
INTRODUCTION

THE KEY FEATURES OF THE RESTLESS LEGS SYN-
DROME (RLS) are an unpleasant urge or compulsion to
move the limbs (almost always associated with sensory dis-
comfort, predominantly in the legs) and motor restlessness,
relieved by activity.1 Distinctive influences on these symp-
toms, required for diagnosis, include state of activity and
time of day:  symptoms are worst in repose (sitting, lying)
and worst during the evening and night hours (approxi-
mately, 1800 to 600 hours).  A secondary feature of RLS,
seen in almost all patients,1-4 is the presence of involuntary

movements that can take the form of periodic limb move-
ments in sleep (PLMS) or dyskinesias while awake (DWA).
Both these involuntary movements tend to be periodic,3
especially PLMS.  It seems likely that they are alternate,
state-dependent manifestations of a single type of involun-
tary movement (See, e.g., 5), which can be called periodic
limb movements (PLM).

It has been unclear whether the two provocative factors
for RLS, activity and time of day, were independent or
whether they were linked because activity is governed by
time of day:  in the evening and at night, humans seek
repose and are therefore relatively inactive.   We began to
address this question in a previous study.6 We eliminated
the level of activity as a factor influencing RLS manifesta-
tions by focusing our examination on periods of imposed
inactivity:   modifications of the suggested immobilization
test (SIT), first introduced by Montplaisir and colleagues.7,8
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while motor restlessness was assessed through activity monitoring.
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A polysmonograph (PSG) also recorded PLMS during
sleep at night.  Both sensory discomfort and number of
PLMs peaked during the sleep deprivation night during
SITs that began at 2300 and 200 hours and were at a mini-
mum in the morning SITs beginning at 900 hours.  These
differences were statistically significant.  PLMS during the
night (sleep was generally restricted to the period from
2300 to 700 hours) also peaked between midnight and 200
hours and decreased in the hours before awakening.  In that
study, while sensory discomfort and number of PLMs were
slightly greater the day after sleep deprivation than they
had been the day before, they were significantly less than
during the night of sleep deprivation.  This significant
decrease in RLS led us to conclude that a true circadian fac-
tor was in operation.

In the current study, we sought to extend and replicate
these results.  We modified the SIT (mSIT) so that patients
could move around in bed if they experienced RLS-related
discomfort.  This allowed us to monitor motor restlessness,
which we had not previously examined.  Core temperature
measures were also obtained from eight subjects to deter-
mine the relationship of RLS to the core temperature
rhythm.  If these results were consistent and combined with
our earlier study, they would suggest that there was a cir-
cadian factor governing all major features of RLS.  This
study could also begin to determine if the core temperature
circadian rhythm is normal in RLS and if RLS is most
apparent at a definite phase of the core temperature rhythm.
The results might also shed light on whether a homeostatic
factor also influenced RLS.

METHODS

Subjects

Nine patients with idiopathic RLS who completed the
study had their data analyzed.  All patients fulfilled the
International RLS study group diagnostic criteria for RLS1

and had been diagnosed with RLS prior to the study.
Clinical features and demographic data of the patients are
shown in Table One.  All nine could be considered to have
severe  and chronic cases of RLS as defined by the
International Classification of Sleep Disorders,9 which
requires that episodes occur three or more times per week,
cause severe disruption of nighttime sleep patterns and
marked daytime symptoms, and have lasted for more than
threemonths.  

All RLS related medications were slowly decreased and
then stopped at least two days prior to the study. Regular
medications with no significant effects on RLS were con-
tinued to treat other medical conditions. The patients gen-
erally experienced their RLS symptoms as worse when first
withdrawn from their RLS-related medications.

Four of thirteen subjects who began the study did not
complete the study or could not be fully analyzed.  The sec-

ond subject studied was unable to stay awake during the
mSITs at night and after sleep deprivation despite extensive
stimulation and so was eliminated from further analysis.
Two subjects were unable to complete the study due to ill-
ness;  the third subject developed symptoms of a fever dur-
ing the study while the fourth subject experienced an acute
anxiety reaction to the confined space of the sleep labora-
tory.  The twelfth subject elected to withdraw from the
study after one day.

Experimental Protocol

We monitored the patients off RLS medications for
approximately 72 hours in the laboratory beginning at
20:00 hours before the first night of the study.  The first two
nights in the laboratory, the patients were allowed to sleep
between approximately 23:00 and 7:00 hours.  The third
night, the patients were kept awake through constant
supervision by experimental personnel.  They were simi-
larly kept awake throughout the day after sleep deprivation
(day 3).  To ensure compliance with this protocol, patients
were monitored almost continuously during the study
(except for bathroom visits or such).

When not undergoing mSITs, the patients were kept
within a windowless laboratory building except for expo-
sure during breakfast to outdoor light incident through an
outer wall window.  Activity was kept moderate throughout
the periods when the patients were awake.  Meals or light
snacks were of moderate size and bland, but of the subjects'
choosing, and were given between mSITs, including the
periods of sleep deprivation.  No caffeinated beverages or
foods were permitted at any time during the study.

