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Abstract
Background and purpose—Restless Legs Syndrome (RLS) is a common sensorimotor disorder
often associated with significant chronic sleep loss. Previous studies looking at the effects of sleep
loss on daytime function in RLS individuals, using subjective reporting techniques have yielded
mixed results. In this study we used more objective measures of alertness and compared RLS subjects
who are off treatments and chronically sleep restricted to chronic sleep-restricted controls.

Subjects and Methods—The final sample consisted of 20 RLS subjects (10 male and 10 female)
and 13 sleep-restricted controls (seven male and six female). Thirteen controls underwent a 14-day
chronic partial sleep-restriction protocol in order to closely match the degree of chronic sleep loss
reportedly experienced by untreated RLS patients. On the final day of the protocol each subject
performed a morning and evening Suggested Immobilization Test (SIT) which served as a modified
Maintenance of Wakefulness Test (MWT). RLS and control groups were compared for differences
in alertness as measured objectively by the sleep latency on the morning and evening SITs.

Results—The RLS subjects had a longer sleep latency on the morning and evening SIT than controls
(t = 3.80, p = .001, U = 31.0, p < .001, respectively). Even after controlling for the potential arousal
impact associated with increased leg activity, RLS individuals still demonstrated a higher degree of
objective alertness (p = 0.023, p = 0.006, Fisher's exact test).

Conclusions—RLS subjects, despite having, if anything, greater sleep loss, displayed greater
sustained alertness than sleep-restricted controls. Thus, the heightened degree of alertness
demonstrated by RLS patients may be in contrast to the perceived impairment in mood, vigor, and
vigilance commonly reported in previous studies.
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Introduction
Restless Legs Syndrome is a common sensorimotor sleep disorder that affects approximately
7-10% of the general population (1). Individuals with moderately severe Restless Legs
Syndrome (RLS) commonly exist in a chronic sleep restricted state, often obtaining an average
of three to five hours of sleep nightly (2). Only a limited number of studies have looked at
alertness in the moderately severe RLS population specifically, and the results have been
mixed. One large epidemiological study found significantly higher complaints of increased
daytime fatigue and decreased vigor on the SF-36 for a population judged to have clinically
significant RLS symptoms compared to normal controls (1). Another population-based study
of RLS patients seeking medical treatment for their symptoms showed similar findings (3).
However, other studies using different subjective sleep questionnaires evaluating RLS patients
seeking treatment at a medical clinic found no significant differences in the degree of sleepiness
between the RLS and controls (4)(5). All of these studies used only questionnaires to evaluate
the impact of RLS on daytime function. In addition to daytime sleepiness, RLS subjects
frequently endorse other neuropsychiatric complaints including depression, anxiety, and
cognitive impairment (6)(7). One model of the causal relation for RLS co-morbidities indicated
that the sleep loss and non severity of RLS accounted for these subjectively reported co-
morbidities of RLS (8). In order to examine the impact that chronic sleep has on RLS
individuals' daytime function, we compared RLS subjects' alertness on a SIT performance to
the performance of similarly sleep restricted normal controls.

The SIT was originally developed to evaluate RLS severity by assessing leg sensations and
periodic leg movements while awake (PLMW)(9). Since the SIT test requires maintained
alertness, it monitors the sleep-wake state based on EEG and also records the EMG for leg
activity. Thus, the SIT test can serve as a modified Maintenance of Wakefulness Test (MWT)
(10)(11). Like the MWT, the SIT is conducted under soporific conditions and the subject is
directed to stay awake with specific instruction that they refrain from voluntarily moving their
legs during the test. In order to simulate the conditions of the MWT, the customary repeated
sensory report on a visual analog scale was not used. Thus, the patients were not disturbed
during the test except they were to stay awake and remain immobile. In this study RLS subjects
are compared to sleep-restricted control subjects on their ability to maintain alertness based on
the sleep latency (as used in the MWT) from the Suggested Immobilization Test (SIT). Based
on our clinical observations and on those reported by others (5)(4), we hypothesized that RLS
subjects with reduced sleep times despite being off medications will display longer sleep
latencies on the SIT compared to controls who have had a similar degree of reduced sleep
times.

Methodological Approach
RLS data were collected from subjects as part of a large study. All RLS medications were
stopped at least 14 days prior to the current reported study. Appropriate controls were recruited
separately to match RLS subjects for age and gender. All subjects consented to this Institutional
Review Board (IRB) approved study prior to participation. Both control and RLS subjects were
initially screened with several questionnaires including medical questionnaires, sleep
questionnaires (Pittsburgh Sleep Quality Inventory) (12), RLS diagnostic questionnaires, leg
activity meters and when applicable, a home apnea monitor.

