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Clinical trials in sleep medicine cover a wide range of sleep—-wake
problems, and accordingly the selection of outcome measures in sleep
medicine clinical trials needs to be tailored to the specific disorder under
examination. This review describes the measures most commonly used in
sleep medicine clinical trials, weighing the relative merits of a self-report
questionnaire versus a physiologic test as the a priori primary outcome
measures.

Keywords: actigraphy - clinical trial « outcome measures  polysomnogram
» psychometrics - sleep diary - sleep medicine

This paper is intended for an audience that is interested in the design of sleep
medicine clinical trials, yet uninitiated to the topic. Herein, we describe some of
the most commonly used measurement instruments in sleep medicine clinical tri-
als, and provide guidance on how to select measurement instruments to meet the
investigator’s goals in the design of a sleep medicine clinical trial.

The design of clinical trials in sleep medicine, like all clinical trials, begins with
defining the diagnostic problem in which an intervention will be tested. In the arena
of sleep medicine, defining the diagnosis of interest is complicated by the existence
of three nosologic systems, including the second edition of the International Clas-
sification of Sleep Disorders (ICSD-2) of The American Academy of Sleep Medicine
(AASM), the Diagnostic and Statistical Manual of Mental Disorders (DSM) of the
American Psychiatric Association and the International Classification of Diseases
(ICD-9).

The ICSD-2 tends to split (as opposed to group) diagnostic categories, resulting
in eight major categories: insomnia, sleep-related breathing disorders, hypersomnias
of central origin, circadian rhythms disorders, parasomnias, sleep-related movement
disorders, isolated symptoms and normal variants as well as others [1]. These major
categories are then split into over 70 specific diagnoses.

The DSM is the guide for psychiatric diagnoses, including sleep disorders, as
used in clinical and research settings [2]. The fourth edition of the DSM includes
a much simpler sleep nosology, as compared with the ICSD-2, and the DSM has
been published as a revised edition titled the DSM-V in May 2013. The DSM-V
contains revisions in its own sleep nosology [3].

Finally, the ICD-9 names a smaller number of sleep diagnoses than the ICSD-2,
but the ICD-9 sleep diagnoses are spread out over the pulmonary, neurological,
psychiatric and symptomatic portions of the text.

This paper will not consider the differences between the ICSD-2, DSM and
ICD-9 nosologies, and instead organize sleep disorders by four major symptomatic
presentations: the disorders of excessive daytime sleepiness (EDS), the insomnias,
the circadian rhythms sleep disorders (CRSD) and the parasomnias. The measure-
ment instruments that make diagnoses and establish inclusion and exclusion criteria
for clinical trials may also be used to measure change in response to treatment.
However, in this paper we will describe commonly used measurement instruments
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only in regard to their application to detect treatment
effects, not in making diagnoses. Furthermore, we limit
our scope to adults.

This paper is organized as follows:

m A brief description of each of the four major categories
of sleep disorders;

m A description of commonly used measurement
instruments in that category;

® An illustrative example of a clinical trial that success-
fully used that instrument to differentiate among
treatment effects.

When possible, the authors picked clinical trials
that had two arms, but when that was not possible,
we picked single-armed trials that show pre—post
intervention differences.

Daytime sleepiness

Symptoms of EDS may be endorsed by nearly half of
the adult population, but the percentage of the adult
population that meets the definition of a hypersomnia
disorder is between 0.5 and 1% [4]. EDS disorders
describe individuals with a degree of sleepiness during
the patient’s waking hours that is of sufficient intensity
that it interferes with normal functioning and causes
distress and concern. The most common causes of EDS
are sleep deprivation, obstructive sleep apnea (OSA),
narcolepsy, side effects of medications, general medical
conditions and idiopathic hypersomnias.

OSA is a condition of repeated upper airway complete
or partial obstructions, producing oxygen desaturation
and arousals from sleep. OSA frequently presents with
EDS. A common treatment of OSA is continuous posi-
tive airway pressure (CPAP) via a nasal mask during
sleep to prevent pharyngeal airway collapse [5]. The
severity of OSA is commonly tracked by the apnea-
hypopneas index (AHI), which is defined as the num-
ber of complete breathing pauses (apneas) and partial
breathing pauses (hypopneas) across the night, divided
by the number of hours of sleep.

Narcolepsy is a neurological disorder characterized
by EDS with cataplexy, hypnagogic hallucinations and
sleep paralysis. The most common symptom of nar-
colepsy is EDS, preceeding other symptoms by years.
Commonly, symptoms first present in young adults,
and narcolepsy has a chronic course that can be treated
but not cured. Many cases of narcolepsy are caused by
orexin/hypocretin deficiency [6].

