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Study Objectives: This study aims to explore the polysomnographically measured sleep and leg movement differences between idiopathic restless legs
syndrome (RLS) patients and healthy controls.

Methods: An electronic literature search was conducted in EMBASE, MEDLINE, all EBM databases, CINAHL, and PsycINFO. Only observational case-control studies
were included in the meta-analysis. The differences in 13 sleep parameters and 23 leg movement parameters between RLS patients and healthy controls were explored.
Results: Thirty-eight studies were identified for systematic review, 31 of which were used for meta-analysis. Meta-analyses revealed significant reductions in total
sleep time, sleep efficiency, stage N2 and rapid eye movement (REM) sleep percentages, and increases in wake time after sleep onset, stage shifts per hour,
stage N1 percentage, REM latency, arousal index, and apnea-hypopnea index. Some leg movement parameters, such as periodic limb movement during sleep
(PLMS) index, PLMS sequence duration, number of PLMS sequence, and periodicity index, were higher in RLS patients compared with healthy controls. Further,
our meta-analysis revealed a higher PLMS index during non-REM sleep compared with that during REM sleep.

Conclusions: RLS patients manifest a lightening of sleep, increased sleep fragmentation, and greater sleep-related breathing disruption and limb movements during
sleep relative to healthy normal individuals. The distributions of PLMS during a night's sleep may provide more information to clarify the specific characteristics of leg
movements in RLS. PLMS in RLS are concentrated in non-REM sleep. The periodicity index may be a more sensitive and specific marker of RLS than the PLMS index.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Studies exploring polysomnographic changes in idiopathic restless legs syndrome have not established the extent
and type of changes in sleep associated with the disease. We performed a meta-analysis that explored the polysomnographic changes in idiopathic
restless legs syndrome compared with controls.

Study Impact: This study showed that polysomnographic abnormalities (ie, decreased total sleep time, sleep efficiency, N2 and rapid eye movement
sleep percentages, and increased wake time after sleep onset, stage shifts per hour, N1 percentage, rapid eye movement latency, arousal index,
apnea-hypopnea index, and some leg movement parameters) are present in idiopathic restless legs syndrome. Our findings underscore the need for a
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comprehensive polysomnographic assessment of sleep and leg movement changes in idiopathic restless legs syndrome.

INTRODUCTION

Restless legs syndrome (RLS), a somatosensory network dis-
order, is characterized by an urge to move the legs, usually
associated with unpleasant leg sensations; symptom relief with
activity; induction or exacerbation of symptoms by rest; and
diurnal fluctuations with symptoms worsening in the eve-
ning and at night." These symptoms can contribute to sleep
disturbances, with a 75.5% prevalence in RLS patients,”
which negatively impact general health and decrease quality
of life.>> Thus, comprehensive sleep assessments are neces-
sary and clinically important for optimizing the managements
of RLS.°
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Polysomnography (PSG), the gold standard to objectively
assess sleep quantity and quality, provides quantitative sleep
measures that can allow practitioners to macroscopically distin-
guish non-rapid eye movement (NREM) sleep and rapid eye
movement (REM) sleep, stage N1 to N3 of NREM sleep, and
wakefulness. PSG is also required to record leg movements
(LM) scored as periodic leg movements during sleep (PLMS),
which is very often associated with RLS that have different
clinical picture across the lifespan,”*® based on the electromyo-
graphic signals of tibialis anterior.”'® PSG-determined altera-
tions in sleep and LM parameters have high clinical relevance
and importance for understanding the neurobiology of RLS.
For instance, while RLS severity is traditionally evaluated by
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using questionnaires such as the International RLS Study Group
(IRLSSG) rating scale,'' PSG-measured PLMS, sleep effi-
ciency (SE), and sleep latency (SL) provide more objective
parameters reflecting RLS severity and are less susceptible to
report bias compared with methods that depend on patients’
estimates of severity,'> '* and therefore are commonly used to
quantify the severity of disease and efficacy of RLS treat-
ment.">"'® In addition to these macroscopic measures of sleep,
alterations in sleep microstructural data, seen in measurement
of cyclic alternating patterns (CAP) and power spectral analysis
(PSA), have been reported in RLS. Alteration of CAP in RLS
has been suggested to reflect an excess of sleep instability/
discontinuity,'” and Ferri et al reported that PSA revealed
increased electroencephalogram (EEG) activity in the alpha and
beta bands and/or increased beta/delta ratio during the sleep
onset period and wakefulness preceding sleep in RLS compared
with healthy controls (HCs), suggesting a hyperarousal state in
RLS during the sleep onset period.?’

