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ABSTRACT

Objectives. To investigate the valid-
ity of a rescored version of the Jenkins
Sleep Scale (JSS) to assess the extent
of possible bias of a 4-week recall pe-
riod in assessing sleep in patients with
fibromyalgia.

Methods. A rescoring algorithm of the
JSS was developed. The psychometric
properties of the rescored JSS were ex-
amined using blinded, observed data
from a Phase 2 trial (n=195) in sub-
jects with fibromyalgia. In addition,
data from two Phase 3, randomised,
controlled trials (n=1,121) in subjects
with fibromyalgia were used to further
validate the rescored JSS by conducting
correlation analyses with other assess-
ments expected to correlate with sleep.
These included fatigue and tiredness
items from the Fibromyalgia Impact
Questionnaire (FIQ), the Function-
al Outcomes of Sleep Questionnaire
(FOSQ), and the Short Form-36 (SF-
36™ ) Vitality scale.

Results. Construct validity of the
rescored JSS was found to be accept-
able, with an internal consistency reli-
ability of a=0.70. Test-retest reliability
on stable subjects, defined using the
FIQ total score, was also acceptable
(ICC=0.70). Moderate to high corre-
lations (Pearson r>0.66) were found
with two FIQ items, addressing fatigue
and non-restorative sleep, and the SF-
36™ Vitality scale; correlations with
the original JSS were similar. Both JSS
versions were found to be responsive
(p<0.0001), and the rescored version
accounted for 90% of the variance cap-
tured in the original version.
Conclusion. These results showed the
rescored JSS performed similarly to the
original scale, suggesting the original
scale’s 4-week recall period did not in-
troduce substantial bias in capturing
the experience of fibromyalgia-related
sleep disturbances.
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Introduction

Fibromyalgia is a complex disease with
a hallmark symptom of widespread
pain (1, 2). Fibromyalgia is a chronic
musculoskeletal disorder with an es-
timated 2-3% prevalence rate in the
United States and 2.9% in Europe (3);
it is the second most common disorder
observed by rheumatologists after os-
teoarthritis. Fibromyalgia is estimated
to be approximately seven times more
common in women than men, and its
prevalence increases with age, with the
highest prevalence among those 60—79
years of age (4).

Most patients with fibromyalgia report
experiencing fatigue and sleep distur-
bances including non-restorative sleep
and difficulties falling asleep (5). Thus
sleep assessments are critical to cap-
turing a patient’s full experience with
fibromyalgia and its treatment.

The Jenkins Sleep Scale (JSS) is a self-
completed instrument assessing sleep
symptoms (6). Improvement in quality
of sleep, as measured by the JSS, has
been shown to correlate with improved
fibromyalgia pain symptoms (7). The
four-item JSS captures how often dur-
ing the last month a subject experi-
enced sleep problems. At the time of
the development of the questionnaire
(1988), it was deemed relevant to cap-
ture clinically relevant variations in
sleeping patterns through a frequency
report of sleeping difficulties (e.g.
insomnia) within the past month. A
4-week recall period was commonly
used in generic instruments such as the
Medical Outcomes Study Short Form-
36 (SF-36™), (8, 9) and other sleep
instruments such as the Leeds Sleep
Evaluation Questionnaire (10) and the
Medical Outcome Study (MOS) Sleep
Questionnaire (11) as it is deemed rel-
evant to provide a comprehensive as-
sessment of patients’ sleep disturbance
in clinical practice setting because of



varying pain severity and day-to-day
variation in sleep quality.

In a context of documenting treatment
benefit, a patient-completed scale with
a long assessment period might be
subject to recall bias. To investigate
the impact of potential recall bias on
the assessment of sleep disturbances
in fibromyalgia patients, a new, intui-
tive scoring algorithm of the JSS was
developed and its rescored scale’s psy-
chometric performance (construct va-
lidity, reliability, and ability to detect
a change) were examined in patients
with fibromyalgia.

Materials and methods

An intuitive rescoring algorithm was
developed prior to performing any data
analysis to avoid bias. The psychomet-
ric properties (reliability, construct va-
lidity, and ability to detect a change)
of the rescored JSS were examined
using blinded, observed data from a
randomised, double-blind, placebo-
controlled, parallel-group, Phase 2 trial
(n=195) (12).

Once the above psychometric properties
of the rescored JSS were examined and
found to be acceptable, data from two
Phase 3 randomised, double-blind, pla-
cebo-controlled, parallel-group studies
in fibromyalgia patients (n=548, Trial
1; n=573, Trial 2) were used to further
evaluate the responsiveness of the res-
cored JSS with respect to pain, tiredness,
and fatigue. When validating question-
naires, sample sizes are typically deter-
mined based on planned analyses rather
than anticipated treatment effect size
and power (13, 14). The sample size for
the Phase 2 and 3 studies used in this
research was determined based on the
primary efficacy endpoints used in the
respective studies (a composite of pain
severity, functioning, and patient glo-
bal assessment of change for the Phase
2 study and the proportion of subjects
who had at least 30% reduction in pain
severity from baseline to study endpoint
for Phase 3 studies) and was much larg-
er than the sample size of typical studies
for validating questionnaires. The anal-
yses in this research were conducted
on the intent-to-treat (ITT) population,
which included all randomised subjects
in the studies used.
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The three studies were conducted ac-
cording to international standards for
clinical research including documenta-
tion of patients’ consent to participate
in the trials.

