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Study Objectives: The aim of this study was to investigate the prevalence and characteristics of periodic limb movements during sleep (PLMS) in Korean

patients with restless legs syndrome (RLS).

Methods: Unmedicated adult patients with idiopathic RLS (n = 354) who underwent polysomnography at three major sleep centers in tertiary hospitals were
included. Characteristics of PLMS in RLS were analyzed using the time structure of polysomnographically recorded leg movements and periodicity indices

(Pls). RLS severity and subjective sleep quality were assessed.

Results: Out of 354 patients with idiopathic RLS (mean age: 52.9 + 12.0 years), 150 patients (42.3%) had RLS with a PLMS index greater than 15 events/h,
and 204 (57.9%) had a PLMS index greater than 5 events/h. The distribution of inter-LM intervals was bimodal, and high Pls (0.86 + 0.10) were observed

in patients with RLS and PLMS (PLMS index > 15 events/h). The PLMS index was positively correlated with age (r = 0.228; p < 0.001), the periodic limb
movements in wakefulness index (r = 0.455, p < 0.001) and arousal index (r = 0.174, p = 0.014), but not with RLS severity and parameters of sleep quality. In
multivariate analysis, age and male gender were independently associated with PLMS > 15 events/h.

Conclusions: The prevalence of PLMS in Korean patients with RLS was lower than that observed in Western countries, but the characteristics of PLMS were
not different. Ethnic differences and/or different genetic backgrounds may contribute to the varying prevalence of PLMS in RLS.
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INTRODUCTION

Periodic limb movements during sleep (PLMS) are a sleep-
related phenomenon, with periodic episodes of repetitive ste-
reotypical movements of the extremities.' Based on a study in
North America, 80% to 90% of patients with restless legs syn-
drome (RLS) have PLMS? hence, PLMS is closely associated
with RLS.? The therapeutic effects of dopamine agonists on
RLS and PLMS support the hypothesis that RLS and PLMS
are associated with similar alterations in the dopaminergic
system.** Therefore, PLMS may be an endophenotype of RLS,
and the presence of PLMS may improve the diagnostic accu-
racy of RLS.

The prevalence of PLMS has been reported to differ between
ethnic groups; indeed, PLMS has been shown to be signifi-
cantly more prevalent among Caucasian children than among
African American children.” A genome-wide association study
showed a significant association between an intron of B7TBD9Y
on chromosome 6p and PLMS in the Icelandic population.®
These data suggest that the presence of PLMS in RLS may be
influenced by ethnic or genetic factors. In a small study involv-
ing Korean adult patients with RLS, we found that only 41.8%
of subjects had a PLMS index greater than 15;° this prevalence
is lower than that previously reported.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Although it is generally
known that restless legs syndrome (RLS) is associated with
periodic limb movements during sleep (PLMS) in up to 90%, current
knowledge of prevalence of PLMS in RLS is limited, especially in
Asia. Therefore, we investigated prevalence and characteristics of
PLMS in Korean patients with RLS.

Study Impact: The prevalence of PLMS in Korean patients was
lower than that reported in patients from western countries, whereas
independent factors associated with PLMS and the characteristics
of periodic limb movement structure were not different from those in
patients from western countries. The low prevalence of PLMS in the
Korean population may be explained by genetic factors, including
ethnic and gender differences.

We hypothesized that the prevalence of PLMS in Korean
patients with RLS differs from those in patients from western
countries. To address this issue, we investigated the prevalence
of PLMS in a large sample of Korean adult patients with RLS,
and determined the characteristics of motor phenomena with
night distribution of PLMS in RLS. Additionally, we assessed
whether PLMS affected the quality of sleep using the Pitts-
burgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale
(ESS), Insomnia Severity Index (ISI), and polysomnography
(PSG) parameters.
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METHODS

