically significant differences
in the proportion of subjects in these PSQI change catego-
ries between treatment and placebo groups (P=.19 and .06,
respectively; Table 2).

When the data were examined for subjects showing a
clinically meaningful change in sleep quality, 108 MAS sub-
jects had clinically meaningful improvement, of whom 80
(74.1%) were classified as having a CGI-I rating of 1 or 2. In
placebo subjects, 49 had clinically meaningful improved sleep,
of whom 9 (18.4%) showed improvement by the CGI-I. Of
39 MAS subjects who had clinically meaningful worsening of
sleep, 23 (59.0%) showed improvement on the CGI-I, while
3 of 15 (20.0%) placebo subjects with worsened sleep had
improvement on the CGI-I (Figure 2A). For lisdexamfet-
amine subjects, 111 had clinically meaningful improvement
in sleep, of whom 84 (75.7%) had a CGI-I rating of 1 or 2. In
placebo subjects, 13 had improvement in sleep, of whom 5
(38.5%) showed improvement on the CGI-I. There were 38
lisdexamfetamine subjects with clinically meaningful wors-
ening of sleep, of whom 25 (65.8%) had improvement on
the CGI-I, compared to 2 of 7 (28.6%) placebo subjects with
worsened sleep (Figure 2B). The Cochran-Mantel-Haenszel
method was used to test for a statistically significant dif-
ference in CGI-I rating of 1 or 2 (improved; vs CGI-I >2)
relative to an increased or decreased PSQI. A significant dif-
ference was found in both the triple-bead MAS (P<.0001)
and the lisdexamfetamine (P=.0008) trials.

DISCUSSION

We conducted an assessment of change in sleep among 2
large groups of adults with ADHD participating in double-
blind, placebo-controlled trials of amphetamine treatment
to test the relationship between quality of sleep and ADHD
treatment. In both studies, only a small percentage of the
treated subjects experienced worsening of sleep (8.3%,
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Figure 2. Percentage of Subjects With Endpoint CGI-I Category 1 or 2 (improved) or
>2 (not improved) by PSQI Clinically Meaningful Change Category, by Treatment Group

A.Triple-Bead MAS Study

B Subjects With CGI-l=10r2 [0 Subjects With CGI-I > 2

or 2. This relation was observed
regardless of whether there was
an increase or decrease in end-
point PSQI clinical categories of

100 sleep change, although treated
90+ 250 subjects who reported clinically
. 80 386 410 meaningful change of improved
% 70- sleep were more likely to be rat-
3 60 G 769 80.0 ed clinically improved (CGI-I
q; 50| 1 or 2) than were those who
£ 40 reported worsened sleep qual-
¢ 30 ity (74.1%, triple-bead MAS
= 204 and 75.7%, lisdexamfetamine vs
10 18.4 231 200 59.0%, triple-bead MAS and
. . : 65.8%, lisdexamfetamine, re-

Triple-Bead Placebo Triple-Bead Placebo Triple-Bead Placebo . L. .
MAS (n=49) MAS (n=39) MAS (h=15) spectively). Clinical rating of
(n=108) (n=153) (n=39) improvement or no improvement
!’SQI Decreased No Change PSQl Increased in ADHD was signiﬁcantly Ccor-
(improved sleep) (worsened sleep) related with increase or decrease
B. Lisdexamfetamine Study in PSQI in both trials (MAS,

B Subjects With CGI-l=10r2 [0 Subjects With CGI-I > 2 P< 0001, lisdexamfetamine,

122_ s P=.0008). This finding suggests
80- ' 342 that ADHD improvement may

g 615 497 correlate with improved sleep
g 60 T 714 quality. However, because of the
T 5o overwhelming improvement in
3 40 ADHD symptoms, which makes
é 30- the direction of influence un-
S, s clear, further study is needed to
104 ‘ 24 286 appreciate the potential clinical

0 relevance of this finding.

Lisdexamfetamine Placebo
(n=189) (n=41)

Lisdexamfetamine Placebo
(n=111) (n=13)

Lisdexamfetamine Placebo

Because similar proportions of

(=38 (=7 subjects in the placebo and treat-

PSQI Decreased
(improved sleep)

No Change

Abbreviations: CGI-I=Clinical Global Impressions-Improvement scale, MAS = mixed amphetamine salts,

PSQI =Pittsburgh Sleep Quality Index.

PSQl Increased

(worsened slop) ment groups experienced either

improvement or deterioration of
sleep and because the magnitude

triple-bead MAS; 7.7%, lisdexamfetamine), and this was
comparable to or significantly less than that experienced by
the subjects given placebo (9.7%, triple-bead MAS; 8.2%,
lisdexamfetamine). No significant differences in the propor-
tion of patients in each PSQI clinically meaningful change
category were observed between treatment and placebo
groups in both trials. In addition, 11.5% of subjects treated
with lisdexamfetamine and 13.3% of those receiving triple-
bead MAS experienced a clinically meaningful increase in
PSQI (ie, poorer sleep) from baseline to endpoint, while
32.7% and 35.9%, respectively, reported a clinically mean-
ingful decrease in PSQI (ie, improved sleep). This finding
supports the hypothesis that, in some ADHD subjects, sleep
quality improves with stimulant treatment. These observa-
tions may be attributed, at least in part, to changes in daytime
functioning, as daytime functioning is a component of
the PSQI.