Previous studies have examined PSG parameters in attempts to
characterize the objective sleep profile of RLS, but the exact PSG
changes in RLS compared to HCs have not been clearly estab-
lished. Variations in findings across different studies may involve
heterogeneity in demographic characteristics (ie, sex and age),
clinical variables (ie, RLS severity and medication status), and
experimental methodology (ie, differences in PSG recording and/
or scoring methods, use or absence of adaptation nights, etc).
Meta-analytic techniques can help resolve discrepancies across
studies and quantify the impact of potential moderators. To our
knowledge, no meta-analytic study of PSG-measured sleep and
LM in RLS has been conducted to date. To fill this gap, we sys-
tematically reviewed previous case-control studies and, by using
meta-analytic procedures wherever possible, estimated the pooled
effect sizes for the differences in PSG-measured sleep and LM
variables between idiopathic RLS patients and HCs. We also
explored the impact of potential moderators that could contribute
to heterogeneity of PSG findings across studies.

METHODS

Protocol and registration

We registered the protocol of this study (PROSPERO ID:
CRD42021228355) following the meta-analysis of observa-
tional studies in epidemiology (MOOSE) and the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statements.”' >

Eligibility criteria according to the Population,
Intervention, Comparison, Outcomes and Study
(PICOS) approach

Population (P)

Participants were patients diagnosed with idiopathic RLS
according to established criteria such as the International Rest-
less Legs Syndrome Study Group (IRLSSG) criteria.! Studies
unrelated to RLS and animal studies were excluded.
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Intervention (1)

This element was not applicable as this is a systematic review
of observational studies.

Comparison (C)

Comparisons were to HCs. Studies not using HCs were
excluded from the main analyses.

Outcomes (0)

The primary outcomes were alterations in PSG-measured sleep
and LM parameters in idiopathic RLS patients compared with
HCs. The detailed PSG parameters are listed following in the
section “Data collection process.” Studies containing no infor-
mation on the outcomes of interest were excluded.

Study design (S)

Only case-control studies were included. Statements, editorials,
case series, case reports, guidelines, review papers, and com-
ments were excluded. Other eligibility criteria required that the
studies be published in peer-reviewed journals in English. If the
same patients were used in more than one publication, then only
the dataset including the most relevant information for our
meta-analysis was used to avoid data duplication.

Information sources, search, and study selection

We searched MEDLINE via OVID; EMBASE via OVID; all
EBM databases via OVID; CINAHL via EBSCO; and PsycINFO
via EBSCO (search strategies are provided in the supplemental
material, Table S1, Table S2, Table S3, Table S4, and Table
S5). The reference lists of all primary studies were also screened
for additional study candidates. The literature search was per-
formed on January 7, 2021. We reran the literature search on May
6, 2022 to identify newly published studies. Two reviewers (R.R.
and Y.Z.) independently selected relevant studies. Discrepancies
were resolved by discussion with the senior author (X.D.T.).

