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Objective: Sleep problems are a common symptom of fibromyalgia (FM). The objective of this study was
to evaluate the Medical Outcomes Study (MOS) Sleep Scale as a measure of FM-related sleep problems.
Methods: Analyses were based on data from the 1056 and 1077 studies, two randomized, double-blind,
placebo-controlled trials of pregabalin for adults with FM. MOS Sleep Scale scores of study patients were
compared with United States normative scores using a one-sample Z test. Subscale structure of the MOS
was evaluated by confirmatory factor analyses, internal consistency was evaluated using Cronbach’s
alpha reliability coefficients. Estimated clinically important differences (CID) in MOS Sleep Disturbance
subscale scores were evaluated using mixed-effects models of change in subscale scores as a function
of the Patient Global Impression of Change (PGIC).

Results: 1056 and 1077 included 748 and 745 patients, respectively. Most patients were female (1056:
94.4%, 1077: 94.5%) and white (1056: 90.2%, 1077: 91.0%). Mean ages were 48.8 years (1056) and 50.1
years (1077). Baseline MOS Sleep Scale scores were statistically (P < 0.001) and substantially poorer than
general population values. The MOS subscale structure was confirmed in both studies at each assessment
except at baseline in the 1056 study. Cronbach’s alpha coefficients were acceptable, at least 0.70, for all
multi-item scales at baseline and end-of-study assessments in both studies, with the exception of the
Sleep Adequacy subscale at baseline. The estimated CID for the MOS Sleep Disturbance subscale was 7.9.
Conclusions: The MOS Sleep Scale is an appropriate measure of FM-related sleep problems. These analy-

ses provide the foundation for further use and evaluation of the MOS Sleep Scale in FM patients.

© 2009 Published by Elsevier B.V.

1. Introduction

The American College of Rheumatology (ACR) defines fibromy-
algia syndrome (FM) using two criteria: (1) chronic widespread
pain and (2) pain upon digital palpation in at least 11 of 18 defined
tender point sites [1,2]. In addition to musculoskeletal pain, FM is
associated with symptoms such as fatigue, sleep disturbance, and
morning stiffness [3]. Further, patients report they experience
depression and cognitive difficulties, and that FM interferes with
their usual activities [4]. Assessing the effectiveness of new thera-
pies therefore requires accurate assessment of a multi-dimensional
array of symptoms and problems.

This paper focuses on the measurement of sleep problems in
patients with FM. Disturbed sleep is consistently ranked by pa-
tients as a highly bothersome symptom of the disease. For exam-
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ple, Bennett et al. [5] conducted a web-based survey of over
2000 patients with FM and found that the self-reported intensity
of non-restorative sleep was ranked third, behind symptoms of
morning stiffness and fatigue. Mease et al. [4] conducted a patient
symptom ranking and found that sleep ranked high among the
most important symptoms (following pain, aching joints or pain,
and lack of energy or fatigue).

To evaluate FM-related sleep problems and the impact of
treatment on these symptoms, the clinical program for pregaba-
lin (Lyrica®) included a well-established standardized (generic)
patient survey—the Medical Outcomes Study (MOS) Sleep Scale
[6]—as a secondary efficacy endpoint. The MOS Sleep Scale in-
cludes 12 questions about initiation and maintenance of sleep,
respiratory problems during sleep, amount of sleep, perceived
adequacy of sleep, and daytime somnolence [6]. It was devel-
oped and initially tested in a large sample of individuals with
chronic illnesses. It has been further validated in a nationally
representative sample of adults in the United States (US) [7]
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and in other pain populations including postherpetic neuropathic
pain [7], neuropathic pain of broad etiology [8], and rheumatoid
arthritis [9]. The objective of this study was to evaluate the mea-
surement properties of the MOS Sleep Scale in a specific popula-
tion of patients with FM.

2. Methods
2.1. Studies and subjects

This paper reports the psychometric properties of the MOS
Sleep Scale using data from two clinical trials of pregabalin con-
ducted in the US: 1077 [10] and 1056 [11]. The study designs for
these trials have been described elsewhere [10,11]. The studies
were randomized, double-blind, and placebo-controlled clinical
trials of three doses of pregabalin (300, 450, and 600 mg/day). Pa-
tients were 18 years of age or older with FM as defined by the ACR
criteria [1,2].

During the baseline phase, study patients had to have an aver-
age daily diary pain score of at least 4 (within the last 7 days) on a
numeric rating scale ranging from 0 (“no pain”) to 10 (“worst pos-
sible pain”). Further, study patients had to have a score of at least
40 mm on the 100 mm visual analogue scale (VAS) of the Short-
Form McGill Pain Questionnaire [12] at the screening and baseline
(randomization) study visits. In the 1077 study, patients with a
30% or greater reduction in the VAS from the screening to the ran-
domization study visits (a single-blind placebo run-in period) were
discontinued; this criterion in the 1077 study was intended to ex-
clude potential placebo responders. In both studies, the primary
efficacy measure was endpoint mean pain score as defined as the
mean of the last 7 pain diary entries while the patient was on study
medication.