In both studies, more subjects on active ADHD treat-
ment than those on placebo had improved CGI-I scores of 1
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of improvement in each group
exceeded that of worsening, our
replication analysis suggests that sleep impairment may be
a function of ADHD, independent of stimulant pharma-
cotherapy. This is consistent with the findings of a large,
controlled study of adults in a community setting, in which
sleep impairments were significantly associated with ADHD,
independent of ADHD pharmacotherapy.* Our findings
are also consistent with those from a retrospective study by
Dodson and Zhang,® who found that stimulant treatment
was associated with significant reductions in insomnia and
sleep disruption.

The findings of this study should be viewed within the
context of its methodological limitations. Low rates of co-
morbidity at baseline, as are typical in clinical trials, limit the
generalization of our findings to typical ADHD subjects, who
are likely to have more comorbidities.* However, low rates of
comorbid mental health conditions in our study minimize
the possibility that reported changes in sleep are attributable
to improvement in comorbid conditions. It is also unlikely
that PSQI findings were related to baseline demographic
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differences, since these characteristics of treatment groups
were similar. The examination of changes in PSQI clinically
meaningful change categories from baseline to endpoint was
a post hoc analysis and should be replicated in a prospective
design. The internal consistency reliability of the PSQI in
the triple-bead MAS treatment group was low. In addition,
self-report measures have inherent limitations, including re-
call bias, and future replications should consider physiologic
parameters such as actigraphy as a measure of sleep quality.
Despite these methodological considerations, this study
offers the first replicated evidence of sleep changes in 2 large,
placebo-controlled trials of amphetamine treatment. Find-
ings consistently support the hypothesis that sleep quality
in subjects taking ADHD medication is similar to that in
subjects given placebo. Only a small percentage of treated
subjects experienced worsened sleep, and this was compara-
ble to or less than the sleep deterioration experienced by the
subjects given placebo. In addition, approximately one-third
of treated subjects in both studies reported improved sleep,
supporting the conclusion that, in some subjects, ADHD
treatment improves sleep quality. Our replication analyses
thus suggest that clinicians should not assume that stimu-
lants will have a negative impact on sleep quality in adults
with ADHD. The analyses also provide some evidence for
association between ADHD and sleep disruption through
evidence of sleep benefit from treatment for ADHD, as sta-
tistically more subjects had improvement on PSQI ratings
of sleep quality on active lisdexamfetamine treatment than
on placebo, although this finding was not replicated in the
MAS study. Further study of individuals with ADHD and
sleep impairment can clarify the association of sleep impair-
ment with ADHD. Treatment studies of adults with ADHD
and sleep impairment might clarify which presenting clinical
characteristics or pharmacotherapy mechanisms elicit reso-
lution of sleep impairment.
Drug names: lisdexamfetamine (Vyvanse), methylphenidate (Focalin,
Daytrana, and others), mixed amphetamine salts (Adderall and others).
Author affiliations: Clinical and Research Program in Adult ADHD,
Massachusetts General Hospital, Boston (Dr Surman); and Sleep Center,
Henry Ford Hospital, Detroit, Michigan (Dr Roth).
Potential conflicts of interest: Dr Surman has received research sup-
port from Abbott, Alza, Cephalon, Eli Lilly, Hilda and Preston Davis
Foundation, McNeil, Merck, New River, National Institutes of Health,
Organon, Pfizer, Shire, and Takeda; has received support from Janssen-
Ortho, McNeil, Novartis, and Shire for speaking and other educational
activities; and has been a consultant/advisor for McNeil, Shire, and
Takeda. Dr Surman has also received honoraria from Reed Medical
Education (a logistics collaborator for the MGH Psychiatry Academy).
Commercial entities supporting the MGH Psychiatry Academy are listed
on the Academy’s Web site, http://www.mghcme.org.
Dr Roth has received research support from Aventis, Cephalon,
GlaxoSmithKline, Merck, Neurocrine, Pfizer, Sanofi, Schering-Plough,
Sepracor, Somaxon, Syrex, Takeda, TransOral, Ventus, Wyeth, and
Xenoport; has been a speaker for Cephalon, Sanofi, and Sepracor; and in
the past year has been a consultant/advisor for Abbott, Cephalon, Eisai,
Eli Lilly, Intec, Merck, Ocera, Pfizer, Sanofi, Sepracor, Shire, Somaxon,
Steady Sleep Rx, Takeda, and Transcept.
Funding/support: Clinical research was funded by Shire Development Inc,
Wayne, Pennsylvania.
Role of the sponsor: Although the sponsor was involved in the design,
collection, analysis, interpretation, and fact-checking of information, the
authors independently decided the content of this manuscript and the

interpretation of the data and made an independent decision to submit
it for publication in J Clin Psychiatry.