EDS can be assessed by pathophysiologic finding in
a laboratory, by patient self-report or observation by
others. There are objective and subjective validated self-
reported methods to evaluate the degree of sleepiness
and alertness.
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m Physiologic measurement instruments
commonly used in clinical trials of EDS
Polysomnography (PSG) is widely considered the ‘gold
standard’ test for objective measurement of sleep and
wake. PSG includes assessments of time spent awake,
time spent asleep and quantification of sleep stages, with
continuous recordings of the electroencephalogram
(EEG), eye movements (EOG) and chin electromyog-
raphy (EMG). Clinical trials of OSA further expand
the PSG array to include ECG, measures of respiratory
airflow, respiratory effort, arterial oxygen saturation and
leg EMG. PSG testing has historically been conducted
in a dedicated sleep laboratory, although recent develop-
ments include a shift to portable testing in the patient’s
home. The equipment costs for PSG are substantial, and
there are also high labor costs in the scoring and colla-
tion of the resulting data. These costs are pushed higher
if the study is conducted in a sleep laboratory while
attended by professional staff. Improvement in OSA is
reflected in reductions in the AHI, as well as improve-
ment in the degree of disruption of sleep architecture,
and the number and depth of arterial desaturations.
The following clinical trial illustrates the appropriate
utilization of PSG in an intervention that intended to
show the efficacy of CPAP for OSA. The purpose of
this clinical trial was to compare nasal CPAP, oxygen
delivered by nasal cannula and placebo (air delivered by
nasal cannula) in adult patients with mild OSA (AHI
>5 and <15) and EDS [5,7]. The baseline evaluation
was followed by three treatment evaluation points,
separated by approximately 1 month. Assessments
included nocturnal PSG and a battery of daytime mea-
surements. Eight subjects were randomized to receive
nasal air (placebo) versus nasal oxygen for a month.
In the following month subjects crossed over and
received nocturnal treatment with the other gas. Dur-
ing the last month, all subjects received nasal CPAP
treatment. In the analysis, all subjects served as their
own control (baseline). Outcome measures included
the AHI, the number of arterial oxygen desaturation
events that represented a >4% decline in SaO,, and
the degree of disruption of EEG sleep architecture (as
reflected in increases in lighter sleep stages, reduced
sleep efficiency [SE] and increased number of arousals).
Mean AHI was significantly lower after CPAP treat-
ment (3.0 = 0.9) compared with baseline (20.5 + 4.8;
p < 0.05), to placebo (22.1 + 5.7; p < 0.05) and to
oxygen (16.8 + 3.2; p = 0.09). The number of arte-
rial desaturation events were fewer after CPAP treat-
ment (32.6 = 11.1) as compared with air (208.1 + 51.7;
p < 0.01) and baseline (168.9 + 39.2; p < 0.05), but
not different when compared with oxygen (29.4 + 8.2).
Analysis of EEG sleep architecture showed fewer EEG
arousals after CPAP (70.8 + 16.6) as compared with
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baseline (202.6 + 66.8; p = 0.08). Thus PSG succeeded
in discerning differences in treatment efficacy for OSA.

While PSG may be used to show improvement in
OSA, it does not directly provide objective measurement
of EDS itself. Instead, the Multiple Sleep Latency Test
(MSLT) and Maintenance of Wakefulness Test (MW T)
are conducted during the patient’s usual wake period to
directly assess physiologic measures of sleepiness.

The MSLT is used to assess a subject’s tendency to fall
asleep after a normal night’s sleep, during four or five
20 min naps throughout the day, spaced at 2 h intervals
(8]. The MSLT is preceded by 2 weeks of normal noctur-
nal sleep. The MSLT usually follows a night-time PSG
study. EEG, EOG and chin EMG are recorded dur-
ing each nap. Unlike the PSG, which can conceivably
be conducted in the patient’s home, the MSLT is con-
ducted in a sleep laboratory while the patient is attended
to by a technician. During each nap, the patient lies in
bed while wearing casual clothing and the room is dark
and quiet. The latency in minutes from lights out to the
onset of EEG-defined sleep is calculated for each nap. If
the subject does not fall asleep during the 20 min, then
the session is concluded, with a sleep latency score of
20 min for that nap. A short mean sleep latency across
all naps (e.g., <7 min) is not specific for any particular
sleep disorder, but does indicate excessive sleepiness.
The presence of two or more sleep-onset rapid-eye-
movement periods is strongly supportive of narcolepsy
(9. The MSLT is also recommended by the AASM to
be used for treatment monitoring for patients with OSA
that requires CPAP [10). The MSLT has a significant
limitation: it is only valid after a minimum of 6 h sleep,
and the MSLT sensitivity is decreased in the elderly pop-
ulation [11]. The MSLT is expensive, time-consuming,
based on 1 day only and is conducted within a sleep lab-
oratory. The MSLT is a well-validated and extensively
published objective measure and has been indicated for
use in 143 publications reported on clinical trials; 22 of
them involved patients with narcolepsy.