All subjects (control & RLS) with a BMI of >27.5 were given an ambulatory apnea monitor
and were excluded if they had significant apnea (≥ 15/hour), and leg activity monitors were
worn by the controls to exclude sleep disruptions secondary to PLMD. The control subjects at
baseline had to report an average sleep duration of seven hours between the hours of 9pm and
9am in order to exclude short sleepers and individuals with Circadian rhythm disturbance and
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chronic insufficient sleep. All with a PSQI score greater than five were also excluded. The
PSQI is a validated screen of “good” and “poor” sleepers based on a global estimate across
one month that includes items related to daytime sleepiness and function and has been utilized
to screen for sleepiness related to primary sleep disorders including circadian Rhythm
Disorders and insomnia (13,14).

Face-to-face interviews included completion of the RLS diagnostic interview and review of
the medical history and consent form. A “definite not RLS” (control) was determined during
screening by telephone interviews using the Johns Hopkins Telephone diagnostic interview.
All subjects enrolled in the study had a second interview at the admission to the General Clinical
Research Center (GCRC) by a separate investigator to verify the diagnosis.

Sleep-Restriction Protocol: Sleep Restriction in the RLS subjects was by report while at home
and by sleep logs while in the GCRC. All RLS patients were on medication prior to the study.
Medication was stopped 14 days prior to admission to the GCRC. At the inpatient intake
evaluation, the subjects were interviewed by one of the co-authors who is a sleep specialist.
All RLS subjects reported minimal or no sleep for the first 48 hours after stopping their
treatment medications. No subject had more than four hours sleep by day seven after medication
withdrawal, which corresponds to reports in the literature of untreated RLS patients obtaining
approximately three to five hours of sleep nightly (15). On admission to GCRC, all of the RLS
subjects reported less than six hours of sleep nightly. Therefore, it was estimated that the RLS
subjects obtained slightly less than five hours per night on average over the course of 14 days.
Sleep Restricted Control subjects (SRCs) restricted their sleep to a maximum of six hours per
night at home, with no daytime naps, for 12 days. We could not restrict the sleep further because
of IRB concerns regarding safety. SRCs were contacted daily and provided with transportation
if they reported pathological sleepiness on the Epworth Sleepiness scale (≥ 11 out of 24). Sleep-
wake duration was monitored using daily sleep-wake logs, body-position and wrist-activity
monitors in order to monitor compliance. Control subjects were not allowed to continue with
the admission to the GCRC if their activity and body position meters did not show they had
complied with the sleep-restriction. Thus, on day 13, upon admission to the GCRC, the sleep-
restricted control (SRC) was disqualified from the study if there was >20% non-compliance
(from the maximum daily six hour sleep time) on average over the 12 day period shown on
any one of the three monitoring tools. During the 2½ -day inpatient stay, the SRCs underwent
a protocol similar to that experienced by the RLS subjects, which included four (two morning
and two evening) suggested immobilization tests (SIT) and two polysomnograms. Sleep
latency on the SIT was considered to be the first epoch of any stage of sleep. During the inpatient
stay, the SRC's sleep was restricted to five hours nightly, matching that observed for the RLS
patients.

SITs were performed twice daily on two consecutive days: each morning starting between 5:00
and 6:30 am and each evening starting between 10:00 and 10:30 pm. To potentially avoid a
first-night effect as has been reported with PSG, only the second set of morning and evening
SITs were used to assess alertness.

Statistics
The differences between control and RLS subjects on sleep latencies were evaluated using t
and Mann-Whitney U tests.

Results
Thirteen SRCs (six women, seven men) and 20 RLS subjects (10 women, 10 men) completed
the study. The SRCs did not differ from RLS subjects in age (Mean ± SD: 58.1 ± 8.4 and
63.1 ± 10.9, respectively; t = 1.39, p = 0.17). RLS and SRCs were matched for gender (χ2 =
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0.47, p = 0.83) and total sleep time during the second PSG (Mean ± SD, 290.7 ± 87.6 and
Mean ± SD, 281.3 ± 16.5, respectively; t = 0.38, p = 0.71). As expected, based on the nature
of the syndrome, the RLS subjects had a significantly higher number of leg movements
compared to controls (Mean ± SD, 37.5 ± 60.0 and Mean ± SD, 33.8 ± 62.2, respectively; t =
120, p = 0.91) on the evening SIT, with no significant difference for the two groups on the
morning SIT (Table 1). The analyses revealed statistically significant differences between both
morning and evening sleep latencies (Table 1). Specifically, RLS subjects had a longer sleep
latency on the morning SIT than did the SRCs (Mean ± SD: 57.3 ± 8.1 and 33.7 ± 25.4,
respectively; t = 3.80, p = .001). RLS subjects also had a longer sleep latency on the evening
SIT than did SRCs (Mean ± SD: 53.9 ± 15.0 and 21.0 ± 22.7, respectively; U = 31.0, p < .001).