908 PSYCHTATRIST.COM

Acknowledgments: Authors directed writing assistance from William
Perlman, PhD, of Excerpta Medica. Editorial assistance in formatting,
proofreading, editing/copyediting, and fact-checking was also provided
by Walter Sella, MD, MBA, of Excerpta Medica, and Liz LaFlamme,
PhD, and Maryann Travaglini, PharmD, of Complete Healthcare
Communications, Inc. Excerpta Medica and Complete Healthcare
Communications, Inc were funded by Shire Development Inc for
support in writing and editing this manuscript. Thomas Babcock, DO,
and Ben Adeyi, MS, from Shire Development Inc, also reviewed and
edited the manuscript for scientific accuracy. Gary Chen, PhD, from
Shire Development Inc, was involved with statistical programming.
The acknowledged individuals report no additional potential conflicts
of interest.

REFERENCES

1. Faraone SV, Biederman J. What is the prevalence of adult ADHD? results
of a population screen of 966 adults. ] Atten Disord. 2005;9(2):384-391.

2. Faraone SV, Biederman J, Mick E. The age-dependent decline of atten-
tion deficit hyperactivity disorder: a meta-analysis of follow-up studies.
Psychol Med. 2006;36(2):159-165.

3. Kessler RC, Adler L, Barkley R, et al. The prevalence and correlates of
adult ADHD in the United States: results from the National Comorbidity
Survey Replication. Am J Psychiatry. 2006;163(4):716-723.

4. Surman CB, Adamson J], Petty C, et al. Association between attention-
deficit/hyperactivity disorder and sleep impairment in adulthood:
evidence from a large controlled study. J Clin Psychiatry. 2009;70(11):
1523-1529.

5. Surman CB, Thomas RJ, Aleardi M, et al. Adults with ADHD and sleep
complaints: a pilot study identifying sleep-disordered breathing using
polysomnography and sleep quality assessment. J Atten Disord. 2006;
9(3):550-555.

6. Schredl M, Alm B, Sobanski E. Sleep quality in adult patients with
attention deficit hyperactivity disorder (ADHD). Eur Arch Psychiatry
Clin Neurosci. 2007;257(3):164-168.

7. Boonstra AM, Kooij JJ, Oosterlaan J, et al. Hyperactive night and day?
actigraphy studies in adult ADHD: a baseline comparison and the effect
of methylphenidate. Sleep. 2007;30(4):433-442.

8. Dodson WW, Zhang Y. Sleep disturbances associated with adult ADHD.
In: Program and Abstracts of the 152nd Annual Meeting of the American
Psychiatric Association; May 18, 1999; Washington, DC.

9. Kooij JJ, Middelkoop HA, van Gils K, et al. The effect of stimulants
on nocturnal motor activity and sleep quality in adults with ADHD:
an open-label case-control study. J Clin Psychiatry. 2001;62(12):952-956.

10. Roth T, Spencer TJ, Silverberg A, et al. Insomnia with triple-bead mixed
amphetamine salts in adults with ADHD. Presented at: 54th Annual
Meeting of the American Academy of Child and Adolescent Psychiatry;
October 25, 2007; Boston, MA.

11. Adler LA, Goodman D, Weisler R, et al. Effect of lisdexamfetamine
dimesylate on sleep in adults with attention-deficit/hyperactivity
disorder. Behav Brain Funct. 2009;5(1):34.

12. Adler LA, Goodman DW, Kollins SH, et al; 303 Study Group.
Double-blind, placebo-controlled study of the efficacy and safety of lis-
dexamfetamine dimesylate in adults with attention-deficit/hyperactivity
disorder. J Clin Psychiatry. 2008;69(9):1364-1373.

13. Spencer TJ, Adler LA, Weisler RH, et al. Triple-bead mixed amphet-
amine salts (SPD465), a novel, enhanced extended-release amphetamine
formulation for the treatment of adults with ADHD: a randomized,
double-blind, multicenter, placebo-controlled study. ] Clin Psychiatry.
2008;69(9):1437-1448.

14. American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision. Washington, DC:
American Psychiatric Association; 2000.

15. Buysse DJ, Reynolds CF 3rd, Monk TH, et al. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193-213.

16. Carpenter JS, Andrykowski MA. Psychometric evaluation of the
Pittsburgh Sleep Quality Index. J Psychosom Res. 1998;45(1 Spec No):
5-13.

17. Wyrwich KW, Tierney WM, Wolinsky FD. Further evidence support-
ing an SEM-based criterion for identifying meaningful intra-individual
changes in health-related quality of life. ] Clin Epidemiol. 1999;52(9):
861-873.

18. Guy W. ECDEU Assessment Manual for Psychopharmacology. Rockville,
MD: National Institute of Mental Health, Psychopharmacology Research
Branch; 1976.

J'Clin'Psychiatry 72:7, July 2011



	Tables of Contents


