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Sleep Disturbance in Patients with Rheumatoid
Arthritis: Evaluation by Medical Outcomes Study and
Visual Analog Sleep Scales
FREDERICK WOLFE, KALEB MICHAUD, and TRACY LI

ABSTRACT. Objective. Except for some polysomnography studies, there have been no large quantitative studies of
sleep disturbance (SD) in rheumatoid arthritis (RA). SD has taken on new importance with the obser-
vation that etanercept and infliximab reduce daytime sleepiness, and patient groups indicate that sleep
is an important issue.
Methods. We evaluated 8676 patients with RA and a comparison group of 1364 subjects with non-
fibromyalgia, noninflammatory disorders (NID) using the Medical Outcome Study (MOS) sleep ques-
tionnaire, including 2 MOS sleep problem indexes (SPI-I, SPI-II) and the MOS SD scale. In addition,
patients completed a visual analog scale (VAS) sleep disturbance scale (SDS).
Results. The scales had similar mean values: SPI-I 35.4 (19.4), SPI-II 36.0 (19.1), SDS 35.0 (24.7), and
VAS sleep 36.1 (29.7), and the values for the MOS scales exceeded population norms by 25% (VAS by
42%). In multivariable analyses SD was primarily determined by pain and mood. Patients receiving
anti-tumor necrosis factor (TNF) did not have less abnormal sleep scores. SD was comparable in RA
and NID. The VAS scale was more strongly associated with RA clinical variables than the MOS scales;
however, the distributional characteristics of the scales differed, with the VAS scales capturing more
extreme values. The standard error of the measurement (SEM), which is related to minimal (important)
change, was SPI-I 9.0, SPI-II 7.3, SDS 9.6, and VAS sleep 10.4.
Conclusion. SD is increased in RA, and 25% to 42% of SD can be attributed to RA. SD is linked to pain,
mood, and disease activity. SD is slightly greater in women and is less with increasing age. All scales
appear to be valid in RA, with minimal differences in SEM. (First Release Sept 1 2006; J Rheumatol
2006;33:1942–51)
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Rheumatoid arthritis (RA), like other pain conditions, chronic
illnesses, and mood disorders1-11, is associated with disturbed
sleep12-17, and patients with rheumatic disease indicate that
sleep is an important concern to them12. In addition, sleep
issues have taken on new importance to rheumatologists with
the observation that etanercept and infliximab reduce daytime
sleepiness18,19. While the fact that sleep is abnormal in per-
sons with RA is no surprise, much is not known about RA and
sleep disturbance in a quantitative way.

True sleep disturbance is assessed by polysomnography.
However, polysomnography is complex and expensive. In
addition, it is not suitable for rheumatic disease clinical trials
and not indicated for routine patient care20,21. Such consider-
ations have supported use of sleep logs/diaries and question-
naires that assess various aspects of sleep. However, studies of
logs and diaries all report modest to poor correlations between
subjective reports and objective findings22. Given these dis-
cordances, Sateia, writing about insomnia, suggests that such
assessments “... may be better indicators of patient perception
of sleep disturbance than they are reflective of true, quantita-
tive sleep abnormalities. Nevertheless, these patient percep-
tions may well represent as valid an index of insomnia as
objective assessments and may be more accurate than a single,
global, and retrospective estimate of sleep pattern.”

Sleep questionnaires typically address global estimates of
sleep quality, specific sleep characteristics, and behaviors,
symptoms and attitudes pertaining to sleep. Such question-
naires demonstrate high global test-retest correlations22 and
are the dominant methodology for assessing sleep quality in
clinical trials, observational studies, and clinical care. Smith
and Wegener recently reviewed questionnaires relevant to
rheumatic disease patients23, including the Medical Outcomes
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Study (MOS) sleep questionnaire24,25. However, the simplest
questionnaire is a visual analog scale (VAS) of global sleep
quality26-29. A VAS scale is simple enough to use in rheumat-
ic disease clinical care without increasing patient and staff
burden when other non-sleep questionnaires are also being
used.