Modified Subjective Immobilization Tests (mSITs)

In order to control for activity level, patients underwent
periodic mSITs.  Every three hours when awake, the
patients sat in bed for a period of one hour without ongoing
activities (e.g., no reading, talking, watching TV, or other
overt activities were permitted) while monitored by the
experimental personnel.  During days one and two, mSITs
began as close to 0900, 1200, 1500, 1800, and 2100 hours
as feasible.  During the night of sleep deprivation, mSITs
were conducted as close to midnight, 03:00, and 06:00
hours as feasible and the day after sleep deprivation, mSITs
were conducted at 0:900, 12:00, 15:00,  and 18:00 hours,
for a total of 17 mSITs during the 72-hour study.  (The first
patient, Pt A, was studied with a slightly modified protocol,
in which mSITs were conducted at 0900, 1300, 1700, and
20:00 hours on Days 1 and 2, at 2300, 200, and 500 hours
during the night of sleep deprivation, and at 0900, 1300,
and 1700 hours the day after sleep deprivation.  Her data is
used for the night to day comparisons, but not for plotting
of individual mSITs, because of the time difference from
the other eight subjects).  As a result of this protocol, activ-
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ity was rendered nearly equivalent for every three-hour
period of time while the patients were awake.  While this is
not a strict constant routine procedure, this protocol, com-
bined with restrictions on light, activity, and diet, made any
larger stretch of waking time almost constant independent
of time of day or circadian time.

Prior to the mSIT, the patients walked briefly to relieve
any RLS discomfort, so all mSITs began in a relatively
comfortable and RLS-free state.  Patients were also asked
to urinate and evacuate their bowels, if necessary, and the
core temperature probe was checked for proper insertion.  

During the mSITs, the patients were told to sit quietly
with legs outstretched unless they experienced RLS symp-
toms, in which case they were instructed to move around
on the bed to the degree and in any fashion they found ade-
quate to relieve their RLS discomforts.  They were told not
to leave the bed, extend their limbs over the side of the bed,
or assume any maintained posture, except the instructed
one.

Subjective measures of RLS discomfort were obtained
every 15 minutes.  The subject was to mark a point on a 0
to 10 point visual analog scale (VAS, approximate length,
16.0 cm) to indicate their response to three prompts, given
in this fixed order:  how uncomfortable are your legs now?
how much do you feel like moving now? and how sleepy
do you feel now?  Each VAS was on a separate sheet and a
fresh set of three sheets was given the subject to mark at
each evaluation.  Patients were fully instructed in the scales
during the first mSIT (that the scale ran from 0 for no
symptoms to 10 for the worst ever experienced; that marks
could be made either on or between vertical lines that
divided the scale into 10 equal  segments; that the patients
should space their marks, as warranted, over the entire
scale in accordance with the degree of severity, so that dif-
ferent degrees of discomfort were not contracted within one
part of the scale; and that their rule for marking the scale,
once adopted, should not be changed.).  As needed, these
instructions were reinforced.

Restless leg movements were measured with activity
monitors (Mini-Mitter Co., Sunriver, Oregon, USA)
attached to one leg.

To prevent patient's going to sleep, they were closely
observed by an investigator who remained in the room for
most of every mSIT.  In addition, an EEG record was main-
tained during all mSITs to screen for the presence of sleep.
When patients were observed to be sleepy, they were
engaged in conversation adequate to keep them awake.

Objective Monitoring of State, Activity, and Core Temperature

During the first night, a full polysomnogram  was
obtained to screen for significant sleep apnea.  No patient
was found to have more than a few incidental or positional
respiratory events.  As a result, for the remainder of the
study, the patients had only a minimal montage to screen

for state, including two EEG derivations (O1-A2, C3-A2),
bilateral electrooculograms (EOGs) (electrodes placed on
the outer canthus of left and right eye referred to the right
ear); a submental (chin) electromyogram (EMG), and bilat-
eral differential anterior tibialis EMGs.  This montage was
used to be certain that the patient was awake during the
mSITs.  In some cases, this was removed for part of the day
prior to sleep deprivation,  so that the subject could take a
single shower, permitted on the morning of the second day.

Throughout the study, except for the shower, the patients
were continuously monitored with a Mini-Logger, a com-
bined core-temperature and activity meter (Mini-Mitter
Co., Sunriver, Oregon, USA), whose processing unit was
carried by the patient.   Movement was measured with the
activity meters.  A leg meter was strapped on the non-dom-
inant leg above the ankle, unless that leg was substantially
less affected than the dominant leg.  The meter was set to
sum activity in eight-second intervals.  Core body temper-
ature was measured by the Mini-Logger using an internal
rectal temperature probe (YSI probe, 10 KOhm. 25°C. YSI
400 series).  Temperature was recorded in two-minute
intervals (accuracy ±0.1°C at 37°C, calibration performed
prior to each study with standardized thermometers). 