Patients

This was a retrospective review of unmedicated adult patients
with idiopathic RLS who underwent one-night polysomnogra-
phy (PSG) at 3 major sleep centers in tertiary Hospitals from
July 2006 to January 2014. The study was approved by the in-
stitutional review board of each institution. Patients were in-
cluded in the analysis if they (1) met the International Restless
Legs Syndrome Study Group (IRLSSG) diagnostic criteria,*
(2) were > 18 years of age at the time of diagnosis, and (3)
were examined by PSG when not under any treatment for RLS.
Patients were excluded if they had (1) obstructive sleep apnea
on PSG (apnea-hypopnea index [AHI] > 10 events/h); (2) other
specific sleep disorders (e.g., narcolepsy, REM sleep behav-
ior disorder) associated with PLMS; (3) secondary causes of
RLS including iron deficiency, pregnancy, neuropathy, mul-
tiple sclerosis, or renal failure, or took medications that caused
or exacerbated RLS; or (4) disorders with symptoms similar
to RLS, such as positional discomfort, leg cramps, essential
tremor, parkinson disease, neuroleptic-induced akathisia, vas-
cular claudication, neurogenic claudication, myelopathy, and
arthritis. We confirmed if the RLS patients had exclusion crite-
ria (3) and (4) through examining previous electronic medical
records (EMRs). We defined those who had RLS with a PLMS
index > 15 events/h as a patient with RLS and PLMS, which
was consistent with ICSD-3 criteria.”” To investigate the char-
acteristics of the RLS with PLMS group, we compared the data
with a control group, including patients who had RLS with-
out PLMS (PLMS index < 15 events/h), and age- and gender-
matched non-RLS patients (insomnia, n = 136; sleep breathing
disorder, n = 224; REM sleep behavior disorder, n = 2) who
underwent a PSG at 3 sleep centers were analyzed.

PSG records and EMRs were used to acquire baseline de-
mographics, including age, the family history of RLS, onset
age, gender, body mass index, initial serum ferritin levels, and
sleep parameters of each patient. However, clinical details
such as the family history of RLS, onset age and serum ferritin
levels were not available from some of the patients.

Polysomnography

PSG assessments included electroencephalogram (EEG; C3/
A2, C4/A1, F3/A2, F4/A1, O1/A2, and O2/Al), left and right
electro-oculograms, submental electromyogram (EMG), su-
perficial EMG of both the anterior tibialis muscles, and electro-
cardiogram. Airflow (nasal flow pressure sensor and oronasal
thermistor), chest and abdominal breathing efforts, and trans-
cutaneous oximetry were monitored in all patients in the single
overnight session.

Sleep stage was scored in 30-s epochs according to the stan-
dard criteria described by the American Academy of Sleep
Medicine manual for scoring sleep."" Periodic leg movements
were scored according to World Association of Sleep Medi-
cine/IRLSSG criteria.'? In brief, limb movements were scored
if they were 0.5-10 s long and had an EMG amplitude > 8 pV
above the resting EMG; periodic limb movements were scored
if the limb movements occurred as part of a series of > 4,
with 5-90 s between each movement in a series. As per the
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International Classification of Sleep Disorders, a PLM index
(PLMI) > 15 events/h was considered abnormal.”* PSG param-
eters were calculated as follows: total sleep time (TST), time
spent in any sleep stage during the sleep period; sleep latency,
time from “lights out” until the first epoch of any sleep stage
excluding sleep stage 1; REM sleep latency, time from sleep
onset until the first epoch of REM sleep; sleep efficiency (SE),
percentage of TST during time in bed; Total arousal index,
number of arousals per hour of TST; PLMS index, number of
PLM during sleep per hour of TST; and periodic limb move-
ment during wakefulness (PLMW) index, number of PLM
during wakefulness per hour of wake time; PLM-arousal index,
PLM associated with arousals per hour.

Analysis of Leg Movement (LM) Architecture

We analyzed the LMs in detail, including the periodicity of the
motor phenomenon, using methods described by Ferri et al."
with all PSG records from one hospital. LMs were detected
by experienced technicians using the World Association of
Sleep Medicine/IRLSSG criteria.'> As mentioned above, LMs
were included when the EMG amplitude increased to 8 uV, and
the endpoint was when the amplitude decreased to less than 2
uV above the resting level and remained below that value for
0.5 s. LM interval was defined as the time between onsets of
2 subsequent LMs. The number of inter-movement intervals
that were 10—90 s long and in sequences of > 3 was divided by
the total number of intervals to yield the periodicity index (PI);
this index can vary between 0 (absence of periodicity, with
none of the intervals between 10 and 90 s long) and 1 (com-
plete periodicity, with all intervals between 10 and 90 s long).
In addition, we investigated the distribution of PLM per hour
of sleep during the first 8-h sleep period using PSG records of
10% of patients randomly chosen from each group (RLS with
and without PLMS index > 15 events/h) using the “Random-
ized” program (http://www.randomized.com/) with the above
PSG records.