We examined self-reported sleep quality in RA and the
comparative results of 2 sleep questionnaires, the MOS scale
and a VAS sleep scale. It is important to emphasize that these
scales represent sleep perceptions rather than objective sleep
disturbance, and that when we use terms of sleep disturbance,
sleep problems, or sleep abnormality, we are referring to per-
ceptions measured by questionnaires.

We undertook the current prospective study to answer the
following questions. Quantitatively, what is the degree of
sleep disturbance in RA and how much of the sleep abnor-
mality can be attributed to RA? Which factors associate with
sleep disturbance and to what degree? Does anti-TNF therapy
alter sleep disturbance? What are psychometric properties of
the questionnaires? What is the best clinical tool to evaluate
sleep disturbance?

MATERIALS AND METHODS
Patient sample. Patients in this study were participants in the National Data
Bank for Rheumatic Diseases (NDB) longitudinal study of rheumatic disease
outcomes. Patients were recruited from the practices of 806 United States
rheumatologists, and were followed with semiannual questionnaires30-33. Our
report concerns the status of 8676 patients with RA who completed in 2002
study assessments that contained detailed sleep questionnaires. The maximum
number of questionnaires that could have been completed was 2. Because of
ongoing enrollment and dropouts, on average patients with RA in this study
completed 1.5 semiannual questionnaires. For patients who completed more
than one survey during this period a randomly selected survey was utilized for
the main report. In addition, to have a comparison group, we also analyzed
data from 1364 NDB patients with noninflammatory disorders [98.8% with
osteoarthritis (OA) or back pain problems] who completed the questionnaire
during the first half of 2002, after excluding patients diagnosed as having
fibromyalgia. The specialized sleep questionnaires were administered to non-
RA patients in only one assessment period. We included a noninflammatory
disorder comparison group to examine whether sleep disturbance is greater in
RA than in noninflammatory disorders. This information is of interest when
considering the possible effects of anti-TNF therapy on sleep and fatigue.
Demographic and disease status variables. NDB participants completed
semiannual, detailed 28-page questionnaires about all aspects of their illness.
At each assessment, demographic variables were recorded including sex, age,
ethnic origin, education level, current marital status, and medical history.
Functional assessment measures included the Stanford Health Assessment
Questionnaire (HAQ) functional disability index34, the HAQ-II, a shortened,
modified version of the HAQ with similar scaling but superior psychometric
properties35, and the MOS Short Form-36 (SF-36), from which the physical
component summary score (PCS) and mental component score (MCS) were
calculated36,37. We also collected VAS scales for pain, fatigue, sleep distur-
bance, and global severity38. We formed the Patient Activity Scale (PAS) by
multiplying the HAQ by 3.33 and then dividing the sum of the VAS for pain,
VAS global, and HAQ by 339. This yields a 0–10 scale. The PAS is a general
measure of RA disease activity. Severity groups based on the PAS were
formed from the 4 quartiles of the PAS. Quartile 1 values indicate low disease
activity. Quartile 4 values indicate very high disease activity; quartiles 2 and
3 occupy intermediate positions. Ranges within the quartiles are: Q1 0.0–1.9,
Q2 1.9–3.8, Q3 3.8–5.6, and Q4 5.6–10.

The effect of comorbidity is assessed by a comorbidity score, which is the
sum of 11 present or past comorbid conditions reported by the patient. Conditions
include cancer, stroke, fracture, renal, neurologic, endocrine, gastrointestinal, car-
diovascular, pulmonary, genitourinary, and psychiatric problems.