Data Processing

Subjective measures were estimated to one significant
figure by two independent measurers.  Discrepancies were
resolved.  The subjective score for each mSIT was found by
averaging the five measures obtained.  (In cases of isolated
missing values, which were very few (<3%), a substituted
measure was inserted:  for a missing fifth value, the fourth
was repeated; for a missing second through fourth value,
the average of the adjacent measures was used.  No initial
values were missing.)  Activity measures were transferred
into an Excel spreadsheet where each value was associated
with its time of acquisition.  To obtain a summary value for
each mSIT, the values for all samples from the sixth
through fifty-fifth minute of each mSIT were summed for a
total activity count (a total of 375 samples).

Temperature data were transferred into a Kaleidagraph
worksheet.  Aberrant, discontinuous values outside the
physiological temperature range were deleted by Dr. Scott
Campbell's laboratory and not subjected to final analysis,
following typical procedures in the human circadian field.
For determining circadian rhythm of core temperature, val-
ues were analyzed from the first two full days of tempera-
ture monitoring (from 23:00 hours on the first night to
23:00 hours on the third night, at the beginning of sleep
deprivation).  This period was selected because of a notable
change in temperature rhythm beginning during the night
of sleep deprivation.  

Combination of Data, Normalization, Averaging, and Curve
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Fitting

There was no statistical difference between subjective
and activity mSIT values for the first and second days of
study (before sleep deprivation), the values for these two
days were averaged for final analysis.  (One subject missed
two mSITs due to transient illness; the single value for the
day when she took part in the mSITs at those times was
used instead of the average.)  In addition, for comparison
with the RLS measures, the temperature data were com-
bined from the two days.

In some cases, we have obtained averages across all sub-
jects for plots of specific sets of mSITs.  In addition, to nor-
malize the data sets from individual patient mSITs, we set
the maximum value of any patient's mSITs at 100% and
determined the normalized value of other mSIT measures
as a percent of this individual maximum.  To normalize
temperature values, we determined the amplitude of the
temperature excursion and set this span as 100%.  The peak
value of the temperature set was 100% and the minimum
value, 0%.  Intermediate values were determined as relative
to this span.  We then averaged these normalized values
across subjects to give normalized group values.  In one
case, to co-plot temperature, subjective discomfort, and
activity values we took the excursion of normalized mean
temperature, subjective discomfort, and activity values and
set this span equal to 100%, then inverted temperature val-
ues so minimum temperature values plotted upward.  As a

result (Figures 5 and 6), each variable ran from 0 to 100%
and it was possible to compare the alignment of the vari-
ables which now had identical ranges.

Curve fitting was accomplished with a 24-hour cosine fit
with 12-hour harmonic for temperature data covering 48
hours.10,11 To compare different measures (activity, subjec-
tive discomfort, temperature), the same curve fitting was
done on plotting of 24-hour data.

Graphical and Statistical Analyses 

Non-parametric tests (Friedman and Wilcoxon) were
used to compare the different mSITs or times of day
because the distributions of subjective and activity values
within a given mSIT or time of day were clearly not nor-
mal.  We used the Pearson-Product moment coefficient
(sigma) between subjective measures within individual
subjects to determine the degree of correlation.  We used
linear regression techniques to determine whether there
was  significant regression of restless activity on the com-
bined subjective measure.

RESULTS

Subjective RLS Measures

There was a wide overall range for both the subjective
measures of leg discomfort (DISC) (lowest mSIT average
value of any subject, 0.35; highest, 9.58) and urge to move
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Table 1—RLS Patient Characteristics

Patient Sex Age Duration Onset Growing Pains Family Hx RLS Mode

A F 67 7 60 - - NA
B M 56 4 52 - + G, LR
C F 65 15 50 + - L, Ox, P
D F 61 10 51 + + G, P
E F 62 40 22 + + C-Pr, L
F F 72 6 66 - + G
G M 66 45 21 + - LR
H M 33 2 31 + - L
J F 56 5 51 - - LR, P

Mean 59.8 14.9 44.9
SD 11.3 16.1 16.3
Range 33-66 2-45 21-51

Sex: M-Male; F-Female
Age = Age at time of study
Duration = Reported time since first RLS symptom
Onset = Age at time of first reported RLS symptom
Growing Pains = Leg discomfort in childhood not leading directly to RLS
Family Hx = Report of probably affected first degree relative
RLS Meds = Medications taken at beginning of study that were withdrawn

C-Pr: Codeine (with acetominophen) alternating with Propoxyphene
G: Gabapentin
L: Carbidopa/levodopa, regular formulation
LR: Carbidopa/levodopa, sustained release
Ox: Oxycodone
P: Pergolide
NA: Information not available
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(URGE)(lowest mSIT average, 0.30; highest, 9.64).  The
range of mean subject values (17 mSITs averaged) was
1.53 to 7.73 for DISC and 1.69 to 7.69 for URGE.  This
range was greater than the range across mSITS, 2.75 to
5.97 for DISC and 2.63 to 6.11 for URGE (See Figure 1 for
variation by mSIT)

However, the two measures showed parallel variation
(Figure 1) and nearly equal values; the overall mean value
for all subjects and mSITs was 4.41 and 4.51 respectively.
Correlations for values within subjects (across mSITs) and
within mSITs (across subjects) were all very high; the low-
est correlation was 0.878, but most were very close to 1 (17
of 25 were >.98).  Since these two subjective variables
showed such comparable variation and were so closely
coupled in value, we decided to simplify further analyses
and comparisons by using an average value.  The resulting
subjective variable will be called subjective complaint
(SBJ).

