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We have tested the hypothesis that restless leg syndrome (RLS) is related to quality of sleep, fatigue and clinical disability in
multiple sclerosis (MS). The diagnosis of RLS used the four minimum criteria defined by the International Restless Legs
Syndrome Study Group. Fatigue was assessed by the Fatigue Severity Scale (FSS >27), quality of sleep by the Pittsburgh Sleep
Quality Index (PSQI >6), excessive daytime sleepiness by the Epworth Sleepiness Scale (ESS >10) and clinical disability by the
Expanded Disability Status Scale (EDSS). Forty-four patients (32 women) aged 14 to 64 years (43 ± 14) with disease from 0.4
to 23 years (6.7 ± 5.9) were evaluated. Thirty-five were classified as relapsing-remitting, 5 as primary progressive and 4 as
secondary progressive. EDSS varied from 0 to 8.0 (3.6 ± 2.0). RLS was detected in 12 cases (27%). Patients with RLS presented
greater disability (P = 0.01), poorer sleep (P = 0.02) and greater levels of fatigue (P = 0.03). Impaired sleep was present in 23
(52%) and excessive daytime sleepiness in 3 cases (6.8%). Fatigue was present in 32 subjects (73%) and was associated with
clinical disability (P = 0.000) and sleep quality (P = 0.002). Age, gender, disease duration, MS pattern, excessive daytime
sleepiness and the presence of upper motor neuron signs were not associated with the presence of RLS. Fatigue was best
explained by clinical disability and poor sleep quality. Awareness of RLS among health care professionals may contribute to
improvement in MS management.
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Introduction

The clinical spectrum of multiple sclerosis (MS) has
changed over the past few years due to new disease-
modifying therapies (1). However, several symptoms may
have serious implications for patient disability. Sleep dis-
turbance, fatigue and depressive symptoms are frequently
described in association with impaired quality of life (2,3).
Fatigue is still one of the most common and disabling
symptoms of MS patients affecting as many as 70% in
some studies (4,5). Controversy remains over the causes
of fatigue in MS and attempts have been made to correlate
fatigue with clinical disability, disease progression and

immunological markers (6,7).
Restless leg syndrome (RLS) is an important cause of

sleep disruption and disability in several clinical and neu-
rological disorders and can be identified on the basis of
clinical criteria (8). Complaints of unpleasant sensation
deep inside the legs, occurring at rest, particularly at
bedtime, accompanied by an irresistible urge to move the
limbs producing a temporary relief of symptoms, are suffi-
cient to identify RLS. Recently, RLS has been described to
be common in MS (9,10). However, the relationship be-
tween RLS and sleep quality, fatigue and clinical disability
in MS patients has not been fully investigated. Moreover,
the contribution of clinical factors to the presence of RLS
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has yet to be clarified.
In the present study, we hypothesized that RLS is

frequent and related to quality of sleep, fatigue and clinical
disability in MS patients.

Patients and Methods

Patients
Fifty consecutive patients with MS, below the age of 64

years, regardless of disease duration, regularly attending
an MS outpatient clinic were initially recruited for the study.
Six subjects were excluded due to uncertainty of diagnosis
(N = 3), recent infectious illness (N = 2), or unwillingness to
participate (N = 1). Thus, the total number of patients in the
study was 44. The study protocol was approved by the
University Research Ethics Committee and written informed
consent was obtained for all patients.

Study design
This was a cross-sectional study of patients with a

clinical diagnosis of MS. Demographic and clinical data
were recorded using a closed-question, data collection
instrument. All cases were investigated while clinically
stable, i.e., absence of exacerbated infectious disease,
traumatic or other acute complication in the previous 3
months as assessed by history and review of medical
records. Neurological examination was performed by one
of the investigators. All variables were measured concur-
rently.

Assessment procedures
RLS was established using the minimum criteria de-

fined by the International Restless Legs Syndrome Study
Group: 1) an urge to move the legs, usually accompanied
or caused by uncomfortable and unpleasant sensations in
the legs; 2) the urge to move or unpleasant sensations
begin or worsen during periods of rest or inactivity, such as
lying or sitting; 3) the urge to move or unpleasant sensa-
tions are partially or totally relieved by movement, such as
walking or stretching, at least as long as the activity contin-
ues, and 4) the urge to move or unpleasant sensations are
worse in the evening or night than during the day or only
occur in the evening or night (11).

