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Background and Objective We used the Symptom Checklist 90-Revised (SCL-90-R) to com-
pare the psychosomatic symptom profiles between periodic limb movement disorder (PLMD) and
restless legs syndrome (RLS) patients.

Methods Twenty consecutive drug-naive RLS patients, 20 age- and sex-matched patients with
PLMD and healthy controls were enrolled. Questionnaires evaluating sleep (Pittsburgh Sleep Qual-
ity Index, and Insomnia Severity Index), depression (Beck Depression Inventory II), and psychoso-
matic symptoms (SCL-90-R) were administered. Polysomnography was performed in the patients
with PLMD or RLS.

Results The mean age of the subjects was 57.5 + 10.9 years, and half of the subjects were male.
Compared with the patients with RLS, the patients with PLMD exhibited a reduced total sleep time
(276.6 + 41.3 vs. 322.4 * 42.9, p = 0.04) and a decreased proportion of REM sleep (12.5 * 6.6 vs.
17.8 £ 7.8, p = 0.009). The patients with RLS exhibited higher SCL-90-R T-scores on the somatiza-
tion (post hoc p < 0.001), obsessive-compulsive (post hoc p < 0.001), interpersonal sensitivity (post
hoc p = 0.003), anxiety (post hoc p = 0.005), and psychoticism (post hoc p = 0.004) domains than
the controls. Compared to the controls, the patients with PLMD exhibited higher SCL-90-R scores
only in hostility (post hoc p = 0.016). Somatization in the RLS patients was significantly worse than
that in the PLMD patients (post hoc p = 0.003).

Conclusions The results of our study demonstrate that psychosomatic distress is greater in RLS
patients and lesser in PLMD patients. Somatization was a distinguishing symptom between RLS
and PLMD. Sleep Med Res 2019;10(1):25-30

Key Words  Periodic limb movement disorder, Restless legs syndrome,
Psychosomatic symptoms, SCL-90-R.

INTRODUCTION

Restless legs syndrome (RLS) is a sensorimotor disorder with a diagnosis based on patient
history and does not require polysomnography (PSG). The diagnostic criteria for RLS include
1) the urge to move the legs, 2) symptoms that worsen when lying down or sitting, 3) symp-
toms that are at least partially relieved by movement, and 4) symptoms that worsen in the eve-
ning or at night [1-3]. In contrast, the diagnosis of periodic limb movement disorder (PLMD)
is mainly based on PSG results and symptoms of sleep disturbance [2]. The two disorders are
distinct but related. More than 80% of RLS patients have periodic limb movements during
sleep (PLMS) comparable to those with PLMD [4]. Both disorders respond to dopamine ago-
nist treatment [5], suggesting that they share a common pathophysiology related to the dopa-
minergic pathway. Moreover, a recent report suggested common SNP loci between PLMD
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and RLS [6].

Mood disorders, including depression and anxiety, are com-
mon comorbidities of RLS [7]. Large community-based studies
have reported that the lifetime prevalence of such mood disor-
ders is elevated by 2.1 to 5.3-fold in patients with RLS com-
pared to that in controls [8,9]. In addition, panic disorders [8] are
reportedly more common in RLS patients. PLMD is also known
to be associated with depression and anxiety disorder [10]. A
recent study reported similar degrees of sleepiness, depression
and anxiety between patients with PLMD and those with RLS [11].

The role of PLMS in psychosomatic symptoms in patients
with PLMD or RLS remains unclear [12]. PLMS may disrupt
sleep and cause psychosomatic distress [13]; however, previous
studies investigating the clinical significance of PLM have re-
ported contradicting results [14]. Among RLS patients, PLMS
was not associated with subjective sleep-related symptoms.
Moreover, RLS patients without PLMS exhibited even worse
depression and anxiety than those with PLMS [15].

The Symptom Checklist 90-Revised (SCL-90-R) is a struc-
tured self-reported questionnaire used to evaluate psychopa-
thology and psychological distress. A few studies have evaluated
psychosomatic distress in RLS by using the SCL-90-R. Patients
with RLS report greater distress related to not only depression
and anxiety but also somatization, compulsivity, and hostility.
The SCL-90-R score has been shown to be associated with the
severity of RLS and its treatment [16,17]. However, no study has
evaluated the SCL-90-R score in patients with PLMD.

