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Study Objectives: To validate the Multiple Suggested Immobilization Test (m-SIT), a symptom-provocation test measuring restless legs syndrome
(RLS) severity multiple times a day while the patient is awake and resting under controlled conditions. The m-SIT was designed to overcome some
limitations in measuring RLS severity with rating scales.

Design: Patients completed two m-SITs on 2 consecutive days while on 24-h dopaminergic medication. After treatment discontinuation, they com-
pleted one more m-SIT 3 days later. Controls performed only one m-SIT.

Setting: Sleep laboratory.

Participants: Nineteen patients with RLS and 10 healthy controls.

Interventions: The original m-SIT consisted of seven modified 60-min SITs performed every 2 h between noon and midnight. During each SIT,
the subject reclined quietly but could move his or her legs without restriction to alleviate symptoms. Every 10 min, periodic leg movements during
wakefulness (PLMW) were evaluated and the m-SIT Disturbance Scale (m-SIT-DS; range 0-10) was completed.

Measurements and Results: The m-SIT, composed of 6:00rm, 8:00pm, 10:00pv, and 12:00pm SITs, discriminated patients from controls (mean
m-SIT-DS: 2.68 + 2.35 versus 0.08 + 0.26; mean PLMW/h, P = 0.0001) and between treatment groups (on medication versus taken off medication;
mean m-SIT-DS, P = 0.0001; mean PLMW/h, P < 0.01). It proved reliable on retest and covariated well with the International Restless Legs Scale
(IRLS) and scales measuring daytime symptoms (Spearman p > 0.4).

Conclusions: The m-SIT is a valid and reliable test to evaluate RLS severity and treatment response, and could be useful in the future to confirm
diagnosis and identify daytime symptoms. Although it was primarily designed for clinical trials, it might be useful in clinical settings because it pro-

vides a standardized testing condition to measure RLS symptoms.
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INTRODUCTION

Restless legs syndrome (RLS), also known as Willis-Ekbom
disease, is normally evaluated by rating scales such as the In-
ternational Restless Legs Scale (IRLS).! Although such scales
are easy to use, their validity is limited because they rely exclu-
sively on subjective assessment and memory recall (usually for
periods of up to 7 days). Also, their scores are highly dependent
on the patient’s degree of physical activity. The most frequently
used scale, the IRLS scale, has also proven to be quite sensi-
tive to placebo effects.>® Therefore, a test evaluating severity
of subjective and objective RLS symptoms under controlled
conditions is necessary.

During the past decade, actimetry and polysomnography
(PSG) have played secondary roles in the evaluation of RLS.
Actimetry provides a good estimate of the day-to-day varia-
tion in periodic limb movement (PLM)* and PSG reflects sleep
and motor dysfunction during sleep. However, neither test
evaluates sensory symptoms occurring during wakefulness.’
Furthermore, the evaluation of motor dysfuntion taking place
in PSGs or in actimetry does not occur under reproducible,
immobilized conditions.
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Additionally, daytime symptoms should be evaluated. In re-
cent surveys of moderate to severe RLS, up to 55% of subjects
have reported daytime symptoms.®” Moreover, patients with
moderate to severe RLS normally increase their daytime physi-
cal activity in order to alleviate these symptoms.® Thus, any
comprehensive evaluation should assess daytime symptoms
and be performed under standardized conditions for activity.

Thus, the Suggested Immobilization Test (SIT) was devel-
oped to better evaluate RLS.? In the validated version of the
SIT, the patient reclines with legs outstretched for 60 min at
9:00pm. The SIT controls for activity because patients are en-
couraged to resist as much as possible the urge to move.'* Also,
the SIT can evaluate propensity to symptom onset because im-
mobilization can provoke RLS symptoms.>!'!3

Although an improved measure, the validated SIT is still
limited due to its single administration time (9:00pm).'? Pro-
pensity to RLS symptom onset may fluctuate over the course
of the afternoon/evening,'®'” and a single 60-min SIT cannot
evaluate any symptoms occurring outside of its administration
time. This may lead to false-negative results in patients with
RLS who happen to experience fewer or no symtoms during
the SIT. In addition, PLM during wakefulness (PLMW) indices
during periods of increased leg activity, such as during the SIT,
correlate poorly with the PLM during sleep (PLMS) index dur-
ing PSG, as a recent study has shown.'® Furthermore, the SIT
is limited in that some patients are more apt to move instead
of staying still at the first sign of discomfort or pain, which
might affect their individual objective score.' Last, the SIT has
not been validated to treatment response and has been seldomly
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used in clinical trials.Taken together, there is a need to develop
a new test with higher sensitivities and specificities for diagno-
sis and evaluation of RLS severity.