Data collection process and quality assessment of
included studies
Y.Z. and R.R. independently extracted the data from the
reviewed studies using a predesigned form. The extracted data
were entered by Y.Z. and verified by the above 2 reviewers. The
PSG variables examined in this review include sleep macrostruc-
ture: total sleep time (TST), SE, SL, wake time after sleep onset
(WASO), and percentage of N1, N2, N3, and REM sleep, REM
latency, stage shifts per hour (SS/h), and awakenings number per
hour. In American Academy Sleep Medicine (AASM) scoring
rules, N3 represents slow wave sleep and also replaces stage 3
and stage 4 in the Rechtschaffen and Kales (R&K) nomencla-
ture.” Therefore, the data for stage 3 + stage 4 in the included
studies were also extracted to form slow wave sleep wherever
possible. Additional PSG-measured sleep parameters include
arousal index, apnea-hypopnea index (AHI), PSA data (ie, alpha,
beta, delta, theta, and gamma frequency activity), as well as CAP
parameters, sleep spindles, and K-complex data.

The extracted LM parameters included bilateral LM index,
isolated LM duration (during REM, NREM, and total sleep,
respectively), isolated LM index (during REM, NREM, and
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total sleep, respectively), monolateral LM index, periodicity
index (PI) (during REM, NREM, and total sleep, respectively),
PLMS associated with arousal index (PLMAI), PLMS index
(during REM, NREM, and total sleep, respectively), PLMS
duration (during REM, NREM, and total sleep, respectively),
PLMS sequence duration, PLMS sequence number, and total
LM index (during REM, NREM, and total sleep, respectively).
Among the various LM parameters, the PI, which is not rou-
tinely deemed to be a standard index, was computed as the ratio
between the number of intermovement intervals contained in
regular uninterrupted sequences of at least 4 LMs, separated by
10- to 90-s intervals (onset-to-onset), and the total number of
intermovement intervals recorded.** %¢

Demographic, clinical, and methodological variables extracted
included the number of participants and their mean age, sex (male
percentage), IRLSSG criteria rating score, including patients tak-
ing psychoactive medications (Yes vs No), whether excluding
obstructive sleep apnea (OSA) (Yes vs No), adaptation night (Yes
vs No), and PSG scoring methods (R&K vs AASM). These varia-
bles were examined as potential moderators which impact sleep
changes in RLS in our analysis.

R.R. and Y.Z. independently assessed the risk of bias of the
included studies by using the adapted version of the National
Institute for Health and Care Excellence (NICE) checklist®’
with discrepancies resolved by discussion with the senior
author (X.D.T.).

PSGin RLS

Statistical analysis

In our meta-analysis, we applied a random effects model to ensure
relatively conservative findings. The sample size, mean, and stan-
dard deviation for idiopathic RLS patients and HCs were entered
for calculating the standardized mean difference for PSG-measured
nighttime sleep between groups. For the global effect-size estimate
of PSG-measured sleep parameters, the Q-statistic and I* were cal-
culated to test the magnitude of heterogeneity, and to inform on the
degree of overlap between the 95% confidence intervals (Cls) of
different studies. Publication bias for our meta-analytic findings
were evaluated by the Egger regression method,”® with P values <
0.05 suggesting the presence of bias. The Duval and Tweedie’s
trim and fill test was performed to estimate the adjusted effect sizes
when publication bias was detected.”” Depending on the variable
type (continuous or categorical) of potential moderators, a
meta-regression or subgroup analysis was conducted to estimate
the potential source of heterogeneity of effect sizes between studies.
All analyses in our meta-analysis were conducted using Compre-
hensive Meta-Analysis software (Biostat Inc., Englewood, NJ).

RESULTS

Study selection
Our search yielded 4008 publications (Figure 1). After remov-
ing the duplicates, the title/abstract of the remaining 2559

Figure 1—PRIMSA flow chart used for the identification of eligible studies.
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articles were screened. A total of 267 studies were selected for
full text review. Of these, 38 articles!872024:30-63 were found to
meet inclusion criteria of our systematic review (Table 1), and
3118-20.24,32,34-39.41-43.46-49.51-63 £ the 38 studies were used in
our meta-analysis. The excluded studies with reasons for their
exclusion are listed in Table S6.