Instruments
The JSS was used to collect informa-
tion about how the study medication
affected subjects’ sleep in the past
month. This questionnaire comprises
four items: During the past month did
you have trouble falling asleep?; Dur-
ing the past month did you wake up
several times per night?; During the
past month did you have trouble stay-
ing asleep, including waking up far too
early?; During the past month did you
wake up after your normal amount of
sleep feeling tired and worn out? Each
item was rated on a 6-point Likert scale
based on the frequency of the prob-
lems, where O indicated no sleep prob-
lems and 5 indicated frequent sleep
problems. The JSS is scored as the sum
of the four items, resulting in a score
from 0-20 with higher scores reflecting
greater sleep problems.

It was hypothesized that recalling the
exact number of nights subjects ex-
perienced sleep problems within the
previous month might be prone to
recall bias, reflected by an increased
likelihood of misclassification (e.g. re-
sponding 9 nights rather than 7 due to
recall issues). To investigate the impact
of the possible recall bias, the JSS was
rescored based on an intuitive algo-
rithm so that response options could be
combined and capture the impact of the
sleep problems in terms of a period of
time (e.g. less than half the time) rather
than exact number of days as described
below:

e 0: notatall

e 1: 1-3 nights

— 0: not at all
— 1: less than %
the time
: less than 12
the time
e 3:8-14 nights — 1:less than 2
the time
* 4:15-21 nights — 2: greater than
5 the time
5:22-31 nights — 2: greater than
5 the time
The final score was the sum of the in-
dividual scores of all 4 items, ranging

-1

e 2:4-7 nights
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from 0-8 with higher scores reflecting
greater sleep problems. The final score
was missing if any of the questions had
a missing score.

In addition to the JSS, the following
measures were collected in the Phase
2 and Phase 3 studies: Fatigue Visual
Analogue Scale (VAS), Pain VAS,
Fibromyalgia Impact Questionnaire
FIQ (15), Functional Outcomes of
Sleep Questionnaire (FOSQ) (16), SF-
36™v2, Patient Global Impression of
Change (PGlIc), and Clinical Global
Impression of Change (CGlc).

The Fatigue VAS and the Pain VAS are
global assessments of subjects’ current
severity levels of fatigue and pain, re-
spectively, using a horizontal line an-
chored at “0 = No fatigue/pain” and
“100 = Worst imaginable fatigue/pain.”
The FIQ is composed of 20 items as-
sessing 10 subscales. It measures the
subject’s fibromyalgia status, progress,
and outcomes based on the experience
in the previous 7 days. The total FIQ
score (17), derived from the sum of the
ten subscales, has been shown to reflect
the total impact of fibromyalgia with
scoring ranging from 0 to 100 (higher
scores indicating a greater impact).
Item 16 of the FIQ (“How tired have
you been?”) and item 17 (“How have
you felt when you get up in the morn-
ing?”’), both scored from 0-10, were of
particular interest as they measure as-
pects related to sleep quality and were
used to examine construct validity of
the rescored JSS.

The FOSQ was used to determine the
impact of daytime sleepiness and tired-
ness on daily activities. The question-
naire assesses general productivity, so-
cial outcome, activity level, vigilance,
and intimate relationship and sexual
activities, which are summed into a
total score ranging from 5 to 20, with
lower scores indicating a greater im-
pact of sleepiness and tiredness on ac-
tivities of daily living.

The SF-36™ v2, with a 4-week recall
period, was used to collect information
about how the study medication af-
fected the subject’s health-related qual-
ity of life (HRQL). The 4-item Vitality
subscale ranges from 0 to 100, with
higher scores indicating a higher level
of energy.
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The Epworth Sleepiness Scale (ESS),
assessed only in the Phase 2 study, was
used to collect subjective ratings of
daytime sleepiness. The total score, the
sum of all 8 items assessing the likeli-
ness of dozing off or falling asleep dur-
ing activities, ranges from O to 24, with
higher scores indicating a higher level
of daytime sleepiness.

Subjects (PGIc) and clinicians (CGIc)
rated their impression of change in
fibromyalgia severity and in the sub-
ject’s overall condition since baseline
(i.e. prior to first dose of study medica-
tion) using a 7-point scale anchored on
1 = “very much better/improved” and 7
= “very much worse.”

Analyses

The analysis of the psychometric prop-
erties began with the data from the
Phase 2 study. Demographic charac-
teristics of the study population were
analysed at baseline (Visit 4, randomi-
sation) using descriptive statistics.
Quality of completion of the JSS was
evaluated by examining the number of
missing responses for each item over
time. Item distributional characteris-
tics of the rescored JSS, including floor
and ceiling effects, were examined at
baseline (Visit 4). Floor and ceiling
effects were interpreted in relation to
the severity of the condition experi-
enced by the study population. If floor
or ceiling effects were too pronounced
and/or mean scores were very low or
high (respectively) at baseline, it could
interfere with the ability of the scale to
detect changes over time.