To assess quality of life (QOL) by utilities, we administered the
EuroQol40-43, utilizing the newly developed US tariffs44 and a VAS-based
QOL scale utilizing linear transformation45. The EuroQol contains 5 ques-
tions, 3 of which are about function, one about pain, and one about psycho-
logical status. The VAS QOL scale was anchored at one end with “death” and
at the other end with “perfect health.” It was transformed using the algorithm
0.44*(VAS QOL/100) + 0.4945. VAS QOL scales have higher utilities than
multi-item scales such as the EuroQol, and are closer in that respect to values
obtained by the standard gamble (SG) technique45. Raw VAS scores are pro-
portionally lower than true utility scores. Transformations alter the metric of
the raw VAS scale so that its values and distribution closely represent values
obtained by the SG45. SG utility scores reflect the patient’s assessment and
valuation of his or her own health status46-48. Specifically, the SG methodol-
ogy elicits preferences for a given health state by asking the subject to com-
pare life in a given health state with a gamble between 2 outcomes, often a
certain amount of life in perfect health and immediate painless death. The
probability in the gamble is varied until the subject is indifferent between the
certain health state and the gamble between perfect health and death49.

The MOS Sleep questionnaire (Table 1) is a 12-item self-report question-
naire that yields 2 sleep problem indexes (SPI-I, 6 items, and SPI-II, 9 items)
and 6 scale scores: the sleep disturbance scale (SDS, 4 items), daytime som-
nolence (3 items), snoring (1 item), awakening short of breath or with
headache (1 item), and quantity of sleep (1 item). Answers refer to a retro-
spective assessment over the past 4 weeks. The quantity of sleep is scored as
the average number of hours slept per night. Sleep is considered to be optimal
(Optimal sleep scale) if the reported hours slept is 7 or 8, and not optimal oth-
erwise. Except for the quantity of sleep measure, the MOS sleep scales and
indexes are scored on a 0–100 possible range, higher scores indicating more
sleep problems. [The MOS Sleep measure is available at http://www.rand.org/
health/surveys/_tools/mos/mos_sleep_survey.pdf]. In this study we empha-
sized results of the 2 indexes — SPI-II, a 9-item comprehensive index, and
the SPI-I, the shorter 6-item index — and the SDS.

In addition, we used a VAS that inquired, “How much of a problem has
sleep (i.e., resting at night) been for you IN THE PAST WEEK? Place an X
in the box below that best describes how much of a problem sleep has been
for you on a scale of 0–100.” The scale was anchored with the following
descriptors, “Sleep is no problem” and “sleep is a major problem.” Higher
scores indicate more problems. 
Statistical analyses. To obtain information regarding the minimal importance
difference (MID) of the sleep variables (Table 3), we first determined
Chronbach’s alpha. Alpha represents a measurement of internal consistency.
Alphas > 0.70 are thought to indicate acceptable internal validity. We calculat-
ed the standard error of the measurement (SEM) according to the formula50,51

SEM = SD*    1–reliability

where SD is the standard deviation of the sleep variable under study and reli-
ability is Cronbach’s alpha. We also calculated the minimal detectable change
(also called the reliable change or the smallest real difference) according to
the formula52

MDC = SEM * 1.96 *   2 

As alpha reliability is not available for VAS scales, we estimated it by obtain-
ing the relative reliability of the VAS sleep scale compared to the SLP-II. This
was done by comparing the test-retest reliability of the SPI-II to the test-retest
reliability of the sleep VAS scale in 2338 patients who completed 2 question-
naire assessments 6 months apart and whose overall health had not changed.
We defined the group without health change as those who indicated on their
second SF-36 questionnaire that their health was unchanged compared with 6
months ago and whose Time 2 minus Time 1 PCS score was < 5 (< 1/2 of the
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PCS standard deviation). Because 6 months is too long for true test-retest reli-
ability, we calculated the relative reliability as the ratio of VAS/SPI-II test-
retest reliability. To obtain the reliability measure for the VAS we multiplied
the ratio (0.814) and SPI-II alpha reliability. In very large samples alpha and
test-retest reliability converge53.