Scales

For assessing the severity of RLS, we used the Korean ver-
sion of the International Restless Legs Syndrome Rating Scale
(IRLS) scores.® We used all Korean versions of the PSQL"¢
ISL"” and ESS'™ for evaluating the sleep quality and daytime
sleepiness. We identified good sleepers and poor sleepers via
PSQI using a cutoff value > 5 points."”

Statistical Analysis

Statistical analyses were performed using SPSS for Windows
(version 21.0; SPSS Inc., Armonk, NY, USA). Categorical data
were compared using the y? test and Fisher exact test. Continu-
ous variables were presented as mean + standard deviation or
median + interquartile range and they were compared using
the independent Student t-test and the Mann-Whitney U test.
The logistic regression model was used to assess the inde-
pendent factors between demographics and PLMS index > 15
events/h. Associations between the variables were determined
using nonparametric partial correlation with Spearman rank
correlation. Differences or associations with p values < 0.05
were considered statistically significant.
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Table 1—Comparison of clinical characteristics and sleep parameters between the RLS only group and the RLS with PLMS

group.

Variables Total (n = 354) PLMS- (n = 204) PLMS+ (n = 150)* p value
Age (years) 52.95+12.00 50.86 £ 12.61 55.78 +10.52 <0.001
Sex, male, n (%) 120 (33.9) 57 (27.9) 63 (42.0) 0.006
Age of onset (years) (information from 327 patients)

<45,n (%) 173 (52.9) 109 (58.9) 64 (45.1) 0.014
Duration of illness (years) 4.66 +8.32 3.94+743 559 +9.29 0.083
Family history (information from 291 patients)

+,n (%) 87 (29.9) 52 (31.1) 35(28.2) 0.607
BMI (kg/m?) 23.81+£9.16 23.84 £ 11.58 23.77 £4.04 0.945
IRLS 26.21£7.96 26.23 £8.29 26.19+7.44 0.967
PSQl = 6, n/total n (%) 328 (92.6) 190 (93.1) 138 (92.0) 0.967
ESS 6.52 +4.40 6.43+4.25 6.64 +4.61 0.667
IS 16.38 £6.21 16.93 £6.21 15.63 £6.17 0.094
Ferritin (mcg/L) (IQR) (from 316 patients) 48.91 (27.55-85.01) 47.9(28.4-70.7) 51.2 (23.6-119.1) 0.264

Ferritin < 50, n (%) 161 (50.9) 95( 52.5) 66 (48.9) 0.570
Polysomnography

Total sleep time (min) 327.81 £ 81.58 325.92 + 87.63 330.38 £72.76 0.601

WASO (min) 79.53 £62.20 83.68 £ 61.71 74.27 £ 62.62 0.151

Sleep efficiency (%) 7512 £17.03 73.81+£17.75 76.90 + 15.89 0.092

Sleep latency (min) 21.11 £ 30.06 24.88 +33.79 16.0 £23.24 0.004

REM latency (min) 117.59 £ 71.01 117.9+£68.0 M717 £75.14 0.924

TWT (min) 107.75 £ 73.43 113.23 £ 74.74 100.29 £ 71.17 0.101

Sleep stage 1 (%) 16.26 £ 9.46 15.80 £+ 10.08 16.90 £ 8.52 0.280

Sleep stage 2 (%) 44.85 £ 33.99 46.54 £ 43.58 42.56 = 11.87 0.278

Slow wave sleep (%) 20.70 £ 11.33 21.27 £ 11.54 19.91 + 11.03 0.264

REM sleep (%) 20.08 + 8.42 19.88 £9.21 20.35+7.24 0.597

Total arousal index (events/h) 18.58 + 13.79 15.65 + 11.68 22.57 £15.39 <0.001

AHI (events/h) 2.38+2.95 228295 251+294 0472

RDI (events/h) 4.64 £5.96 431+£578 5.09+6.18 0.222

PLMS index (events/h) 22.19 £ 30.01 323+4.31 47.99 £ 30.76 <0.001

PLMW index (events/h) 12.59 + 22.65 9.29 +20.78 17.02 + 24.32 0.001

PLM-A index (events/h) 4.36 +7.44 1.26 +£4.03 8.58 £8.82 0.001

*PLMS+ group had PLMS index greater than 15. Statistical significance (bold type) was set to p < 0.05. RLS, restless legs syndrome; PLMS, periodic limb
movements during sleep; BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index;
IRLS, international restless legs syndrome scores; WASO, wake after sleep onset; TWT, total wake time; AHI, apnea-hypopnea index; RDI, respiratory
disturbance index; PLMW, periodic limb movements during wakefulness; PLM-A, PLM-associated with arousals.

