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Comparison of sleep in osteoarthritic patients and age
and sex matched healthy controls
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SUMMARY A sleep laboratory comparison of the sleep of 14 osteoarthritic patients with that of
16 age and sex matched healthy controls was undertaken. After three nights of adaptation
continuous recordings of electroencephalographic (EEG), electro-oculographic (EOG), and
electromyographic (EMG) activity were obtained for the next two nights. A comparison of EEG
sleep variables during this baseline period showed that osteoarthritic patients had a significantly
greater percentage of stage 1 and significantly smaller percentage of stage 2 sleep than control
subjects. These findings indicate sleep disturbance in osteoarthritic patients. The limited degree of
disturbance observed in these patients may be due to the fact that they were allowed to continue with
their normal anti-inflammatory and analgesic medication for the course of the study.
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Many patients with rheumatic diseases complain of
insomnia. Its management has been the subject of
earlier studies.1-3 Pain,1 3 stiffness,2 and muscular
discomfort4 have been cited as possible causes of the
insomnia. Much of the work on sleep in rheumatic
diseases has been based on the patients' subjective
impressions. A number of studies have evaluated
objective EEG sleep variables in non-rheumatic
patient groups and made useful comparisons with
age matched normal subjects.-8 There have only
been a few such studies with rheumatic patients.
Moldofsky et al obtained all-night EEG recordings
from a group of fibrositic patients.9 Part of this study
involved a comparison of EEG sleep variables in
fibrositic patients with those in normals, though the
control results were recorded by another labora-
tory.10 As part of a larger study, in which we hope to
investigate the cause and possible treatment of sleep
disturbance in different rheumatic conditions, we
have constructed a sleep laboratory in a hospital for
rheumatic diseases and used this to compare the
sleep of 14 osteoarthritic patients with that of 16 age
and sex matched healthy controls.

Patients and methods
SUBJ ECTS
Sixteen male osteoarthritic patients entered the
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study, but two withdrew for personal reasons. All
had radiological evidence of osteoarthritis of the hip
or knee, or both, and all had symptoms sufficient to
merit admission to a hospital for rheumatic diseases
for intensive physiotherapy and consideration of
replacement joint surgery. The 14 patients who
completed the study were aged 52-70 (mean 63)
years, had no history of psychiatric or severe
physical (hepatic, renal, or cardiac) disease, and
were able to follow simple instructions. With the
exception of psychotropic drugs, which were forbid-
den for six weeks before and during the study,
patients continued with their usual medication.
Sixteen healthy male controls aged 52-70 (mean 62)
years were studied. They had no history of sleep
disorders and were able to follow simple instruc-
tions. The controls were not prescribed any drugs
for six weeks before and during the study. For the
duration of the study all subjects were required not
to take daytime naps, unusual violent exercise,
alcohol, or caffeinated beverages after lunchtime.

PROCEDURE

Subjects slept in a sleep laboratory for five nights.
'They were given a placebo elixir each nifght. The
first three nights were for adaptation."Three
adaptation nights were used instead of the custom-
ary one because it has been suggested that older
subjects may need a longer adaptation period.12
Nights 4 and 5 served as a baseline, which was used
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Table 1 Mean baseline and (standard deviation) for EEG sleep variables in osteoarthritic patients and controls

Variable Osteoarthritic Controls Significance of group
patients difference

Sleep latency (min) 16 2 (6.0) 18 7 (10.7) NS
Sleep efficiency (%) 81 5 (7.9) 80 4 (7.7) NS
Number of awakenings 18 3 (7.7) 19 7 (5-8) NS
Duration of awakenings (min) 102 8 (38.2) 85-3 (37.0) NS
Number of shifts to stages (0+1) 37.0 (13.5) 36 5 (8.7) NS
Stage 0 (%) 9-2 (4.9) 10 9 (7.0) NS
Stage 1 (%) 23-6 (6.9) 15 2 (3.9) p<0001
Stage 2 (%) 47-7 (8.2) 54 4 (7.8) p<005
Stages (3+4) (%) 0.3 (0.3) 1 1 (1.5) NS
Stages (0+1) (%) 327 (9.8) 26-0 (8-3) NS
Stage REM (%) 19-3 (4.5) 18 5 (4.4) NS
REM latency (min) 62.4 (24.8) 68.8 (22.6) NS