To determine the extent of sleep abnormality increase in RA compared
with the general population, we estimated the level of sleep abnormality in the
general population using data from the SF-36 to determine expected health at
population norms (Table 4). We did this because population data with the age,
sex, and educational attainment of the RA cohort are not available. We esti-
mated population sleep scores for each patient as the score attained had his or
her general health been at the expected level for age and sex in the general
population, and compared the predicted sleep score with the measured sleep
score. Specifically, in separate analyses we regressed SDS, SPI-I, SPI-II, and
the VAS sleep scale on PCS, MCS, age, and sex using multiple linear regres-
sion, and predicted the sleep variable value that would be expected in each of
14 age and sex categories had the PCS and MCS been at the population mean
for the age and sex category54. To determine the normative PCS and MCS
values for the age and sex groups, we used published population norms54.
This method has been shown to be valid, using external validation55. The dif-
ference score (Table 4) represents the difference between predicted and
expected values. The “current sleep score” in Table 4 has values that are
slightly different from the values in Table 3 because 441 patients (5.1%) had
missing SF-36 values and were excluded from the analyses.

Table 1. Question concepts and associated sleep scales of the MOS sleep scale.

Questions SDS SNR SOB ADQ SOM SPI-I SPI-II

Length of time to fall asleep • •
Hours slept
Sleep was restless or tense • •
Enough sleep to feel rested • • •
Awaken short of breath or with headache • • •
Drowsy or sleepy during day • •
Trouble falling asleep • • •
Trouble getting back to sleep • • •
Trouble staying awake during day • • •
Snoring •
Napping during day •
Get amount of sleep needed • • •

SDS: Sleep disturbance scale; SNR: Snoring; SOB: Sleep short of breath or headache; ADQ: Sleep adequacy;
SOM: Sleep somnolence; SPI-I: Sleep problems index I; SPI-II: Sleep problems index II.

Table 2. Characteristics of 8676 patients with RA.

Variable Mean (SD)

Demographics
Age, yrs 61.1 (12.6)
Sex, % male 22.6
White, not of Hispanic origin, % 92.7

Education, yrs
0–8, % 2.1
8–11, % 6.7
12, % 36.1
13–15, % 26.3
≥ 16, % 28.8

Clinical scales
HAQ, 0–3 1.1 (0.7)
HAQ II, 0–3 1.0 (0.7)
Pain, 0–10 3.7 (2.7)
Fatigue, 0–10 4.3 (2.8)
Physical component score, SF-36 32.2 (10.2)
Mental component score, SF-36 44.6 (13.7)
EuroQol, US, 0–1 0.73 (0.17)
VAS-QOL, linear transformation, 0–1 0.79 (0.08)

Table 3. Psychometric properties of the MOS and VAS sleep scales.

Sleep Scales Mean (SD) Floor, % Ceiling, % Alpha SEM† MDC††
Reliability*

Medical Outcomes Study Sleep Module
Sleep Disturbance Scale, 0–100 35.0 (24.7) 6.7 0.9 0.84 9.6 26.7
Snoring scale, 0–100 33.5 (31.1) 29.7 6.7 NA
Short of breath scale, 0–100 14.3 (24.8) 67.4 1.2 NA
Sleep adequacy, 0–100 50.5 (26.3) 5.2 3.4 0.70 14.4 39.8
Somnolence scale, 0–100 35.4 (22.6) 4.8 0.9 0.75 10.9 30.1
Sleep Problems Index I, 0–100 35.4 (19.4) 1.5 0.3 0.77 9.0 25.0
Sleep Problems Index II, 0–100 36.0 (19.1) 0.8 0.0 0.85 7.3 20.2
Sleep quantity, h 6.8 (1.4) 0.2 0.3 NA
Optimal sleep, %§ 51.2 NA

Sleep disturbance VAS 0–100 36.1 (29.7) 15.2 2.1 NA 10.4¶ 28.9¶

* Cronbach’s alpha. † SEM = SD *   1 - alpha. †† MDC = SEM *1.96 *   2. § Defined as having 7 to 8 hours of
sleep. ¶ Adjusted SEM (see Materials and Methods). NA: not applicable.
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Comparisons between groups utilized linear regression or t tests, as
appropriate. Figures 2B and 2D were drawn utilizing localized polynomial
regression56. All analyses were performed using Stata version 9.056.