In one narcolepsy study, the stimulant efficacy of
modafinil was investigated in a double-blind, placebo-
controlled, randomized trial in narcolepsy patients with
cataplexy, naive to EDS drug therapy [12]. Modafinil
100 mg (n = 24) or placebo (n = 20) was administered
for 4 weeks in age-matching pairs. The pair-wise analy-
sis showed significant increase of 6.6 point score of the
MSLT in the experimental group (p < 0.001). There were
no significant changes in the placebo group. Thus the
MSLT is suitable for detecting physiologic differences
among the alerting effects of stimulant medications.

The MWT is a validated test to measure a subject’s
ability to remain awake during the day [13]. It is a modi-
fication of the MSLT using the same method, except
that at each of the scheduled naps subjects are told
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to stay awake (not ‘fall asleep’ as in the MSLT), and
each session consists of four 40 min tests spread 2 h
apart. The subject will be placed in a private, darkened
quiet room with temperature adjusted to personal com-
fort level and asked to stay awake. As is the case with
MSLT, the requirement of 2 weeks normal night-time
sleep is required prior to the test. The primary measure
for the MWT is sleep latency, and if the patient fails
to fall asleep on any given nap attempt, then that nap
is scored as 40 min. A mean latency for four sessions
that is <8 min is considered abnormal. Staying awake
during all four sessions for 40 min is considered nor-
mal, whereas a mean of between 8 and 40 is uncertain
(10]. Doghramiji ¢t al. presented normative data for the
MWT and guidelines for optimal recording and scor-
ing of the MWT [14]. The AASM recommends using
the MWT to assess response-to-treatment in subjects
with narcolepsy or idiopathic hypersomnia [10]. Like
the MSLT, the MWT test is expensive and requires a
laboratory. The MWT has been used since 1996 in 58
clinical trials, 20 of which are narcolepsy trials.

In one example, sodium oxybate was examined in
a double-blind, placebo-controlled clinical trial in
patients with narcolepsy [15]. All 278 patients were pre-
viously taking modafinil 200-600 mg daily for EDS
treatment. At baseline, patients had PSG and MWT
studies, followed by randomization into four groups:
placebo, sodium oxybate, modafinil or sodium oxybate
plus modafinil. Sodium oxybate 6 mg was administered
nightly for 4 weeks and 9 mg for a further 4 weeks.
The MWT was the primary outcome measure, repeated
after 4 and 8 weeks from the baseline [16]. In the placebo
group the mean average daytime sleep latency on the
MWT decreased from 9.7 min at baseline to 6.9 min at
the 8 week data point (p < 0.001). The sodium oxybate
plus modafinil group had an increase in daytime sleep
latency from 10.4 to 13.5 min (p < 0.001). There were
no significant differences in the two other groups. Like
the MSLT, the MWT is suitable for detecting physio-
logic differences among the alerting effects of stimulant
medications.

m Self-report measures commonly used in clinical
trials of EDS

The Epworth Sleepiness Scale (ESS) measures EDS on
the basis of the patient’s self-perception on eight different
daytime situations in which they could doze off. Since
1996, PubMed notes 372 publications reporting results
of clinical trials that involved the ESS, 147 of them are
on OSA and 39 publications mentioned use of the ESS in
narcolepsy clinical trials. The ESS scores 0-3 for each of
the eight situations in which the patient might fall asleep
(0: ‘would never doze’” and 3: ‘high chance of dozing),
and the scores for the eight situations are totalled (full
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range 0-24), with a score of 10 or more indicating abnor-
mal daytime sleepiness. The ESS is usually scored on the
basis of the patient’s recollection of sleepiness in the last
week, and hence is not suitable for ‘spot’ measurements
of subjective sleepiness. The ESS differentiates between
normal alertness versus various sleep disorders (OSA,
narcolepsy and idiopathic hypersomnia) (17]. In patients
with OSA, the ESS score strongly correlates with the
apnea—hypopnea index and the minimum SaO,. The
ESS has high levels of internal consistency (Cronbach’s
alpha is 0.88) and a number of studies supported high
validity and reliability 18). The ESS had high sensitivity
for OSA and has been recommended as a screening tool
for these conditions [19]. The ESS has been widely used
to evaluate treatment response in OSA.

For example, a novel nasal-valve expiratory positive
airway pressure (EPAP) device was studied with the
ESS as an outcome measure [20], in a prospective, multi-
center, sham-controlled, parallel-group, randomized,
double-blind clinical trial [21,22]. The study enrolled
250 newly diagnosed adult patients with OSA and ran-
domized them into the experimental nasal-valve EPAD-
device group or a similar appearing sham device. The
ESS score and PSG were recorded at baseline and again
at 3 months. Data were available for 229 subjects (119
EPAP and 110 sham), analyzed using intention-to-treat.
AHI was reduced to <10/h in 62.0% of the patients in
the EPAP arm compared with 27.2% in the sham group
(p < 0.001). The ESS score decreased more in the EPAP
arm (from 9.9 to 7.2), than in the sham arm (from
9.6 to 8.3) based on intention-to-treat analysis results
(p = 0.04). Thus, the study concluded that the nasal
EPAP effectively reduced the AHI with a correspond-
ing improvement in self-reported sleepiness compared
with the sham device group, as measured by the ESS.