RESULTS

Demographic Characteristics

Table 1 shows the characteristics and sleep parameters of all
patients. A total of 440 patients were diagnosed with unmedi-
cated idiopathic RLS, and 354 patients satisfied all the inclu-
sion criteria. Of 440 patients, 83 patients who had an AHI > 10
were excluded. Additionally, 3 children were excluded. The
mean age at onset was 52.9 + 12.0 years, and the proportion
of women (66.1%) was higher than that of men (33.9%). A total
of 173 of 327 (52.9%) patients were classified as having the
early onset form of RLS (age of onset < 45 years), and 87 of
291 (29.9%) patients had a family history of RLS. There was no
statistical difference in basal characteristics in the three sleep
centers (data not shown).
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Out of 354 patients, 62.5% had moderate to severe insomnia
(ISI > 11), 77% had severe RLS (IRLS > 21), and 92.6% were
poor sleepers. The PSG parameters showed low mean sleep ef-
ficiency (75.12% + 17.03%) and high values of mean wake after
sleep onset (WASO; 79.53 + 62.20 min).

Prevalence and Clinical Features of PLMS > 15 events/h
in RLS

Two hundred five (57.9%) patients had PLMS indices > 5, and
150 (42.3%) met the criterion of > 15. With the cutoff value of
PLMS set as > 15, patients with PLMS were older (55.78 + 10.52
years in patients with PLMS versus 50.86 + 12.61 years in pa-
tient without PLMS; p < 0.001), with a higher proportion of
the late onset phenotype (54.9% in patients with PLMS ver-
sus 41.1% in patients without PLMS; p = 0.014), and a higher

Journal of Clinical Sleep Medicine, Vol. 12, No. 8, 2016
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Figure 1—Comparison of distributions of inter-leg movement intervals in patients with restless legs syndrome.
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Comparison of the distributions of inter-leg movement intervals in patients with restless legs syndrome (A) with PLMS (PLMS index > 15 events/h, n = 36)
and (B) without PLMS (PLMS index < 15 events/h, n = 48). Values are shown as mean (columns) and standard error of the mean (whiskers). PLMS, periodic

limb movements during sleep.
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(A) PLMS index and (B) periodicity index in patients with restless legs
syndrome with PLMS (PLMS index greater > 15 events/h, n = 36) and
without PLMS (PLMS index < 15 events/h, n = 48). Values are shown
as mean (columns) and standard error of the mean (whiskers). RLS,
restless legs syndrome; PLMS, periodic limb movements during sleep.

proportion of men (42.0% in patients with PLMS versus 27.9%
in patients without PLMS; p = 0.006). The duration of illness
was longer in the group with PLMS, although this difference
was not statistically significant. The median ferritin levels and
the proportion of patients with low ferritin levels (serum fer-
ritin < 50 mcg/L) were not different between in the group with
and without PLMS in RLS patients (Table 1).
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In addition, we investigated the association of a PLMS in-
dex > 15 events/h in RLS patients and demographics using the
multiple variable logistic regression analysis, and the signifi-
cantly independent factors for PLMS in RLS were age (OR:
1.035 (1.00-1.06), p = 0.010) and male gender (OR 2.107 [1.14—
3.87], p=0.017) (Table S1 in the supplemental material).

In non-RLS control patients (122 men, 240 women, mean
age 53.75 + 11.33 years), 19.6 % had PLMS indices greater than
5 and 11.9 % had indices > 15, and age was positively correlated
with PLMS index (r = 0.167, p = 0.001). However, gender differ-
ence was not seen in controls with a PLMS index > 15 events/h.

