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ABSTRACT

Objective: To examine whether treatment with
armodafinil for 6 weeks affected patient-reported
overall functioning and daily quality of life compared
with placebo in patients with excessive sleepiness
associated with shift work disorder.

Method: This 6-week, multicenter, randomized,
double-blind, placebo-controlled, parallel-group study
was conducted in 45 sleep centers across the United
States between February and October 2010. Patients
included in the study were 18 to 65 years of age and
diagnosed with excessive sleepiness associated with
shift work disorder on the basis of the International
Classification of Sleep Disorders: Diagnostic and Coding
Manual, Second Edition and DSM-IV-TR criteria. These
patients also experienced late-in-shift sleepiness
between 4 AM and 8 AM (Karolinska Sleepiness Scale
score >6) and were functionally impaired (Global
Assessment of Functioning score < 70). Patients

were administered 150 mg of armodafinil or placebo
on nights worked, and efficacy measures included
changes in patient-reported overall functioning
(modified Sheehan Disability Scale [SDS-M]) and daily
quality of life (10-question Functional Outcomes of
Sleep Questionnaire [FOSQ-10]).

Results: Patients treated with armodafinil had
significantly greater improvement in SDS-M composite
scores at final visit (last observation carried forward)
(6.8 vs —4.5, respectively, P=.0027) than those
receiving placebo. Although the armodafinil group,
compared to the placebo group, showed a greater
improvement in total FOSQ-10 score from baseline

to final visit (+3.4 vs +2.7, respectively, P=.0775), a
statistically significant improvement was observed
only at week 6 (+3.6 vs +2.7, respectively, P=.0351).

Conclusions: These findings are consistent with our
previous report on clinician-rated measures of efficacy
by demonstrating that armodafinil improves patient-
rated functioning in patients with shift work disorder.
Additionally, the current findings show for the first
time that armodafinil may have benefits on quality of
life after 6 weeks of treatment.
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NCT01080807
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Approximately 20% of employed adults in the United States work
shifts outside the hours of 6 AM and 6 M. Due to their nighttime
and sometimes rotating work schedules, such workers are at risk to
develop shift work disorder (SWD). SWD is a circadian rhythm sleep
disorder in which misalignment of the circadian rhythm results in
excessive sleepiness during work hours and/or insomnia during sleep
onset and sleep maintenance.>* The exact prevalence of workers with
SWD is not known, although it is believed that up to 45% of night shift
workers have excessive sleepiness with or without a formal diagnosis
of SWD.*

As a result of their symptoms, shift workers (with or without a
diagnosis of SWD) exhibit clinically significant impairment in their
daily functioning and quality of life. Several aspects of a patient’s
functioning (psychological, social, family, and work) are negatively
affected by shift work. For example, the symptoms of SWD have been
associated with psychological impairment such as increased rates of
depression and anxiety, and SWD can exacerbate preexisting mood
disorders.*" In addition, patients with SWD are more likely to neglect
their social life and family obligations than workers without SWD.*
Shift workers are also more likely to be dissatisfied with their current
job and are more likely to be involved in accidents while working or
commuting home.”®

To cope with the many symptoms of SWD, patients have a number of
therapeutic options available. Currently, only 2 agents are indicated for
the treatment of excessive sleepiness in patients with SWD: modafinil
(containing R- and S-modafinil) and armodafinil (R-modafinil).
Armodatfinil is the longer-lasting stereoisomer of modafinil and has
a half-life of approximately 15 hours (compared with the 3-hour
half-life of S-modafinil).” Czeisler et al'® demonstrated in a 12-
week, multicenter, randomized, double-blind study that armodafinil
significantly improved wakefulness, overall clinical condition,
attention, and memory in patients with SWD compared with placebo.
A recent report on a 6-week, multicenter, randomized, double-blind
study showed that armodafinil was superior to placebo in improving
clinician-rated clinical condition and wakefulness late in the night shift
(between 4 AM and 8 AM) as well as overall daily functioning.!’ The
current report examines whether armodafinil also affected patient-
reported outcomes related to functioning and quality of life.

