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of Medical Sciences, Bejjing, China

Objective: To evaluate the frequency and clinical features of restless legs syndrome
(RLS) in a group of Chinese patients with amyotrophic lateral sclerosis (ALS).

Methods: 109 Patients included in this study fulfilled the revised El Escorial diagnostic
criteria for clinically definite, probable and lab-supported probable ALS, and a group of
109 control subjects was matched for age and sex to the ALS group. Disease severity
was assessed by the revised ALS functional rating scale (ALSFRS-R). The diagnosis of
RLS was made according to the criteria of the International RLS Study Group. Other
characteristics including sleep quality, excessive daytime sleepiness (EDS), REM sleep
behavior disorder (RBD), depression and anxiety were also evaluated in ALS patients.

Results: RLS was significantly more frequent in ALS patients than in control subjects
(14.6 vs. 0.9%; P < 0.05). Compared to those without RLS, ALS patients with RLS
reported a higher frequency of anxiety and EDS. ALS patients with RLS showed
more severe legs dysfunction. EDS and legs function scores of the ALSFRS-R were
independent factors significantly associated with RLS in ALS patients.

Conclusions: Our findings suggest that Chinese ALS patients exhibit a high frequency
of RLS symptoms and that these patients may benefit from recognition of the
condition and optimized management of its symptoms. Moreover, ALS patients might
cause circadian rhythms disturbance and our study further supports that ALS is a
heterogeneous disorder involving multiple systems; further studies are needed to confirm
these preliminary findings.

Keywords: amyotrophic lateral sclerosis, restless legs syndrome, excessive daytime sleepiness, sleep disorders,
neurodegenerative disease

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a rare neurodegenerative disease with clinical and hereditary
heterogeneity (1). While ALS is sporadic in most cases, 10% of patients are transmitted within
families (1). The etiology of ALS is still unknown; however, the interactions between genetic
background and environmental exposure are likely to underpin disease susceptibility (1-3).
Although predominantly manifested by progressive muscle weakness, increasing evidence has
demonstrated the non-pyramidal features of ALS including cognitive impairment, abnormal
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behavior and sleep disorders (3-5). Neuroimaging and
pathological studies of ALS have shown that its pathophysiology
is not limited to the motor cortex but also involves other cortical
and subcortical structures (2, 3). Such diverse structures are likely
the anatomical substrates of the clinical heterogeneity of ALS
(3). Moreover, ALS patients of different races and from different
areas seem to have different epidemiological characteristics
(1, 6). Death typically occurs 3-5 years after diagnosis, although
some forms of the disease permit protracted survival (1).

Restless legs syndrome (RLS) is a common neurological
disorder that causes patients irresistible urge to move the
legs, usually accompanied by an uncomfortable or unpleasant
sensation (7, 8). The etiology of RLS remain poorly understood.
RLS is circadian in nature and commonly causing major
symptoms in the evening or at night (8, 9). RLS symptoms
severely affect 1-5% of adults in general populations (9). At
present, two different phenotypes of RLS are recognized (8).
Primary RLS exhibits a peak onset at approximately 20-40 years
of age, with slow disease evolution and frequently a family history
of RLS (9). In contrast, late-onset RLS exhibits a peak onset
after 40 years of age, less frequently with a family history of RLS
and more frequent correlation with other conditions (10, 11).
Increased frequency of late-onset RLS has been demonstrated
in many patients with neurodegenerative disorders, such as
Alzheimer’s disease (AD) and Parkinson’s disease (PD) (11—
14). Two recent studies found a significantly higher frequency
of RLS disturbances in Caucasian patients with ALS (12, 13).
However, Panda et al reported a less frequency of RLS in
Indian ALS patients, the conclusions of these studies were not
completely consistent (15). To date, data on Chinese ALS patients
are limited. Hence, we conducted a cross-sectional study to
investigate the frequency and clinical features of RLS in a Chinese
ALS cohort from our ALS center.

MATERIALS AND METHODS

Participants

ALS patients who visit to our ALS Center had been enrolled
in our ongoing registry platform for motor neuron disease
(MND) (6). The patients underwent a systematic medical history
evaluation and a neurological examination. Demographic and
clinical information, including age, gender, level of education,
site of symptom onset, forced vital capacity (FVC), and disease
duration (defined as the time between symptom onset and
time of diagnosis), was collected. The revised ALS functional
rating scale (ALSFRS-R) was used to assess disease severity
and bulbar function was assessed by the swallowing subscale of
the Amyotrophic Lateral Sclerosis Severity Scale (ALSSS) (16).
Because RLS symptoms mainly involve the lower limbs, we added
the walking subscale and the climbing stairs subscale of the
ALSFRS-R to further analyze the legs function of ALS patients
(13).