Characteristics of LM Structure and Night Distribution

The distribution of inter-LM intervals in patients with and with-
out PLMS is shown in Figure 1. In patients with PLMS, abimodal
distribution of intervals was observed, with peak occurrences at
intervals of 1-2 s and 18-22 s. In contrast, in patients without
PLMS, there were no patterns, and the inter-LMs intervals were
widely distributed. As we compared the distribution of inter-
vals between patients with and without PLMS, we investigated
the median value of inter-LM intervals in the PSG data of each
patient with weighted statistics that gave equal weight to each
patient and used the Mann-Whitney U test, and found a statisti-
cally significant difference between the two groups (p = 0.028)
(Figure S1 in the supplemental material). Moreover, we found
that the mean PI was significantly higher for patients with PLMS
than patients without PLMS (0.86 + 0.10 in patients with PLMS
versus 0.37 + 0.29 in patients without PLMS; p < 0.0001; Fig-
ure 2). Additionally, we investigated the distribution of the
number of PLM per hour of sleep for the first 8 h in patients
with and without PLMS. Patients with PLMS were most likely
to have PLM during the first half of the sleep period and showed
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Figure 3— Comparison of the distributions of the number of periodic limb movements per hour in patients with restless legs

syndrome.
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Comparison of the distributions of the number of periodic limb movements per hour of sleep for the first 8 h in patients with restless legs syndrome (A) with
PLMS (PLMS index > 15 events/h n = 47) and (B) without PLMS (PLMS index < 15 events/h, n = 61). Values are shown as mean (columns) and standard
error of the mean (whiskers). RLS, restless legs syndrome; PLMS, periodic limb movements during sleep.

a progressively decreasing number of PLM per hour of sleep
throughout the night (Figure 3). However, patients with a PLM
index < 15 showed an even distribution throughout the night.
Using a repeated-measures ANOVA and the Bonferroni method,
the difference between the 2 groups showed a significant effect
for both Group (p = 0.001) and Hour factors (p < 0.001); their
interaction was also significant (p < 0.0001).

Relationship between Sleep Parameters and PLMS
Severity

Patients who had PLMS had a shorter sleep latency and higher
total arousal indices, including PLM-arousal indices, com-
pared with those without PLMS. ESS and ISI scores did not
differ significantly between the 2 groups (Table 1).

Tables 2 and 3 show correlations between the PLMS index
and demographics with sleep parameters, including IRLS. Af-
ter adjusting for age, the PLMS index was positively correlated
with arousal (total arousal index, » = 0.207, p = 0.003; PLM-
arousal index, = 0.774, p < 0.001) and PLMW index (r = 0.774,
p < 0.001). However, the PLMS index was not correlated with
parameters representing sleep quality or quantity, and sever-
ity of RLS. On the other hand, the IRLS score was positively
correlated with the ESS and ISI. In addition, as the IRLS score
increased, the proportion of slow wave sleep decreased signifi-
cantly, and TST and SE tended to decrease.

DISCUSSION

In this study, we showed that the prevalence of PLMS in
Korean adult patients with RLS was lower than that reported
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Table 2—Spearman rank correlation between the clinical
characteristics and PLMS index.

Controlling forAge ~ PLMSI IRLS ESS ISI
R 1 0052 0018 -0.079

PLMSI p 0467 0797 0.267
R ~0.052 1 0471 0.509

RS p 0467 0016 0.000
R 0018 0471 1 0010

) 0797  0.016 0.885

s R 0079 0500 0010 1
3 0267 0000  0.885

Significant correlations are shown in bold type. PLMSI, periodic limb
movements during sleep index (events/h); ESS, Epworth Sleepiness
Scale; ISI, Insomnia Severity; IRLS, international restless legs syndrome
SCores.

in patients from western countries through the data of three
major sleep centers in different areas of Korea. The proportion
of patients having RLS with a PLMS index greater than 5 was
57.9%, while that for patients with a PLMS index greater than
15 was 42.3%. This is the first study investigating the preva-
lence of PLMS in a large number of adult patients with RLS
in Asia.

Montplaisir et al. reported the characteristics of PLMS in
133 patients with RLS from PSG recordings; 82.2% of their pa-
tients had a PLMS index greater than 5 in a one-night PSG?;
thus, the prevalence of RLS was much higher than that in our
study. While we did not observe any difference in the mean
age in our study, the proportion of men was higher than that
in our study (47.3% in the study by Montplaisir versus 33.9%

Journal of Clinical Sleep Medicine, Vol. 12, No. 8, 2016



JW Shin, YS Koo, BU Lee et al. Periodic Limb Movements during Sleep in RLS

Table 3—Partial correlation with Spearman rank correlation between the polysomnographic findings and PLMS index.