This study aimed to compare psychosomatic symptoms be-
tween PLMD and RLS patients and elucidate the association
with PLM. We used the SCL-90-R to evaluate the psychoso-
matic symptoms in PLMD and RLS patients and assessed the
association between the SCL-90-R domain scores and the PLM
Index (PLMI).

METHODS

Participants

This retrospective cross-sectional study was performed at
the Kyung Hee University Hospital at Gangdong sleep clinic.
Previously, we performed PSG on consecutive drug-naive pa-
tients with a clinical diagnosis of RLS between January 2007
and June 2008. Age- and sex-matched PLMD patients who did
not meet the clinical criteria for RLS were selected from among
those who visited our clinic for sleep disturbance and under-
went PSG between January 2007 and December 2016. RLS was
diagnosed by a sleep specialist based on the criteria proposed
by the International RLS Study Group [18]. PLMD was diag-
nosed based on the PSG results (more than 15 periodic limb
movements per hour of sleep) and clinical symptoms of in-
somnia or daytime sleepiness without any other sleep disor-
ders. Individuals who are on medication for the RLS and PLMD,
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who were diagnosed as secondary RLS or PLMD due to other
illnesses, and those with 1) comorbid obstructive sleep apnea
(AHI > 5/hr), 2) other sleep disorder (i.e., REM sleep behavior
disorder), 3) other neurological or psychiatric disorders, or 4)
severe medical illness were excluded. Age- and sex-matched
good-sleeper controls [Pittsburgh Sleep Quality Index (PSQI),
score < 5] were recruited from the same region as the patients.
The controls were screened for sleep-related symptoms and
neurological or psychological diseases using a structured ques-
tionnaire and a clinical interview.

This study was approved by the Institutional Review Board
of the KyungHee University Hospital at Gangdong (IRB No.
PMS2013-039-016). Written informed consent to participate
was obtained from all enrolled patients.

Procedures

The participants completed questionnaires evaluating sleep
[PSQI [19]; Epworth Sleepiness Scale (ESS) [20]; and Insomnia
Severity Index (ISI) [21]], depression [Beck Depression Inven-
tory II (BDI-II) [22]] and neuropsychiatric symptoms (SCL-90-R).
The PSQI measures sleep quality and patterns over a 4-week
period [19], the ESS is an 8-item self-reported questionnaire
evaluating the level of daytime sleepiness [20], the ISI is a 7-item
questionnaire measuring the patient’s perceived insomnia [21],
and the BDI-II measures depression with 21 multiple-choice
questions, each of which can be scored from 0 to 3 [22]. The
SCL-90-R is a self-rating questionnaire that evaluates psycho-
pathology and psychological distress. The patient’s symptoms
are assigned to the following 9 categories: somatization (SOM),
obsession-compulsion (O-C), interpersonal sensitivity (I-S),
depression (DEP), anxiety (ANX), hostility (HOS), phobic anx-
iety (PHOB), paranoid ideation (PAR), and psychoticism (PSY).
The overall psychological symptoms were measured using the
following three global indexes: Global Severity Index (GSI),
Positive Symptom Distress Index (PSDI), and Positive Symp-
toms Total (PST). The standard Korean version of the SCL-90-R
[23] was used, and the results of the questionnaire are presented
as T-scores with a mean of 50 and a standard deviation of 10.

The PSG results of the RLS and PLMD patients were reviewed.
PSG was performed according to standard protocols using a
digital polygraph system (Grass Beehive™ Horizon, West War-
wick, RI, USA). We recorded the data from six EEG channels
(C3-A2,C4-Al, F3-A2, F4-A1, O3-A2, and O2-A1) accord-
ing to the standard 10-20 system in addition to two electrooc-
ulography channels and surface electromyography of the chin
and both anterior tibialis muscles. The data were scored manu-
ally according to the American Academy of Sleep Medicine
(AASM) Manual for the Scoring of Sleep and Associated Events,
Version 2.4 (AASM, 2017). We obtained data, including the to-
tal sleep time (TST); percentages of time spent in N1, N2, N3,
and REM sleep; sleep latency; sleep efficiency; arousal index;
apnea-hypopnea index; minimum saturation; periodic limb



movement arousal index (PLMAI); and periodic limb move-
ment indexes (PLMI).