Description of the included studies

As shown in Table 1, the sample sizes of the 38 studies ranged
from 12 participants (6 RLS patients and 6 controls)*’ to 209
participants (141 RLS patients and 68 controls).>* Mean age of
RLS patients and controls ranged from 29 to 67.8 years
(reported in 37 studies). Males as percentages of RLS patients
and HCs ranged from 0%—-100% (reported in 38 studies). Mean
disease duration of RLS patients ranged from 9.3 to 20 years
(reported in 9 studies). All included studies performed PSG in a
sleep lab. Ten studies®*?#4449753:57:62 y5ed AASM PSG crite-
ria and 25 studies used R&K criteria for scoring sleep (3 stud-
ies>*>% did not specify which scoring criteria were used).
Twenty-two studies!520:2430-32.36.38-404243.46-48.54.56.59-62 ;_
lized an adaptation night, 14 studies did not, and 2 studies®>
left this unspecified. For the medication status of the patients,
37 of the 38 studies reported that their patients were drug naive
or a wash out period was included before PSG examinations; 1
study*® did not report the medication status of their patients.
Thirty-six of the 38 studies utilized an OSA exclusion crite-
rion, while one®® did not utilize an OSA exclusion criterion
and one”® did not report whether they used an OSA exclusion
criterion. The quality assessments of the included studies are
provided in Table S7.

Comparison between RLS patients and controls: the
whole sample

In the whole sample, meta-analysis revealed significantly
decreased TST, SE, N2 percentage, REM sleep percentage, and
increased WASQO, stage shifts per hour, N1 percentage, REM
latency, AHI, and arousal index in RLS patients compared with
HCs (Table 2). There were no significant differences in SL,
awakenings number per hour, and slow wave sleep percentage
between RLS patients and HCs (P > .05).

For the LM parameters, RLS patients showed statistically sig-
nificant higher PI during NREM sleep, PI (total), PLMAIL PLMS
index, PLMS index during NREM sleep, PLMS index during
REM sleep, PLMS sequence duration, PLMS sequence number,
total LM index, total LM index during NREM sleep, and total
LM index during REM sleep compared with those in HCs.

Across all study findings, publication bias was only detected
by Egger’s test for the difference in PLMS index but not in any
other variable (Figure S1, Figure S2, Figure S3, Figure S4,
Figure S5, Figure S6, Figure S7, Figure S8, Figure S9, Fig-
ure S10, Figure S11, Figure S12, Figure S13, Figure S14,
Figure S15, Figure S16, Figure S17, and Figure S18 in the
supplemental material). After adjusting for publication bias
with the trim-and-fill method, there was still statistically signifi-
cant increased PLMS index (standardized mean difference =
1.654, 95% confidence interval: 1.094 to 2.214) in RLS patients
compared with HCs. It should be noted that, for LM parameters,
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we only performed Egger’s test for PLMS index, PLMAI,
PLMS sequence duration, PLMS sequence number, and total
LM index. Publication bias for the other LM parameters was
not estimated because of limited available data.

Moderator analysis

As shown in Table 3, moderator analyses revealed that sex
(male percentage), mean age, mean disease duration, mean
IRLSSG rating score, and mean PLMS index of the patients,
use of an adaptation night (Yes vs No), and PSG scoring meth-
ods (R&K vs AASM) did not significantly impact the differ-
ences in sleep architecture between RLS patients and controls
(P > .05). For LM parameters, moderator analyses were only
conducted for PLMS index and PLMAI because of limited
available data for other LM parameters.

All 31 included studies in the meta-analysis stated that their
patients were drug naive or had a wash out period before PSG
examinations. Thus, there were no drug effects on our meta-
analysis findings. After restricting the analyses only to studies
having an OSA exclusion criterion, the meta-analytic findings
in the whole sample analysis remained and did not show any
significant changes (P >.05).

Other parameters with insufficient data for
meta-analysis
For LM parameters, some parameters were only reported in 1
study. For instance, Ferri et al reported that bilateral LM index,*®
monolateral LM index,46 and duration of monolateral LM>! were
statistically significantly higher compared with those in HCs.