The rescored JSS was tested for inter-
nal consistency reliability at baseline
(Visit 4) to assess how well the items
fit together in the same scale. This cri-
terion was considered to be met if the
Cronbach’s alpha coefficient was =0.70
(18, 14). The impact of item removal
on internal consistency reliability was
examined. Cronbach’s alpha was cal-
culated with each item removed from
the total scale to assess the impact. If
the removal of an item caused the alpha
to increase substantially, then that item
might not be fitting well in the scale.
Test-retest reliability consists of meas-
uring the degree to which an instru-
ment yields similar scores at differ-

ent time points in stable subjects. The
test-retest reliability was computed
for the total score of the rescored JSS
at Visit 5 (Week 2) and Visit 6 (Week
4). Test-retest reliability estimates were
calculated using the Shrout and Fleiss
intraclass correlation (ICC). A correla-
tion =0.70 or greater was evidence of
acceptable test-retest reliability.

It is important to evaluate a stable
population in test-retest reliability as
the goal is to evaluate the amount of
measurement error in the instrument.
Five criteria were selected to identify
stable subjects for the evaluations of
test-retest reliability:

e Responses from Pain VAS:

Stable subjects were defined as
those whose mean Pain VAS in the
2 weeks preceding Visit 5 and the 2
weeks preceding Visit 6 were simi-
lar (within 5 points).

e Responses from Fatigue VAS:
Stable subjects were defined as
those whose mean Fatigue VAS in
the 2 weeks preceding Visit 5 and
the 2 weeks preceding Visit 6 were
similar (within + 5 points).

* Responses from FIQ:

Subjects whose FIQ total score
changes from Visit 5 to Visit 6 were
less than the minimal important
change (range from -14% to +14%)
were classified as stable (19).

* Responses from ESS:

Stable subjects were defined as
those whose absolute ESS total
score change from Visit 5 to Visit 6
was <2. This was based on a previ-
ous study, in patients with allergic
rhinitis, where the placebo group
had an increase of 1.16 points (20).

* Responses from FIQ item 17

(“How have you felt when you get up
in the morning?”):
As done with the FIQ total score,
subjects whose FIQ item 17 chang-
es from Visit 5 to Visit 6 were less
than the minimal important change
(range from -14% to +14%) were
classified as stable (19).

Construct validity, including the scale’s
concurrent validity with other patient-
completed measures, was measured by
examining the correlations of the res-
cored JSS with other patient-reported
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outcome (PRO) scales. The Pain VAS,
Fatigue VAS, FOSQ, SF-36™, FIQ,
and ESS were identified a priori for
checking the construct validity. A logi-
cal pattern of correlations was expected
to exist between the rescored JSS and
these measures. Domains with similar
content or symptoms evolving with the
same pattern as patients’ sleep prob-
lems were expected to correlate more
highly than domains with less similar
content. Pearson’s Correlation Coef-
ficient was used unless the data failed
normality tests, then correlations were
calculated using Spearman’s Correla-
tion Coefficient.

Responsiveness refers to the ability of
a measure to reflect underlying change
(21,22). The rescored JSS was expect-
ed to be responsive to changes in sleep
and was evaluated by changes from
baseline to Week 8, the study duration
of the Phase 2 study.

In the first set of responsiveness analy-
ses, two groups of subjects, respond-
ers vs. nonresponders, were identified
based on the following criteria:

e An average reduction of =30% in
pain VAS from baseline to Visit 7
(Week 8);

¢ A reduction of =30% in FIQ total
score from baseline to Visit 7 (Week
8); and

e Aresponse of “Very much better” or
“Much better” on the PGIc.

In the second set of responsiveness
analyses, improved versus unimproved
subjects were defined by the PGlc. The
improved group included those sub-
jects who reported “A little better”,
“Much better”, or “Very much better”
on their response to the PGIc at Week
8. The unimproved group was defined
as those who reported “No change” or
a worsening.

In the third set of responsiveness analy-
ses, improved versus unimproved sub-
jects were defined by the CGlc. The
improved group included those sub-
jects whose condition had been report-
ed by their clinician as “Minimally im-
proved”, “Much improved”, or “Very
much improved” on the CGIc at Week
8. The unimproved group was defined
by “No change” or a worsening on the
CGlc.



Paired r-tests evaluated the within-
group difference between two time
points. Ideally, the nonresponders (un-
improved) group was expected to show
no significant change (mean change
score near 0 or slight worsening), and
the responder/improved group was
expected to show significant improve-
ment (negative mean change score).
The level of change in the scale was
also quantified by standardised effect
sizes (SES). Based on Cohen’s recom-
mendations, the following values rep-
resented the magnitudes of responsive-
ness: small (0.20), moderate (0.50), and
large (0.80) (23). Effect sizes were ob-
tained by taking the difference in mean
score between baseline and follow-up
(Week 8) divided by the standard de-
viation (SD) of scores at baseline. Stu-
dent’s 7-test was used to evaluate the
between-group differences.
Additionally the responsiveness anal-
yses were conducted by correlating
change scores on the rescored JSS
with changes on the FOSQ Total score,
SF-36™ Vitality scores, and the ESS
score. The rescored JSS was expect-
ed to be responsive to changes in the
above scales.

