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Abstract

Introduction The prevalence of restless legs syndrome (RLS) is reported to vary in patients with multiple sclerosis (MS) in
studies which are conducted in different populations. The goal of this systematic review and meta-analysis is to update the
prevalence of RLS in MS cases.

Methods We searched PubMed, Scopus, EMBASE, CINAHL, Web of Science, Google Scholar, and gray literature including
references from identified studies and conference abstracts which were published up to June 2021. Data on the total number
of participants, first author, country, disease duration, number of controls, mean patient age, male and female numbers, mean
EDSS, and number of cases and/or controls with RLS were extracted from the included studies.

Results The literature search revealed 855 articles; after deleting duplicates, 530 remained. For the meta-analysis, 75 stud-
ies were included (Fig. 1). In six articles, the authors did not differentiate between CIS and MS cases when reporting RLS
cases. In total, 15,411 MS/CIS patients were evaluated and 4309 had RLS. The pooled prevalence of RLS was 28% (95% CI:
24-33%). The pooled prevalence of RLS in men was 22% (95% CI: 17-26%), and the pooled prevalence of RLS in women
was 30% (95% CI: 25-35%). The pooled prevalence of RLS in controls was 8% (95% CI: 6-10%).

Conclusion The results of this systematic review and meta-analysis show that the pooled prevalence of RLS is 28% in MS
cases and 8%. The pooled prevalence is higher in women than men (30% vs 22%).

Keywords Multiple sclerosis - Restless legs syndrome - Prevalence

Introduction

<l Saeid Safari

drsafari.s @gmail.com . . . . . .
£ Multiple sclerosis (MS) is an autoimmune disease, affecting

women more than men with a wide range of complications
[1]. Physical and mental complications lead to impaired
quality of life and interferes with daily activities [2]. Rest-
less legs syndrome (RLS), extrapyramidal hyperkinesia, is
considered as a sleep-related movement disorder according
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to the German Society for Sleep Research and Sleep Medi-
cine (DGSM) [3]. The International Restless Legs Syndrome
Study Group (IRLSSG) revised the diagnostic criteria and
declared the characteristics of RLS as strong urge to move
limbs along with unpleasant sensations which worsens at
rest and in the evening [4].

For the first time, in 2005, RLS in MS cases was intro-
duced, and up to now, various studies reported a wide range
of prevalence of RLS in MS cases, ranging from 14 to 65%
[5-8].
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The last systematic review and meta-analysis which was
conducted in 2018 estimated the pooled prevalence of RLS
as 20% which is higher in women [7].

The goal of this systematic review and meta-analysis is
to update the prevalence of RLS in MS cases.

Methods
Literature search

We searched PubMed, Scopus, EMBASE, CINAHL, Web
of Science, Google Scholar, and gray literature including
references from identified studies and conference abstracts
which were published up to June 2021.

Inclusion criteria were cross-sectional/case—control
studies evaluating prevalence of RLS in patients with MS.

Exclusion criteria were letter to editors, cohort, or
randomized clinical trials.

Data search and extraction

The search strategy included the MeSH and text words
as ((Sclerosis AND multiple) OR (sclerosis AND

disseminated) OR “disseminated sclerosis” OR “multiple
sclerosis” OR “acute fulminating”) AND(“Restless
Leg*” OR “Willis Ekbom Disease” OR (Disease AND
“Willis Ekbom™) OR “Wittmaack-Ekbom Syndrome” OR
(Syndrome AND “Wittmaack-Ekbom™) OR “Willis-Ekbom
Disease” OR (Disease AND “Willis-Ekbom™) OR “Willis-
Ekbom Syndrome” OR (Syndrome AND “Willis-Ekbom™)
OR “Wittmaack Ekbom Syndrome” OR (Syndrome AND
“Wittmaack Ekbom™) OR “Restless Leg Syndrome” OR
(Syndrome AND “Restless Leg”) OR “Willis Ekbom
Syndrome” OR (Syndrome AND “Willis Ekbom™)).

Two independent researchers independently assessed
the articles. Data on the total number of participants, first
author, country, disease duration, number of controls, mean
patient age, male and female numbers, mean EDSS, and
number of cases and/or controls with RLS were extracted
from the included studies.

Risk of bias assessment

We evaluated the risk of potential bias by the
Newcastle-Ottawa Quality Assessment Scale (adapted for
cross-sectional/case—control studies) [9, 10].