Ferri et al’® divided the LMs into 3 groups: LMs with intervals
< 10, 1090, or > 90 seconds. The number of LMs included in
each group was significantly increased in RLS patients compared
with HCs. The LMs with an interval of > 90 seconds steadily
occurred during the nighttime sleep, whereas the hourly distribu-
tion of LMs with intervals of 10-90 seconds or < 10 was bell-
shaped or decreasing in RLS patients or HCs, respectively.”® In
addition, LMs with an interval of < 10 seconds tended to show
constituted shorter sequences and shorter duration compared with
LMs with intervals of 10-90 or > 90 seconds.>

PSA data,>**>>! CAP parameters,'® sleep spindles,” and
K-complexes®® were also explored for possible differences
between RLS patients and HCs (Table S8). The number of
studies in these areas is limited and findings are inconsistent
between studies. For instance, Choi et al’' reported that the
delta-band power was significantly increased in RLS patients
compared to HCs, while Hornyak et al*® reported that spectral
power of all sleep epochs did not differ between groups. Fur-
thermore, Ferri et al'® reported that CAP rate is significantly
increased in RLS patients compared with HCs.

DISCUSSION

Summary of findings

To our knowledge, this is the first systematic review and meta-
analysis to report PSG changes in idiopathic RLS patients. The
results showed significantly decreased TST, SE, and REM
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sleep percentage, and increased WASO, stage shifts per hour,
N1 percentage, rapid eye movement sleep latency (REML),
AHI, arousal index, and various LM parameters in RLS patients
compared with HCs. We also explored the effects of some
demographic, clinical, and methodological characteristics (ie,
sex, age, disease duration, IRLSSG rating score, PLMS index,
use of an adaptation night, and PSG scoring method used) on
sleep changes in RLS, and the results did not reveal any signifi-
cant effects of these factors on our pooled effect sizes. Micro-
structure measures (ie, CAP) and sophisticated analyses (ie,
PSA) also have been used to define the sleep profile of RLS,
but the exact changes of CAP and EEG power spectra could not
be fully established due to the limited number of studies and the
methodological differences across studies.
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LM characteristics of RLS

Our meta-analysis confirmed the increased PLMS index in RLS
patients compared with HCs. However, increased PLMS index
is also commonly seen in patients with other sleep disorders,
such as rapid eye movement sleep behavior disorder (RBD)*
and narcolepsy.*® These findings suggested that, despite being
highly sensitive for RLS, the PLMS index might not be a unique
marker of RLS. The distributions of PLMS during a night’s
sleep may provide more information to clarify the specific char-
acteristics of LM in RLS.*° Comparing the PLMS index
between RLS patients and HCs during REM and NREM sleep,
respectively, our meta-analysis revealed a higher PLMS index
(41.41 vs 19.50) during NREM sleep compared with that during
REM sleep, suggesting that PLMS in RLS are concentrated in
NREM sleep. This is consistent with previous studies which
also reported that RLS patients are most likely to show PLMS
during the first half of their usual sleep period, in which NREM
sleep is dominant.>***"% By comparison, PLMS in RBD and
narcolepsy are mainly concentrated in REM sleep.”®***® The
REM preponderance of PLMS in narcolepsy and RBD com-
pared with NREM may reflect a more pathological condition in
narcolepsy and RBD, although previous studies have demon-
strated that dopaminergic transmission impairment abnormali-
ties may be responsible for the presence of PLMS in the 3
diseases (RLS, narcolepsy, and RBD).®”"7 The REM prepon-
derance of PLMS in narcolepsy and RBD has been suggested to
be due to the impaired mechanism responsible for motor inhibi-
tion during REM sleep in these diseases.®®*” On the other hand,
clinically, there were reduced responses to dopamine agonists
in narcolepsy and RBD compared with those in RLS,”"™"* sug-
gesting the strategy of management of PLMS in RLS should be
different from that of narcolepsy and RBD, a possibility that
might drive future study.