2.2. The MOS Sleep Scale

The MOS Sleep Scale [6] was included as a secondary efficacy
variable. It was completed by patients at the baseline and end-
of-treatment visits (week 13 in the 1056 study and week 14 in
the 1077 study) in both studies and at interim visits (weeks 5
and 9) in the 1056 study. For 10 of the 12 MOS Sleep Scale ques-
tions, patients were asked to report how often each particular sleep
symptom or problem was applicable to them on a six-point cate-
gorical scale ranging from “all of the time” to “none of the time.”
The question about time to fall asleep used a five-point categorical
response scale ranging from “0 to 15 min” to “more than 60 min.”
Quantity of sleep was reported by patients as the average number
of hours they slept each night. In the 1056 study, patients were
asked to respond to the MOS Sleep Scale questions based on their
experience during the past 4 weeks. In the 1077 Study, a 1 week re-
call was used in response to FDA guidelines [13].

Patients’ responses to the 12 questions were aggregated into
the MOS Sleep Scale subscale scores and the 9-item Sleep Problems
Index score (see Table 1 in online supplementary material) accord-
ing to the developers’ scoring algorithm [6]. Higher scores indi-
cated more sleep problems (e.g., higher Sleep Disturbance
subscale scores indicated more problems initiating or maintaining
sleep) except for the Sleep Adequacy subscale where higher scores
reflected more adequate sleep.

Psychometric analyses on the MOS Sleep Scale were obtained
from all available study patients across all treatment groups. Treat-
ment-related effects on the MOS Sleep Scale have been reported
previously [10,11]. In the 1077 study, the MOS Sleep Disturbance
subscale was designated a priori as the primary MOS Sleep Scale
variable for the treatment effect analysis based on the relevance
of its content for FM. Therefore, estimated clinically important dif-

ferences (CID) reported here focused only on the MOS Sleep Distur-
bance subscale.

2.3. Statistical analyses

The MOS Sleep Scale scores of study patients were compared
with scores obtained from a nationally representative sample in
the US [7] by computing 95% confidence intervals for the study
baseline mean scores and determining whether or not the norma-
tive scores of the scales were within their corresponding 95% con-
fidence intervals from the studies. A one-sample Z test for the
mean was also conducted to test whether the means of the scales
from each of the two trials differed from the corresponding norma-
tive means, which was assumed fixed or constant.

A confirmatory factor analysis was performed to evaluate the
structure of the MOS Sleep Scale based on three multi-item sub-
scales and four single-item subscales specifically in patients with
FM (Table 1 in online supplementary material). Bentler's compara-
tive fit index was used to assess the fit of the model and values
greater than 0.90 were considered to represent adequate fit [14].
Further, standardized factor loadings of at least 0.40 indicated that
items on a multi-item scale belonged to their hypothesized sub-
scales [15].

To assess the internal consistency and validity of the multi-item
MOS Sleep Scale, we computed item-to-total correlations corrected
for overlap (with the item in question removed from the total sub-
scale score) and Cronbach’s alpha reliability coefficients. Item-to-
total correlations of at least 0.40 [16] and Cronbach’s alpha reliabil-
ity coefficients of at least 0.70 [17] were considered acceptable
measurement properties.

To estimate CID, we examined differences from baseline in MOS
Sleep Disturbance subscale scores as a function of the Patient Glo-
bal Impression of Change (PGIC) rating. The PGIC is a categorical
scale with 7 levels: very much improved, much improved, mini-
mally improved, no change, minimally worse, much worse, or very
much worse. It is a patient rating of the study treatment completed
at interim visits and at endpoint to assess the overall change from
baseline. The estimated CID for each study was based on a mixed-
effects model of change from baseline in MOS Sleep Disturbance
subscale scores expressed as a function of discrete levels of PGIC
[18,19-22]. The model was a longitudinal (first-order autoregres-
sive) repeated measures model in the 1056 study (at weeks 5, 9,
13, or end of study visit) and a cross-sectional regression model
in the 1077 study (at week 14 or end of study visit). The models
provided average estimates of differences in the MOS Sleep Distur-
bance subscale score that corresponded to one-category differ-
ences on the PGIC.

3. Results
3.1. Descriptive analysis

The 1056 and 1077 studies included 748 and 745 patients,
respectively. Most patients were female (94.4% in the 1056 study
and 94.5% in the 1077 study) and white (90.2% in the 1056 study
and 91.0% in the 1077 study) (Table 1). In the 1056 study, the mean
age of patients was 48.8 years and the average duration of FM was
9 years. In the 1077 study, the mean age of patients was 50.1 years
and the average duration of FM was 10 years. In both studies, base-
line mean pain scores were approximately 7 on a scale from 0 (“no
pain”) to 10 (“worst possible pain”).

Consistent with the clinical profile of FM, patients’ baseline
MOS Sleep Scale scores were statistically (P < 0.001) and substan-
tially poorer than general population values (Table 2). Patients
with FM reported sleeping an average of 5.4 and 5.6 h per night
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