Sleep quality was evaluated by the Pittsburgh Sleep
Quality Index (PSQI). This scale has seven components,
each one dealing with a major aspect of sleep: 1) subjec-
tive quality of sleep, 2) sleep onset latency, 3) sleep
duration, 4) sleep efficiency, 5) presence of sleep distur-
bances, 6) use of hypnotic-sedative medication, and 7)
presence of daytime disturbances, as an indication of
daytime alertness. Individuals with a total PSQI score of 6

or more were considered to be poor sleepers (12).
Daytime somnolence was assessed by the Epworth

Sleepiness Scale (ESS). This is a validated questionnaire
containing eight items that ask about the expectation of
dozing in eight hypothetical situations. Dozing probability
ratings range from 0 (no probability) to 3 (high probability).
ESS score of 10 or more indicates excessive daytime
sleepiness (13).

Fatigue was assessed by the Fatigue Severity Scale
(FSS) (14), a self-report questionnaire composed by nine
items. Each item scores on a seven-point scale ranging
from 1 (meaning absence of fatigue) to 7 (high level of
fatigue). Patients presenting scores greater than 27 were
diagnosed as having fatigue.

The type of MS was classified as relapsing-remitting,
primary progressive and secondary progressive. All cases
were classified as having spasticity or not and/or other
upper motor neuron signs involving lower extremities.
Disease severity was evaluated by the Expanded Disabil-
ity Status Scale (EDSS). The scale provides a score be-
tween 0 (meaning very little disability and a normal neuro-
logical examination) to a maximum of 10 (meaning death
due to MS) (15).

Results of complete blood count, electrolyte levels,
renal function, and medication in the last 30 days was
obtained from medical records. Body mass index was
calculated as the ratio between weight (kg) and squared
height (m2). Anemia (hemoglobin level <12.0 g/dL) or iron
deficiency was not present in any patient.

Statistical analysis
For statistical analysis and data description, patients

were stratified according to the presence or absence of
RLS. Data were examined for normality using the Shapiro-
Wilk test and for homogeneity of variance with the Levene
test. Comparisons between variables were performed us-
ing the chi-square test for categorical data, ANOVA and
the Mann-Whitney test for parametric and non-parametric
data, respectively. To examine the association between
RLS and upper motor neuron signs, logistic regression
was used to calculate the odds ratios (OR). Multiple logistic
regression analysis was conducted in a stepwise manner.
Data were analyzed using a Statistic Package for Social
Sciences (SPSS-Norusis, 1993) software for Windows.
Statistical significance was defined at the 95% level (P <
0.05).

Results

Patient characteristics are reported in Table 1. Patients
were mostly female (N = 32; 73%), with an age range from
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14 to 64 years (43 ± 14) and disease duration from 1 to 23
years (6.8 ± 5.9). The majority of the patients were classi-
fied as having the relapsing-remitting form (N = 35, 80%),
followed by primary progressive (N = 5, 11%) and second-
ary progressive (N = 4, 9.0%). Twelve subjects (27%)
fulfilled the clinical criteria for the presence of RLS. Sub-
jects grouped according to the presence/absence of RLS
were found to have the relapsing-remitting (11/24), the
primary progressive (1/3) and the secondary progressive
(0/5) form, which was not different between groups. Age,
gender and disease duration were not different between
groups (Table 1). Age at onset of RLS symptoms varied
from 30 to 64 years (48 ± 15.8). All patients with RLS
symptoms reported that they began after the start of the
MS symptoms. The manifestation of spasticity (73%) and/
or other upper motor neuron signs (83%) was not associ-
ated with the presence of RLS (P = 0.32; OR = 0.49; CI =
0.088-2.76).

Poor sleep quality was found in 23 cases (52%). Pa-
tients with RLS presented higher scores for sleep latency,
and lower scores for sleep duration and sleep efficiency
(Figure 1). Fatigue was present in 32 subjects (73%) and
was associated with clinical disability as evaluated by the
EDSS (P = 0.000), with sleep quality (P = 0.002) and at a
lesser degree with the presence of RLS (P = 0.02; Table 2).
The association between fatigue and sleep quality was
significant after controlling for clinical disability, as evalu-
ated by the EDSS (P = 0.03). Excessive daytime sleepi-
ness was detected in only 3 subjects (7%) and was not
associated with any of the parameters studied.

Hemoglobin levels (range 11.4 to 14.3 g/dL) were not
different between patients with or without RLS. Glucose
(range from 70 and 120 mg/dL), cholesterol (range from
140 to 230 mg/dL) and creatinine (range 0.5 to 1.1 mg/dL)
levels were within expected normal range and not different
between the two groups.

Discussion

This study showed that RLS is common in MS and
related to poor sleep quality, fatigue and clinical disability.
Patients with RLS showed worse scores in several sleep
domains such as sleep latency, sleep efficiency and sleep
duration. Furthermore, as previously described, sleep qual-
ity was associated with fatigue (16) making a stronger case
for treating RLS. Fatigue, a severe and debilitating symp-
tom in MS, was best explained by clinical disability, con-
firming previous data (17) followed by quality of sleep.