The Stanford Sleepiness Scale (SSS) is a quick and
simple self-administered instrument to evaluate how
alert or sleepy a person is at any given moment in time.
Subjects choose one out of seven proposed answers best
describing ‘how do you feel right now?’, thus allowing
for the observation of changes in alertness across the
day. The items on the SSS are scored 1-7, with a score
of 1 indicating that the patient is feeling active, alert
and wide awake, while 7 indicates the person is almost
in reverie, sleep-onset soon and has lost the struggle to
remain awake [23]. The limitations of the test include a
lack of specificity for any particular sleep disorders, but
in turn this permits a more generic, broader applicabil-
ity in a variety of clinical trial designs [24]. The SSS
has been used 59 times since 1996 in clinical trials to
evaluate the general alertness/sleepiness in different
settings (sleep deprivation, intensive care unit, alcohol
intoxication, and so forth). Often ESS and SSS are
used together to assess outcomes.

www.future-science.com

This is the case in the following study, which aimed
to evaluate the efficacy of mirtazapine on EDS symp-
toms in depressed adult patients [25]. In the study, 42
patients were matched with 32 healthy controls at the
baseline (the SSS mean score was 4.1 + 0.4 in the patient
group and 2.0 + 0.3 in the control group; p < 0.01).
The 16 patients received a 58-day therapy of 30-mg
mirtazapine daily, 30 min before bedtime. The treat-
ment effect of mirtazapine on the ESS and SSS scores
was similar. The SSS mean score on day 58 in the mir-
tazapine group was 3.5 + 1.3; that is, 28.6% lower than
at the baseline (p = 0.001).

Apart from the subjective report of symptoms of
EDS, some investigators are interested in the impact of
EDS on quality of life and daily function. The Func-
tional Outcomes of Sleep Questionnaire (FOSQ) was
developed to measure the impact of disorders of EDS
on daily life activities (activity, vigilance, sex, productiv-
ity and social life) [26], and the original version has 30
items. The internal consistency was reported to be excel-
lent (Cronbach’s alpha is 0.90). In 2009, a short version
of the FOSQ was presented and psychometric properties
were evaluated [27]. The FOSQ-10 internal consistency
was Cronbach’s alpha = 0.87 compared with 0.95 for the
long version. The versions of the FOSQ were strongly
correlated (r = 0.96; p < 0.0001). The FOSQ-10 was
demonstrated to distinguish between OSA (12.5 + 3.2)
and normal (17.8 £ 3.1) groups (p < 0.0001). There
are 44 publications to date on clinical trials using the
FOSQ, and 33 of them are related to OSA.

As one example, Weaver ¢z al. conducted a multi-
site, double-blind, randomized, placebo-controlled,
parallel-group clinical trial to evaluate functional status
of patients with mild and moderate OSA (AHI 5-30
per hour) in CPAP versus sham treatment [28]. Patients
naive to CPAP, with an ESS score of greater than 10,
were randomized into two arms. Subjects completed the
FOSQ weekly during 8 weeks of active or sham CPAP
treatment. Objectively, the AHI changes were greater
(p =0.0001) in the intervention group (-11.9) compared
to the sham (-2.4) group. In the modified intention-
to-treat analysis of 223 patients (113 active CPAP, 110
sham CPAP), the adjusted mean of the total FOSQ score
increased by 0.89 in the active treatment group, and in
the sham device group decreased by 0.06 (p = 0.006).
Thus the FOSQ is a useful instrument in detecting
changes in quality of life in sleep apnea patients.

Insomnia

Insomnia occurs in both acute, transient forms as well
as chronic forms. In either instance, insomnia is char-
acterized by the patient’s dissatisfaction with the time
required to fall asleep, and/or excessive wake time after
initially falling asleep, and/or complaints of poor sleep
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quality, all associated with complaints of daytime irri-
tability, fatigue, concentration problems, and so forth.
Chronic insomnia is more common than chronic EDS,
with as many as 10% of Americans reporting insom-
nia [29]. Psychiatric illness is associated with about half
of the cases of chronic insomnia, with the remainder
of cases associated with medical illness, medication
side effects, restless leg syndrome or idiopathic insom-
nia. In routine clinical practice, assessment and treat-
ment of insomnia does not require PSG testing, but
in insomnia clinical trials PSG is often used to clarify
that the sample is free of other primary sleep disorders
such as OSA. Research diagnostic criteria have been
proposed for insomnia [30]. The clinical guideline for
the evaluation and management of chronic insomnia in
the adult population states that, regardless of the type
of therapy, primary outcome measures should be sleep
quality and quantity, and insomnia-related daytime
impairment [31].

m Physiologic measurement instruments
commonly used in clinical trials of insomnia:

PSG & actigraphy

Full PSG, including measurement of breathing and leg
movements, is commonly used during initial charac-
terization of an insomnia sample prior to inclusion in
a clinical trial. After randomization, either PSG is not
used to detect the effect of the intervention, or repeated
PSG measurements are made, but only using EEG,
EOG and chin EMG.