METHOD

Patients

As previously described,!! men and women aged 18 to 65 years were
included in the study if they were diagnosed with excessive sleepiness
associated with SWD on the basis of the International Classification
of Sleep Disorders: Diagnostic and Coding Manual, Second Edition?
and the Diagnostic and Statistical Manual of Mental Disorders, Fourth
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Armodafinil and Outcomes in Shift Work Disorder

® Patients with shift work disorder exhibit impairments in
functioning and quality of life.

= Armodafinil is currently approved in the United States
for the treatment of excessive sleepiness associated with
shift work disorder.

m The results of this study suggest that armodafinil
improves patient functioning and quality of life in

patients with shift work disorder.

Edition, Text Revision (DSM-IV-TR)? criteria. Patients were
to have regularly worked five 6- to 12-hour night shifts
(between 10 pM and 8 AM) per month with 3 of these shifts
worked consecutively. Patients were also required to have
late-in-shift sleepiness defined as scores >4 on the Clinical
Global Impressions—Severity of Illness scale (CGI-S)
and >6 on the Karolinska Sleepiness Scale (KSS) between
4 am and 8 am.'! A score <70 on the Global Assessment of
Functioning (GAF) was also required for study participation.
Major exclusion criteria included the presence of obstructive
sleep apnea (apnea/hypopnea index >5), any medical
condition causing excessive sleepiness, or the use of agents
that affected sleepiness or functioning in the past 7 days
(eg, modafinil, caffeine ingestion of =600 mg per day, etc).
Female participants of childbearing age were required to use
a medically accepted method of birth control. Those female
patients using oral contraceptives were required to also use
a barrier method.!!

Study Procedure

Written informed consent was obtained from each
patient before enrollment in the study. This 6-week,
multicenter, randomized, double-blind, parallel-group,
placebo-controlled study was conducted in accordance
with the Guideline for Good Clinical Practice approved by
the International Conference on Harmonisation and any
applicable national and local laws and regulations. This study
was conducted in 45 sleep centers across the United States
between February and October 2010 and was registered in
ClinicalTrials.gov (identifier: NCT01080807). Each of the 45
sites obtained institutional review board approval. Patients
were randomized 1:1 in this trial to receive either armodafinil
150 mg/d or placebo 30-60 minutes before the start of their
night shift, but no later than 11 pMm, for 6 weeks. Patient
diaries were used to assess dosing compliance. Armodafinil
was administered orally only on nights worked in 50-mg
tablets that were titrated up to 150 mg over 4 work days (1
tablet on first day worked, 2 tablets each on the second and
third days worked, and 3 tablets on each subsequent day
worked). Efficacy assessments were conducted during clinic
visits at weeks 3 and 6.

Assessments

To assess overall functioning, patients were administered a
modified version of the Sheehan Disability Scale (SDS-M).'?
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The scale was modified to be appropriate for patients
with SWD. The SDS-M is a visual-analog scale that uses
spatiovisual, numeric, and verbal anchors to assess whether
the shift schedule disrupted their work, social life/leisure
activities, and family life/home responsibilities. The effect
of shift schedule on each domain was rated by the patient
on a 10-point scale and was categorized as follows: 0=not
at all, 1-3 =mildly, 4-6 = moderately, 7-9 = markedly, and
10 =extremely. Patient-rated quality of life was assessed
using the 10-question Functional Outcomes of Sleep
Questionnaire (FOSQ-10).13 This version of the FOSQ
is composed of 10 questions that measure the impact of
sleepiness on daily living and quality of life with regard to
physical, mental, and social functioning. Each question is
rated on a 4-point scale, with a lower score indicating greater
impairment. Total scores for the FOSQ-10 are based on 5
subscale scores (activity level, general productivity, vigilance,
social outcome, and intimacy). Tolerability assessments for
this study were reported earlier.!!

Statistical Analysis

The full analysis included all patients who received at
least 1 dose of study drug and had at least 1 postbaseline
CGI-C assessment. The final visit results were calculated on
an intention-to-treat basis. Results at specific time points are
for observed patients only. The change in SDS-M and FOSQ-
10 scores from baseline was analyzed using the analysis of
variance, with treatment and baseline shift work duration as
factors. All test comparisons were 2-tailed, with a significance
level of .05. Data represented as final visit included study
completers and last observation carried forward for
noncompleters. Adverse events and other tolerability
measures were analyzed using descriptive statistics.