Although PLMS is very commonly seen (80.2%) in patients
with primary RLS, nearly 20% of primary RLS patients do not
show PLMS,'” suggesting the absence of association between
RLS and PLMS is not unusual. Recently, Bliwise et al’* also
reported no association between RLS and PLMS in patients
with Parkinson disease. These findings suggest that the PLMS
is not always a reliable indicator of RLS. Furthermore, the
PLMS index shows high night-to-night variability’”> indicating
that more stable LM parameters are needed. PI, a LM parameter

Includes Criterion
to Exclude OSA

obstructive sleep apnea, Pram

Disease Duration
(years)
NR
93+9
NR
NR
+
18.2 + 16.1

not reported, OSA

Rechtschaffen and Kales = S-SIT— = patients with RLS without sensory component, S-SIT+ = patients with RLS and sensory component. Empty table cells indicate data not available in

IRLSSG Score
N
NR
25.0 £ 4.0
NR
233+ 86

575
444 £ 15

59.0 £ 15.9
56 + 6

Mean Age
572 + 11.7
548 + 13.2
49.7 £ 8.3

49.0 + 14.9
443 + 16.3
589 + 125
449 + 13.1
435 + 143

33.3%
33.3%
37.0%
32.4%

40%
44.4%

46.9%
23.7%
100%
100%
44.4%
41.2%
International Restless Legs Syndrome Study Group, NR

Percentage Male

12 RLS
12 controls
72 RLS
34 controls
30 RLS
27 controls
64 RLS
38 controls
10 RLS
8 controls
18 RLS
17 controls

Sample Size

American Academy of Sleep Medicine, IRLSSG

Winkelman et al, 2014%°

Saletu et al, 2000%
Schilling et al, 2010%®
Sieminski et al, 2016
Thireau, 2017
Wetter et al, 2002%2

Study

Table 1—Study characteristics. (Continued)

syndrome, R&K
original study.
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reflecting LM periodicity, has been shown to have lower night-

changes in our study focused on quantitative sleep parameters
and further demonstrated disturbed objective sleep parameters
(eg, decreased N2, TST, and REM sleep, and increased N1 and

slow wave sleep, TST

leg movement, NREM

0 n
é 2] to-night variability and more stability compared to the PLMS
Sl € i index.””> Our meta-analysis found increased PI in RLS patients
~.l212|2| 8 g compared with HCs. PI in patients with RLS has also been
M~~~ |[© o = . .
2 i shown to be higher than that seen in narcolepsy and
38 RBD,****4¢ supporting the potential of PI to be a more sensi-
T = tive and specific marker of RLS than the PLMS index. How-
s 1L L n % ever, this does not mean that other LM parameters are not
o (28|83 % é clinically useful. A recent study has highlighted the changes in
Sigle|e| ® o heart rate associated with different types of LMs (ie, short-
32 interval LMs during sleep, PLMS, and isolated LMs during
25 g sleep) at all ages in RLS, which might constitute an essential
y e |2 % "a piece of knowledge in the ongoing scientific debate around the
_|gTlsIs EE % possibility and opportunity of treating PLMS.”®
Slelylv N X
2| AN | N | ~— :J>; Q—_:§ .
S|12|121212] o3 Sleep macrostructure changes in RLS
= B33 §E Based on patient self-reports, previous studies have indicated
) ) .. . .
» % o e E’ s & that a majority of RLS patients (94%) report sleep-onset insom-
< . . . .
S|8|x|s| é nia or numerous nocturnal awakenings.'” Objectively, PSG
~ ||~ |c o
[
b=}
o
©
]
=
Ll
o
g
Az
s
P
<]
w
S
=
3
o

for 1 night of sleep loss have also been demonstrated in RLS
patients.'®® These suggested that the sleep loss in RLS should
be carefully monitored.