A number of interim conclusions can be drawn from this
array of subjective complaints, aside from the close cou-
pling of the two scores.  First, there was a wide variation of
scores.  While the average response suggested a moderate
complaint, near the middle of the range of scores (5.0),
there were scores that suggested no complaint (<1.0) and
other scores that suggested extreme complaint (>9.0).
Subjects also varied widely in their degree of expressed

complaint; in fact, the degree of inter-subject variation was
greater than the degree of inter-mSIT variation.  Second,
there was both notable variation in expressed complaint
across the mSITs and some degree of complaint in all
mSITs.  No mSIT found subjects to be complaint-free.

For assessing circadian factors, we examined the varia-
tion of mSIT values with time during the first two days of
the study when the subjects were not undergoing or suffer-
ing from sleep deprivation.  While there was some varia-
tion in subjective scores between Days 1 and 2, as in our
previous study, there was no significant difference in val-
ues between Day 1 and Day 2 (Wilcoxon signed rank
because of non-normal distribution of scores within an
mSIT).  As a result, to simplify analysis (and also eliminate
anomalies that might have arisen in a single mSIT), we
combined the subjective measures for Days 1 and 2 by
averaging them.

Subjective measures by time of day are plotted in Figure
2A.  The time is adjusted to emphasize the peak which
occurs at or shortly after midnight on the night of sleep
deprivation.  One series contains the averaged values from
Days 1 and 2 (mSITs beginning at 12:00 to 21:00 hours and
at 9:00 hours).  During the day, SBJ gradually increases
until it jumps around bedtime in the midnight mSIT.  The
second series contains the values after midnight of the third
night, when subjects were significantly sleep deprived and
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Figure 1. Comparison of Two Subjective Measures.  The values of the two 0 to 10 point visual analog scales which patients marked (Disc=Leg discomfort;
Urge=Urge to move) are shown here averaged over eight subjects for each mSIT.  mSITs are graphed chronologically according to the protocol from 9:00 on Day
1 through 18:00 on Day 3 (5 on Day 1 {1-5}, 5 on Day 2 {6-10}, 3 on Night 3 {11-13}, 4 on Day 3 {14-17}).
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the third series contains values beginning at 12:00 the next
day during continued sleep deprivation.  These values
reveal two aspects of SBJ:  first, there is persistent
increased complaint throughout the night of sleep depriva-
tion and second, the next day, the values do not decrease to
those seen prior to sleep deprivation.  A similar, but small-
er increase during and after sleep deprivation was seen in
our previous study.6

Activity Measures

The activity counts showed a similar wide variation;
minimum count in a single sit was 0, while maximum was
1570 (for 50 minutes, this ranges between 0 counts/minute
and 31.4 counts/minute) with an average of 244.9 counts
(4.9 counts/minute).  These subjects were asked to remain
still; in our testing of this system, normal subjects sitting
quietly had counts that were approximately those seen in
quiet phases of sleep (less than 1 count/minute), while var-
ious forms of awake activity range from approximately 10
to 100 counts/minute.

Subjects showed very wide variation in the average
count for the entire mSIT (14.6 to 823.8 counts per mSIT),
while variation across mSITs were somewhat less (110.0 to
447.8 counts per mSIT)(Figure 2B).  The findings here are
similar to those seen with subjective measures:  subjects
show important differences in their degree of movement,
while there is considerable variation depending on the time
of mSITs.  At no time of day are subjects completely still
during the mSIT, indicating that at least some of them dis-
play restlessness no matter the time of observation.

We also compared mSIT values from Days 1 and 2;

again, while there was some variability, we found no sig-
nificant difference within any mSIT between the two days.
For further analysis, therefore, we used the average activi-
ty counts for Days 1 and 2 for the pre-deprivation mSITs
beginning between 900 and 2100 hours.

Average activity counts for mSITs are plotted in Figure
2B.  In general, the results are consistent with the SBJ
results plotted in Figure 2A.  Values slowly increase from
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Table 2—Means of Subject Averages for Combined Sessions

Time Subjective Activity
Complaint Counts

Morning Before 3.34 (2.20)** 123.9 (115.7)*
Night 6.02 (2.41^^ 498.2 (425.6)^
Morning After 4.79 (2.02)* 351.9 (390.6)*
Day Before 3.67 (2.20)## 203.6 (200.3)
Day After 4.97 (1.73) 337.4 (411.3)

Mean (Standard Deviation)
Morning Before: Average 9:00 & 12:00 SITs from Days 1 & 2
Night: Average of Midnight & 3:00 SITs from Night 3 (Sleep Deprivation)
Morning After: Average of 9:00 & 12:00 mSITs from Day 3 (After Sleep Deprivation)
Day Before: Average of mSITs from 9:00 to 18:00 on Days 1 & 2
Day After: Average of mSITs from 9:00 to 18:00 on Day 3 (After Sleep Deprivation)

For the 9th subject, A, the 13:00 mSIT was used for the 12:00, the 13:00 for the
midnight and the 2:00 for the 3:00.  For the day values, mSITs at 9:00, 13:00 and
17:00 were averaged.