RESULTS

Baseline Demographics and Patient Characteristics

A total of 383 patients were randomly assigned to
receive either armodafinil (n=193) or placebo (n=190).
The proportion of completers was similar between groups
(82% for armodafinil vs 88% for placebo). Discontinuation
due to adverse events was greater in the armodafinil group
(n=9) compared with the placebo group (n=1). Patient
characteristics between the 2 groups were similar at baseline
(Table 1). Most patients in the study worked permanent,
full-time night shifts that were at least 8 hours in duration.
As expected on the basis of inclusion criteria, patients in
the study generally had moderate disease severity (CGI-S),
functional impairment (GAF), and sleepiness (KSS) at
baseline.

Patient Functioning

Patients treated with armodafinil had significantly greater
improvements in SDS-M composite score from baseline to
final visit compared with those receiving placebo (-6.8 for
armodafinil vs -4.5 for placebo, P=.0027) (Figure 1A). At
final visit, mean (SD) SDS-M composite scores were 10.8
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Table 1. Demographics and Characteristics of Patients
Treated With Armodafinil or Placebo

Armodafinil ~ Placebo Total
Randomized, N 193 190 383
Treated, n (%) 184 (95) 187 (98)  371(97)
Completed, n (%) 158 (82) 167 (88) 325 (85)
Age, mean (SD), y 36.7(10.7)  36.1(10.8) 36.4(10.7)
Male, n (%) 108 (56) 100 (53) 208 (54)
Race, n (%)
White 128 (66) 141 (74) 269 (70)
Black 50 (26) 42 (22) 92 (24)
Asian 15 (8) 4(2) 19 (5)
Other 0(0) 3(2) 3(1)
Type of shift work, n (%)
Permanent 182 (94) 175 (92) 357 (93)
Rotating 11 (6) 15 (8) 26 (7)
Job status, n (%)
Full-time 182 (94) 181 (95) 363 (95)
Part-time 11 (6) 9(5) 20 (5)
Baseline shift duration in hours,
n (%)?
6to<8 8(4) 2 (1) 10 (3)
8 67 (35) 74(39) 141 (37)
>8to <9 57 (30) 71 (37) 128 (33)
>9to <1l 47 (24) 29 (15) 76 (20)
>11to 12 13 (7) 14 (7) 27 (7)
Patient occupations > 10%, n (%)
Health care practitioner and 25 (13) 31 (16) 56 (15)
technical
Protective service 24 (12) 32 (17) 56 (15)
Transportation and material 19 (10) 21(11) 40 (10)
moving
Health care support 22 (11) 15 (8) 37 (10)
16 “other” occupations 103 (53) 91 (48) 194 (51)
CGI-S rating, n (%)
Moderately ill 111 (58) 96 (51) 207 (54)
Markedly ill 63 (33) 55(29) 118 (31)
Severely ill 18 (9) 39 (21) 57 (15)
Extremely ill 1(<1) 0(0) 1(<1)
Baseline GAF score, mean (SD)  63.1 (4.28)  62.7 (4.39)
Baseline KSS score, mean (SD) 7.4 (0.92) 7.5(0.82)

2One subject in the armodafinil group was missing a value for shift
duration.

Abbreviations: CGI-S = Clinical Global Impressions—severity of illness
scale, GAF = Global Assessment of Functioning, KSS =Karolinska
Sleepiness Scale.

Symbol: ... =not determined.

(7.05) for the armodafinil group and 14.3 (7.08) for the
placebo group, indicating superior functioning in patients
treated with armodafinil at the end of the study. Greater
improvements in SDS-M composite score were also observed
in the armodafinil group at week 3 (P=.0014) and at week
6 (P=.0031). A similar statistically significant improvement
at each time point following armodafinil administration was
also observed for SDS-M work score (Figure 1B), social life
score (Figure 1C), and family life score (Figure 1D) (P<.0373
for all vs placebo).