For example, a multicenter, randomized, placebo-
controlled trial used PSG as an objective measure of the
efficacy of eszopiclone as compared with placebo and
zolpidem in the treatment of primary insomnia [32]. A
group of 65 adult patients received placebo for 2 nights,
followed by randomization to placebo, zolpidem 10 mg
or eszopiclone 1, 2, 2.5 or 3 mg. PSGs were conducted
during screening up to 3 nights in the sleep laboratory,
and on 2 consecutive nights during treacment. The pri-
mary outcome was ‘latency to persistent sleep” (LPS,
defined as the time from onset of the PSG recording to
the start of 10 continuous minutes of any stage of sleep).
LPS was significantly reduced compared with placebo
for all active treatments. The LPS median was 29.0 min
in placebo, 16.8 min in eszopiclone 1 mg, 16.5 min for
2 mg, 13.8 min for 2.5 mg and 13.1 min for 3 mg and
zolpidem 10 mg (p < 0.05). Thus, in this study the PSG
was sensitive in detecting the effect of active drug versus
placebo in patients with chronic insomnia.

Actigraphy (ACT) has been used to study sleep for
the last four decades. The earliest reports on ACT
included comparisons of the ACT’s performance ver-
sus PSG 33]. ACT is the continuous measurement of
body movement via the electronic recording of changes

future science group

in velocity. It is most often recorded with a small sen-
sor that has the appearance of a wrist watch, and the
device is worn on the nondominant wrist. It measures
changes in velocity in any direction, and records at a
rate of up to 32 times per second. The number of body
movements is stored in epoch lengths of 15, 30, 60 or
120 s as designated by the operator. Battery life will
allow data collection to continue for weeks at a time
before the research participant returns to the labora-
tory to download data from the ACT watch. Data are
displayed and analyzed according to the time—epoch
length that was previously set. The data can be analyzed
by different thresholds of sensitivity. The advantages of
the ACT include long-term monitoring of the patient’s
rest—activity cycle in their natural environment. Disad-
vantages of ACT include the inability to identify sleep
stages. The accuracy of ACT in identifying sleep ver-
sus wakefulness has been discussed in the last decade
(34-39]. ACT often underestimates sleep onset latency
(SOL) and overestimates total sleep time (TST) and
SE as compared with PSG [34]. In addition, ACT may
not be accurate for sleep evaluation in patients with
movement disorders due to underestimation of TST.
Initial startup costs for hardware and software can be
substantial, but after the initial cost outlay, the remain-
ing costs are the labor involved in downloads and data
analysis. In 2007, the AASM published clinical recom-
mendations on ACT use [36]. ACT was recommended to
be used as a diagnostic tool on a healthy adult popula-
tion and in the initial evaluation of patients with sleep
disorders, and as an outcome measure of response-to-
treatment. When PSG is not available, ACT can be
used to estimate TST in patients with OSA. ACT is
useful in monitoring night-to-night variability [3s].
The utility of ACT in insomnia is illustrated in a
study evaluating mindfulness-based stress reduction
(MBSR) therapy for chronic primary insomnia patients.
In this study, ACT found a decrease in SOL of 8.9 min
between baseline and the 8-week measurement point
(40]. In total, 30 adult patients were randomized into the
MBSR group (n = 20) and the pharmacotherapy control
group (n = 10). MBSR intervention included classes,
home practice and a daylong retreat on different medi-
tation techniques. Participants wore ACT on the non-
dominant wrist for 14 days prior to the interventions
and during the final 2 weeks of the interventions. The
following parameters measured by ACT were used in
the analysis in tandem with sleep diary data: TST, SOL,
wake after sleep onset (i.e., SOL) and SE. The ACT
SOL decreased significantly from 34.2 + 28.3 min at
the baseline to 25.6 + 20.00 min at the end of MBSR
treatment (p = 0.04). ACT measurements showed a
significant improvement in TST (6.40 + 0.60 h at base-
line vs 6.9 + 0.6 at end-of-treatment; p < 0.05) and
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SE (75.5 £ 12.5% vs 83.5 + 6.4%; p < 0.01) in the

pharmacotherapy arm.