ALS patients included in this study fulfilled the revised El
Escorial diagnostic criteria for clinically definite, probable and
lab-supported probable ALS (17). The exclusion criteria included
family history of ALS, inability to communicate, refusal to
participate in the study.

Healthy controls (HCs) were all recruited from the family
members of ALS patients and matched for age and sex to the ALS
group.

This study was approved by the Research Ethics Committee of
Peking Union Medical College Hospital. Participant information
was collected only after all patients and HCs were aware of the
purpose of this study and had written an informed consent letter.

RLS Diagnosis and Assessment

The diagnosis of RLS was made using the four standard
diagnostic criteria developed by the International Restless Leg
Syndrome Study Group (IRLSSG) (18, 19). In 2012, the IRLSSG
added a fifth criterion to improve the sensitivity of diagnosis: that
the occurrences of the RLS symptoms are not solely accounted for
as primary symptoms of another medical or behavioral condition
(e.g., myalgia, venous stasis, leg edema, arthritis, leg cramps,
positional discomfort, or habitual foot tapping) (19). Based on
the new criterion and on the experience of our clinical practice of
ALS, an additional questionnaire was designed for ALS patients
to further exclude clinical conditions that could mimic RLS
symptoms (including pain, nocturnal leg cramps, stiffness, and
discomfort from spasticity or difficulty turning in bed) (13, 18).
A positive diagnosis of RLS was made when a patient had all four
symptoms described above and the mimicking symptoms could
be excluded.

When patients received a diagnosis of RLS, information about
their family history of RLS, drug intake (especially hypnotics
and antidepressants) and past medical history was collected and
laboratory tests (serum iron and ferritin) were also performed to
exclude other, secondary forms of RLS.

RLS patients in the ALS and control groups who used
dopamine antagonists or antidepressants or who had a family
history of RLS, iron deficiency, renal insufficiency or a history of
other neurological conditions that could induce secondary RLS
were also excluded from our analysis (12, 13).

Subjects in each group (both ALS and health control) were
then divided into RLS+ and RLS- subgroups according to
whether or not they had RLS. In addition, we also recorded the
main clinical symptoms of RLS in patients with ALS.

Sleep Quality, Excessive Daytime
Sleepiness (EDS) and REM Sleep

Behaviour Disorder (RBD) Assessments
Interviews regarding sleep disorders were conducted in ALS
patients by the same investigator. Sleep quality was assessed using
the Pittsburgh Sleep Quality Index (PSQI) (19). A PSQI score >5
indicates poor sleep (20). Excessive daytime sleepiness (EDS) was
assessed using the Epworth Sleepiness Scale (ESS) (21). EDS was
defined by an ESS score of > 10 (21). RBD was assessed by the
RBD screening questionnaire (RBDSQ), and RBD was indicated
by total RBDSQ scores > 5 (22).

Anxiety and Depression Assessments

The diagnosis of depression and anxiety in ALS patients was
established using the Hamilton Depression Rating Scale (HDRS)
and the Hamilton Anxiety Rating Scale (HARS), respectively
(23). The HDRS includes 17 items. Symptom severity was rated
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from 0 (not present) to 4 (very severe), and the scores ranged
from 0 to 68; a score of >7 indicated depression. The HARS
includes 14 items. Symptom severity was rated from 0 (not
present) to 4 (very severe), and the scores ranged from 0 to 56;
a score of >7 indicated anxiety (23).

Polysomnography

Some patients with ALS were also assessed using overnight
polysomnography in our sleep laboratory. The periodic limb
movements in sleep (PLMS), apnoea/hypopnea index (AHI) and
mean SaO; overnight data were measured by visual inspection,
and nocturnal pulse oximetry (NPO) was considered altered in
accordance with the same methodology described in a previous
study (5).