With these limitations in mind, we developed the Multi-
ple Suggested Immobilization Test (m-SIT), a test consisting
of multiple tests throughout the afternoon and evening, with
slightly modified instructions compared to the validated SIT.

The objectives of this study were:

1. To investigate the validity and reliability of the m-SIT
as a tool to evaluate symptom severity in RLS.

2. To investigate the validity and reliability of the m-SIT
as a potential diagnostic tool for RLS; particularly, to
evaluate which timing, frequency, and number of SITs
increased the m-SIT’s diagnostic value.

3. To investigate the sensitivity of the m-SIT under
different treatment conditions (in patients with RLS on
and taken off medication).

METHODS

Subject Population

Idiopathic RLS had been diagnosed in all patients. Patients
with concomitant diagnoses of disorders that might confound
RLS (peripheral neuropathy, pain syndromes, generalized anxi-
ety disorder, motor manifestations during sleep, etc.), those tak-
ing drugs that might influence sleep architecture, shift workers
or those with irregular sleep wake schedules or recent surgeries,
or patients with any medical or psychiatric disorder were ex-
cluded from study participation.

Healthy controls were recruited by means of advertisement.
Similar to patients with RLS, controls underwent a clinical eval-
uation and laboratory blood tests, and provided a urine sample.
Controls were excluded from analysis if their periodic limb
movement index (PLMI) was greater than 10 or any significant
abnormalities in sleep architecture were detected. In sleep diaries
before the study’s start, controls reported no sleep complaints.
They also documented regular sleep-wake schedules with ha-
bitual bedtimes between 11:00pm and midnight for 1 week.

The study was performed at the Sleep Research Institute
in Madrid, Spain, and was approved by the local Institutional
Review Board (IRB). Every participant signed a consent form
before beginning the study. Subjects were compensated by an
IRB-approved minimal fee for time spent in the laboratory.

Study Schedule

At a screening 1 week prior to the beginning of the study,
the symptom severity of patients with RLS was assessed using
the IRLS,' the RLS-6,%° and the Johns Hopkins Restless Legs
Severity Scale (JHRLSS).?! These patients provided urine and
blood samples at this time.

For 1 week after the screening, all subjects completed a 24-h
sleep diary. Each h they rated the severity of their RLS symp-
toms (0: no symptoms; 1: mild symptoms; 2: severe symptoms)
and degrees of activity (mainly active/inactive, or sleeping).
After diary completion patients who qualified for the study
completed two m-SITs on 2 consecutive days (m-SIT-1 in visit
1 and m-SIT-2 in visit 2).

All patients with RLS were taking dopaminergic medica-
tion during visits one and two, after which medication was
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discontinued. One to 3 days later (visit three), a third m-SIT
(m-SIT-3) was performed after the patient had been taken off
medication. Following visit three, patients with RLS reiniti-
ated dopaminergic treatment, and a follow-up visit was per-
formed 1 week later.

Like patients with RLS, controls attended a screening visit
and completed a sleep diary for 1 week. However, they only
completed one m-SIT.

m-SIT Procedures

The m-SIT performed in this study for exploratory pur-
poses consisted of seven SITs at 12:00pm, 2:00pMm, 4:00pM,
6:00pMm, 8:00pM, 10:00PM, and midnight. During each 60-min
SIT, the patient reclined quietly on top of the bed covers at
a 45° angle with legs outstretched. Lower back support was
provided as needed with a pillow, the head remained unsup-
ported, and another pillow was placed under the knees. The
test was performed without any distractions in a room illu-
minated with soft light at approximately 50 lux. The patient
remained alone with the door shut and windows and curtains
closed to keep noise and bright light at a minimum. Wall
clocks, watches, and other timepieces were removed from
the room. Cell phones, MP3 players, and any other portable
electronic devices were switched off and were prohibited for
the duration of the test.

Before each test, laboratory staff allowed the subject to use
the toilet if necessary. Staff set a 60-min timer with alarms at
10-min intervals, when they were reminded to ask the subject
to rate the severity of their RLS symptoms. The patient was also
connected to the PSG (electrodes were placed according to the
international 10 x 20 system), and an electromyograph (EMG)
electrode was placed on the bilateral anterior tibialis muscle
(according to standard procedures).