Statistics:
Results for Friedman Test for Morning Before, Night, Morning After given after Night
Values: ^p<.05; ^^p<.01
Results for Wilcoxon Test for Morning Before and Morning After Compared to Night:
*p<.05; **p<.01
Results for Wilcoxon Test for Day Before compared to Day After: ##p<.01

Figure 2. A:  Subjective Discomfort.  B:  Activity Counts (Restlessness).  In
both plots, the data have been fit within a 24-hour cycle, running from 12:00
of one day through 9:00 of the next.  We have broken down the data from the
mSITS of Days 1 and 2 and of sleep deprivation during Night 3 and Day 3 into
three pieces, for illustrative purposes.  "Norm" (normal) values are derived
from the averaged mSITs of days 1 and 2 and from the midnight mSIT of Night
3.  These include all the mSITs that occurred up to the beginning of sleep
deprivation. "Depriv" (deprivation) values are derived from the mSITs at 3:00,
6:00, and 9:00 of the sleep deprivation night 3 and the beginning of the sleep
deprivation Day 3.  "Post-Depriv" (after deprivation) values are derived from
the day after sleep deprivation, Day 3.
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9:00 hours to 21:00 hours before sleep deprivation and then
jump to midnight at the beginning of the sleep deprivation
night.  Values remain high throughout the night of sleep
deprivation (in fact, the average peaks at 3:00 hours), but,
unlike SBJ, the activity counts drop to near normal values
the day after sleep deprivation (at 12:00 and 15:00 hours).
However, the values at 9:00 and 18:00 hours after sleep
deprivation, like all the SBJ values, remain higher than on
Days 1 and 2.

Comparison of Subjective Complaints and Activity Counts

Because of similarity of the time-dependent change of
the subjective and activity values, they were normalized so
that they could be co-plotted.  They are plotted in Figure 3
not as values or counts but as percent of the maximum
value (see Methods for normalization) for mSITs on Days
1 and 2 and for midnight at the beginning of sleep depriva-
tion.  While the curves are offset, they show strikingly par-
allel variation.  This led us to ask whether subjective dis-
comfort could predict motor restlessness.  To analyze this,
activity counts were regressed on SBJ within each subject.
In every subject, this regression was significant, whether
restricted to Days 1 or 2 or covering all mSITs, both before,
during, and after sleep deprivation.  We conclude from this
association that there is a relatively strong coupling
between subjective complaint and motor restlessness.

Circadian Pattern of Subjective Complaints & Activity Counts   

In our previous study,6 we had found that RLS subjective
complaints and PLMs peak between 23:00 and 4:00 hours
and have their lowest values between 9:00 and 15:00 hours.
Whether restlessness has a similar pattern was examined in

the present study.  For this analysis, values obtained from
subject A (whose mSITs followed a somewhat different
timing pattern) were included by using those mSITs which
fell within the same time regions (See note to Table 2 for
explanation).  To examine this issue,  mSITs at 9:00 and
12:00 (Morning before from Days 1 and 2, before sleep
deprivation, and morning after from Day 3, after sleep
deprivation) and those mSITs at midnight and 3:00 hours
(Night, on Night 3, during sleep deprivation) were com-
pared statistically.  These mSITs all fell within the periods
found to have minimum and maximum symptoms during
our previous study. To show a circadian pattern, we need to
show that the night values are both higher than the morning
before values, which could be accounted for by fatigue or
time since last sleep, and also the morning after values, to
establish that increased fatigue and time since last sleep are
overcome by a circadian factor which reduces values early
in the day.  The mean values for subjective complaint and
activity counts are shown in Table 2.  A Freidman test for
overall variability over these three sets of values was sig-
nificant at the .01 level for subjective complaints and at the
.05 level for activity counts.  A Wilcoxon test for paired
values found that both the subjective complaint and activi-
ty count night values were significantly higher than both
the before and after deprivation average morning counts at
the .05 level (the difference in subjective complaint at night
versus the morning before was significant at the .01 level).
This result supports the idea that there is a significant dif-
ference in the level of subjective complaint and motor rest-
lessness, which varies with time of day and which shows a
circadian pattern independent of sleepiness, fatigue, or time
since last sleep.
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Table 3—Minima and Maxima of RLS Measures and Core Temperature