RESULTS
Sleep problems in RA. Demographic and RA variables are
shown in Table 2, and sleep related variables in Table 3. The
results of the 4 major sleep scales were SPI-I 35.4 (19.4), SPI-
II 36.0 (19.1), SDS 35.0 (24.7), and VAS sleep 36.1 (29.7).
The distributions of these scales are shown in Figure 1. The
SDS and the SLP-II reliabilities were 0.84 and 0.85. The SEM
was lowest for the SPI-II, indicating it was best able to detect
change in this sample. SEM values for the 3 other general
scales were similar: SDS (9.6), SLP-I (9.0), and VAS (10.4).
The VAS scale had the greatest floor effect (15.2%) and ceil-
ing effect (2.1%).

Optimal sleep, defined as 7 to 8 hours, was found in 51.2%,
with the average hours slept being 6.8 (SD 1.4). The number
of hours slept, as measured by the optimal sleep scale,
increased slightly with age (Figure 2), and hours slept trans-
lated into difference in quality of life (Figure 2A). Sleep prob-
lems as measured by SPI-II decreased with age (Figure 2D)
and were associated with the number of comorbid conditions
(Figure 2C). In addition, women had more abnormal SPI-II
scores, 36.3 (18.8) vs 31.6 (18.1) for men (t = 9.8, p ≤ 0.001),
but the number of hours slept did not differ between the sexes,
6.8 (1.4) for women vs 6.8 (1.3) for men (t = 0.2, p = 0.814).
To what extent does RA contribute to sleep problems? To
answer this question we first determined actual sleep difficul-
ty scores and then estimated sleep difficulty scores under the
assumption that each study participant had an SF-36 PCS and

Table 4. Sleep abnormalities in patients with RA and adjustment to the general population.

Sleep Scale Current Sleep “Normal” Sleep Difference in
Score, Score, Sleep Score,

mean (SD) mean (SD) mean (SD)

VAS Sleep Disturbance, 0–100 35.9 (29.6) 20.9 (2.6) 15.0 (29.5)
MOS Sleep Problems Index II, 0–100 35.2 (18.7) 26.2 (3.1) 9.0 (18.3)
MOS Sleep Problems Index I, 0–100 34.4 (18.6) 26.2 (3.2) 8.3 (18.3)
MOS Sleep Disturbance Scale, 0–100 34.3 (24.5) 24.4 (2.7) 9.9 (24.3)

Figure 1. Histograms of the MOS Sleep Problems Index I (SPI-I, upper left), MOS SPI-II (upper right), MOS sleep disturbance scale
(lower left), and VAS sleep scale (lower right).
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MCS score at the expected population norm for age and sex
(see Materials and Methods). Table 4 shows the sleep scores
for the 4 key scales, SPI-I, SPI-II, SDS, and the VAS sleep
scale. The mean values for the scales range from 34.3 to 35.9.

The estimated “normal” or general population scores range
from 24.4 to 26.2 for the 3 MOS scales, and is 20.9 for the
VAS scale. These data are consistent with published popula-
tion data24,25. Using expected versus observed scores (Table
4), we then estimated the percentage of the total sleep scores
that is associated with having RA. For the VAS scale, this
value is 41.8%; for the SPI-I and -II and the SDS the values
are 24.1%, 25.6%, and 28.9%.
RA factors related to sleep problems in RA. As might be
expected from the association of RA and sleep abnormality
shown in Table 5, the sleep abnormality scales are also corre-
lated with clinical variables, such as HAQ, global severity,
and pain (Table 5). The summary score of patient activity
measures (PAS), as expected, has the highest correlations,
with correlation coefficients ranging from 0.451 (SDS) to
0.560 (VAS scale). The associations with clinical variables are
more clearly demonstrated in Figures 3A and 3B. Hierarchical