Statistical Analysis

Descriptive data of the population are expressed as number of
cases and proportions for categorical variables, and as mean and
SD for continuous variables. The Student’s t-test (with Mann-
Whitney U test when necessary) was used to compare continuous
variables and the chi-square test was used to analyze categorical
variables. The binary logistic regression model was used to
evaluate the association between ALS and RLS. The risk factors
for RLS in the ALS population were investigated by univariate
statistical analysis and the results were controlled using a binary
logistic regression model. Statistical significance was considered
as a p-value < 0.05. All statistical analyses were performed using
SPSS version 20.0 (IBM Corp., Armonk, NY).

RESULTS

Demographic and Clinical Information of
ALS Patients

A total of 138 consecutive ALS patients were included in the study
during their routine visits to our ALS Center between March 2017
and December 2017. Twenty-nine ALS patients were excluded
(inability to communicate, n = 5; refusal, n = 3; ALS family
history, n = 4; possible ALS, n = 17). Of the 109 remaining
patients (43 women, 66 men), the mean age was 52.9 & 10.1 years,
and the mean disease duration was 15.6 & 9.6 months. Thirty-six
patients (33.0%) had bulbar onset of the disease. One patient was
using non-invasive ventilation. One patient was receiving enteral
nutrition. Forty-four patients (40.3%) were taking riluzole. A
group of 109 HC subjects (48 women, 61 men; mean age 51.6
£ 11.4 years) was also included in the study. ALS Patients
had a mean ALSFRS-R score of 40.2 £ 4.2, a mean ALSSS
swallowing score of 10.3 & 1.7, and a mean ALSFRS-R lower limb
function score of 6.3 &= 1.0. A total of 80 ALS patients completed
the FVC examination and a mean FVC of 90.9 £ 17.2. The
FVC examination was not performed on the remaining 29 ALS
patients because they had seriously physical disability and refused
to perform the examination. The mean global PSQI score of ALS
patients was 7.5 £ 4.4. The mean ESS scores of ALS patients was
5.72 £ 3.93. The mean RBDSQ score of ALS patients was 2.66 £
2.03. The mean HARS scores of ALS patients was 5.77 £ 4.80, and
the mean HDRS scores of ALS patients was 7.16 &+ 4.94. The main

TABLE 1 | Demographic and clinical features of ALS patients.

N =109

Age(years) 52.9 + 10.1
Sex, n (%)

Male 66 (60.6%)

Female 43 (39.4%)
Duration of ALS symptoms (mo) 16.6 £9.7
Bulbar onset, n (%) 36 (33.0%)
ALSFRS-R score 402 +£4.2

ALSSS 103+ 1.7
Poor sleeper, n (%) 68 (62.3%)
EDS, n (%) 17 (15.6%)
RBD, 1 (%) 11 (10.1%)
Anxiety, n (%) 29 (16.6%)
Depression, n (%) 43 (39.4%)
Riluzole, n (%) 44 (40.3%)

ALS, Amyotrophic lateral sclerosis; ALSFRS-R, revised ALS functional rating scale;
ALSSS, Amyotrophic Lateral Sclerosis Severity Scale; EDS, excessive daytime slegpiness;
RBD, REM sleep behavior disorder. Values of continuous variables are reported as mean
value + standard deviation and categorical variables are reported as number of cases and
proportions.

demographic and clinical features of ALS patients are shown in
Table 1.

Frequency and Clinical Feature of RLS

A diagnosis of RLS was made in 16 (14.7%) patients with ALS
(ALS/RLS+ group) and in 1 (0.9%) control subject (p < 0.05). No
patients with RLS in the ALS and HC groups had a family history
of RLS, had used antidepressants or had abnormal laboratory
test results (all subjects serum ferritin level >50 ng/ml) (8). One
ALS/RLS+ patient reported that RLS symptoms accompanied
ALS onset, while the remaining ALS/RLS+- patients reported that
RLS symptoms followed the onset of ALS. In the ALS/RLS+
group, six patients reported the frequency of RLS symptoms
were once a week, five patients were two to three times a week,
four patients were four to five times a week and two patients
were six to seven times a week, no patient reported less once a
week. Fifteen ALS/RLS+ patients reported the symptoms of RLS
only affected the legs. ALS/RLS+ patients described the major
RLS symptoms as an urge to move the legs that was commonly
accompanied by uncomfortable feelings (58.9%), pain (17.6%),
“burning” sensations (11.8%), and in 2 patients (11.8%), solely
the urge to move without other symptoms. Compared with those
without RLS (ALS/RLS- patients), ALS/RLS+ patients showed
decreased legs function scores of the ALSFRS-R (p < 0.05), and
other subscales of the ALSFRS-R and the ALSSS scores were
not different between the two groups. The main demographic
and clinical features of the ALS/RLS+ and ALS/RLS- groups are
shown in Table 2.