Controlling for Age PLMSI PLMWI IRLS TST WASO SE

PLMSI R 1.000 0.774 -0.052 0.039 -0.048 0.052

P 0.000 0467 0586 049 0.467

PLMWI R 0.774 1.000 0.026 -0.043 0.031 -0.060

P 0.000 0716  0.544 0.664 0.399

RLS R -0.052 0.026 1.000 -0.136 0.116 -0.128

P 0.467 0.716 0.056 0.103 0.073

ST R 0.039 -0.043 =-0.136 1.000 =0.726  0.904

P 0.586 0.544  0.056 0.000  0.000

R -0.048 0.031 0116 =0.726  1.000 -0.884

WASO P 049 0664 0.103 0.000 0.000

SE R 0.052 -0.060 =-0.128 0.904 -0.884 1.000
P 0467 0399 0.073 0.000 0.000

sL R -0.107 -0.049 0.060 =-0.494 0.208 -0.500

P 0.131 0489 0.401 0.000 0.003 0.000

RL R 0013 0072 -0.023 =0.217 0.272 -0.282

P 0.854 0309 0.743 0.002 0.000 0.000

N1 R 0.099 0.233 0.092 =-0.379 0.486 -0.438

P 0.164  0.001 0.198  0.000 0.000 0.000

N2 R -0.007 0.016 0101 0.072 0.023 0.016

P 0919 0820 0.155 0312 0746 0.818

N3 R -0.050 -0.093 =-0.172 0.021 =-0.142 0.085

P 0482 0.190 0.015 0.767 0.045 0.233

R R 0.005 -0.095 -0.036 0.264 -0.323 0.311

P 0941 0.181 0.614 0.000 0.000 0.000

SL RL N1 N2 N3 R Arl  PLM-AI

-0.107  0.013 0.099 -0.007 -0.050 0.005 0.207 0.774
0.131 085 0.164 0919 0482 0941 0.003 0.000
-0.049 0072 0233 0.016 -0.093 -0.095 0.473 1.000
0489 0309 0.001 0820 0190 0.181 0.000 0.000
0.060 -0.023 0.092 0101 -0.172 -0.036 0.039 0.026
0401 0.743 0198 0.155 0.015 0.614 0.581 0.716
-0.494 -0.217 -0.379 0.072 0.021 0.264 -0.181 -0.043
0.000 0.002 0.000 0312 0.767 0.000 0.010 0.544
0.208 0.272 0.486 0.023 -0.142 =-0.323 0.212 0.031
0.003 0.000 0.000 0.746 0.045 0.000 0.003 0.664
-0.500 -0.282 -0.438 0016 0.085 0.311 -0.189 -0.060
0.000 0.000 0.000 0.818 0.233 0.000 0.008 0.399
1.000 0108 0.005 -0.028 0.059 -0.078 -0.110 -0.049
0130 0949 0690 0409 0275 0123 0489

0.108  1.000 0.175 0.223 -0.157 =-0.272 0.140 0.072
0.130 0.013  0.002 0.027 0.000 0.049 0.309
0.005 0.175 1.000 -0.067 =-0.376 =-0.291 0.634 0.233
0.949  0.013 0.350  0.000 0.000 0.000 0.001
-0.028 0223 -0.067 1.000 =-0.650 =-0.490 -0.090 0.016
0.690 0.002 0.350 0.000 0.000 0205 0.820
0.059 -0.157 -0.376 =-0.650 1.000 0.089 =-0.229 -0.093
0.409  0.027 0.000 0.000 0213  0.001 0.190
-0.078 -0.272 -0.291 -0.490 0.089 1.000 -0.078 -0.095
0275 0.000 0.000 0.000 0.213 0.274  0.181

Significant correlations shown in bold type. PLMSI, periodic limb movements during sleep index (events/h); PLMWI, periodic limb movements during
wakefulness index (events/h); TST, total sleep time (min); WASO, wake after sleep onset (min); SE, sleep efficacy (%); SL, sleep latency (min); N1, stage
1 sleep (%); N2, stage 2 sleep (%); N3, slow wave sleep (%); R, REM sleep (%); Arl, arousal index (events/h); PLM-Al, PLM-associated with arousals