multivariable models of sleep abnormality scores (Table 6)
show that for the SPI-II, SPI-I, SDS, and VAS sleep scale,
pain and depression explain almost all of the explainable vari-
ance, with respective R-squares for the VAS and SPI-II of
0.334 and 0.314. When HAQ is added as a fourth blocked
variable, the additional R-square increases are 0.007 and
0.008, respectively.
What is the relationship of anti-TNF therapy to sleep distur-
bance? We tested the hypothesis that sleep abnormality scores
are lower in patients receiving anti-TNF therapy by using
multivariable regression in which we regressed the sleep
scales on anti-TNF therapy, adjusting for age, sex, HAQ, and
pain. Patients using anti-TNF therapy had minimally higher
SDS scores: 1.03 (95% CI 0.08 to 2.0; p = 0.034). There was
no significant association between anti-TNF therapy use and
sleep abnormalities using SPI II, SLP-I, daytime somnolence,
and the VAS sleep scale in the 4 separate regression analyses
(p > 0.200).
Is sleep disturbance increased in RA compared with other
noninflammatory disorders? After excluding patients with
fibromyalgia, 1364 patients in the NDB with OA back disor-

Figure 2. A. Relation of number of hours slept to the linearly transformed VAS quality of life scale. Quality of life is at its maximum
among persons sleeping 7–8 hours per night. B. The relation between optimal sleep (defined as 7 or 8 h) and patient age. The con-
nected line is determined from localized polynomial regression. Optimal sleep increases slightly with age. C. Relation of the num-
ber of comorbid conditions to the SPI-II. Sleep is increasingly impaired as the number of comorbid conditions increases. D. The rela-
tion of age to problems with sleep. Sleep problems are shown to decrease with age.
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Table 5. Correlation of sleep scales with clinical variables.

Variable MOS Sleep MOS Sleep MOS Sleep VAS Sleep
Index II Index I Disturbance Scale Disturbance 

MOS Sleep Problems Index II (0–100) 1.000 0.973 0.896 0.735
MOS Sleep Problems Index I (0–100) 0.973 1.000 0.827 0.707
MOS Sleep Disturbance Scale (0–100) 0.896 0.827 1.000 0.731
VAS Sleep disturbance (0–100) 0.735 0.707 0.731 1.000
Mental component score (SF-36) –0.607 –0.588 –0.497 –0.512
Anxiety (0–10) 0.570 0.588 0.477 0.488
Fatigue (0–10) 0.561 0.541 0.427 0.550
Depression (0–10) 0.529 0.516 0.444 0.449
Patient Activity Scale (0–10) 0.514 0.487 0.451 0.560
EuroQol (0–1) –0.499 –0.476 –0.434 –0.484
Patient global severity (0–10) 0.474 0.453 0.408 0.526
Pain (0–10) 0.457 0.434 0.400 0.515
HAQ II (0–3) 0.430 0.403 0.378 0.422
VAS QOL (linear transformation) –0.417 –0.401 –0.343 –0.393
HAQ (0–3) 0.402 0.376 0.361 0.407
Physical component score (SF-36) –0.397 –0.371 –0.336 –0.404

All correlations are significant at p < 0.001.

Figure 3. The relation between (A) VAS pain and (B) disease severity groups and VAS sleep disturbance scale.
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ders were evaluated with the sleep scales. After adjustment for
age and sex, SPI-II scores were not significantly lower in RA
(coefficient –0.7, 95% CI –1.8 to –0.2; p = 0.228); SPI-I
scores were slightly lower in RA (–1.3, 95% CI –2.5 to –0.2;
p = 0.024), SDS scores were not lower in RA (0.4, 95% CI
–1.1 to 1.8; p = 0.476); and the VAS sleep scale scores were
higher in RA (1.9, 95% CI 0.2 to 3.6; p = 0.028). Overall,
these differences were small, and no consistent pattern of dif-
ference between RA and OA/back pain patients was identi-
fied.
Scale differences. The distribution curves of the 4 scales dif-
fer. SPI-I and II are relatively normally distributed (Figure 1),
while SDS and VAS sleep disturbance scales are skewed to
the left. The VAS scale is better correlated with clinical vari-
ables than the other scales, followed by the SDS (Table 5). As
noted above and shown in Table 4, the MOS scales and the
VAS sleep scale differ in the relative contribution of RA to the
sleep abnormality, and this is a reflection of the distributional
differences shown in Figure 1.
Use in research and clinical practice. To facilitate the use of
sleep scales in research and clinical practice and to allow com-
parisons among scales, we present Table 7 to serve as a con-
version template. 