At the beginning of each SIT, subjects were told to remain
still and keep their legs outstretched at a 170° angle. Yet in
contrast to the validated version of the SIT,” patients could
move their legs as much as needed to lessen bothersome or
painful sensations. However, they were then required to re-
sume the 170° outstretched position as soon as possible. Pa-
tients were also told to refrain from tightening their muscles
to avoid movements. Also, before each SIT, patients were re-
minded of the m-SIT Disturbance Scale (m-SIT DS) (e-attach-
ment), a numerical symptom severity scale ranging between
0 (no symptoms) and 10 (severe symptoms). During the test,
patients verbally communicated these ratings to laboratory
staff every 10 min.

Patients were monitored by video, audio, and PSG record-
ings to ensure that they complied with test instructions; addi-
tionally, patients kept their eyes open and could not sleep, read,
or talk. If a patient fell asleep, the technician awoke him or her
and allowed the test to continue. Technicians avoided speaking
to subjects during the SIT except to ask for severity ratings and
to remind patients of test instructions.

In the event that symptoms became too bothersome or pain-
ful, subjects could request to terminate the current SIT, and be-
gan the next SIT at the scheduled time. If a patient discontinued
or interrupted a SIT and ratings were available for the remain-
der of the test, the staff specified why. Staff could write “intol-
erable symptoms,” and assign a rating of 10 per each 10-min
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interval, or could specify “other” (i.e., patient wish and not due
to symptoms, used restroom, technical problems, etc.).

Sleeping was prohibited between SITs, but the patient could
use any electronic devices, read, or move about the laboratory
until the next SIT.

Measurements

Motor and sensory measurements during the m-SIT included
periodic limb movements during wakefulness (PLMW) and se-
verity discomfort scales (m-SIT-DS). PLMWs were measured
during each SIT with a bilateral anterior tibialis surface electro-
myogram,? and were quantified hourly and in 10-min intervals.
Scoring of the PLMW index was performed by blinded raters.

Also during the SIT, patients rated the severity of symtoms
in the legs every 10 min on the m-SIT-DS. The m-SIT-DS rat-
ing was communicated by the patient to the staff verbally, after
which the rating was recorded on the chart. It consisted of six
rows (for each 10-min rating) and three columns (min [10, 20,
30, etc.], clock time, and severity rating — see supplementary
material). While rating their symptoms for a given SIT, subjects
were not reminded of any previous severity scores. As men-
tioned, if a patient discontinued a SIT due to extreme discomfort,
the maximum m-SIT-DS score (10) was assigned to each missing
10-min rating. Any missing PLMW values were substituted by
the patient’s highest previous 10-min PLMW value in that SIT.

Statistical Analysis

Validity and Reliability

We examined the stability of assessments between two con-
secutive visits performed under comparable, medicated con-
ditions (m-SIT-1 versus m-SIT-2) to determine the m-SIT's
test-retest reliability. Differences in mean m-SIT-DS and mean
PLMW/h between patients on medication (m-SIT-1) and those
taken off medication (m-SIT-3), as well as between patients on
medication (m-SIT-1) and controls were evaluated to test the
m-SIT’s discriminant validity.

To assess the m-SIT’s concurrent validity, we examined the
capacity of patients’ mean m-SIT-DS to covariate with sever-
ity rating scales evaluating daytime symptom severity. Scales
evaluating daytime severity were the JHRLSS and the Restless
Legs Syndrome-6 [RLS-6] items 4 and 5: presence of daytime
symptoms without activity and when active, respectively.

Additionally, we examined the correlation between the m-
SIT-1 (on medication) and m-SIT-3 (taken off medication) and
the IRLS scale, an approved RLS scale supposedly serving the
same objective as the m-SIT. Correlation analysis to evaluate
validity and reliability was performed with Spearman rho.

Statistical Methods

Comparisons between patients with RLS and controls were
conducted with a #-test with unequal variances (m-SIT-1 versus
controls). We used the signed rank test for paired data to com-
pare changes in symptom severity between m-SITs (m-SIT-1
versus m-SIT-3 and m-SIT-1 versus m-SIT-2).

Sensitivity and specificity were calculated according to stan-
dard methods® using 2 x 2 tables (m-SIT-1 or m-SIT-3 versus cut-
offs for mean m-SIT-DS and mean PLMW/h) both with the seven
single SITs and combinations of three, four, five, and seven SITs.