The mechanisms underlying the PSG changes in RLS are
unclear. Given the high prevalence of PLMS in RLS, it could
be that the increased PLMS index may also impact sleep in
RLS patients. It has been suggested that PLMS in RLS may be
associated with a generalized EEG oscillatory pattern during
sleep, such as the CAP,"” an EEG marker of arousal instability
that recurs in NREM sleep.* PLMS in RLS may contribute to
disturbed sleep by generating arousal instability, especially dur-
ing NREM sleep. DelRosso et al reported increased awakening
time following movements in RLS patients compared with
HCs.®' Surprisingly, our meta-regression analysis did not
reveal any significant relationship between PLMS index and
any changes of sleep parameters in RLS (while the associations
between other LM parameters and sleep changes could not be
explored due to limited available data). This lack of an observed
association between the PLMS index and sleep changes may
have several explanations. First, PLMS occur mainly during
NREM sleep in RLS and CAP occurs only in NREM sleep. If
PLMS actually has an impact on sleep in RLS, then PLMS dur-
ing NREM sleep, but not during REM sleep, are those that
result in sleep changes in RLS. In our analysis, we examined
PLMS during overnight sleep (which merged components
of PLMS during NREM and REM sleep) to explore its associa-
tions with sleep parameters. The addition of PLMS during
REM may have confounded the PLMS during NREM

Y alw|lv|lo
2 S 23|8|2 %) WASO), clearly showing fragmented sleep with deterioration of
© S |O|—|N|— = A .
23 AR A n both REM and NREM sleep in RLS. The effects of chronic sleep
% loss on health outcomes have always been given great attention.
LEe For instance, chronic sleep deprivation, as in untreated RLS,
2 § could result in an increased risk of hypertension and diabetes or
s |B|Z|S |2 1 result in an impairment of sleep-dependent memory consolida-
222|123 tion.'®””"7? Prefrontal cognitive deficits similar to those reported
©
()
=

awakenings number, LM

96/65
96/65

No. of RLS/
229/115

Controls
37/29

standardized mean difference, SS

arousal index, AWN

periodic limb movements during sleep, Q

No. of
Comparisons
2
6
4
4

sleep latency, SMD

apnea-hypopnea index, Al

sleep efficiency, SL

Periodicity index (total) (events/h)
Total LM index during NREM sleep (events/h)
Total LM index during REM sleep (events/h)

Total LM index (events/h)

Table 2—Summary of meta-analysis results comparing RLS patients and controls. (Continued)

during sleep associated with arousal index, PLMS

*P<.05,*P<.01, **P<.001. AHI
restless legs syndrome, SE
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association with disturbed sleep in RLS. Thus, a better parameter
that should be used to test this association is the PLMS index dur-
ing NREM sleep, rather than that of NREM and REM combined.
Second, the possible association between the PLMS index and
sleep changes was impacted by the intermovement intervals
(IMI) of LM. Emerging evidence suggests that LM with IMI <
10 s were possibly associated with the level of sleep disruption,
while LMs with IMI ranging from 10 to 90 s informed mainly on
the sensorimotor component of RLS.** In the current systematic
review, we did not explore a meta-regression to test the associa-
tions of the PLMS index during NREM with sleep changes or the
effects of IMI on the associations between the PLMS index and
sleep changes in RLS because of limited available data.

PSA and CAP

Previous studies also explored changes in EEG frequency com-
ponents, which tried to provide important neurobiological
insight into RLS and its clinical relevance. Ferri et al*” reported
increased EEG alpha and beta bands and/or beta/delta ratio in
RLS compared with HCs during the sleep onset period (the 10-
minute period centered with the occurrence of the first sleep
spindle in the EEG), supporting a hypothesis regarding the pres-
ence of a hyperarousal state in RLS during this period.