DISCUSSION
Using data from the Medical Outcomes Study (n = 3445) in a
general population, Spritzer and Hays (1988) noted a score of
29.2 (SD 18.0) for the 9-item SPI-II, and a score of 29.2 (SD
23.4) for the SDS25. More recently (2005), Hays, et al report-
ed mean scores in the general population of 25.8 for the SPI-
II and 24.5 for the SDS24. Their results are similar to those we
obtained by our SF-36 PCS and MCS based estimation (26.2
and 24.4) for the 2 respective scales, and offer additional sup-
port for the validity of this methodology55.

Using the MOS scales, about 25% of the sleep disturbance
score is associated with RA. As shown in Table 4, the differ-
ences between the estimated population values and the

observed values were 8.3 to 9.9 for the MOS scales, or about
24% to 29% of the respective scores. Although the VAS sleep
scale has a similar mean value [36.0 (SD 29.6)], the estimated
normative value (20.9) was lower than what was seen with the
MOS scale, and the percentage difference was increased to
41.8%. Overall, these data indicate that chronic illness plays
an important role in disturbed sleep. It should be noted, how-
ever, that there was no difference in sleep scores between RA
and OA patients, indicating that it is not RA per se that caus-
es the problem. Pain and depression may be part of the com-
mon pathway to sleep disturbance, as shown in Table 6.

The VAS scale differs in a number of ways from the MOS
scales. As might be expected, the standard deviation of the

Table 6. Hierarchical multivariable analysis of sleep scale predictors. Blocks of variables are entered sequen-
tially. The upper set of models enters depression, then pain; the lower set enters pain, then depression. The dif-
ferences between blocks in all models are significant at p < 0.001.

Block R-Square R-Square R-Square R-Square
(VAS) Change (VAS) (SPI-II) Change (SPI-II)

Age, sex, education level, minority status 0.032 0.056
Depression 0.208 0.176 0.263 0.208
Pain 0.334 0.126 0.314 0.051
HAQ 0.341 0.007 0.322 0.008

Age, sex, education level, minority status 0.032 0.056
Pain 0.277 0.245 0.210 0.154
Depression 0.334 0.057 0.314 0.104
HAQ 0.341 0.007 0.322 0.008

SPI: Sleep Problems Index.

Table 7. Sleep problems index II and sleep disturbance scale values at
levels of the VAS sleep scale.

VAS Sleep Scale MOS Sleep MOS Sleep 
Problems Index II Disturbance Scale

0 16.8 10.0
5 20.4 15.4
10 24.4 19.4
15 26.8 23.7
20 29.8 27.4
25 32.1 30.8
30 34.1 33.1
35 35.9 34.5
40 37.4 36.8
45 39.3 40.1
50 41.6 43.5
55 42.8 43.6
60 46.4 48.6
65 47.3 49.8
70 50.0 54.1
75 51.1 56.3
80 54.6 59.6
85 57.1 64.0
90 60.0 66.4
95 66.3 75.1
100 67.8 76.4
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VAS scale is greater (Table 3). In addition, Figure 1 shows that
the SPI-II is relatively normally distributed and the VAS sleep
scale is skewed to the left and has a dip at its center. The SDS
resembles the VAS sleep scale but has fewer patients at the
floor. The distribution of the VAS scale seen here, with the
dip, is typical of VAS scales, as patients endorse more extreme
values than are obtained with the multi-item scales. This is
also shown in Table 7, where values of the VAS sleep scale are
much higher than values of the MOS scales above the scale
means. There are also fewer patients at the floor in the other
MOS scales than with the VAS scale. The VAS scale was more
highly correlated with clinical measures (Table 5) than were
the MOS scales. Interestingly, VAS scales often outperform
multi-item scales in their ability to detect change and in their
interaction with clinical variables. However, they are often not
as good as measurement tools.