The minimally important difference
(MID), which is often used as a guide-
line for interpreting changes assessed
by a questionnaire, was also calculated.
The MID can be evaluated using either
distributional or anchor-based meth-
ods, which have been shown to pro-
duce generally similar results (24).
The primary anchor-based MID for
the rescored JSS was analysed using
patients’ responses to the PGIc as an
anchor. The estimate was the mean
change in the rescored JSS associated
with the category “a little better”. It
should be noted that this provided a
broad approximation as the PGIc asked
about fibromyalgia changes and not
about sleep specifically.

The distribution based evaluation of
MID used the standard error of meas-
urement (SEM), which is calculated
as standard deviation x \/(1—re1iability)
(14).

Separate regression models predicting
Fatigue VAS change from baseline to
Week 8 were conducted on the res-
cored and original JSS total score. The
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Table I. Definition of responders used in the known-groups analysis (Trials 1 and 2).

Comparison scales

Responder definition

Pain VAS

FIQ total score and subscale scores
FIQ items 16 and 17

FOSQ score and subscale scores
SF-36™ Vitality Scale

PGlc

CGlIc

=>30% reduction from baseline at Visit 11

=30% reduction from baseline at Visit 11

=30% reduction from baseline at Visit 11

change score = MID (defined by SEM)

=10 points improvement (MID)(28-36) from baseline at Visit 11
a response of “Very much better” or “Much better”

a response of “Very much improved” or “Much improved”

R-squared values from the two models
were compared. If the difference in
R-squared was small, then it was con-
cluded that the new scoring accounted
for a substantial amount of the original
variance and could be used in place of
the original scoring without losing im-
portant information.

The analyses listed above were con-
ducted to assess the psychometric
properties of the rescored JSS using
data from the Phase 2 study. Once the
psychometric properties were found to
be acceptable, additional triangulation
analyses using data from the Phase 3
studies were conducted to further sup-
port the construct validity and respon-
siveness to change.

Triangulation analyses

The performance of the rescored JSS
was examined in relation to changes in
other scales independently in the two
Phase 3 studies. The results were con-
trasted between studies and between
the original and rescored JSS.

The correlation coefficients between
the rescored JSS and other scales that
were expected to have strong correla-
tions were calculated to show that the
rescored JSS tracks closely with sim-
pler and more concise measures of the
same/similar concept.

The rescored JSS was also evaluated
for its ability to discriminate among
known responding groups of subjects.
The known-groups methodology as-
sesses the extent to which scores were
linked to subjects’ predefined health
states. Evidence of known-groups va-
lidity was shown when a meaningful
pattern of mean differences was ob-
served across the defined subgroups.
The Student’s t-test was used in the
known-group analysis to assess if
there were significant differences in
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the mean scores between the defined
subgroups. In the situation where the
normality assumption was violated, the
non-parametric test was used in place
of the r-test.

Groups used for these analyses were
defined based on the responder defini-
tions described in Table I. The assump-
tion was that the subjects who were re-
sponders would tend to have less severe
symptoms compared to nonresponders
at endpoint.

A responder for the rescored JSS was
defined as a subject with a change
score from baseline to endpoint that
was greater than or equal to the scale’s
MID. To test level of agreement be-
tween the responder definitions, Co-
hen’s kappa statistics was used by or-
ganising the scores into a contingency
table. Cohen’s kappa has a range from
0.00-1.00, with larger values indicating
better reliability or agreement. The fol-
lowing thresholds for agreement from
Altman (25) were used for interpreta-
tion purposes: poor (<0.20), fair (0.20-
0.40), moderate (0.40-0.60), good
(0.60-0.80), and very good (>0.80).

Results

Validation of the psychometric
properties using data from the

Phase 2 study

Atotal of 195 subjects from the Phase 2
trial were used for the validation analy-
sis of the rescored JSS. Subjects in the
validation analysis were predominant-
ly white (92.3%) and female (94.4%).
The mean age of the subjects was 46.5
(x11.35) years, ranging from 20 to 83
years (Table II).

The percent of missing responses was
low (2.05%) for all items and the total
score of the rescored JSS. There were
no floor effects on items or the total
score at baseline. However, 64% to
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Table II. Clinical trials: demographic and medical information.