The logistic analyses that included age and sex as confounding
factors confirmed an association between ALS and RLS and
quantified the risk of RLS to be 19 (95% CI: 2.48-147.91,
p < 0.01) times greater for ALS patients than for healthy subjects.
Logistic regression analyses including age, sex, duration of ALS
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TABLE 2 | Characteristics of the patients with ALS with and without RLS.

TABLE 3 | Odds ratios of risk factors for RLS in ALS patients, by logistic
regression analysis.

ALS/RLS+ ALS/RLS- P-value
patients (n = 16) patients (n = 93) Variables OR (95% CI) P-value
Age (years) 54.81 +7.32 5258 + 10.53  0.42 Age 1.06 (0.99-1.15) 0.13
Men/Women (n) 8/8 58/35 0.35 Sex 0.83 (0.22-3.13) 0.79
Duration of ALS symptom (mo) 132 +5.9 16.0 £ 10.1 0.28 Duration of RLS symptoms 0.93 (0.85-1.02) 0.08
Bulbar onset, n (%) 6 (37.5) 30 (32.3) 0.68 ALSFRS-R leg function scores 0.61 (0.418-0.88) 0.01*
ALSFRS-R score 38.9 + 3.6 40.4 + 4.3 0.18 HARS 1.01 (0.89-1.14) 0.92
Legs function 50417 6.6+17 <0.01*  EDS 9.49 (1.91-47.29) <0.01*
Walki 3.0+0.5 35+0.6 0.01**
? |r.19 ) = . RLS, Restless legs syndrome; ALS, Amyotrophic lateral sclerosis; OR, odds ratio;
Climbing stairs 20+£12 31£141 <0.01 ALSFRS-R, revised ALS functional rating scale; EDS, excessive daytime sleepiness;
PSQl 9.4 +36 72+45 0.06 HARS, Hamilton Anxiety Rating Scale. *p < 0.05; *p < 0.01.
Sleep quality 1.4+07 1.1+08 0.09
Sleep latency 22+08 1.3+£09 <0.01**
sleep duration 14414 10410 0.04 knowledge, this study is also the largest to investigate the
Sleep efficiency 14410 13411 044 association between RLS and ALS. Although this study did
Steep disturbances 14406 19405 0.26 not use a population-based design, it adds credibility to
Use of hypnotics 084009 02407 050 descrlptlpns of RLS in ALS patients due to its relatively large
Daytime dysfunction 1.3+£141 11£141 0.38 sample s1ze.
Poor sleeper 1, (%) ﬂ' 8 7% 57' 61 2;}/) 0'48 Consistent with previous studies, we observed a significantly
, (% N 2% . . . .
Ess 83438 s3438 0,01+ higher frequency of RLS symptoms in ALS patients (14.7%)
EDS, 1 (%) 7 4375) 10.(10.78) 0,01+ than in control subjects (0.9%) or in the general population
ARS ° 61460 1448 <O o5 (9). Patients with ALS had a 19-fold increased risk of RLS than
Aoty 1 8l i, Oc; 21’ o 5;3/ <o.05* control subjects. Our observation also supports a secondary RLS
odety, n (%) (50.0%) @2s%) <0 form in ALS patients (13). However, many of our findings differ
HDRS 91453 68+48 0.09 from those of previous cohorts. Our study showed that EDS
1 0, ()
Depression 8 (50.0%) 85 (37.6%) 085 and the leg function scores of the ALSFRS-R were independent
Riluzole, n (%) 6 (37.5%) 38 (40.8%) 0.80

ALS, Amyotrophic lateral sclerosis; RLS, Restless legs syndrome; ALSFRS-R, revised ALS
functional rating scale; PSQI, Pittsburgh sleep quality index; ESS, Epworth Sleepiness
Scale; EDS, excessive daytime sleepiness; HARS, Hamilton Anxiety Rating Scale; HDRS,
Hamilton Depression Rating Scale. Values of continuous variables are reported as mean
value + standard deviation and categorical variables are reported as number of cases and
proportions. *p < 0.05; **p < 0.01.

symptoms, HAMA scores, ALSFRS-R lower limb function scores
and EDS as confounding factors, showed that ALSFRS-R legs
function scores and EDS were independent factors significantly
associated with RLS occurrence. In contrast, the independent
effect of HAMA scores was lost. The results of the logistic
regression analyses of the risk factors for RLS in ALS patients are
presented in Table 3.