m Self-report measures commonly used in clinical
trials of insomnia

A sleep diary (sleep log) is a widely used, simple and
inexpensive method to collect data about a subject’s
sleep pattern over a period of time (usually 2 weeks).
PubMed reports the use of sleep diaries in 108 clini-
cal trials since 1996, 54 of which related to insomnia.
Usually, the individual is asked to collect information
about bed time, sleep latency, number of waking epi-
sodes, awakening time and mood, taking alcohol, caf-
feine and naps. A standardized sleep diary, termed the
Consensus Sleep Diary (CSD), is under development
based on 25 insomnia experts’ opinions and testing in
patient focus groups (41]. The CSD includes 9 ques-
tions: the time getting into bed, the time when and
for how long the subject tried to fall asleep, number
and duration of awakening, the time of final awaken-
ing and getting out of bed, perception of sleep quality
and comments. The CSD is formatted to one page and
includes 1 week of data. Sleep diaries are helpful with
diagnosing and assessing treatment in patients with
insomnia and circadian sleep disorders, and are often
used in conjunction with ACT in insomnia research.
Sleep diaries have been compared with PSG and ACT
in depressed insomniacs [42]. While PSG and ACT
sleep parameters had positive correlations, significant
differences were observed between sleep diaries and
PSG. This study suggests that ACT is a better reflec-
tion of PSG sleep than sleep diaries. In-laboratory
versus at-home comparisons between sleep diaries
and ACT parameters found significant differences in
actigraphic data that were not reflected in sleep diaries
self-evaluations [43]. ACT measurements found signifi-
cantly increased sleep time and decreased wake time
in sleep laboratory settings while sleep diaries demon-
strated a significantly increased number of awakenings
in the same settings. One limitation of a sleep diary
is noncompliance with daily recording due to patient
forgetfulness. This limitation can be largely solved by
moving to technology-based formats, as was the case
in the following example.

A randomized, multisite, double-blind, placebo-
controlled trial of eszopiclone in elderly insomniacs
used electronic hand-held sleep—wake diaries to record
self-reported sleep—wake activity twice a day (6-10 am
and 20:00-23:45 pm) [44]. The primary outcome mea-
sure was subject-reported TST (sTST), and secondary
efficacy measures were subject-reported sleep latency
(sSL) and subject-reported SOL. Morning parameters
in electronic sleep diaries included: sSL, sTST, subject-
reported SOL, number of awakenings, quality of sleep
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and depth of sleep. The evening diary assessed the
following: number and length of naps, daytime alert-
ness, ability to function and concentrate and sense of
physical well-being. The sTST improved over 12 weeks
in the eszopiclone group (baseline: 360.0 min) com-
pared to the placebo group (baseline: 297.9 min) by
63.2 min (p <0.001). The sSL decreased (p = 0.0014)
in the experimental group (mean decrease: 24.6 min)
compared with the placebo group (19.9 min).

The Insomnia Severity Index (ISI) was designed to
screen, evaluate severity and monitor treatment out-
comes in patients with insomnia [45.46]. It is a brief
(seven questions on a 0—4 scale), reliable and validated
self-reported questionnaire addressing severity of sleep
onset, wakening problems, sleep maintenance and dis-
satisfaction, daytime functioning, how noticeable the
sleep problem is to others and the distress due to sleep
problems. The ISI has excellent internal consistency
(Cronbach’s alpha of 0.90), and is well-correlated with
sleep diaries, PSG and interviews [46]. A six-point reduc-
tion in the IST score represents a clinically meaning-
ful improvement. Limitations of the ISI include the
inability to differentiate primary insomnia and other
psychiatric or medical diseases-caused insomnia. This
instrument has been described in 44 clinical trials in
PubMed since 1996.

As one example, a randomized controlled trial was
conducted to evaluate effectiveness of cognitive behav-
ioral therapy (CBT) for insomnia (CBT-I) [47], with
151 adults randomized into either CBT-I versus control
(wait-list) groups. ISI was the primary outcome measure
completed at baseline and follow up. In the experimen-
tal group, the ISI decreased from 16.4 + 4.6 at baseline
to 10.8 £ 5.9 at follow up (p = 0.000) compared with
control from 17.1 + 5.4 at baseline to 16.2 + 5.0 at follow
up (p = 0.077). Thus, ISI indicated significant differ-
ences between time (baseline vs follow up) and group
(experimental vs control) in this study.

The Pittsburgh Sleep Quality Index (PSQI) was
developed to measure sleep quality. It is self-admin-
istered with 17 items in seven clinical domains related
to sleep difficulties such as sleep quality, latency, dura-
tion, habitual SE, disturbances, sleep medications use
and daytime functioning. The self-rating answers
score on 0-3 scale (0 positive and 3 negative extremes
on the Likert Scale). These seven scores sum into a
global PSQI score, with a score of 5 or more indicat-
ing poor sleepers with 89.6% sensitivity and 86.5%
specificity [48]. In patients with primary insomnia this
score resulted in sensitivity of 98.7% and specificity
of 84.4% in separating insomnia patients and good
sleepers [49]. The PSQI has internal consistency of
Cronbach’s alpha = 0.83. The PSQI has been reported
in 267 publications since 1996 and has been used
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in clinical trials, 70 of which are on patients with
insomnia.