SLEEP, Vol. 36, No. 7, 2013

As an outcome measure for combinations we used the maximum
m-SIT-DS or PLMW/h from all single SITs that were included
in the SIT combination. We considered the maximum score to be
indicative of sensory or motor symptoms because symptoms usu-
ally worsened both during the 1-h SIT and over all seven SITs.

To determine the diagnostic accuracy of individual SITs and
combinations of SITs, we calculated area under the receiver op-
erating characteristic curves (ROCs) from logistic regression
analysis.? Several cutoffs for presence or absence of sensory or
motor symptoms were chosen in the lower range in both vari-
ables to give healthy volunteers a chance to score positively in
either variable and to take into account the study s small sample
size. For the m-SIT-DS, we used scores of >1,>2, and > 2, and
PLMIs of > 5, > 10, and > 15.

Statistical analyses were performed in an exploratory man-
ner. P <0.05 (two-tailed) was considered as indicative for non-
random differences. The SAS Statistical Package V.9.1 (SAS
Institute, Cary, NC) was used for all analyses.

Estimation of the Sample Size

Due to the novel nature of the m-SIT and lack of empirical
information on the validation of the SIT from previous trials,
no formal sample size calculation was performed. However, we
expected large differences when comparing patients with RLS
to controls and between treatment groups. With 19 patients with
RLS and 10 controls in the final analysis, effect sizes of larger
than 1.0 were demonstrated (power of 80%, type I error rate of
a = 0.05). This sample size was considered adequate to evalu-
ate the m-SIT’s sensitivity to differences between patients with
RLS and controls and between treatment groups.

RESULTS

Demographics of Subjects in Statistical Analysis

Twenty patients (13 women and 7 men) enrolled in the study,
but one man discontinued the study before initiating the first
m-SIT for personal reasons. Remaining patients aged 60.7 =
12.1 y (mean + standard deviation [SD]). Patients in whom id-
iopathic RLS had been diagnosed" had total symptom dura-
tions of 25.3 + 17.2 y, and had been treated for 5.3 + 4.9 y. At
the study’s start, patients had been taking long-acting (> 24 h)
dopaminergic agents for 4 weeks or longer and had IRLS scores
of 12.5 + 8.2. Seventeen patients were on the dopaminergic
agent rotigotine (2-4 mg/day, transdermal patch applied in the
morning), one on pergolide (1 mg/day) and one on cabergoline
(2 mg/day). Ten healthy controls (6 women and 4 men, age 59.5
+ 5.53 y) also participated in the study.

Sensory and Motor Disturbances across Time of Day and
Treatment Conditions

Figure 1A shows mean m-SIT-DS scores for all seven SITs in
patients on medication (m-SIT-1 and m-SIT-2), patients taken
off medication (m-SIT-3), and controls. All healthy controls
scored zero at all times on the m-SIT-DS. Therefore, no statisti-
cal tests were performed to compare controls with patients in
the mean m-SIT-DS scores.

On average, patients reported subjective symptoms both
when on and taken off dopaminergic medication, with in-
creasing severity in the evening. Despite treatment, 13 pa-
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Figure 1—Mean (A) m-SIT-DS scores and (B) PLMW/h (+ standard error) during the m-SIT in patients on medication (m-SIT-1 and m-SIT-2) and taken off
medication (m-SIT-3), as well as healthy controls. One control missed a SIT at 10:00pm, so we substituted these m-SIT-DS and PLMW scores with 0. Black
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tients reported symptoms in both m-SIT-1 and m-SIT-2, three
patients reported symptoms in either m-SIT-1 or m-SIT-2,
and only three patients had no symptoms in either SIT. While
taken off medication, all but one patient with RLS reported
increased subjective symptoms. Over the two consecutive
visits on medication, mean m-SIT-DS scores were compa-
rable (m-SIT-1: 0.75 £ 0.88 [mean + SD] versus m-SIT-2:
0.96 + 1.15, P = 0.6229). However, following discontinua-
tion of treatment for 1-3 days, mean m-SIT-DS scores clearly
increased (m-SIT-1 versus m-SIT-3: 2.08 + 2.09, P < 0.0001;
m-SIT-2 versus m-SIT-3: 1.87 £2.17, P = 0.0002).

Figure 1B displays mean PLMW/h in all subjects for all sev-
en SITs. PLMWs were observed in all patients with RLS and in
eight controls. When occurring in controls, PLMWs occurred in
a single SIT during one (five controls) or two (two controls) 10-
min intervals. However, one control showed continuous PLM-
Ws during four consecutive SITs beginning at 6:00pm (with a
mean PLMW/h of approximately 60).