Although sleep problems are common in the general popu-
lation, pain conditions, chronic illness, and mood disorders
are associated with increased sleep disturbance1-11. In the RA
patients under study, sleep problems were clearly related to
clinical activity, as shown in Figure 3. Therefore it would be
expected that treatments that improve RA clinical status will
reduce sleep disturbance. How much change in the sleep
scores is important? There are no data regarding MID for the
MOS or VAS sleep scales. One method of determining MID is
to anchor the sleep scales to other quantitative scales.
However, this method requires clinical trial data and is also
problematic because sleep is highly dependent on improve-
ment in pain. Wyrwich, et al have made a strong case from the
review of multiple studies that the MID is best approximated
by the SEM50,51,57. The SEM does not account for multiple
administrations, nor does it include a cutoff at the 95th per-
centile. This has led others to suggest that minimal detectable
change or reliable change is a better metric (Table 3)52. The
issues are complex and involve different ways of conceptual-
izing change, as well as differences between patient and group
change53,58. However, Wyrwich’s SEM proposal has strong
support from multiple studies. In addition, SEM is close to
one-half a standard deviation change, which is close to the
average MID57. Using the SEM as an approximation of MID,
Table 3 indicates that the SEM is smallest for the SPI-II (7.3).
However, the values for the other general scales are only
slightly increased: SDS (9.6), SPI-I (9.0), and VAS 10.4.

Which scales should be used? If one believes that meas-
urement of sleep has a role in the clinic, as the authors do, then
the VAS sleep scale is the only appropriate choice for the clin-
ic because of the difficulty in administering and scoring the
MOS questionnaires, particularly when other questionnaire
assessments are also being made. Indeed, the first author
administered the VAS sleep scale 6752 times in his clinical
practice to assess sleep problems for patient care purposes. In
addition, there is little difference between SEM values
between the VAS and other scales.

The choice is less clear for clinical trials. The SPI-II has

slightly greater reliability and a smaller SEM than the other
MOS scales. However, the longer SPI-II did not perform as
well as the SDS in a clinical trial24. This might be expected,
as the SPI-II contained items that are unrelated to sleep dis-
turbance (e.g., snoring). Even so, the differences in perform-
ance of the MOS scales were slight in that study. It is likely
that any of the 3 MOS scales or the VAS scale will perform
satisfactorily in clinical trials. However, data from additional
trials is required to give more definite answers. Given the gen-
eral excellent performance of VAS scales in RCT, we suspect
the VAS will perform well. Table 7 provides the ability to
translate VAS results to MOS scores.

It is of interest that we found that patients who were receiv-
ing anti-TNF therapy did not have lower daytime somnolence
or overall sleep quality scores. These data are at variance with
the recent observation that etanercept and infliximab reduce
daytime sleepiness18,19, although the methodology of the
studies is considerably different.

In summary, sleep disturbance is increased in RA, and 25%
to 42% of sleep disturbance scores can be attributed to RA.
Sleep disturbance is linked to pain, mood, and disease activi-
ty. Patients receiving anti-TNF therapy do not have less sleep
abnormality. Sleep disturbance is slightly greater in women
and is less with increasing age. In addition, sleep disturbance
scores are similar in RA and noninflammatory rheumatic dis-
orders. The MOS SPI-II and VAS sleep scales were more
strongly correlated with clinical and utility variables than the
other scales. The SEM, which is related to minimal (impor-
tant) change, was SPI-I 9.0, SPI-II 7.3, SDS 9.6, and VAS
sleep 10.4. All scales appear to be valid in RA, with minimal
differences in SEM.
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