Fig.1 Flow diagram of includ-
ing studies

Records identified

N=855
Duplicates
removed
N=325
Studies screened to be
relevant
N=530 Not related articles
removed
N=455
1. Reviews,
systematic
reviews
2. NoRLS
evaluation
Studies screened to 3. No English full
be relevant text
N=75
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. o o = Statistical analysis
g e 5 0B
é E § E All statistical analyses were performed using STATA (ver-
- sion 13.0; Stata Corp LP, College Station, TX, USA).
2 Inconsistency (I?) was calculated to determine
g g o © - heterogeneity.
Subgroup analysis was done based on sex.
v
2o
> © Results
z
5 . The literature search revealed 855 articles; after deleting
= — duplicates, 530 remained. For the meta-analysis, 75 stud-
% < ies were included (Fig. 1). In six articles, the authors did
é 2 29 not differentiate between CIS and MS cases when reporting
cg ©wZEE N Z RLS cases.
Studies were published between 1999 and 2021. Most
studies were conducted in Turkey and the USA. Twenty-two
g § studies reported data regarding the control group. Mean age
o o and mean EDSS ranged between 28 and 59 years, 0.9 and
5.3, respectively.
g Totally, 15,411 MS/CIS patients were evaluated and 4309
E e had RLS. As controls, 66,053 were enrolled and 4496 cases
Z < with RLS were reported.
2 = Risk of bias which was assessed by NOS was more than
5 which indicates that the quality of included studies was
satisfactory.
2 a @ The data extracted from studies are summarized in
fl S’ z = Table 1.
< < < < The pooled prevalence of RLS was 28% (95% CI:
. 24-33%) (I’=98.3%, P <0.001) (Fig. 2).
& 8 o The pooled prevalence of RLS in women was 30% (95%
2 T CI: 25-35%) (I*=90.6%, P <0.001) (Fig. 3).
The pooled prevalence of RLS in men was 22% (95% CI:
<3 Lé 2., o 17-26%) (I*=78%, P <0.001) (Fig. 4).
ZEES|29® S22 d=g The pooled prevalence of RLS in controls was 8% (95%
3 CI: 6-10%) (I?=99.5%, P <0.001) (Fig. 5).
g - Lé o The pooled odds of RLS in patients with MS was 4.03
/83229 Szg gen (95% CI: 1.83-3.57) (I*=64.8, P=0.001) (Fig. 6).
2 5 :
) 4 = £ 2 Discussion
& & = O
o B This systematic review and meta-analysis is the update of
§ g § < previous studies, including 75 studies.
S & S 5 We found that the pooled prevalence of RLS in subjects
5 5 n 2 with MS was estimated as 28%, while the pooled prevalence
= = & & 2 in controls was estimated as 8%.
E _ The pooled prevalence of RLS was higher in women than
g , _ ) men (30% vs 22%).
f’ E’ % o % § The previous systematic review and meta-analysis was
< g 8 g Z é") % 5, conducted by Ning et al. They included 25 articles and
S| 2 = o} < reported the pooled prevalence of RLS in patients with MS
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%
Study ES (95% CI) W eight
Gianna C. Riccitelli 2021) —_— 0.29 (0.20, 0.40) 1.30
Tobias Monschein 2021) —_— 0.24 (0.17, 0.32) 1.35
Serhan Sevim (2020) - 1 0.16 (0.14, 0.19) 1.41
H.A. Hensen (2020) ———— 0.26 (0.19, 0.35) 1.34
Bouhlal, M (2020) — e 0.34 (0.24, 0.45) 1.30
Katie L.J (2020) —_—— 0.27 (0.22, 0.32) 1.38
Meral SEFERO?LU (2020) - 0.41 (0.28, 0.56) 1.21
G7lin SPNTER (2020) —_— 0.32 (0.24, 0.42) 1.32
Vahid Shaygannejad (2019) ———— 0.31 (0.26, 0.36) 1.39
Edgar Camero Contentti (2019) —_— 0.29 (0.23, 0.36) 1.37