Statistical Analysis

The continuous data were tested for normal distribution with
the Kolmogorov-Smirnov test and are presented as the mean *
SD. Because the questionnaire score variables were nonnormally
distributed, the Kruskal-Wallis H test was used for the be-
tween-group comparisons among the 3 groups (controls, RLS
and PLMD), and the Mann-Whitney U test was used for the
post hoc pairwise comparisons. The PSG data of the RLS and
PLMD groups were compared with the Mann-Whitney U test
or t-test as appropriate. The nominal data were analyzed using
the chi-square test. The correlations between the PLMI or PLMAI
and the PSG variables, sleep questionnaires, and SCL-90-R T-
scores were tested using the Spearman correlation after adjust-
ing for age. The significance level was set to 0.05, and for the
post hoc analysis, the level of significance was set at p < 0.05/3
(0.017). All statistical comparisons were conducted using SPSS
(version 22.0, IBM Corp., Armonk, NY, USA).

RESULTS

Patient Characteristics and PSG Results

Twenty consecutive patients with RLS, age- and sex- matched
patients with PLMD, and good sleeper controls were enrolled.
The participants’ mean age was 57.5 * 10.9, and half of the par-
ticipants were males. The mean BMI was 24.9 + 2.9 kg/m’.

Compared with the RLS patients, the patients with PLMD
showed a reduced TST (276.6 * 41.3 vs. 322.4 + 42.9, p = 0.04),
a decreased proportion of REM sleep (12.5 + 6.6 vs. 17.8 = 7.8,
p =0.009), and a tendency toward reduced sleep efficacy (74.2
+9.4vs.80.0 + 11.6, p = 0.066). The PLMI and PLMAI results
of the RLS and PLMD patients were similar (p=0.304 and
0.372, respectively) (Table 1). After adjusting for age, there was
a significant correlation between the PLMI and the arousal in-
dex (r = 0.372, p = 0.02) and between the PLMAI and the pro-
portion of N1 (r = 0.721, p < 0.001), N3 (r =-0.59, p < 0.001), and
the arousal index (r = 0.848, p < 0.001).

Sleep Questionnaire Score

The PSQI and ISI scores of the patients with PLMD (post
hoc p < 0.001 each) or RLS (post hoc p < 0.001 each) were high-
er than those of the controls. There was no significant difference
in the ESS and BDI-II scores among the three groups. No sig-
nificant difference in the sleep questionnaire scores was found
between the RLS and PLMD patients (Table 2). The PLMI and
PLMAI were not correlated with any sleep questionnaire scores.

SCL-90-R Scores

Group differences were found in all SCL-90-R domains, ex-
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cept for PAR. The post hoc analysis revealed that the RLS pa-
tients had significantly higher SOM (post hoc p < 0.001), O-C
(post hoc p < 0.001), I-S (post hoc p = 0.003), ANX (post hoc
p = 0.005), and PSY (post hoc p = 0.004) domain scores than
the controls. A tendency toward a higher score was found in
DEP (post hoc p = 0.018), HOS (post hoc = 0.022), and PHOB
(post hoc = 0.017). Additionally, the RLS patients had higher
scores in the SOM domain than the patients with PLMD (56.9

Table 1. Demographics and polysomnography results

Controls PLMD RLS
n=20  n=20 nogo Pvalue
Age 579+67 550+120 595+130 0386
Sex(male)  15(50.0) 13(650)  8(40.0) 0280
BMI (kg/m?) 239%23 258+31 251%30  0.080
PSG
TST (min) ~ NA  2766+413 3224+429 0040
N1% NA 192497 203+160 0935
N2% NA 3824114 339+1L1 0358
N3% NA  300+113 276+121 0705
R% NA  125+66 17878 0009
WASO % NA 212488 192+114 0417
SL (min) NA  260+397 91+57 0151
SE% NA  742+94 800%116 0.066
Al (/hr) NA 3924126 393+273 0239
AHI (/hr) NA 22420 19+25 0377
Min sat% NA  885+71 903+36 0645

PLMAI (/hr) NA 13.8+114 225%£294 0.304
PLMI (/hr) NA 41.0£229 604*51.6 0.372

The data are expressed as the mean + standard deviation.
*Kruskal-Wallis H test or Mann-Whitney U test.