During m-SIT-1, mean PLMW/h was lower in controls
(6.12 = 11.19/h [mean + SD]) than in patients on medication
(m-SIT-1: 29.94 + 24.,1, P = 0.0012; m-SIT-2: 33.60 + 29.9,
P =0.0015, both ¢-tests with unequal variances) or taken off
medication (m-SIT-3: 67.62 + 52.5, P < 0.0001). From m-
SIT-1 to m-SIT-2, there was no statistical difference in mean
PLMW/h (P=0.3736). Yet after discontinuation of treatment,
mean PLMW/h was significantly higher (m-SIT-1 versus m-
SIT-3, difference d = 34.0/h + 48.78, P=0.0008; m-SIT-2 ver-
sus m-SIT-3, d =37.7/h + 43.26, P = 0.0033, sign-rank test).

Cutoff Scores Differentiating Patients from Controls and
Evaluating Sensitivity to Treatment Change

We determined which cutoff scores separated patients from
controls using mean m-SIT-DS scores and mean PLMW/h.
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ROC analyses compared patients taken off medication (m-
SIT-3) with healthy controls. Figure 2 shows the percentage
of patients and controls who met the established cutoff scores
for sensory (mean m-SIT-DS > 2) and motor (mean PLMW/h
> 10) symptoms during m-SIT-3. Following ROC analysis,
cutoff scores > 2 for the m-SIT-DS and a PLMI > 10 were
determined to optimally differentiate patients from controls.
Although mean cutoff scores were established (if > 1 and > 2
for m-SIT-DS and > 5 and > 15 for PLMW/h), they are not
shown in Figure 2.

We analyzed the sensitivity of the m-SIT to treatment change
by evaluating the percentage of patients who did not meet cut-
off criteria (m-SIT-DS > 2 and PLMI of > 10) while on dopami-
nergic medication, but did so while off medication. At 10:00pm,
52.6% of the patients who had not met cutoff criteria during the
treated condition (M-SIT-1) did so in the untreated condition
(M-SIT-3).

Sensitivity and Specificity of Different SIT Combinations

Using the cutoff scores described previously, we tested the
sensitivity and specificity of single SITs versus different combi-
nations of SITs to find which m-SIT combinations would have
the highest power to evaluate severity and predict diagnosis. As
shown in Tables 1 and 2, sensitivity, specificity, and area under
the curve (AUC) increased continuously between the noon and
midnight SITs. Also, combinations rather than single SITs bet-
ter distinguish between treatment conditions. For example, the
combination of four SITs between 2:00pm and 10:00pm perfect-
ly discriminates between patients and controls, whereas each
of these SITs alone has considerably lower sensitivities and
specificities (-21% at 10:00pm to -42% at 4:00pm). In addition,
the gain in diagnostic accuracy for patients taken off medica-
tion (m-SIT-3) using combinations of five or seven SITs is quite
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minor when compared with the combination of four SITs be-
tween 4:00pm and 10:00pm (see AUC in Tables 1 and 2). Similar
findings were revealed in a comparison between RLS patients
on dopaminergic medication (m-SIT-1) and controls; however,
sensitivities and specificities were lower.

With these calculations in mind, and also for practical test-
ing reasons, our final recommended version of the m-SIT con-
sisted of the four SITs performed at 4:00pMm, 6:00PM, 8:00pPM,
and 10:00pm. Using a mean m-SIT-DS cutoff of > 2, sensitivity,
specificity, and AUC were all 100% for this SIT combination.
Using a mean PLMW/h cutoff of > 10, sensitivity was 79%,
specificity 90%, and the AUC was 91.3%. These measures in-
dicate that this SIT combination is valid to distinguish patients
with RLS from healthy controls.

If necessary, an even shorter version of the m-SIT consist-
ing of three SITs performed at 6:00pm, 8:00pMm, and 10:00pMm
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may be used for routine clinical purposes. However, because
this version provided slightly lower sensitivities when patients
were on medication compared to when taken off medication,
it is possible that this shortened version might be less capable
of discriminating between treatments in a research setting.

Validity and Reliability of the m-SIT

Table 3 summarizes the discriminant, concurrent, conver-
gence validities, and the test-retest reliability of the recom-
mended version of the m-SIT.