Phase 2 Validation, n=195

Trial 1, n=548

Trial 2, n=573

Age mean (SD) [range]

46.5 (11.35) [20-83]

47.0 (11.26) [18-79]

46.6 (10.72) [19-80]

Gender: Female (%) 184 (94.4) 500 (91.2) 513 (89.5)

Race/ethnicity

Am. Indian or Alaska Native 6 (1.1) 3 (0.5)

Asian 1 (0.5) 7 (1.3) 4 (0.7)

Black/African American 11 (5.6) 33 (6.0) 39 (6.8)

White/Caucasian 180 (92.3) 498 (90.9) 524 (91.4)

Other 3 (1.5) 4 (0.7) 3 (0.5)

Time since first fibromyalgia symptoms (yrs)

Mean (SD) [range] 10.6 (8.40) [0-41] 9.7 (8.49) [0-47] 9.7 (8.75) [0-51]

Median 9.0 7.0 8.0

Time since first fibromyalgia diagnosis (yrs)

Mean (SD) [range] 6.0 (6.02)[0-41] 5.9 (6.75)[0-39] 49 (5.61)[0-48]

Median 50 40 3.0

Table III. Summary statistics for rescored and Original Jenkins Scale items and domain at baseline.

Rescored Jenkins Scale n Mean SD Median Min Max Missing Floor Effect Ceiling Effect
n (%)* n (%)** n (%)**

Trouble falling asleep 191 1.62 0.53 2.00 0.00 2.00 4 (205 4 (209 123 (64.40)

Waking up several times per night 191 1.80 0.40 2.00 1.00 2.00 4 (205 0 ( 0.00) 152 (79.58)

Trouble staying asleep 191 1.75 043 2.00 1.00 2.00 4 (205) 0 ( 0.00) 143 (74.87)

Waking up feeling tired and worn out 191 1.92 0.27 2.00 1.00 2.00 4 (205 0 ( 0.00) 176 (92.15)

Jenkins Scale Total Score 191 7.09 1.20 8.00 3.00 8.00 4 (205) 0 ( 0.00) 104 (54.45)

Original Jenkins Scale

Trouble falling asleep 191 3.64 1.42 4.00 0.00 5.00 4 (205) 4 (209 70 (36.65)

Waking up several times per night 191 4.24 1.05 5.00 1.00 5.00 4 (205 0 ( 0.00) 106 (55.50)

Trouble staying asleep 191 4.14 1.16 5.00 1.00 5.00 4 (205) 0 ( 0.00) 105 (54.97)

Waking up feeling tired and worn out 191 4.62 0.73 5.00 1.00 5.00 4 (2.05) 0 ( 0.00) 140 (73.30)

Jenkins Scale Total Score 191 16.65 341 18.00 5.00 20.00 4 (2.05) 0 ( 0.00) 52 (27.23)

*% missing is based on the total number of subjects.

**% is based on number of completed responses for each domain.

92% of subjects chose the highest re-
sponse option (i.e., 22-31 nights [per
month]) on the individual items, and
54% had the highest total score indicat-
ing very high ceiling effects before and
after rescoring (Table III).

The rescored JSS was found to be in-
ternally consistent (a=0.70), meet-
ing the threshold for acceptability on
Cronbach’s alpha reliability coefficient
(=0.70). This implies that the individu-
al JSS items were consistent with each
other and reflected a single underly-
ing construct. Similar results, although
slightly higher, were found with the
original JSS score (a=0.78) using data
from the same Phase 2 study.

The test-retest reliability of the rescored
JSS, using an intra-class correlation
coefficient (ICC), met or approached
the acceptable threshold (=0.70) for
stability defined by the FIQ total score

Table IV. Concurrent validity of Jenkins Sleep
8) in Phase 2 study.

Scale and other PRO scales at Visit 7 (Week

Rescored Jenkins
1
r

Original Jenkins
r‘

With the Pain VAS

With the Fatigue VAS

With the FOSQ

With the SF-36 Vitality

With the ESS

With the FIQ Item 16: “How tired have you been?”

With the FIQ Item 17: “How have you felt when you
get up in the morning?”

0.54 0.56
0.57 0.59
-0.57 -0.60
-0.66 -0.70
043 0.47
0.68 0.70
0.72 0.76

Note: PRO: Patient-reported outcome.

IThe correlations were calculated using Pearson’s Correlation Coefficient.

(ICC=0.70) and by the ESS total score
(ICC=0.69). The ICC results for stable
subjects based on Fatigue VAS and
Pain VAS were low, 0.66 and 0.61, re-
spectively. For the original JSS, the re-
sults were generally similar but slightly
higher: the ICCs were 0.75 for the sta-
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ble patients identified by the FIQ total
score and the ESS, and were 0.70 and
0.66 for stable patients based on Fa-
tigue VAS and Pain VAS, respectively.
Very high ICC results were not expect-
ed since there was no true measure of
stability as related to sleep (initiation,
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Table V. Responsiveness analysis of Jenkins Sleep Scale total score from baseline to Visit 7 (Week 8) in Phase 2 study.