Quality of Life

The change in total FOSQ-10 score from baseline was
greater in patients treated with armodafinil compared with
those receiving placebo, and this difference was statistically
significant at week 6 (+3.6 vs +2.7, respectively, P=.0351)
but not at final visit (+3.4 vs +2.7, respectively, P=.0775)
(Figure 2). With regard to FOSQ-10 subscale scores (data
not shown), changes from baseline in vigilance score were
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significantly greater in the armodafinil group compared
with the placebo group at week 3 (+0.7 vs +0.5, respectively,
P=.0323), week 6 (+0.8 vs +0.6, respectively, P=.0153), and
final visit (+0.8 vs +0.6, respectively, P=.0337). Patients in the
armodafinil group had significantly greater improvements
in activity level (+0.8 for armodafinil vs +0.6 for placebo,
P=.0273) and general productivity (+0.8 for armodafinil
vs +0.6 for placebo, P=.0382) at week 6 only. Changes in
social outcome score or intimacy score were not significantly
different between the 2 groups at any of the time points
examined.

DISCUSSION

Armodafinil has been previously shown to significantly
improve wakefulness and clinician-rated measures of
clinical condition and overall functioning in patients with
SWD.!%!! The current report examined whether armodafinil
affected patient-rated outcome measures of functioning and
quality of life in patients with SWD. A significantly greater
improvement in patient functioning was observed in patients
treated with armodafinil at each time point compared with
placebo. Patients in the armodafinil group also demonstrated
a significantly greater improvement in quality of life after
6 weeks of treatment versus placebo. The results presented
here are consistent with previous findings that patients
with SWD benefit from armodafinil treatment in terms of
patient functioning and show for the first time that 6 weeks
of armodafinil treatment improved quality of life compared
with placebo.

Shift workers are at a greater risk for psychological and
social impairments than traditional daytime workers. In
particular, patients with SWD demonstrate significant
functional deficits that interfere with their daily lives. We
have previously demonstrated that patients with SWD
have considerable functional impairment as measured by
the clinician-rated GAF and that armodafinil significantly
improved functioning versus placebo.!! The GAF is Axis V
of the DSM-IV-TR multiaxial assessment and is often used
by psychiatrists to measure functional impairment.? In the
current report, patients were asked to rate their overall
functioning using a modified version of the SDS (SDS-M),
in which each domain was revised to assess the impact
of shift schedule on the patient’s work, social, and family
life. The SDS-M may be a useful and easy-to-administer
assessment in identifying mental health-related functional
impairment in primary care patients. The improvement in
patient functioning with armodafinil observed in this report
supports our earlier findings using the GAE!! Thus, through
the use of 2 different assessments for functioning, it would
be reasonable to conclude that armodafinil treatment results
in significantly greater improvements in overall functioning
compared with placebo in patients with SWD.

The finding that improvements in each SDS-M
subscale score (work, social life, and family life scores)
were significantly greater in the armodafinil group was
also notable. Baseline values for each of the mean SDS-M
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Figure 1. Modified Sheehan Disability Scale (SDS-M) Scores of Patients Treated With Armodafinil or Placebo?
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subscale scores were >4, indicating that patients enrolled in
this study were experiencing at least “moderate” functional
impairment at work, in their family life, and in their social
life. At the end of the study, patients in the placebo group still
showed “moderate” functional impairment (SDS-M score
of 4 to 6) in each of the 3 domains. Conversely, armodafinil
improved SDS-M work score to a value coinciding with
“mild” functional impairment. Patients who received
armodafinil were still moderately impaired with regard to
social life and family life scores, although they demonstrated
greater improvements in these domains than those patients
administered placebo. Such residual impairment may be
expected given the scheduling conflicts between night shift
work and social and family activities.