Correlations between the mean m-SIT-DS and severity scales
measuring symptoms during the daytime were highly positive
regardless of treatment condition, but particularly so when pa-
tients were taken off medication. Conversely, low positive cor-
relations were found between mean PLMW/h and the RLS-6
items tested when patients were on medication. However, these
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(m-SIT-3) versus controls using a cut-off score of m-SIT-DS > 2

Time of SIT(s) Sensitivity (%)
12rm 52
2pMm 53
4pu 58
6PM 63
8pm 63
10Pm 74
12am 84
2pPM + 4PM + 6PM 84
4pm + 6PM + 8PM 89
6pm + 8pm + 10PM 100
2pM + 4PV + 6PM + 8PM 89
4pm + 6PM + 8PM + 10PM 100

Table 1—Sensitivities and specificities of single SITs and various combinations of multiple SITs calculated in patients taken off dopaminergic medication

Specificity (%) AUC Likelihood ratio test
100 0.737 *
100 0.789 *
100 0.789 b
100 0.842 b
100 0.842 b
100 0.895 b
100 0.974 b
100 0.921 o
100 0.947 b
100 1 b
100 0.947 o
100 1 b

As shown, best sensitivity and specificity values are shown when the mSIT is performed at 4:00pm, 6:00pM, 8:00pM, and 10:00pm. *P < 0.01; **P < 0.001;
***P <0.0001. AUC, area under the curve; SIT, Suggested Immobilization Test.

(m-SIT-3) versus controls using a cut-off score of PLMW/h > 10

Time of SIT(s) Sensitivity (%)
12rPm 47
2pPM 42
4pu 63
6PM 68
8pm 79
10Pm 68
12am 74
2pPM + 4PV + 6PM 74
4pm + 6PM + 8PM 79
6pm + 8pm + 10PM 79
2pPM + 4pPM + 6PM + 8PM 79
4pm + 6PM + 8PM + 10PM 79

limb movement during wakefulness; SIT, Suggested Immobilization Test.

Table 2—Sensitivities and specificities of single SITs and various combinations of multiple SITs calculated in patients taken off dopaminergic medication

Specificity (%) AUC Likelihood ratio test

90 0.805 *

100 0.824 *

100 0.937 *
90 0.845 *
90 0.950 i
90 0.807 *
80 0.808 *
90 0.884 i
90 0.937 i
90 0.905 i
90 0.937 i
90 0.913 i

As shown, best sensitivity and specificity values are shown when the mSIT is performed at 4:00pm, 6:00pm, 8:00pm, and 10:00pm. As shown, best sensitivity
and specificity values are shown when the SIT is performed multiple times. *P < 0.01; **P < 0.001; ***P < 0.0001. AUC, area under the curve; PLMW, periodic

measures were not correlated or slightly negatively correlated
when medication was discontinued. In contrast, correlations be-
tween mean PLMW/h and JHRLSS were almost as positive as
correlations with the mean m-SIT-DS.

As shown in Table 3, the mean m-SIT-DS scores corre-
lated moderately with the IRLS scale when patients were on
medication, and correlated highly when patients were taken
off medication. Mean PLMW/h correlated with the IRLS in
much the same way: slightly when patients were on medica-
tion and moderately when patients had not taken medication
for 1-3 days.

Reliability

The test-retest reliability comparing the two m-SITs occur-
ring under treatment conditions (m-SIT-1 and m-SIT-2) was
r = 0.689 (mean m-SIT-DS) and r = 0.748 (mean PLMW/h).
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These values are considered acceptable for a complex measure
such as the m-SIT.

DISCUSSION

Our analysis shows that the m-SIT consisting of four SITs
between 4:00pm and 10:00pm can measure propensity to symp-
toms under standardized, reproducible conditions. It allows for
an assessment of at least three diagnostic criteria of RLS, in-
cluding the urge to move, the provocation of symptoms at rest,
and the increase in severity in the evening.