to compare sleep in osteoarthritic patients and
controls. On these nights the EEG, EOG, and
EMG were recorded with a Disa (model 26A10)
polygraph, using standard electrode placements for
all night polysomnography.13 During the adaptation
period electrodes were attached, but no recordings
were taken. Throughout the study subjects retired at
22.30 hours and were woken at 06.00 hours each
day. Subjects slept in comfortable, light proofed,
sound attenuated bedrooms. All EEG records were
scored in 30 second epochs according to the criteria
of Rechtschaffen and Kales.13 From the scored
records 12 EEG sleep variables were derived (see
Table 1).
STATISTICAL ANALYSIS
Two planned comparisons were carried out on each
of the 12 EEG sleep variables using one way analysis
of variance. The first compared baseline night
averages of the osteoarthritic patient group with
those of the control group and the second involved a
baseline night 1 versus baseline night 2 comparison
within each of the two groups. The significance level
for differences between means was p<005.

Results
Table 1 gives the results of the baseline night
average comparison of osteoarthritic patients and
controls. This comparison showed that the patients
had a greater percentage of stage 1 sleep (p<0-001)
and a smaller percentage of stage 2 sleep (p<005)
than the controls. The only significant difference in
the sleep of controls on the first and second baseline
nights was an increased number of awakenings on
the second baseline night (p<0-05). In the osteoar-
thritic patients there were no significant differences
between the two baseline nights.
Discussion

With the exception of psychotropic drugs, which

were discontinued, osteoarthritic patients continued
with their usual drug regimen throughout the course
of the study. Such medication was needed on ethical
grounds as most of these patients had severe pain
and discomfort. It also enabled a realistic evaluation
of sleep in osteoarthritic patients, most of whom
would normally be receiving anti-inflammatory or
analgesic medication, or both.
The purpose of the baseline night 1 versus

baseline night 2 comparison within each of the two
groups was to check that sleep was similar on both
baseline nights. Differences between baseline nights
could be due to an incomplete adaptation to the
sleep laboratory or marked night to night variation
in either group. The only significant difference
observed was with the controls, who had an in-
creased number of awakenings on the second
baseline night. This finding is the opposite of that
which might be expected if the controls were
incompletely adapted to the sleep laboratory, be-
cause adaptation and therefore sleep would improve
with successive nights.
The average of the baseline nights was considered

the most representative of normal sleep and was
used in the comparison of sleep in osteoarthritic
patients and controls. The increased percentage
stage 1 sleep and reduced percentage stage 2 sleep
observed in the osteoarthritic patients is indicative
of sleep disturbance. Stage 1 sleep, or drowsiness, is
considered so close to wakefulness that many
researchers (including the authors) use stage 2
rather than stage 1 as an indication of sleep onset.14
Although the patients continued with their routine
medication, significant differences were observed
between the two groups. If the osteoarthritic
patients had been deprived of their analgesics and
anti-inflammatory medication it is possible that the
degree of sleep disturbance would have been much
worse. The previous comparison by Moldofsky et al
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of EEG sleep variables in fibrositic patients and
normals also showed a difference in stage 1 sleep,
the fibrositic group spending about twice as long in
this stage.9

Differences in EEG sleep variables have been
reported in a number of chronic diseases. Patients
with angina showed significantly longer sleep laten-
cies, reduced stages 3 and 4, and less efficient sleep
than healthy controls.6 Asthmatic patients also
showed differences, including significantly less total
sleep time and stage 4 sleep than normal controls.5
These findings suggest that sleep disturbance rep-
resents a non-specific change resulting from many
predisposing factors. In osteoarthritis the stimulus
for its occurrence might arise from the joints or
muscles.

This demonstration of an objective difference in
the sleep of osteoarthritic patients lends weight to
the consideration of sleep disturbance as an indica-
tion for arthroplasty or other surgical intervention.
Studies are in progress to determine whether
surgery improves sleep in osteoarthritis and whether
it is the use of analgesics, anti-inflammatory agents,
hypnotic drugs, or combinations of these that best
improve sleep.

The authors are grateful to Patrick Constable for statistical advice
and Brian Hickey for help with the data analysis. The study was
supported in part by a research grant from Farmitalia Carlo Erba
Ltd. We are grateful for financial help from the locally organised
clinical research funds.
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