PLMD: periodic limb movement disorder, RLS: restless legs syn-
drome, BMI: body mass index, PSG: polysomnography, TST: total
sleep time, WASO: waking after sleep onset, SL: sleep latency, SE:
sleep efficacy, AL arousal index, AHI: apnea-hypopnea index,
PLMAL: periodic limb movement arousal index, PLMI: periodic
limb movement index, NA: not available.

Table 2. Sleep questionnaire results

. . Controls PLMD RLS
Questionnaire p-value*
n=20 n=20 n=20
PSQI 3611 88+43" 11.7£39% <0.001
ISI 45136 124*£697 156*7.77 <0.001
ESS 52+18 59142 58+38 0.706
BDI-II 98+54 125+66 162+89 0.059

The data are expressed as the mean * standard deviation.
*Kruskal-Wallis H test or Mann-Whitney U test. Tpost hoc Mann-
Whitney U test p < 0.017 compared with controls.

PLMD: periodic limb movement disorder, RLS: restless legs syn-
drome, PSQI: pittsburgh sleep quality index, ISI: insomnia severity
index, ESS: epworth sleepiness scale, BDI-II: beck depression in-
ventory IL
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1 12.0 vs. 47.4 = 7.8, post hoc p = 0.003). Compared with the
controls, the PLMD patients showed a significant increase only
in the HOS (post hoc p = 0.016) domain and a tendency to-
ward an increase in the ANX (post hoc p = 0.02) and PHOB
(post hoc p = 0.026) domains. Compared with the controls, the
PSDI scores of both the RLS (post hoc p = 0.001) and PLMD
(post hoc p = 0.002) patients were higher, and the GSI and
PSTT scores were higher only in those with RLS (post hoc p =
0.001 each) (Fig. 1). The differences in the SOM T-score be-
tween the RLS and PLMD groups remained significant after
adjusting for age, PSQI, ISI, BDI-II and PLMI (adjusted p-val-
ue = 0.029).

After adjusting for age, significant correlations were found
between the PLMI and O-C (r = 0.321, p = 0.046), DEP (r =
0.420, p = 0.008), ANX (r = 0.335, p = 0.037), PHOB (r = 0.547, p
<0.001), PSY (r =0.385, p = 0.015), and GSI (r = 0.424, p = 0.007)
domain scores. Only PHOB was correlated with the PLMAI (r
=0.596, p < 0.001).

DISCUSSION

We conducted systematic psychosomatic evaluations using
the SCL-90-R in patients with PLMD and RLS. Psychosomatic
distress was greater in the RLS patients and lesser in the PLMD
patients. The patients with RLS showed higher SCL-90-R scores
in the SOM, O-C, I-S, ANX, and PSY domains compared to
the controls. The PLMD patients only showed higher SCL-90-R
scores in the HOS domain compared to the controls. Moreover,
the RLS patients had higher SOM scores than the PLMD pa-
tients after adjusting for age, PSQ]I, ISI, and PLMI.

The SCL-90-R T-scores in the SOM, O-C, I-S, ANX, and
PSY domains were significantly higher in the patients with
RLS. RLS is well known to be associated with a higher risk of
depression and anxiety [10,24,25]. A previous study reported

elevated SCL-90-R domain scores in all but the I-S and PAR
domains in RLS patients compared with healthy controls [17];
similar results were demonstrated in our study. A recent study
reported similar depressive and anxiety symptoms between
RLS and PLMD patients [11]. However, the patients with PLMD
in our study demonstrated a higher SCL-90-R score only in the
HOS domain. This difference may be due to the different de-
mographic characteristics of the PLMD patients. The PLMD
sample in our study included more males (65.0% vs. 37.5%)
and older individuals (mean age 55.0 = 12.0 vs. 45.5 + 8.9)
than the previous report [11].