Previously, two studies described RLS in association
with MS with a reported prevalence of 32-37% (9,10).
However, there was no mention of an association among

Table 1.Table 1.Table 1.Table 1.Table 1. Characteristics of 44 patients with multiple sclerosis
with or without restless leg syndrome.

Characteristics Without RLS With RLS
(N = 32) (N = 12)

Gender (female/male) 24/8 8/4
Age (years)

Range 14-64 18-61
Mean ± SD 44.1 ± 13.4 40.7 ± 14.8

Disease duration (years)
Range 1-23 1-23
Mean ± SD 7.3 ± 5.8 5.6 ± 6.1

EDSS
Range 0-8 2-6.5
Mean ± SD 3.2 ± 2.0 4.8 ± 1.4*

FSS score
Range 12-63 19-63
Mean ± SD 39.9 ± 17.1 50.0 ± 13.4*

PSQI score
Range 0-15 2-17
Mean ± SD 6.3 ± 3.9 9.0 ± 5.5*

ESS score
Range 2-16 0-15
Mean ± SD 5.7 ± 3.0 5.7 ± 4.0

Data are reported as range and mean ± SD. RLS = restless leg
syndrome; EDSS = Expanded Disability Status Scale; FSS =
Fatigue Severity Scale; PSQI = Pittsburgh Sleep Quality Index;
ESS = Epworth Sleepiness Scale. *P < 0.05 compared to without
RLS (chi-square test and Mann-Whitney test).

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Sleep dimensions as assessed by the Pittsburgh Sleep
Quality Index (PSQI) in multiple sclerosis patients with (N = 12)
and without (N = 32) restless leg syndrome (RLS). The Mann-
Whitney test was used for statistical comparisons.

RLS, sleep quality and fatigue in those reports. Despite the
relatively small number of patients involved in the present
study, RLS was also found to be present in approximately
one-third of the patients. Epidemiological surveys based
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on primary care patients have initially shown
a prevalence of RLS ranging from 5 to 15%
in Caucasians (18-21). Recently, larger popu-
lation-based studies have reported lower in-
cidences oscillating from 2-3% (22,23), 5-
7% (24,25) to a maximum of 12% (26). RLS
prevalence has been reported to be higher in
female patients in most reports (24,25) and
to increase with age (19). Ethnic variations
have been described and lower prevalence
rates have been claimed in Greeks (27). A
recent population-based study has shown a
prevalence of 7.1% among Brazilians (28). It
has been reported that considering the fact
that MS patients are usually young, the pres-
ence of RLS in these individuals makes the finding more
significant (9). However, age was not significantly different
between patients with and without RLS. In the present
study, the majority of cases were the relapsing remitting
clinical form, confirming that, despite being less frequent in
the tropics, the clinical phenotype and genetic component
are generally similar to subtropic populations (29).

The pathogenesis of RLS has been connected with a
genetic cause (30), iron deficiency (31), dopamine involve-
ment (32), peripheral neuropathy, and diabetes (33). It has
also been claimed that more than one pathological pro-
cess may be involved (34). Given the fact that MS is
sometimes a disease of precise neurological localization,
attempts to establish a connection between spinal cord
lesion and RLS symptoms have been made without suc-
cess (35). More recently, cervical cord lesion has been
associated with the presence of RLS suggesting that MS is
actually a cause of secondary RLS (36). According to our
data, no association was found between upper motor
neuron involvement and the presence of RLS. We also
confirm previous reports showing no association between
anemia or iron deficiency with RLS in MS patients (9,10).

A number of patients with RLS also have periodic limb
movements during sleep (PLMS), defined as stereotyped,
periodic, jerking movements, typically consisting of flexion

of the ankle, knee, and hip. Generally, PLMS have been
found in approximately 80–90% of patients with RLS (37,38)
and previously, PLMS was associated with sleep disrup-
tion in MS (39). Neurophysiological examination, such as
polysomnography, is essential for the diagnosis of PLMS
and can contribute to diagnosis in uncertain RLS cases.
PLMS are sometimes accompanied by arousals leading to
sleep fragmentation and excessive daytime sleepiness.
Disturbances in initiating and maintaining sleep, sleepi-
ness and less refreshing sleep can be associated with
PLMS and with RLS and the importance of identifying
factors contributing to fatigue and poor sleep quality in MS
cannot be minimized. Moreover, response of RLS symp-
toms and fatigue to treatment with dopaminergic agents
might have a major impact on daily symptoms and quality
of life in these patients.

We confirm that RLS is frequent in MS and associated
with poor sleep quality and fatigue. Despite the fact that
symptomatic treatment for RLS is available, it is still an
under-recognized condition and frequently MS patients
remain undiagnosed and untreated. RLS has a negative
impact on sleep, quality of life and cognitive functions and
higher awareness of RLS among physicians is warranted.
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