KatieL.J.Cederberg (2019) ——— 0.26 (0.21, 0.32) 1.38
S.Canbaz Kabay (2019) 1 g 0.53 (0.39, 0.67) 1.20
Taskin GUNES (2019) ——— 0.30 (0.22, 0.40) 1.33
Nazanin Razazian (2019) ' ————e 0.45 (0.35, 0.56) 1.29
Katie L.Cederberg 2019) —— 0.27 (0.22, 0.32) 1.38
R.Turkoglu (2018) —————i. 0.13 (0.05, 0.30) 1.26
AT.Ozdogar1 (2018) — 0.29 (0.25, 0.35) 1.38
Hensen HA (2018) ——t——e 0.26 (0.18, 0.36) 1.32
Venessa Schellaert (2018) — | 0.16 (0.09, 0.27) 1.32
L.Lebrato Heranandez (2018) —_—— 0.23 (0.17, 0.32) 1.35
Giannaki 2018) —e 0.20 (0.11, 0.33) 1.28
Sylvia Kotterba (2018) —_— 1 0.05 (0.02, 0.10) 1.40
Aysenur ONALAN (2018) —_——— 0.23 (0.15, 0.32) 1.34
Sajid l.AI-Hussainy 2018) — ] 0.17 (0.11, 0.25) 1.36
M.Minar(2017) —_— 1 0.16(0.11,0.21) 1.38
Marzieh Khatooni 2017) 1 ————e 0.57 (0.48, 0.65) 1.33
Hesham Abboud (2017) ! _— 0.47 (0.35, 0.59) 1.25
Shengli Ma 2017) —_— 0.22 (0.17, 0.27) 1.38
I.Gomez -E stevez (2017) ———eeeeee 0.36 (0.25, 0.48) 1.26
Ozdogar AT (2017) —_—— 0.24 (0.14, 0.38) 1.26
Merisanda Casar Rovazdi 2017) —_— 0.40 (0.29, 0.53) 1.26
Aurelie Basille- Fantinato (2016) —ee 0.25 (0.17, 0.35) 1.32
V.Agostini 2016) - L 0.38 (0.26, 0.52) 1.23
Nahid Ashjazadeh (2016) 1 ———  0.65 (0.56, 0.73) 1.33
B.Petek Bald (20186) —e e 0.35 (0.26, 0.45) 1.32
AKoskderelioglu 2015) ——i— 0.23 (0.18, 0.30) 1.37
VM ery (2015) —_—— 0.31 (0.21, 0.42) 1.29
Pedro Viana (2015) —_—— 0.25 (0.20, 0.32) 1.37
Christian Veauthier (2015) —be 0.18(0.11, 0.29) 1.32
Ganggiong Liu (2015) —! 0.25 (0.22, 0.28) 1.40
Mine Hayriye SORGUN 2015) — 0.18(0.11, 0.27) 1.35
Zuzana Camicka (2015) —————————e 0.28 (0.17, 0.42) 1.25
EL-Nabli,L M 2015) —_— 0.20 (0.11, 0.33) 1.28
Minar,M (2015) —ee 0.26 (0.20, 0.32) 1.37
Timm,P C (2015) ! — 0.47 (0.38, 0.55) 1.33
Christian Veauthier (2015) —_—— 0.36 (0.26, 0.48) 1.27
M Terzi 2014) —_— 0.33 (0.27, 0.41) 1.36
E.Brunc (2014) el 1 0.14 (0.10, 0.21) 1.38
Steven D.Brass (2014) ' - 0.37 (0.35, 0.39) 1.41
Jian-Hua Chen 2014) —_———— 1 0.05 (0.01, 0.23) 1.32
Olga Krokki (2013) - 1 0.00 (0.00, 0.01) 1.41
Isik,N (2013) —_— 0.22 (0.17, 0.28) 1.37
Vahid Shaygannejad (2013) ' —p————  0.65 (0.56, 0.73) 1.34
Y.Li (2012) —_— 1 0.16 (0.12, 0.20) 1.39
D.Rotstein (2012) - 0.37 (0.25, 0.51) 1.23
J.\Vavrova (2012) e 0.32 (0.29, 0.35) 1.40
Shahnaz Miri (2012) — 0.28 (0.22, 0.34) 1.37
C Veauthier (2011) —_— ! 0.12 (0.06, 0.22) 1.34
‘vara Dadalti Fragoso @011) ' ————— 0.57 (0.47, 0.68) 1.29
Gulay Aydar 2011) —— 0.28 (0.20, 0.37) 1.33
J.Makhoul 2010) - 4 0.09 (0.07, 0.13) 1.40
AlMendes 2010) —eee 0.20 (0.11, 0.32) 1.30
L.Aydin Canturk 2020) —_— ! 0.18 (0.13, 0.25) 1.37
Sieminski M (2009) —_———————————— 0.34 (0.23, 0.47) 1.25
Marcello D eriu (2009) —_—— ! 0.14 (0.10, 0.20) 1.39
Sorgun ,M H (2009) —————k 0.20 (0.13, 0.29) 1.34
Bamer A(2009) ! —— 0.51 (0.46, 0.55) 1.39
Maurc Manconi, 2008) —— ! 0.19(0.17, 0.22) 1.40
N.C.V.Moreira 2008) -»-- 0.27 (0.16, 0.42) 1.24
M Manconi (2008) —_-— 0.37 (0.27, 0.47) 1.30
Zambrano 2008} —_—— 0.33 (0.28, 0.40) 1.37
M.Manconia (2007) —_—— 0.33 (0.26, 0.40) 1.35
MJ Go mezChoco 2007) — ' 0.13 (0.09, 0.20) 1.37
Chantale Auger (2005) I — 0.38 (0.31, 0.44) 1.36
Alex D Rae-Grant (1999) ! — 0.53 (0.47, 0.60) 1.36
Overall ("2 =98.30%, p = 0.00) -<> 0.28 (0.24, 0.33) 100.00