Due to the circadian pattern of RLS, most subjects experience a symptom-free period in the
morning. In order to control for the potential arousal impact associated with increased leg
activity, an additional analysis was conducted looking at only those RLS and SRCs who had
no PLMWs during the entire morning SIT (Figure 1). Of 10 RLS participants and seven SRCs
without PLMWs on the am SIT, three of the controls fell asleep within the first 20 minutes and
another two fell asleep within 60 minutes. Of the RLS subjects without PLMWs, none fell
asleep in the first 20 minutes and only one fell asleep within 60 minutes (p = 0.023 and p =
0.006, respectively, Fisher's' exact test).

Discussion
To our knowledge, this is the first study to objectively compare the alertness of untreated sleep-
deprived RLS subjects to a similarly sleep-deprived control group. This ability of RLS subjects
to maintain alertness as demonstrated under these testing conditions does not appear to be an
artifact of the potential arousal impact of leg kicks. Thus, sleep deprived RLS individuals are
better able to maintain wakefulness independent of movements producing arousals. In order
to simulate an MWT-like condition, we did not conduct VASs every 10 minutes during the
SIT. For this reason, the contribution that sensory symptoms may have played toward the
maintenance of alertness was not assessed and therefore represents one of the primary
drawbacks for this pilot study. In the future, the two (RLS and control) groups should undergo
the same amount of sleep restriction and be placed under the same conditions, particularly since
the impact of sleep deprivation due to chronic sleep fragmentation appears to be more
detrimental than an undisturbed period of restricted sleep (16). For this study we were limited
by IRB restrictions of only six hours of sleep as an outpatient for control subjects, but under
the inpatient condition we were able to match both RLS and controls to five hours per night.
Under our current research design, the RLS subjects endured, if anything, greater sleep loss
than controls, which makes the RLS subjects' performance on the SIT test even more striking.

Our findings support the Saletu and Bassetti reports that RLS subjects often do not report
significant daytime sleepiness despite chronic sleep loss. Perhaps the mixed results seen in the
literature may result from semantics (4)(5). Although Bassetti reported primarily normal scores
on the Epworth sleepiness scale for his 55 patients (4), these same patients also reported a
significantly high degree of daytime fatigue, which corresponds with the lack of vigor reported
in the Allen and Abetz studies (1)(3). In addition, all of the previous studies surveyed subjects
whose RLS may have been treated or untreated so the impact of medications on daytime
function may have also been a factor. Thus, our assessment of RLS subjects withdrawn from
all medication provides a unique opportunity to evaluate the daytime function of RLS subjects
under conditions free of drug treatment.

Our findings are consistent with the view that the RLS disease state itself appears to enhance
alertness in the face of sleep loss, and thus the RLS patient has less sleepiness than would be
expected for the degree of sleep loss. This is in contrast to findings reported in Parkinson's
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disease, another neurological disorder like RLS that is associated with hypodopaminergic
function. Parkinson's disease is strongly associated with increased daytime sleepiness
independent of drug treatments (17)(18). So, despite the common beneficial response to
dopaminergic treatments seen in these two conditions, PD and RLS appear to demonstrate
markedly different effects on sleep-wake mechanisms. This may reflect differences in the
nature of any underlying pathologies and, in particular, may indicate differences in status of
the dopaminergic arousal system in the two disorders. In this respect RLS provides an
interesting and unique model for exploring some of the neurobiology contributing to alertness
in the face of sleep deprivation. Future studies examining the relationship of disease onset,
severity, and symptom features are warranted to explore this concept further.
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Figure 1. Percent of all Subjects who had no PLMWs during entire morning SIT who also did not
fall asleep within the first 20 and 60 minutes of the SIT test
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Table 1
Means and Standard Deviations for the sleep latency during the SIT.

Tests Sleep-restricted Control RLS t or U

M (SD) M (SD) t p

Sleep Latency Morning 33.7 (25.4) 57.3 (8.1) 3.80** 0.001

U p

Sleep Latency Night 21.0 (22.7) 53.9 (15.0) 31.0** 0.000

PLMW during Morning SIT 33.8 (62.2) 37.5 (60.0) 120 0.91

PLMW during Evening SIT 15.5 (22.5) 97.4 (86.3) 45.5** 0.001

*
p < .05;

**
p < .01
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