Subject SBJ Min ACT Min TEMP Max SBJ Max ACT Max TEMP Min

B 9:00 12:00 19:50 6:00 3:00 3:18
C 9:00 6:00 19:05 1:30* 0:00 4:01
D 6:00 12:00 19:45 21:00 0:00 5:09
E 9:00 9:00 12:50 6:00 6:00 2:44
F 12:00 3:00 19:47 3:00 18:00 4:57
G 12:00 15:00 18:22 0:00 0:00 5:08
H 9:00 3:00 16:34 3:00 21:00 3:06
J 9:00 9:00 19:05 6:00 3:00 3:59

Mean 9:08 8:37 18:09 2:49 0:23 4:02
StdDEV 1:55 4:22 2:25 3:15 3:44 0:58

TEMP Max: Time of maximum core temperature from cosine fit
TEMP Min: Time of minimum core temperature from cosine fit
SBJ: Subjective discomfort scores (averaged)
ACT: Activity counts
Max for SBJ & ACT: Time of start of mSIT with maximum values
Min for SBJ & ACT: Time of start of mSIT with minimum values
These latter were derived from the averaged mSIT values for Days 1 & 2 and the sleep deprivation night mSITs beginning at 0:00, 3:00 and 6:00.
StdDEV = Standard Deviation of Mean Times in hours:minutes.
*This subject had identical scores for mSITs beginning at 0:00 and 3:00, so the mean start time is given.
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Effect of Sleepiness, Fatigue, or Time since Last Sleep on
RLS

In our previous report,6 subjective complaints and PLMs
were higher on the day after sleep deprivation, although
this difference was not statistically significant.  On inspec-
tion, however, the current values showed a greater increase
the day after sleep deprivation than those seen in our previ-
ous study (See Figures 2a, 2b, and Table 2).  We, therefore,
averaged the values from the comparable mSITs in the day-
time (from 9:00 to 18:00) before and after sleep deprivation
and compared the two sets of values with a Wilcoxon test.
This test indicated that the average value of subjective
complaint on the day after sleep deprivation was signifi-
cantly greater (p<.01) than that before sleep depriation.
However, the elevation in activity counts after sleep depri-
vation was not significant.  We also compared the individ-
ual mSITs from 9:00 to 18:00 hours for the eight subjects
with the same mSIT schedule.  For subjective complaint,
the comparison of the mSITs at 9:00 showed that after
deprivation was significantly higher (p<.05) and that the
mSIT at 12:00 approached significance (p<.10, two tailed).
None of the comparisons of activity counts were statisti-
cally significant, although the 9:00 mSIT after deprivation
showed higher counts that approached significance (p<.10,
2 tailed).

Core Temperature Circadian Rhythm in RLS Subjects

In our previous study (unpublished data), we found a rel-
atively normal timing for the circadian rhythm of core tem-
perature.  A temperature nadir was located between 2:30
and 6:00.  We noted that the peaks of PLMs and subjective
complaint occurred during the falling phase of the core
temperature cycle in those patients (N=4) who provided
sufficient samples to permit adequate plotting of the core
temperature rhythm.  The present study confirmed those
results.  A typical plot of two days of core temperature is
found in Figure 4. Using a cosine plot (See Methods), we
were able to establish the core temperature rhythm and
nadir for eight of the patients in the current study.
Temperature maxima and minima (nadirs) are indicated in
Table 3.  This distribution is within the normal range for
persons of this age range.12,13 The results from these two
studies then support the presence of a normal underlying
core temperature rhythm in these severe RLS patients.

The conditions of this study produced some distinctive
alterations of the core temperature cycle during parts of the
study.  First, there was a suggestive association between
core temperature and the mSITs, such that, in many
records, there was a local core temperature decline during
some of the mSITs (see Figure 5).  Second, for most of the
subjects, the core temperature rhythm became disrupted
during the night of sleep deprivation.  The predominant
manifestation of this disruption was a flattening of the noc-
turnal decline of core temperature and a phase delay of the
apparent core temperature nadir.  Because of this disrup-
tion, in calculating the core temperature rhythm, the analy-
sis was restricted to the 48-hour period ending at 2300 on
the night of sleep deprivation (night 3).

Correlation of Temperature Rhythm to RLS Symptoms
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Figure 3—Normalized Scores for Subjective Discomfort and Activity Counts
(Restlessness).  Data are plotted for a 24 hour cycle as in Figure 2, but only
the values from the "Norm" series are plotted.  To obtain normalized scores,
each subject's scores were computed as a percent of the individual maximum.
The resulting percents were averaged across the 8 subjects to obtain the
mean value for each mSIT.  Values from mSITs of days 1 and 2 were aver-
aged as in Figure 2.

Figure 4. Core Temperature: Subject J.  Raw temperature data (two-minute
sampling rate) had non-physiological values deleted and was then plotted for
the time from 2300 of Night 1 through 2300 of Night 3.  The accepted core
temperature data points were then fitted with a 24-hour cosine plot with 12-
hour harmonic (See methods).
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In Table III, the start times of the mSITs with the both
the most and least severe subjective symptoms and the
most and least restless movements are indicated for each
subject.  These are tabulated together with each subject's
fitted core temperature maximum and minimum.  While
there is a fair amount of individual variability, the average
values show that both the most severe subjective symptoms
and the greatest restless activity occur during mSITs which
begin during the falling phase of the core temperature
cycle, between the temperature maximum and minimum.
The opposite is true for the least severe subjective symp-
toms and least restless activity: these occur during the
mSITs which begin in the middle of the rising phase of the
core temperature rhythm.  While the average time of mini-
ma is similar for both subjective discomfort and activity
counts, the average time for the maximum of subjective
discomfort is more than two hours later than that for the
maximum of activity counts.  This may be an additional
reflection of the greater impact of sleep deprivation on sub-
jective discomfort noted above.  