1
I I I I
-5 0 5 1

Fig.2 The pooled prevalence of RLS in MS/CIS cases

as 27%. In their study, like our study, the pooled preva-
lence was higher in females than males (26 vs 17%). They
also found that the odds of RLS was near fourfold among
MS cases than controls [7] which is in agreement with our
findings (OR =4.03).

In another systematic review which was conducted in
2013 by Schiirks, they investigated that the prevalence of
RLS in subjects with MS ranged between 12.1 and 57%
and also the prevalence ranged between 2.5 and 18.3%
in controls. They reported the pooled OR of 4.1 (95%
CI: 3.1-5.6) for RLS in MS [84]. They did not report the
pooled prevalence.

@ Springer

Bruno et al. enrolled 152 patients with MS and 431
healthy controls and reported RLS as 14.5% in MS group
vs 6% in controls. They found that the presence of cervical
cord lesions was associated with RLS development
(OR=3.7,95% CI: 1.1-13.5) [85].

Liu et al. evaluated 695 individuals with MS and 603
controls and found the prevalence of RLS as 24.6% in MS
group vs 8% in controls. They noticed that RLS in MS
group was more severe than controls and sleep quality in
MS patients with RLS was more impaired [50].

In a recent study which is conducted by Monschein
et al., the prevalence of RLS estimated as 23.9% in MS



Neurological Sciences (2023) 44:67-82 77
Fig.3 The pooled prevalence of
RLS in female patients
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Fig.4 The pooled prevalence of
RLS in male patients
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Fig.5 The pooled prevalence in
controls

Fig.6 The pooled OR of devel-
oping RLS in the MS group
compared with controls
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group and 3.4% in healthy group and MS cases with RLS
had higher proportion of sleep impairment and excessive
daytime sleepiness. They also found that disability level
and spinal lesions in MRI are independent predictors
of RLS development in MS [12]. Maybe spinal lesions
disturb hypothalamo-spinal dopaminergic system [86],
leading to RLS in MS.

Minar et al. enrolled 200 MS cases and reported RLS
in 26% while RLS development was assumed to be
associated with spinal cord lesions (OR =3.846, 95% CI:
1.304-11.346) [87].

RLS is a sensory motor disorder which characterized by
an impulse to move the legs that may be accompanied by
dysesthesias and unpleasant sensation [88]. Untreated RLS
is associated with sleep disturbances, daytime sleepiness,
depression, and impaired quality of life [88]. The average
sleep time in cases with RLS estimated as 5 h a day [88].

The diversity between studies regarding the prevalence
of RLS in patients with MS could be due to variety of
diagnostic method. In some studies, International RLS
Rating Scale (IRLSS)/ Cambridge-Hopkins Questionnaire
(CH-RLSq) and others administered clinical interview. We
did not do meta-analysis based on diagnostic method as
some studies which are included in our study did not report
the diagnostic report.

In general population, iron deficiency is related with
presence of RLS, while iron deficiency and vitamin D and
B deficiencies were not associated with RLS in MS patients
[87].

As reported previously, disability level and location of
MS-related lesions were associated with RLS development.
It is shown that infra-tentorial lesion increase the risk of
RLS by sevenfold [89].

Administration of disease-modifying therapies have
various effects on RLS development [8§9]. Some researchers
found that interferons negatively affect sleep quality and
daytime sleepiness leading to RLS worsening in subjects
with MS [16, 90, 91]. On the other hand, natalizumab
use is related with sleep quality improvement [92]. The
controversies are based on cross-sectional nature of studies.

This systematic review has some strengths. First, we cal-
culated the pooled prevalence in patients and controls. Sec-
ond, we included 75 articles. Third, the pooled prevalence
is calculated in both sexes separately.

Conclusion

The results of this systematic review and meta-analysis show
that the pooled prevalence of RLS is 28% in MS cases and
8%. The pooled prevalence is higher in women than men
(30% vs 22%).
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