As mentioned previously, following an analysis of sensitiv-
ity and specificity for each of the SITs and their combinations,
only four SITs (performed at 2-h intervals between 4:00pm and
10:00pm) were chosen for the final version of the m-SIT. We
also reduced the total number of SITs in order to make the m-
SIT more accessible and feasible under routine practice condi-
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Table 3—Summary of the discriminant, concurrent, and convergence validities, and the test-retest reliability of the final version of the m-SIT
Mean m-SIT-DS Mean PLMW/h
Mean £ SD, Mean £ SD,
Measure Objective Comparison Spearman p P Spearman p P
Discriminant To discriminate healthy controls from those Control versus on 27+23vs. <0.0001 | 69.4 £52.0vs. 0.0001
validity with RLS medication 0.1£0.3 6.9+15
To discriminate patients with RLS on versus On versus taken 0.8+1.1vs. 0.0001 30.1+28.1vs. <0.01
taken off medication off medication 27+23 69.4 +52.0
Concurrent validity | To examine the capacity of the m-SIT to RLS-6 (Item 4)
covariate with other validated rating scales
measuring daytime symptom severity On 0.55
Off 0.54
RLS-6 (Item 5)
On 0.57
Off 0.60
JHRLSS
On 0.58
Off 0.70
Convergence To examine the capacity of the m-SIT to IRLS Scale
validity covariate with the most commonly used
symptom severity scale On 033
Off 0.61
Test-retest Examined the stability of m-SIT assessments Onvs. on 0.69
reliability between two consecutive visits performed medication*
under comparable conditions
Note that ‘RLS-6-Item 4’ and ‘RLS-6-ltem 5’ are ‘severity during the day at rest’ and ‘severity during the day when active,” respectively. Discriminant validity
was analyzed with mean £ SD and a P statistic, whereas all other types of validity were analysed using a correlation analysis with Spearman rho (p). Gray
boxes = N/A. *Comparison between m-SIT-1 and m-SIT-2 (both are treatment conditions). DS, disturbance scale; IRLS, International Restless Leg Scale
JHRLSS, Johns Hopkins Restless Legs Severity Scale; PLMW, periodic limb movement during wakefulness; RLS, restless leg syndrome; SD, standard
deviation; SIT, Suggested Immobilization Test.

tions. Our results prove the validity and test-retest reliability of
the m-SIT composed of this SIT four-SIT combination. They
also show that the m-SIT is valid to differentiate between RLS
patients on or taken off medication.

The m-SIT evaluates the severity of RLS based on two dif-
ferent types of symptoms, namely sensory and motor distur-
bance. In principle, both sensory and motor symptoms could
be combined in the future into a single integrated measure (i.e.,
after z-transformation of both single scores) or by combining
cut-off score results. Nonetheless, because the m-SIT prohibits
physical activity at different times of day, it is a thorough, reli-
able tool to evaluate RLS symptom severity and can be used
to assess the real effect of symptoms without the confounding
effect caused by changing degrees of such activity.

Additionally, because the m-SIT is administered during the
afternoon and evening, the test allows for a comprehensive,
objective evaluation of symptoms throughout the latter part of
the day. Subscores can be developed for SITs taking place be-
fore (daytime) and after (evening) 6:00pm. This conclusion is
reinforced by the m-SIT's strong correlation with rating scales
measuring daytime symptoms (RLS-6 daytime scales 4 and 5).

A recent study has shown a low correlation between PLMW
at the beginning of the sleep study and PLMS indices. Thus,
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PLMW indices during the early portion of the night, or on any
circumstances in the late evening when leg activity is increased,
are not helpful to predict PLMS.'® This might further explain
the limited value of the SIT to predict PLMS indices.’ Also,
26.3% of the patients who scored negative for daytime symp-
toms on the RLS-6 or JHRLSS were actually symptomatic on
the m-SIT. This suggests that because the RL6-6 and JHRLSS
do not quantify and/or control for physical activity (in contrast
to the m-SIT), and because they cover a longer period of time
(ie. up to 7 days, such as in the IRLS), they may underestimate
symptom severity. Also, m-SIT scores correlate with the IRLS
at a moderate level. This result shows that the m-SIT indeed
measures severity and that it has its own specific validity; in
other words, it measures RLS symptoms at the time they occur.

In addition to measuring RLS severity, the m-SIT proved
useful in differentiating patients from controls. Using a mean
m-SIT-DS cutoff score of > 2 and a PLMI score > 10, the m-SIT
had sensitivities and specificities of 100% in differentiating un-
treated patients from controls, whereas single SITs performed
at 8:00pm and 10:00pMm had sensitivities and specificities of 63%
and 100%, and 74% and 100%, respectively. However, given
the small number of controls, any evaluation of the discrimina-
tive power of the m-SIT to differentiate patients from controls
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should be considered preliminary. Furthermore, the capacity of
the m-SIT to differentiate RLS symptoms from mimics remains
to be tested. In any case, our findings show that compared with
the single SIT, repetition of the SIT increases the likelihood
of provoking symptoms and therefore increases its diagnostic
power. Furthermore, the high sensitivity of the m-SIT might
prove to be particularly useful in evaluating patients with less
severe symptoms or patients who temporarily alleviate and thus
mask their RLS symptoms by increasing their physical activity.