Furthermore, Choi et al’' reported increased delta-band
power in RLS patients compared to HCs, and the delta-band
power was significantly associated with the RLS severity score
in RLS patients prior to treatment. This seems counterintuitive
because of our prior conceptualized notions of increased pres-
ence of PLMS during light NREM sleep, and not necessarily
during deeper “slow wave” sleep in RLS.?%*24¢ However, it
should be noted that the delta rhythm, especially during the
deep NREM sleep stage, has been suggested to be an important
indicator of the sleep homeostatic process.* Generally, a com-
pensatory increase in slow wave activity is found after a period
of sustained wakefulness and a decrease after sleep.®**> There-
fore, the increased delta-band power in RLS and its associations
with RLS severity score found by Choi et al®' may reflect an
increased demand for homeostatic regulation because of corti-
cal hyperexcitability during wakefulness resulting from RLS
symptoms.5 !

These findings suggested that exploring changes in EEG fre-
quency components in RLS may be useful for understanding
the underlying electrophysiological mechanisms of the disease,
and for exploring possible biomarkers and potential targets for
more effectively treating RLS. However, at present, due to the
limited number of available studies and methodological differ-
ences across studies, it cannot be determined which EEG fre-
quency component may be a unique marker of RLS.

In addition to macroscopic changes in sleep, microscopic
changes (ie, CAP) are also promising parameters for examina-
tion.*® Emerging evidence suggests that CAP parameters, may
be better associated with self-reported RLS symptoms com-
pared to traditional sleep architecture variables,'” and may have
a role in the cognitive dysfunction reported in patients with
RLS.""* However, only 1 study has reported on CAP in RLS."?
The limited evidence makes it impossible to draw conclusions
with confidence.
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Limitations

The present review has limitations. First, some factors, such as
depression and anxiety, which potentially could influence PSG
changes in RLS, could not be explored due to limited available
data. Second, although almost all of the included studies utilized
an OSA exclusion criterion, the exact criterion varied across
studies (eg, AHI > 5 or 15 events/h, etc.) with some studies fail-
ing to include any detail beyond stating that OSA was excluded.
This may potentially bias our findings. Third, although many
LM parameters were meta-analyzed to reveal LM features, some
parameters (ie, PI during NREM and REM sleep, and isolated
LM duration) were not always reported, with the result that
meta-analyses for these parameters may be underpowered. These
specific and potentially informative parameters deserve future
attention for the valuable information they may provide about the
nature of RLS. Fourth, other factors, such as discomfort wearing
PSG devices and variations in sleep recording schedule across
sleep labs may also potentially contribute to heterogeneity across
studies and impact our pooled effect sizes.

In conclusion, the current meta-analysis demonstrates multi-
ple significant PSG-determined sleep and LM abnormalities in
patients with idiopathic RLS compared with HCs. Surprisingly,
the PLMS index was not associated with sleep changes in RLS.
The present systematic review also suggested that studies using
more stable LM parameters (ie, PI, IMI of LM, and time distri-
bution of LM throughout the night) are warranted to provide
more reliable objective measure of PLMs in RLS, facilitate bet-
ter understanding of the natural/characteristics of LM in RLS,
and optimize management of the disorder. Finally, current evi-
dence is too limited to make meaningful statements about PSA
and CAP in RLS despite their potential to reflect the underlying
neurobiology of the disease.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine

AHI, apnea-hypopnea index

CAP, cyclic alternating pattern

EEG, electroencephalogram

IMI, inter-movement intervals

IRLSSG, International Restless Legs Syndrome Study Group

LM, leg movement

NREM, non-rapid eye movement

OSA, obstructive sleep apnea

PI, periodicity index

PLM, periodic leg movements

PLMAL, periodic leg movements during sleep associated with
arousal index

PLMS, periodic limb movement during sleep

PSA, power spectral analysis

PSG, polysomnography

R&K, Rechtschaffen and Kales

RBD, REM sleep behavioral disorder

REM, rapid eye movement

RLS, restless legs syndrome

SE, sleep efficiency

SL, sleep latency
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S8, stage shift
TST, total sleep time
WASO, wake time after sleep onset
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