In addition to functional impairment, patients with
SWD often have a poor quality of life. Unlike other generic
measures of quality of life, the FOSQ was developed to
specifically address the impact of excessive sleepiness on 5
different aspects of a patient’s life.!* The results presented
here show that armodafinil improved total FOSQ-10 score,
although the difference was significant compared with
placebo only in those patients who completed the 6-week
study. Significant differences between treatment groups
were also observed in FOSQ-10 subscores for activity
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level, general productivity, and vigilance, which were likely
the result of improved wakefulness during the night shift
following armodafinil treatment; however, changes in social
outcome score and intimacy score were not significant. It
should be noted that this study was specifically powered
to detect treatment differences only in the Clinical Global
Impressions of Change (CGI-C) score, the primary efficacy
measure, and GAF score, the key secondary measure, rather
than the secondary measures such as SDS-M and FOSQ-10
scores.'! To our knowledge, only 1 other study has examined
quality of life with the FOSQ in patients with SWD. In that
study, significant improvements in FOSQ (total, activity
level, productivity, and vigilance only) were also observed
in patients with SWD receiving 300 mg of modafinil
for 12 weeks.!> However, caution should be used when
comparing the FOSQ results of the current study with the
aforementioned modafinil study, as there were differences
in study duration.

A few limitations of the FOSQ-10 should be considered
when interpreting the results of this study. First, the FOSQ-
10 has not been validated for use in SWD. The FOSQ-10
asks questions related to the patient’s entire week and not
only those nights worked. In the case of patients with SWD,
impairment is likely most severe while the patient is at
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Figure 2. 10-Question Functional Outcomes of Sleep
Questionnaire (FOSQ-10) Scores for Patients Treated With
Armodafinil or Placebo?
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work, and the FOSQ-10 may not capture the true impact
of excessive sleepiness in this population. Furthermore,
unlike patients with other sleep disorders such as obstructive
sleep apnea who take armodafinil daily, patients with SWD
took armodafinil only on nights worked. Thus, the effects
of armodafinil on FOSQ-10 in the current study may be
underestimated due to the fact that the questions may not
have been asked immediately after working a night shift.
Another limitation of the FOSQ is that it was not designed
to detect changes on the basis of treatment, although it has
been used by patients with obstructive sleep apnea to rate
treatment-induced changes in quality of life.!®!”

The overall results of the current study support previous
findings that armodafinil improves excessive sleepiness and
associated symptoms of SWD. Our previous report using
the same study population demonstrated that armodafinil
improved late-in-shift (4 AmM to 8 AM including the commute
home) clinical condition (CGI-C), sleepiness (KSS), and
overall functioning (GAF) in patients with SWD.!! In
addition, Czeisler et al'® previously demonstrated in a 12-
week study that armodafinil improved sleep latency (Multiple
Sleep Latency Test), clinical condition (CGI-C), sleepiness
(KSS), memory, and attention in patients with SWD. Taken
together, the findings from the above-mentioned studies and
the current study demonstrate a benefit of armodafinil in
improving excessive sleepiness during either the last 4 hours
of the night shift or throughout the entire night shift and the
commute home.

It is important to note that armodafinil does not treat the
full spectrum of symptoms associated with SWD. Instead,
armodafinil is only used to treat excessive sleepiness on
nights worked. SWD is a multifaceted disease, and while
armodafinil-treated patients may not be as sleepy during
their work hours or commute home as nontreated patients,
the disruption of their circadian rhythm will lead to some
sleepiness and/or insomnia during nonworking hours. As
a result, even with successful armodafinil treatment, the
symptoms of SWD can impact the patient’s social and family
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life. It is reccommended that pharmacotherapy with agents
such as armodafinil be part of a comprehensive treatment
program to improve a patient’s overall symptom burden.
This program should involve appropriate sleep hygiene,
sleep education, planned napping, and appropriate diet and
exercise. Employers can also assist with alleviating patient
symptoms by providing sufficient time off between shifts,
limiting shift duration, and appropriately timing light
exposure to encourage circadian rhythm adjustment.

In summary, armodafinil significantly improved patient-
rated functioning compared with placebo in patients with
SWD. Patients who received armodafinil for 6 weeks also
demonstrated improved quality of life compared with those
receiving placebo. These findings extend earlier reports that
armodafinil significantly improves excessive sleepiness in
patients with SWD and support the use of armodafinil in a
comprehensive treatment program that addresses the critical
symptoms of SWD.

Drug names: armodafinil (Nuvigil), modafinil (Provigil).
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