Polysomnography

Ultimately, 12 patients with ALS underwent polysomnography
and none had altered NPO. One of the 12 ALS patients showed
RLS symptoms and recorded a PLMS index of >15 (16.5), giving
further support to the RLS diagnosis. Four of the 12 ALS patients
showed EDS symptoms but their recorded AHI (5.05 &= 3.96 vs.
5.98 + 5.05, p > 0.05) and SaO; (96.25 £ 1.25 vs. 96.14 = 0.69, p
> 0.05) data were not different to ALS patients without EDS.

DISCUSSION

This is the first study to investigate the frequency and
clinical features of RLS in Chinese ALS patients. To our

factors significantly associated with RLS occurrence in ALS
patients. Lo Coco D et al. reported that the total ALSFRS-R
score was the only independent factor significantly associated
with RLS, but they did not further examine the subscale scores
of the ALSFRS-R (13). Compared with our study, the study
by Lo Coco D et al. had a higher frequency of RLS symptom
in ALS patients (25 vs. 14.6%) and these patients exhibited
increased functional disability. Moreover, their patient group had
a lower frequency of bulbar onset (13). Limousin et al. reported
a higher frequency of RLS in a cohort of French ALS patients
who were aged >64 years; they found that difficulty turning
in bed and adjusting bedclothes was associated with RLS in
ALS patients. However, compared with those in our study, their
patients were older and had lower ESS scores (12) Furthermore,
their ALS patients had longer disease courses. Neither of these
studies examined anxiety or assessed sleep quality with the
PSQI (12, 13).

Although an increasing number of studies have been
performed that have enabled better understanding of some
aspects of RLS, the cause and the anatomical origin remain
unknown. Among the candidate causes, genetic predisposition,
thalamic abnormalities, alteration of iron metabolism, and
dysfunction of the dopaminergic system in the brain and
spinal cord have been demonstrated and seem to be largely
interconnected (8). Recently, abnormal circadian patterns
associated with thalamic abnormalities in RLS patients have been
demonstrated, and motor symptoms of RLS seem to be primarily
produced by the dopaminergic system (24). Interestingly, in
addition to ALS, other neurodegenerative diseases such as

Frontiers in Neurology | www.frontiersin.org

August 2018 | Volume 9 | Article 735


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Liu et al.

RLS in Chinese Patients With ALS

Alzheimer’s disease or Parkinson’s disease, which can induce
secondary RLS, also seem to involve parts of the network
described above (10, 11).

Although some ALS patients were bulbar onset, almost all
patients have spinal cord dysfunction (1). Previous studies
have suggested a major role of the spinal cord in RLS (18).
We observed that ALS/RLS+ patients had more severe leg
dysfunction. Dopamine acting in the spinal cord could modulate
sensory and motor functions and might involve part of the RLS
pathway. Dopamine receptors D1 to D5 are widely expressed
in the mouse spinal cord, including in motoneurons and dorsal
interneurons (25). Moreover, diseases that involve corticospinal
tracts and are associated with development of RLS symptoms
have been well-described (12). Furthermore, PLMS frequently
accompanies spinal cord lesions and is found in nearly 80% of
RLS patients, further supporting a role of the spinal cord in the
condition (8). A progressive dysfunction of the spinal cord in ALS
patients might explain the leg dysfunction associated with RLS
occurrence in our study.

In our study, 17 patients (15.5%) with ALS had EDS, of which
7 were in the ALS/RLS+ group (43.8%), higher than in the
ALS/RLS- group (10.8%). Consistent with our study, Limousin
et al also reported a higher frequency of EDS symptoms in
ALS patients with RLS (12). However, they did not discuss the
correlation between EDS and RLS in ALS patients (12). Our
observations further suggest that EDS is associated with RLS
symptoms in ALS patients. Data on EDS in ALS patients are
rather limited. Abnormal sleep-wake patterns and respiratory
issues seem to contribute to the occurrence of EDS symptoms
in ALS patients (5, 7). In the present study, because of a
relatively shorter disease course, the ALSFRS-R respiratory
scores were almost normal in ALS patients with EDS and
only three patients were affected. Moreover, AHI and NPO
were also not different in ALS patients with and without EDS
who underwent polysomnography. Therefore, our study suggest
that EDS symptoms were not completely due to respiratory
disturbance in ALS patients (5).