Responsiveness

Assessed by Responders Nonresponders
Rescored Jenkins n Mean SD  p-value Within n Mean SD  p-value Within Between t-test
Change Group Change Group Group p-value
SES SES SES
Pain VAS + FIQ Total 38 -3.84 1.62 <.0001 -3.19 115 -1.60 1.85  <.0001 -1.33 -1.21 <.0001
Score + PGIc!
PGIc? 53 -3.57 1.65 <.0001 -2.96 100 -141 1.82 <.0001 -1.17 -1.18 <.0001
CGI¢? 48 -3.46 1.68 <.0001 -2.87 105 -1.56 191  <.0001 -1.30 -0.99 <.0001
Original Jenkins
Pain VAS + FIQ Total
Score + PGIc! 38 -11.5 4.03 <.0001 -3.38 115 -4.61 5.14  <.0001 -1.35 -1.35 <.0001
PGIc? 53 -10.5 4.56 <.0001 -3.09 100 -4.10 499 <0001 -1.20 -1.29 <.0001
CGI¢? 48 -10.2 4.66 <.0001 -3.00 105 -4.54 527  <.0001 -1.33 -1.08 <.0001

Note: Higher Jenkins Sleep Scale scores reflect greater sleep problems.
'The responders are defined as those who have reported an average reduction of 230% in pain VAS, a reduction of 230% in FIQ total score, and a response
of “Very much better” or “Much better” on the PGIc.
’The responders group includes those subjects who reported a “Very much better/much better/a little better” condition on their response to the PGIc at Visit 7.

3The responders group includes those subjects whose condition has been reported as “Very much improved/much improved /minimally improved” on their

response to the CGIc at Visit 7.

Table VI. Correlations between the Original and Rescored Jenkins Sleep Scale Change from baseline and the Comparison Scales Change

from baseline - Trial 1/2.

Trial 1

Trial 2

Rescored Jenkins Original Jenkins

Rescored Jenkins Original Jenkins

Pain VAS

FIQ Physical Impairment

FIQ Did not Feel Good

FIQ Work Missed

FIQ Difficulty with Work

FIQ Pain

FIQ item 16 (“How tired have you been?”)

FIQ item 17 (“How have you felt when you get
up in the morning?”)

FIQ Stiffness

FIQ Anxiety

FIQ Depression

FIQ Total Score

FOSQ General Productivity

FOSQ Social Outcome

FOSQ Activity Level

FOSQ Vigilance

FOSQ Intimate Relationships

FOSQ Total Score

SF-36 Vitality Scale

0.45 0.46
0.32 0.34
043 0.48
0.24 0.27
043 0.45
0.48 0.49
0.51 0.55
0.55 0.60
048 0.51
0.20 0.22
0.21 0.19
0.53 0.56
-0.40 -0.43
-0.28 -0.31
-0.43 -0.47
-0.35 -0.40
-0.24 -0.29
-0.41 -0.45
-0.52 -0.58

0.39 0.39
0.36 0.35
0.37 0.38
0.23 0.22
0.37 0.39
042 0.44
0.50 0.52
0.53 0.57
047 0.52
0.19 0.21
0.18 0.20
0.50 0.52
-0.41 -0.44
-0.32 -0.31
-0.46 -0.46
-0.40 -0.40
-0.34 -0.35
-0.46 -0.46
-0.56 -0.58

maintenance, early arising, feeling re-
freshed).

The exploratory analysis of the test-
retest reliability of the rescored JSS
using FIQ item 17 (“How have you
felt when you get up in the morn-
ing?”) to define stable subjects met
the acceptable threshold (ICC=0.72)
as did the original Jenkins Sleep Scale
(ICC=0.77).

Concurrent validity results indicated an
overall pattern of expected results for

all of the prespecified measures. The
rescored JSS was moderately to highly
positively correlated with FIQ item 16
(“How tired have you been?” ; 1=0.68),
FIQ item 17 (“How have you felt when
you get up in the morning?”; 1=0.72),
the Fatigue VAS (r=0.57), the Pain
VAS (r=0.54), and the ESS (r=0.43).
The rescored JSS was also moderate-
ly negatively correlated with the SF-
36™ . Vitality scale (r=-0.66) and with
the FOSQ total score (r=-0.57) where
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lower scores equal worse symptoms or
functioning. These correlations were
similar, although slightly lower, than
those seen with the original JSS, which
was also positively correlated with FIQ
item 16 (r=0.70), FIQ item 17 (r=0.76),
the Fatigue VAS (r=0.59), the Pain
VAS (r=0.56), and the ESS (r=0.47),
and negatively correlated with the SF-
36™ . Vitality scale (r=-0.70), and the
FOSQ total score (r=-0.60) (Table IV).
The JSS, using either the rescored or
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the original version, was found to be
responsive when groups of respond-
ers versus nonresponders were defined
using the Pain VAS, FIQ and PGIc.
The “responder” group significantly
improved from baseline on the JSS
with large effects (SES=-3.19 for the
rescored; SES=-3.38 for the original;
Table V). The “nonresponder” groups
also significantly improved from base-
line and had large effects (SES=-1.33
for the rescored; SES= -1.35 for the
original). Although all groups showed
large effects, responders demonstrated
more than a two-fold improvement
over nonresponders, which was statis-
tically significant (p<0.0001). The res-
cored and original versions of the JSS
were also found to be responsive when
groups of responders versus nonre-
sponders were defined using the PGIc
or the CGlc. The responder group was
statistically significantly different from
the nonresponder group (p<0.0001).
Larger effects for the responder group
were found compared to the nonre-
sponder group (Table V).