Figures 5 and 6 further explore the association between
core temperature rhythm and RLS.  Averaged values for the
mSITs are plotted against the normalized and inverted core
temperature cycle over a 24-hour span (See methods and
figure legend for details).  The mSIT values from Days 1
and 2 (averaged) and from the sleep deprivation night are
included.  In Figure 5, the normalized average values are
shown (plotting mSIT values against the mid-point of the

respective mSITs, so that values for the mSIT beginning at
1800 are plotted at 1830).  In Figure 6, the cosine curve fit
is applied to the normal average values (see methods and
Figure legends for details).  It is apparent that, in both fig-
ures, the three curves move in parallel, with the highest val-
ues for individual points and the high points of the three
curves (maximum RLS symptoms, but minimum core tem-
perature) in the time period from 2400 to 600 hours.
Subjective discomfort lags activity counts, with an actual
maximum in the 600 mSIT, which occurs after the temper-
ature minimum (Figure 5).  The curve fits show almost
exact coincidence of the minimum temperature (peak of
temperature curve) and maximum subjective discomfort,
with maximum activity counts slightly phase advanced to
both. The lowest values for subjective discomfort and
activity occur at 9:00 and 12:00 in the middle of the rise in
core temperature (seen in Figure 5 as a descent), which
lasts from about 4:30 to reach a peak at around 18:00.  The
increase in subject discomfort and activity counts then
begins while core temperature is still increasing (especial-
ly for the mSIT at 15:00).  The two figures also suggest a
secondary trough for temperature at around 11:30 hours
that may correspond to the afternoon temperature dip seen
in normals.  The curve fitting (Figure 6) also shows
decreased values of subjective discomfort and activity
counts during the rising phase of core temperature and then
rising discomfort and increased activity during the subse-
quent falling  of the core temperature.  These two figures,
then, strongly suggest an important relationship between
core temperature rhythm and RLS features.
DISCUSSION
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Figure 5. Normalized Plot of the Excursion of Mean Subjective Complaint,
Activity Counts, and Inverted Core Temperature.  Means across subjects for
each core temperature sample (at 2 minute intervals) and for mSIT averages
were calculated.  Days 1 and 2 were averaged to provide values from 9:00 to
21:00, while single means were obtained for mSITs of night 3 for the values
from 24:00 to 6:00).  The resulting values were then rescaled for each of the
three plotted variables such that the lowest reading was set to 0% and the
highest to 100%, so that each variable has the same excursion (0 to 100%).
Core temperature was then inverted to better illustrate the related courses of
temperature and the RLS variables, since falling temperature is associated
with increasing RLS.

Figure 6. Circadian Rhythm of Temperature, Subjective Complaint, and
Restless Activity: Cosine Fit.  Data were averaged, normalized and core tem-
perature values inverted as in Figure 5, except that the excursion was not
converted to 100% for each variable.  The three sets of points were then fit
with the 24-hour cosine plot with 12-hour harmonic.
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Summary of Findings

The major finding of this study is that restless motor
activity in RLS, as well as subject subjective discomfort,
show a pattern of circadian variation with maximum values
present between 000 and 400 at night and minimum values
between 900 and 1300 in the daytime.  This finding very
closely parallels our previous findings of circadian varia-
tion in PLMs and subjective discomfort.6 This is a true cir-
cadian factor since, the day after sleep deprivation, mea-
sures of subjective discomfort and restless activity
decreased significantly from their nighttime peaks.  The
present study also suggests that a homeostatic factor, linked
to sleep deprivation, increases the degree of subjective dis-
comfort with a strong suggestion of a similar increase in
restless activity.  In addition, despite significant variation in
both the mean level of subjective complaints and that of
activity counts in individual patients, subjective complaints
also predicted the amount of restless activity in all patients.

A variety of graphical, curve fitting, and normalizations
procedures further suggest that the circadian rhythm of
both restless activity and subjective complaint in RLS  par-
allel the core temperature rhythm.  In general, RLS mea-
sures seem more likely to increase when core temperature
is decreasing and to decrease when core temperature is
increasing.  In particular, maximum RLS values are found
near the time of core temperature nadir.  Because the night
of sleep deprivation does disrupt temperature, we could not
use the core temperature values from that night and the fol-
lowing day to ascertain circadian temperature rhythm.  As
a result, our association of nocturnal values of RLS mea-
sures (from the mSITs at 000, 300, and 600) can only be
tentatively associated with the core temperature rhythm.
Some of the elevated values seen at 300, 600, and later dur-
ing the day after sleep deprivation, may be meaningfully
associated with this disruption of temperature rhythm.  A
clearer and more complete analysis of the association
between RLS values and core temperature rhythms must
await the development of constant routine or other proce-
dures tolerable to RLS patients that can reliably determine
core temperature, subjective discomfort, PLMs, and rest-
lessness simultaneously around the clock.