When comparing patients on and off medication we used
a withdrawal design: patients were assessed without medica-
tion 3 days after discontinuation of their current dopaminergic
medication. Most patients (17 of 19 patients) were treated with
a rotigotine patch. Although the terminal half-life of rotigotine
following patch removal was determined to be 5-7 h* and the
washout interval in our study was planned to be more than five
half-lives, it cannot be excluded that those who metabolized the
drug slowly were still under dopaminergic stimulation. There-
fore, we consider the diagnostic accuracy of the 4-SIT m-SIT
and the effect size of the differences between the on and off
conditions as preliminary.

Moreover, because the m-SIT evaluates symptoms at mul-
tiple times earlier in the day, it is feasible that the test may be a
useful measure of augmentation, which is the main complica-
tion of dopaminergic treatment over the long term.”” The car-
dinal feature of augmentation is the occurrence of symptoms
earlier in the afternoon than was normal at the beginning of
dopaminergic treatment; this is the result of dopaminergic
medication itself.”® The Augmentation Severity Rating Scale
has been validated to measure symptoms of augmentation,” but
the m-SIT might provide an objective test to measure an earlier
symptom onset: augmentation’s hallmark feature. This hypoth-
esis should be tested in future studies.

Although small, the study population consisted of otherwise
healthy subjects with a good overall response to dopaminergic
treatment. Furthermore, sensory symptoms were provoked by
the m-SIT in 18 of 19 patients, and in none of the controls.
These results are robust and reproducible. However, future
studies would benefit from being larger and including groups
of patients with RLS mimics. Furthermore, given the fact that
the m-SIT was able to detect symptoms in patients who were
judged to be adequately treated with a dopamine agent that de-
livers a stable 24-h dosing, we believe that it might be a useful
tool in treatment of patients with less severe RLS. Our group is
currently investigating this question in treatment-naive patients.

Interestingly, m-SIT showed that patients presented symp-
toms despite being treated. These symptoms mainly manifested
in high PLMW scores in patients with relatively low discom-
fort scores (m-SIT-DS). It is likely that the high PLMW score
shown during the m-SIT reflects the fact that these patients’
symptoms are not sufficiently controlled by medication. Thus,
the m-SIT could be indicated to evaluate patients whose RLS
symptoms are not well controlled.

Finally, the m-SIT elicited symptoms during the daytime in
patients controlling their symptoms with dopaminergic medica-
tion. Because symptoms could be provoked by immobility dur-
ing the m-SIT despite treatment, physical activity may be the
principal mechanism patients use to alleviate RLS symptoms
during the day. Hence, it is reasonable to think that in patients
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with moderate to severe RLS, symptomatic periods can occur
whenever activity is reduced (i.e., sitting, driving, or doing of-
fice work). A previously mentioned study recently performed
by our group showed that 55% of 224 patients reported daytime
symptoms > 3 days per week, and that 41% suffered daytime
symptoms every day.” Unfortunately, it is difficult to ascertain
whether the presence of daytime symptoms is an effect of do-
paminergic medication (as an emerging RLS augmentation) or
whether it is a consequence of the natural progression of the
disease. Regardless, daytime RLS symptoms are often ignored
in symptom evaluation and RLS investigation and deserve fur-
ther study.

In summary, the current study offers comprehensive results
on the m-SIT, a new test that could be useful in evaluating RLS
treatment response and/or discriminate between varying de-
grees of symptom severity. The m-SIT may be used for diag-
nostic purposes or clinical trials. Its main advantage over the
single SIT is a significant increase in sensitivity and specific-
ity'® and the possibility to evaluate daytime symptoms and ac-
cordingly adjust treatment. Furthermore, the m-SIT may even
be completed with leg actigraphy, because it does not strictly
require polysomnography. So, in addition to sleep laboratories,
objective sensory and motor RLS symptom evaluation could
become available to neurological practices, nonneurologic spe-
cialists, and other outpatient settings.
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SUPPLEMENTAL MATERIAL

MULTIPLE SIT DISTURBANCE SCALE

What was the severity of your symptoms over the past 10 minutes?

Time Real time Severity

24h clock No Mild Severe

HH : MM symptoms symptoms symptoms
oo (9o eo g
Pl (7 PP 0000900
L7 9397883030
Y R
R
e e e e oo g g

Figure S1—Multiple SIT Disturbance Scale. RLS patients and controls rated their symptoms verbally every 10 minutes to the laboratory staff.
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