(events/h).

in this study). Therefore, the lower proportion of men in our
study compared with that in the study by Montplaisir may have
contributed to the lower prevalence of PLMS in our study. In
general, the number of women suffering from RLS is twice as
high as the number of men suffering from RLS for all popu-
lation groups and ages.?® However, in various epidemiological
studies on RLS from different countries, the proportion of men
with RLS has been variable: 31.7% to 41.2% in some European
studies and 35.5% to 41% in South Korea and Japan.?! Moreover,
higher proportions of men have been reported in the USA and
Canada (50% and 43.3%, respectively).?! Considering the dif-
ferent proportion of men and a gender as independent factor
for PLMS index > 15 events/h, gender itself may be one of the
factors contributing to the prevalence of PLMS in RLS patients.

Recent studies have reported significant ethnic differences
in the prevalence of PLMS in patients with RLS. Koo et al.
evaluated the associations of the incidence of cardiovascular
disease with PLMS in 2,911 men, reporting that high-PLMI
categories were associated with Caucasian race.”? A study in-
vestigating the sequence variants contributing to RLS found
that an allele of rs3923809 in an intron of BTBDY on chro-
mosome 6p21.2 was associated with susceptibility to PLMS.
This mutation showed no association with patients having
RLS without PLMS but was strongly associated with patients
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having PLMS without RLS symptoms.® Interestingly, the num-
ber of Icelandic subjects who had the A allele of rs3923809 was
873 out of 943 (92.5%), while the number of Korean subjects
who had this variant was 235 of 317 (74.2%).” In addition, con-
sidering the allele frequency of r$3923809 in BTBDY, Icelandic
patients with RLS have a much higher allele frequency than
patients from other European countries.”* An another recent
study showed stronger association with polymorphisms in
TOX3/BC034767, MEISII, MAP2K5/SKORI, and PTPRD as
well as BTBDY in subjects with PLM without RLS symptoms.*
Thus, there was greater genetic association with PLMS rather
than RLS, and this genetic difference may contribute to the
lower prevalence of PLMS in Korean patients with RLS.

We analyzed the motor phenomenon of PLM in RLS using
PI and inter-LM intervals, and found that the pathologic PLMS
(defined as PLMI > 15 events/h) in RLS had high periodicity.
Moreover, we showed that the number of PLM was detected
mostly during the first half of the sleep period. These results
were similar to those reported by Ferri et al.'** Although the
prevalence of PLMS in patients with RLS differed among coun-
tries and was affected by genetic factors, the characteristics of
PLMS in patients with RLS were not different. In addition, the
characteristics of PLM in patients having RLS without PLMS
(PLMI < 15) were similar to those of PLM in normal subjects,
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as reported by Ferri.'" Therefore, the pathogenic mechanisms
in patients having RLS with pathologic PLMS may differ from
those in patients having RLS without PLMS.

The relationship between sleep disturbance and PLMS in
patients with RLS is controversial.?”?* In our study, PLMS was
associated with increased arousal index and shorter sleep la-
tency. As the ESS, ISI, and PSQI were not associated with the
PLMS index, we suggest that PLMS is not an important fac-
tor contributing to sleep disturbance in RLS. However, we be-
lieve the trend towards increased PLM related arousal events
suggests the reduced sleep latency in patients with PLMS
may reflect a slight increase in sleep pressure caused by sleep
fragmentation, although it did not have a clinical effect. The
severity of RLS (i.e., IRLS score) was associated with sleep
quality including insomnia and decreased slow wave sleep
in our data. A recent study using proton magnetic resonance
spectroscopy showed that a significant increase in the thalamic
glutamatergic activity could produce hyperarousal in patients
with RLS, and increased glutamatergic activity was correlated
significantly with sleep parameters representing arousal sleep
disturbance, with the exception of the PLMS index.? There-
fore, sleep problems in patients with RLS may be due to RLS
severity rather than PLMS.