The timing of the core temperature rhythm in our eight
subjects also appeared to be normal for age,14 supporting
our previous suggestion6 that the basic circadian rhythm in
RLS does not appear to be disrupted or altered, at least in
its phase.  This results is consistent with RLS being coupled
to a normal circadian oscillation:  if so, RLS could be con-
sidered an abnormal result linked to a normal rhythm.

Factors that Modulate RLS Severity

It is clear now that a number of distinct factors can mod-
ulate RLS severity.  By definition and long clinical accep-
tance, RLS is a condition whose symptoms are all evoked

by rest, drowsiness, and/or sleep.  The activity factor is
clear and fundamental.2,15,16 Our results to date, support the
presence of  an independent circadian factor, which appears
in this and our previous study.6 The key to this finding was
our controlling for activity level through the use of mSITs
and the demonstration that RLS can subside despite pro-
longed sleep deprivation sufficient to produce fatigue and
sleepiness.  Moreover, during an entire day of sleep depri-
vation and after a night of sleep deprivation, the pattern of
RLS is parallel to that of a normal, non-sleep deprived day,
with minimum values in the morning and up until mid-day,
then subsequent increases later in the day.  Therefore the
third and fourth proposed diagnostic features of RLS1 seem
very likely to be independent:  RLS is aggravated both by
decreased activity and by times in the late evening and
night period of the day/night cycle.       

Aside from our study, the only study focusing on the
timing of RLS was performed by Montplaisir and col-
leagues,17 who examined subjective discomfort and PLMs
before and after a sleep study at 830 and 2100.  That group
only found a significant increase of sensory symptoms
between the morning and evening SITs.  This more modest
result may have arisen because of  limited times for obser-
vations:  neither 830 nor 2100 represents an extreme of our
curves for RLS (Figure 5).  In fact, our curves suggest that
both the times chosen by that group would be somewhere
in the middle range of subjective discomfort (or restless
activity, which they did not measure).  Given the tight, pre-
dictive coupling of our subjective measures and measures
of restlessness, the current results also support the hypoth-
esis that all features of RLS show a similar circadian
rhythm.  

Less frequently, and never formally studied, patients
have noted that sleep deprivation and fatigue can increase
RLS symptoms.  This is born out by the increased RLS,
especially the significant increase of subjective discomfort,
noted in this study on the day after sleep deprivation.  So
there does appear to be a  homeostatic factor influencing
RLS which is related to sleepiness and fatigue and may be
a marker for time since last sleep.  This link to sleepiness is
further supported by the fact that sleepiness is increased in
those situations (e.g., inactivity) that provoke RLS.  It is
also true that sleepiness itself does show a circadian
rhythm,18 suggesting that sleepiness may either be con-
trolled in parallel with the features of RLS or even that
sleepiness may, to some degree, be an intermediate cause
for the aggravation of RLS.  Sleepiness might then con-
tribute to both the circadian and homeostatic factors which
induce RLS.18 Discriminating between these possibilities
will require more sophisticated studies.  It should be clear,
however, based on our two studies, that a homeostatic fac-
tor alone could not account for the variation of symptoms
in RLS.

Circadian Rhythm—Hening et alSLEEP, Vol. 22, No. 7, 1999 910

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/22/7/901/2729960 by guest on 10 April 2024



Potential Mechanisms for Circadian Rhythm of RLS

Our results do not link the expression of RLS directly to
a circadian pacemaker such as the suprachiasmatic nucle-
us.19,20 For instance, the circadian variation of RLS may be
a consequence of altered levels of sleepiness or general
metabolic activity.  However, our results do encourage a
search for  some factor, either expressed as altered activity
in some neural pathways or modulation in the level of some
substance, which varies with the normal circadian rhythm
and which can influence the level of RLS symptoms.  One
such factor might be an altered level of sensory processing,
as suggested by Montplaisir,17 which might be manifest as
a decreased threshold for painful stimuli at night.21 Other
factors might be more biochemical.  It is known that circu-
lating levels of dopamine and its metabolites as well as iron
and its storage protein, ferritin, show a circadian rhythm
with peak levels usually reported in the morning and mini-
mal levels later in the day, typically in the evening.22-25

Since both appear to decrease RLS manifestations by
unknown means and have been utilized therapeutically,7,26-

29 their trough in the evening may be relevant to the
increased RLS observed at those times while their morning
peaks may reduce RLS at that time.  It is further possible
that, perhaps through its role in the action of tyrosine
hydroxylase, a key synthetic enzyme in the production of
dopamine, that iron is critical for sustaining adequate lev-
els of dopamine function.30-33 Further studies are needed to
determine whether these factors are associated with the
generation of RLS and to establish their possible causative
role.
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