In the regression models predicting
Fatigue VAS change from baseline
to Week 8, the R-squared for the res-
cored JSS change was 0.27, while the
R-squared for the original JSS change
was 0.30. The rescored JSS accounted
for 90% of the variance captured by the
original JSS, demonstrating the differ-
ence between the rescored and original
JSS was small.

Triangulation analyses using

data from the Phase 3 studies

In the two Phase 3 populations
(n=1,121), most subjects were female
(90%) and White/Caucasian (91%).
The average age of the subjects was
47 years (range: 18-80). The median
time since onset of first fibromyalgia
symptoms was 7.0 years (range: 0-51
years), and the median time since first
diagnosis of fibromyalgia was 3.0 years
(range: 0—48 years) (Table II).

As in the Phase 2 study, the rescored
JSS in the Phase 3 trials correlated
moderately with related measures
(Table 6): FIQ total score (r=0.53 in
Trial 1, r=0.50 in Trial 2), FIQ item 16
(“How tired have you been?”) (r=0.51
in Trial 1, r=0.50 in Trial 2), FIQ item
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Fig. 1. Change from baseline in Rescored Jenkins Sleep Scale — Trial 1.
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Fig. 2. Change from baseline in Rescored Jenkins Sleep Scale — Trial 2.

17 (“How have you felt when you get
up in the morning?”) (r=0.55 in Trial
1, r=0.53 in Trial 2), and SF-36™ Vi-
tality Scale (r=-0.52 in Trial 1, r=-0.56
in Trial 2). The rescored JSS correlated
poorly to moderately with other meas-
ures: FIQ subscales except FIQ items
16 and 17 (r range from 0.20 to 0.48 in
Trial 1, rrange from 0.18 to 0.47 in Tri-
al 2), FOSQ total score and subscales
(r range from -0.24 to -0.43 in Trial 1,
r range from -0.32 to -0.46 in Trial 2),
and Pain VAS (r=0.45 in Trial 1,r=0.39
in Trial 2). The original JSS replicated
these data as well.

In the known-groups analysis using re-
sponder definitions for other scales to
evaluate differences, the rescored JSS
was found to have good separation of
mean changes between responders
(mean change from -2.14 to -3.36) and
nonresponders (mean change from -
0.69 to -2.0) in both trials. All respond-
er groups had significantly (p<0.01)
higher improvements compared to non-
responder groups. The mean changes in
the responder groups were higher than
the MID defined by PGlIc (2 points).
Similar results can be seen with the
original JSS (Figs. 1-4).

S-106



Modified Jenkins Sleep Scale for fibromyalgia / B.K. Crawford et al.

1004

20

804

70
o
o
= &
g oo
o
o
[
o 50
=
o
g 40]
=
O

204

201

88 Flscsbo
101 el yrem 4.5g
e Xyrem Eg
o
T T T T T ] ¢ LI T I T T T T T T T T T I T T 1 1 T T T T T l T T T T T T T T T ]
-20 -10 0 10 20
Change from Bassling in Original Jenkins st Visit 11 (BOCF) Trial 08-008

Fig. 3. Change from baseline in Original Jenkins Sleep Scale — Trial 1.
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Fig. 4. Change from baseline in Original Jenkins Sleep Scale — Trial 2.

The ability of the rescored JSS to clas-
sify responders similarly to other defi-
nitions demonstrated fair to moderate
agreement with FIQ total score (k=0.45
in Trial 1, k=0.32 in Trial 2), FIQ item
17 (“How have you felt when you get
up in the morning?”) (k=0.38 in Trial
1, k=0.41 in Trial 2), PGlIc (k=0.43 in
Trial 1, k=0.37 in Trial 2), and CGIc
(k=0.41 in Trial 1, k=0.32 in Trial 2).
The agreement between the rescored
JSS and other comparison scales (i.e.
Pain VAS, FOSQ total score and sub-
scale scores, SF-36™ Vitality scale)
was poor to fair across both trials.

Similarly, the original JSS demonstrat-
ed moderate agreement with FIQ item
17 (“How have you felt when you get
up in the morning?”) (k=0.43 in Trial
1, k=0.44 in Trial 2); fair to moderate
agreement with PGIc (k=0.41 in Trial
1,k=0.38 in Trial 2) and CGlc (k=0.40
in Trial 1, k=0.37 in Trial 2); and fair
agreement with the Pain VAS, FIQ
item 16 (“How tired have you been?”),
FOSQ total score and subscale scores,
and SF-36™ Vitality scale.

Discussion
This study sought to maintain the struc-
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ture of the JSS by rescoring it in a man-
ner unlikely to be fraught by recall is-
sues and was not a study prospectively
designed to study recall bias. By reduc-
ing the categorisations to less than half
the time and more than half the time,
the likelihood of misclassification was
expected to be reduced. While this ex-
pectation is considered reasonable, a
limitation of the study was that there
was no daily sleep diary available to
examine the true recall bias for these
two scales.