Compared to the PLMD and good sleepers groups, somati-
zation was the most distinctive psychosomatic symptom in the
RLS group. Furthermore, somatization was the only symptom
that was significantly worse in the RLS patients than the PLMD
patients. The SOM domain score has been reported to be the
most significant contributing factor to psychosomatic comor-
bidity in RLS [17]. Somatosensory amplification involving the
thalamus and limbic structures is associated with RLS [26] and
patients with somatoform disorders [27,28]. Moreover, patients
with somatization disorder are likely to complain of RLS symp-
toms. Among somatoform pain disorder patients, the preva-
lence of RLS is reportedly high (28-42%) [29,30], and those
with comorbid RLS suffer more prolonged and severe pain
than those without RLS [30].

The PLMD and RLS patients had similar subjective sleep
disturbances. Sleep disturbance is well documented in RLS pa-
tients. More than half of patients with RLS have distressing in-
somnia with odds ratios between 1.7 and 3.5 compared with
controls [7]. The sleep disturbance is considered the reason for
psychosomatic distress in RLS patients [25]. Previous studies
have also reported that PLMD patients have worse insomnia
symptoms [31] and impaired sleep quality than good sleepers
[11], which is consistent with our findings in this study. The
PLMD patients exhibited sleep disturbance on PSG and in-
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Fig. 1. SCL-90-R T-scores of the good sleeper controls and the PLMD and RLS patients. *Post hoc p < 0.017 compared with the control
group. tPost hoc p < 0.017 compared with the PLMD group; Mann-Whitney U test. SCL-90-R: Symptom Checklist 90-Revised, PLMD: peri-
odic limb movement disorder, RLS: restless legs syndrome, SOM: somatization, O-C: obsession-compulsion, |-S: interpersonal sensitivity,
DEP: depression, ANX: anxiety, HOS: hostility, PHOB: phobic anxiety, PAR: paranoid ideation, PSY: psychoticism, GSI: Global Severity In-
dex, PSDI: Positive Symptom Distress Index, PST: Positive Symptoms Total.
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somnia symptoms similar to those in the patients with RLS.
Our results suggest that mood disorders in RLS and PLMD pa-
tients have a more complex etiology than simply a sleep distur-
bance or dopaminergic dysregulation. This hypothesis is con-
sistent with previous studies reporting an independent association
between comorbid psychological distress and RLS regardless
of sleep disturbances [32,33].

PLM during sleep was associated with increased severity in
several psychosomatic domains, such as O-C, DEP, ANX, PHOB,
and PSY. PLM is associated with sleep disturbance and consid-
ered to be linked to dopamine dysfunction [34], which may
explain the associated psychosomatic distress. PLM may en-
hance cortical and autonomic arousal during sleep [35,36].
Similarly, in our study, the PLMI was associated with the arous-
al index. A population-based cohort study showed an associa-
tion between PLMI > 15/hr and subjective and objective sleep
disturbance [37,38], which is consistent with our study.

The results of this study should be interpreted with caution
considering its limitations. Number of patients included was
small, and although we used nonparametric statistics for the
analysis, type 1 error cannot be excluded. Because this study ad-
opted a cross-sectional design, evaluating any causal relation-
ship between neuropsychiatric distress and RLS or PLMD is
challenging. Although we only included patients without any
other sleep disorders, the PLMD patients were recruited from
a selected population of patients with sleep disturbance. PSG
was performed only in patients with RLS and PLMD and not
in the good sleeper controls.

This study was the first to systematically compare neuropsy-
chiatric symptoms in patients with PLMD and those with RLS.
We found that the psychosomatic burden in the RLS patients
was greater than that in the PLMD patients. Somatization was
the most prominent psychosomatic symptom in the RLS group.
PLMS was associated with the psychosomatic domains. Further
prospective studies involving a larger number of patients evalu-
ating psychosomatic distress in RLS and PLMD patients before
and after dopaminergic treatment may clarify the relationship
between psychosomatic distress and these disorders.
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