PSQI was the primary outcome measure in a ran-
domized controlled trial comparing supported self-
help with standard of care [s0]. The participants were
193 individuals 55-87 years old with chronic insom-
nia symptoms according to the fourth addition of the
DSM PSQI scores >5. The intervention included six
self-help booklets, designed upon psychoeducation
and health education and a telephone helpline to
address any concerns about the material covered in
the booklets. Measurement points were at baseline,
after treatment and at 3 and 6 months after treatment.
The control group also received a summary sheet
about sleep hygiene measures after baseline assess-
ment by mail. At the post-treatment assessment, the
intervention group reported significantly higher PSQI
(adjusted mean difference 2.02; p < 0.001). Thus,
PSQI was sensitive in detecting the differences in per-
ceived sleep quality among patients receiving self-help
sleep management, based on CBT, versus usual care.

The Dysfunctional Beliefs and Attitudes about
Sleep (DBAS) scale is a reliable and valid self-reported
measure of the most common unhelpful beliefs about
sleep that are reported by patients with insomnia. The
initial 30-items scale was modified into a 16-item scale
(DBAS-16) [51. The DBAS takes into account four
insomnia-related factors: perceived consequences,
worry/helplessness, sleep expectations and medica-
tion. The DBAS-16 has adequate internal consistency
(Cronbach’s alpha = 0.77-0.79) and correlates with
ISI, Beck Depression and Anxiety Inventories. A valid-
ity study has been conducted to evaluate the DBAS
score between different insomnia subgroups [s2]. The
DBAS-16 is recommended to evaluate the potential
impact of sleep-related beliefs and attitudes and to
monitor therapeutic effect in insomnia. It has been
studied as a moderating factor in clinical research
including CBT in treatment of insomnia [53-58].

CRSD
The major characteristic of CRSDs is chronic or recur-
rent sleep disturbance due to misalignment between
an individual’s sleep pattern and the patient’s desired
sleep—wake schedule or societal expectations. There
are six types within this category in ICSD-2: delayed
sleep phase disorder (DSPD), advanced sleep phase
type, irregular sleep—wake phase type, free-running
disorder, jet lag and shift work disorder [1]. It is impor-
tant to exclude other sleep disorders and substance
abuse prior to diagnosing CRSD.

According to ICSD-2 criteria, a week of sleep moni-
toring with a sleep diary or ACT with a sleep diary
is required for diagnosing all types of CRSD except
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jet lag 111. However, AASM Practice Parameters for
clinical evaluation and treatment of CRSD recom-
mend ACT as an evaluation tool for all CRSDs [59].

As an example, a randomized-controlled trial was
conducted to compare CBT plus bright light therapy
(BLT) with control wait-list in adolescents diagnosed
with DSPD [60]. The experimental intervention con-
sisted of six 45—-60 min individual sessions, using
morning BLT to advance participants’ circadian
rhythms. Measurement points were pre- and post-
treatment, with 7-day sleep diaries completed online.
The primary outcome measures in the study derived
from the sleep diary were SOL, rise time and TST. A
comparison of the control group (n = 23) to the exper-
imental group (n = 17) found significant improvement
in SOL (from 78.1 to 22.2 min in CBT plus BLT vs
78.8 to 65.3 min in the controls; p = 0.003). Thus,
CBT plus BLT were found to be effective treatment in
adolescents with DSPD as measured by sleep diaries.

ACT is used in circadian rhythm research and clini-
cal sleep disorders centers as an objective measure in
CRSD. PSG is not routinely indicated for use in diag-
nosing CRSD or tracking progress in CRSD clinical
trials, although PSG might be used at baseline to rule
out sleep disorders other than CRSD. The AASM
clinical recommendations on ACT use in circadian
rhythm abnormalities indicate ACT is a suitable
evaluation tool in patients with advanced sleep phase
syndrome, delayed sleep phase syndrome and shift
work disorder [36,59], with a recommended recording
duration of 1-3 weeks to characterize CRSD. ACT
software allows a comparison of work day versus
weekend sleep timing. ACT can be used to evaluate
response to therapy for all types of CRSD.

For example, in a placebo-controlled, counter-
balanced study, ACT was used to compare the addi-
tion of melatonin versus placebo to behavioral inter-
ventions in advancing circadian rhythms [61]. In total,
12 adults completed the 5-week intervention study.
All participants wore ACT on the dominant wrist,
recording 30 epochs at medium sensitivity. The sleep
episodes were compared with sleep diary records.
The sleep-onset time, wake time, and TST from the
ACT database were used for analysis. Melatonin in
the afternoon in addition to the gradually advancing
sleep schedule produced significantly larger circadian
phase advance (1.3 + 0.7 h) compared with placebo
(0.7 £ 0.7 h).