In our study, age and male gender were independent factor
for PLMS index > 15 events/h in RLS patients. This result
consistent with two recent studies that investigated the preva-
lence and determinants of PLM in a general population.’®3!
Ferritin did not show any correlation with PLMS in our results.
In the abovementioned two studies, results of relationship be-
tween ferritin and PLMS index were different from each other.
One study showed a similar result to our study in multiple
variable logistic analysis.*® The other study showed that low
ferritin was associated with PLMS index > 15 events/h, after
adjusting C-reactive protein levels, age, and gender. However,
the effect size was small, predicting an increase of 0.0034
PLM events/h for the decrease of every 1 ng/mL of ferritin.¥!
Another genetic study has demonstrated that serum ferritin
levels were decreased by 13% per allele of the at-risk vari-
ant in PLMS.® Considering conflicting results, further clinical
studies are needed.

RLS severity was not an independent factor for PLMS > 15
events/h in the patients with RLS and didn’t show correla-
tion between PLMS index and IRLS in our study. PLMS is
considered as an important biomarker of RLS and is closely
associated with RLS. However, relationship between two fac-
tors was controversial in some studies.?*?7* Therefore, this
issue is also an important problem to be solved in the future.
Although PLMS index was not correlated with RLS severity,
the PLMS index was positively correlated with the PLMW
index in our data. This finding could support that the multiple
suggested immobilization test would be useful in the future
to confirm diagnosis and identify daytime symptoms in RLS
patients.®

Considering our results that PLMS is less prevalent in the
Korean RLS population, and there are no effects on sleep
parameters and no relationship with the severity of RLS, we
postulate that PLMS is a “genuine” disorder with an ascer-
tainable phenotype. PLMS might simply represent a marker of
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increased sympathetic output.***” This can explain why other
sleep disorders including sleep apnea, which generate auto-
nomic instability, are risk factors for PLMS.*® Recent stud-
ies have suggested PLMS with or without RLS as a marker
of autonomic stress and a risk factor for cardiovascular disor-
ders.”>¥ Considering the low prevalence of PLMS in Korean
RLS population, Korean patients with RLS might have lower
cardiovascular risk than those in Western countries.

Our study has some limitations. First, as this is a retrospec-
tive study, we had no choice but to apply the 2003 IRLSSG di-
agnostic criteria for RLS in our inclusion criteria. Most recent
IRLSSG diagnostic criteria additionally include “The occur-
rence of the above features is not solely accounted for as symp-
toms primary to another medical or a behavioral condition
(e.g. myalgia, venous stasis, leg edema, arthritis, leg cramps,
positional discomfort, habitual foot tapping.” Therefore, we
created exclusion criteria to overcome this limitation tried to
provide differential diagnoses using previous EMRs. Second,
all patients underwent only one night of PSG. When consid-
ering the night-to-night variability of the PLMS index,* the
index may change if patients are examined for a second night
with PSG. However, the large number of patients included in
our study may mitigate the night-to-night variability of PLMS.
Additionally, in a study by Ferri et al.,** PI was shown to be
more stable than the PLMS index, which has higher night-to-
night variability. Therefore, the effects of the characteristics of
PLM itself on sleep quality and quantity may be less affected
by night-to-night variability. Third, because the PSG data of
two sleep centers had only checked periodic limb movements,
we analyzed the inter-movement interval of all LMs from the
data of only one sleep center, which had recorded all LMs.
However, we supposed this data would not have differed from
the other two centers, as there was no statistical difference
among the basal characteristics of the three sleep centers.

In summary, the prevalence of PLMS in Korean patients
was lower than that reported in patients from western coun-
tries. The PLMS index was not related to the severity of RLS
in Korean adult patients with RLS. However, the characteris-
tics of LM periodicity and time structure were not different
from those in patients from western countries. The low preva-
lence of PLMS in the Korean population may be explained by
genetic factors, including ethnic and gender differences. Fur-
ther studies using large populations from different ethnic back-
grounds are required to confirm our conclusions.

ABBREVIATIONS

AHI, apnea-hypopnea index

EMG, electromyogram

EMRs, electronic medical records

ESS, Epworth Sleepiness Scale

IRLS, International Restless Legs Syndrome Rating Scale
IRLSSG, International Restless Legs Syndrome Study Group
ISI, Insomnia Severity Index

LM, leg movement

PIs, periodicity indices

PLMS, periodic limb movements during sleep
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PLMW, periodic limb movement during wakefulness
PSG, polysomnography

PSQI, Pittsburgh Sleep Quality Index

RLS, restless legs syndrome

SE, sleep efficiency

TST, total sleep time in bed
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