EDS is a sleep-wake problem and patients with EDS symptoms
may have thalamic abnormalities (26-28). Similar to EDS
symptoms, RLS symptoms are circadian in nature which likely
due to thalamic disturbances (29). Recently, an MR spectroscopy
study further suggested that increased activation of the thalamic
glutamatergic system was linked to the circadian disturbance in
RLS (24). In fact, the role of the thalamus in regulating sleep-wake
patterns may have been underestimated. Thalamic cellular and
network mechanisms possibly underlie both the central and non-
central regulation of the sleep-wake cycle (30). Several studies
have shown that the substantia nigra and thalamus are affected in
patients with ALS, but these studies did not further demonstrate
whether there were circadian rhythm disturbances in these
patients (31). Accordingly, as a disease of unknown origin with
clinical and anatomical heterogeneity, we have demonstrated
that a potential circadian rhythm disturbance, possibly due to
thalamic abnormalities, exists in a group of Chinese patients with
ALS. Further studies are needed to confirm these preliminary
findings.

Conditions that are commonly comorbid with RLS include
anxiety and depression, and our observations indicate that
Chinese ALS patients with RLS symptoms has more serious
anxiety than ALS/RLS- patients (32).

Diagnosis of RLS can be difficult in ALS patients because
many conditions that mimic RLS should be excluded (13).
There is a possibility that RLS symptoms in ALS patients were
misdiagnosed and may be in fact a manifestation of ALS-
related symptoms such as spasms or pain in limbs. However, the
spasms or pain in ALS patients does not occur in the context
of the circadian rhythm. In our study, the diagnostic criteria
were well-defined and have previously been shown to be highly
sensitive and specific (19). Furthermore, based on new diagnostic
criteria and on our clinical experience, we designed an additional
questionnaire to exclude mimicking symptoms in patients with
ALS, thus giving further support to the diagnosis (18).

To date the available therapeutic for ALS is limited, riluzole,
only slows the rate of progression and prolongs survival by
3 months (1). Therefore, great emphasis must be placed on
alleviating symptoms and improving quality of life. At present,
RLS symptoms, which occur frequently in ALS patients and can
be effectively treated, remain underdiagnosed and undertreated
(5, 9). The consequences of RLS can be severe, including
disrupted nighttime sleep and increased depression, and may
reduce the quality of life (29). Therefore, identification and
management of RLS symptoms should be improved in ALS
patients.

This study should be interpreted with consideration of
several limitations. First, no genetic testing was performed in
this study. However, the RLS patients in our study had no
family history and, moreover, the role of genetic risk factors in
secondary RLS patients seems to be rather limited (29). Second,
the conclusions drawn from a single center-based observation
could be influenced by referral bias, Some patients with fast
progress might not come to our hospital and therefore these
conclusions should be confirmed by further multicenter-based
and population-based studies. Third, although we described
the main clinical characteristics of RLS in ALS patients, the
IRLSSG severity scale was not applied in our study. Despite
the ease of use of the IRLSSG scale, it does not objectively
consider motor dysfunction and psychological stress in ALS
patients, and the outcome is highly dependent on a patient’s
degree of physical activity. Further, the IRLSSG scale is very
sensitive to placebo effects (18). Fourth, we did not preform
blood gas evaluation in the present study and we could not
collect FVC data from a small proportion of ALS patients
due to serious physical dysfunction or because they refused
the examination, while polysomnographic data were available
for only a few ALS patients, whereas the diagnosis of RLS is
based on clinical (12). Moreover, PLMS could not excluded
RLS mimic symptoms (9). Additional limitations of our study
include that we did not evaluate the subclinical involvement of
the thalamus in ALS/RLS+ patients, and we did not measure
glutamate concentrations with PET or MRI in ALS/RLS+
patients. However, these methods are included in our ongoing
work.
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CONCLUSION

we found a high frequency of RLS symptoms in Chinese
ALS patients and these patients may benefit from recognition
of this condition and from optimized management of its
symptoms. Moreover, ALS patients might cause circadian
rhythm disturbances and our study further supports that ALS
is a heterogeneous disorder involving multiple systems; further
studies are needed to confirm these preliminary findings.
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