Parasomnias

Parasomnias are disruptive sleep-related disorders
characterized by undesirable physical or verbal
activities, emotions and dreaming, related to sleep
and wake-to-sleep transition. Types of parasomnias

Clin. Invest. (2013) 3(8)
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include nightmares, sleep terrors, sleepwalking, sleep
paralysis and rapid-eye-movement behavior disorder.
PSG with video recording in the sleep laboratory is
considered the gold standard for evaluating patients
with motor or behavioral activities during sleep,
especially if the behavior occurs almost every night.
Video-PSG has high specificity and variable sensitiv-
ity, but it is high cost and a time-consuming study.
Other objective methods such as ACT are not specific
enough for parasomnias diagnoses. Video-EEG is also
important for differential diagnosis of epileptic and
nonepileptic seizures [62].

Nightmares may not have any PSG correlate, but
progress in the treatment of nightmares can be moni-
tored with the Disturbing Dreams and Nightmares
Severity Index (DDNSI). The DDNSI is a revised
version of the Nightmare Frequency Questionnaire.
The DDNSI measures the frequency and intensity
of disturbing dreams and nightmares. It has good
internal consistency (Cronbach’s alpha = 0.83). The
DDNSTI has five questions, answers to which can score
in range 0-37, with higher scores indicating a more
severe case of nightmares.

For example, in one study, the DDNSI was used
to evaluate the effect of nightmares as a mediating
variable for the relationship between insomnia and
suicidal ideation [63]. In total, 50 individuals with
insomnia and depression were assessed in a cross-sec-
tional design with measurement of suicidal ideation
and the DDNSI, finding that in a mediation analysis
nightmares indeed mediate the association between
insomnia symptoms and suicidal ideation.

Conclusion

Clinical trials in sleep medicine cover a wide range of
sleep—wake problems, and accordingly the selection
of outcome measures in sleep medicine clinical tri-
als needs to be tailored to the specific disorder under
examination. This review has not been exhaustive, but
intended to describe the measures most commonly
used in sleep medicine clinical trials. The investiga-
tor needs to consider the relative merits choosing a
self-report questionnaire versus a physiologic test as
the a priori primary outcome measures. Surprisingly,
the self-report measures are often more sensitive to

treatment effects as compared with more expensive
physiologic tests.

Still, there are a few circumstances that require a phys-
iologic test to meaningfully show a clinically relevant
outcome. For example, clinical trials in OSA require
some measurement of the AHI. Even so, in this case the
investigator needs to further choose between repeated
in-laboratory monitoring versus home monitoring of
OSA, and choose between full PSG versus a test that
measures only respiratory variables but not EEG.

We recommend that full PSG, including measure-
ments of respiration and leg movements be a part of the
baseline measurement of every sleep medicine clinical
trial, if suitable resources are available. A PSG baseline
assessment could be omitted for an insomnia clinical
trial if costs are prohibitive. Likewise, some self-reported
measure of symptoms should be incorporated into every
sleep medicine clinical trial. After randomization in a
clinical trial, respiratory monitoring is not a necessary
part of follow-up PSG, unless the condition under study
is OSA or another sleep-related breathing disorder. ACT
is a technology that is still in development, despite
decades of use. It potentially has a role as a primary
outcome measure in CRSD clinical trials, but outside of
CRSD it should be relegated to the role of a secondary

outcome measure.

Future perspective

The trend in sleep medicine research measurements has
been moving from expensive, laboratory-based meth-
ods to unobtrusive, less expensive and more portable
assessment tools allowing for the monitoring of sleep for
long periods of time. While the field of sleep medicine
is moving in that direction, PSG will continue to be
the gold standard for validation of evolving assessment
techniques.

Financial & competing interests disclosure
WV McCall is sponsored by a NIH grant (ROI MH095776-01A1).
The authors have no other relevant affiliations or financial involve-
ment with any organization or entity with a financial interest in or
Sfinancial conflict with the subject matter or materials discussed in
the manuscript apart from those disclosed.
No writing assistance was utilized in the production of this

manuscript.

Executive summary

m A large number of psychometric and physiologic tools are available for assessing outcomes in sleep medicine clinical trials.
However, very few of these measuring instruments are appropriate for evaluation of most sleep disorder interventions.
Investigators should be selective in picking the appropriate measure based upon study design, resources and the sleep disorder
under study. We recommend each clinical trial in sleep medicine should include objective and self-report measurements.

m In the future, sleep medicine assessment techniques are likely to be more portable and less expensive, potentially allowing
long-term measurement/monitoring. These emerging technologies will have to be compared with existing gold standards.
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