It was important to assess the psycho-
metric properties of the rescored JSS to
ensure that it maintained the same gen-
eral properties as the original. The con-
struct validity of the rescored JSS was
confirmed through an acceptable inter-
nal consistency reliability (Cronbach’s
alpha=0.70). Moderate correlations
with scales of related content, includ-
ing the fibromyalgia-specific FIQ item
16 (“How tired have you been?”), FIQ
item 17 (“How have you felt when you
get up in the morning?”) measuring
non-restorative sleep, and the sleep-
specific FOSQ supported the concur-
rent validity of the rescored scale.
High ceiling effects on the individual
items and total score of the JSS were
found, indicating that at baseline, the
Phase 2 study population experienced
sleep problems on most nights over
the previous 4 weeks. In theory, a high
ceiling effect may limit the ability of
a score to show any deterioration in
subjects’ sleep that may occur during
a trial. However, since subjects entered
the Phase 2 study with chronic, moder-
ate/severe fibromyalgia and since there
were few effective treatments for fibro-
myalgia at the time of the study, it was
not expected that further deterioration
of their sleep would have occurred. Fur-
thermore, the results found on the JSS
typify the self reports of fibromyalgia
patients, who generally report severe
problems with sleep, fatigue, pain, and
low levels of physical function (26, 27).
To document the test-retest reliability,
responsiveness to change, and known-
group validity of the rescored JSS,
groups of subjects whose sleep quality
improved, worsened, or remained un-
changed at endpoint should be defined.
This is usually achieved through the
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use of a global assessment of change
in the concept being investigated (in
this case, sleep quality). Since such a
measure was not included in the Phase
2 study, the responder definition was
based on change in scales capturing re-
lated concepts or fibromyalgia-related
symptoms that were expected to have
commonalities or similar evolution
over time as sleep quality, such as fa-
tigue and HRQL. The PGIc and CGlIc
as global assessments of change in the
condition were also considered the best
proxy measures available to capture
change in sleep quality. Three sets of
responder groups based on scores from
(1) the composite of the FIQ, the pain
VAS, and the PGlc, (2) the PGlIc, and
(3) the CGIc were defined for the re-
sponsiveness and known-group valid-
ity analyses. Significant group differ-
ences were found between the respond-
er and nonresponder groups across all
definitions of responsiveness. Yet,
improvements were also found in the
nonresponder group. This might be
due to the criteria used for defining the
groups: the use of non-sleep concepts
(e.g. improvement of fatigue, improve-
ment of condition) in the nonresponder
definitions may have led to the clas-
sification of subjects with decreased
fatigue or HRQL, yet with increased
sleep quality, as nonresponders based
on other criteria.

Reliability of the rescored JSS total
score showed correlations that met or
approached an acceptable level (ICC
~0.70) for subjects whose quality of
sleep could be considered unchanged
in a 2-week period as identified through
the ESS and FIQ total scores. These
results might be explained by the fact
that groups were defined based on their
changes (improvement or worsening)
or no change in score on the ESS or
on the FIQ, which evaluate daytime
sleepiness and impact of fibromyal-
gia on HRQL, respectively. The ICC
threshold was met (ICC=0.72) when
using FIQ item 17 (“How have you felt
when you get up in the morning?”) in
subjects whose sleep patterns could
be considered stable. Results might
have differed if a global assessment of
change specific for sleep quality had
been used instead.

In summary, the construct validity of
the original and rescored JSS in ad-
dition to the scale’s reliability and re-
sponsiveness were documented in pa-
tients with fibromyalgia. In addition,
the JSS demonstrated moderate corre-
lation with scales measuring conceptu-
ally related symptoms, including tired-
ness and fatigue, or symptoms evolving
in a similar pattern, such as pain. These
results were expected as the JSS as-
sesses the frequency of the sleep prob-
lems, while the other scales measure
the intensity/severity of the concepts. It
is important to note that the reduction
in the number of response options for
the JSS as a result of the revised scor-
ing algorithm reduces the scale’s abil-
ity to detect differences. Nonetheless,
when JSS data from the two Phase 3
studies were analysed, the rescored and
original JSS both arrived at the same
conclusion demonstrating the efficacy
of the active treatment groups (p<0.01
for both studies).

These analyses support the use of the
JSS in research to document treatment
benefit with regard to sleep problems in
patients with fibromyalgia. In addition,
anew, intuitive scoring algorithm of the
JSS was developed to assess the impact
of potential recall bias. Based on the
consistency of evidence supporting its
validity, including its ability to demon-
strate statistically significant improve-
ments across two Phase 3 trials despite a
reduction in the ability to detect change,
the rescored JSS demonstrated adequate
responsiveness to detect treatment ben-
efit. The rescored JSS performed simi-
larly to the original JSS, suggesting the
original scale’s 4-week recall period did
not introduce substantial bias in captur-
ing the experience of fibromyalgia-re-
lated sleep disturbances.
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