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Learning Objectives 

¡   Movement disorders in sleep including restless 
legs syndrome, PLMS, bruxism and others will be 
presented by videos, treatment options will be 
provided.  

 

¡  Identify various motor disorders in sleep and 
characterize restless legs syndrome including 
treatment options. 



 
Motor disorders in sleep: 
Differential diagnosis 



Always exclude seizures! 
¡ Nocturnal seizures 
¡  Frontal seizures 
¡  Predominantly in young patients 
¡  be aware of post-traumatic seizures 
¡ Only polysomnography  can reliably differentiate 

between parasomnias and seizures! 



Bruxism: frequent in young people 



PLMS Periodic Limb Movements in Sleep 

Nocturnal Myoclonus   Symonds 1956 

Periodic Leg Movements            Lugaresi et al 1968 

      Coleman 1982 

Definition: Sequence of at least 4 leg movements 

0.5 - 5 sec duration, 4 - 90 sec intermovement interval 

   (ASDA criteria, 1990)!

 

 
Lugaresi E, Cirignotta F, Coccagna G, 
Montagna P,  
Nocturnal Myoclonus and  Restless Legs 
Syndrome 
 Adv Neurol, 1986 Coleman et al Sleep 1982; 5 Suppl 2: S191-202 

Zucconi  et al Sleep Med  2006 Mar; 7(2): 175-83 



¡ Criteria separately defined for clinical use and 
for research 

¡ Definition of duration, onset, bilateral 
movements, arousals 



PLMS: onset, offset threshold; 
LM intervals; LM duration 

Zucconi et al 2006: WASM criteria	




PLMS are unspecific and associated 
with various disorders and diseases 

PLMS 
Periodic Limb Movements 

in Sleep 
RLS 

 85 % 

Periodic Limb PLMD 
Movement Disorder () 
Sleep fragmentation 

Sleep Apnea Syndrome  

REM-Sleep-Behaviour 
Disorder (RBD) 

Narcolepsy 

Parkinson  Disease 
Parkinson Syndromes 

Elderly: lower numbers,  
random distribution over night 

ICSD-2	




Periodic Limb Movements in Sleep  
(PLMS) with Arousal 



Restless Legs Syndrome 
¡ Diagnostic Criteria: 

¡  4 Essential Criteria, now revised into 5 criteria 

¡  Polysomnography is not necessary to diagnose RLS 

¡  The occurrence of periodic limb movements are 
part of additional, non obligatory characteristics in 
RLS (no sleep measure included) 

¡  Conclusion: RLS is primarily a clinical diagnosis 
without PSG measures 

Allen et al, Sleep Med 2003; Allen, Picchietti et al, 
Sleep Med 2014, ICSD Criteria, ICD. 



RLS Essential Criteria  
 

Ø  1. An urge to move the legs, usually accompanied 
or caused by uncomfortable and unpleasant 
sensations in the legs.   

Ø  2. The urge to move or unpleasant sensations begin 
or worsen during periods of rest.  

Ø  3. The urge to move or unpleasant sensations are 
partially or totally relieved by movement.  

Ø  4. The urge to move or unpleasant sensations are 
worse in the evening or night than during the day. 

Allen RP, Picchietti D, Hening WA, Trenkwalder C, Walters AS, Montplaisir J. 
Restless legs syndrome: diagnostic criteria, special considerations, and 
epidemiology. Sleep Med 2003;4(2):101-19. 
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a b s t r a c t

Background: In 2003, following a workshop at the National Institutes of Health, the International Restless
Legs Syndrome Study Group (IRLSSG) developed updated diagnostic criteria for restless legs syndrome/
Willis–Ekbom disease (RLS/WED). These criteria were integral to major advances in research, notably
in epidemiology, biology, and treatment of RLS/WED. However, extensive review of accumulating litera-
ture based on the 2003 NIH/IRLSSG criteria led to efforts to improve the diagnostic criteria further.
Methods: The clinical standards workshop, sponsored by the WED Foundation and IRLSSG in 2008,
started a four-year process for updating the diagnostic criteria. That process included a rigorous review
of research advances and input from clinical experts across multiple disciplines. After broad consensus
was attained, the criteria were formally approved by the IRLSSG executive committee and membership.
Results: Major changes are: (i) addition of a fifth essential criterion, differential diagnosis, to improve
specificity by requiring that RLS/WED symptoms not be confused with similar symptoms from other con-
ditions; (ii) addition of a specifier to delineate clinically significant RLS/WED; (iii) addition of course spe-
cifiers to classify RLS/WED as chronic-persistent or intermittent; and (iv) merging of the pediatric with
the adult diagnostic criteria. Also discussed are supportive features and clinical aspects that are impor-
tant in the diagnostic evaluation.
Conclusions: The IRLSSG consensus criteria for RLS/WED represent an international, interdisciplinary, and
collaborative effort intended to improve clinical practice and promote further research.

! 2014 Published by Elsevier B.V.

1. Introduction

Restless legs syndrome (RLS), also known as Willis–Ekbom
disease (WED), is a common neurological, sensorimotor disorder.

In European and American populations, about 2–3% of adults suffer
from clinically significant symptoms [1]. Clinically significant RLS/
WED has a substantial negative impact on sleep, quality of life, and
health [1–3]. Following a 2003 workshop at the National Institutes
of Health (NIH), the International Restless Legs Syndrome Study
Group (IRLSSG) developed updated diagnostic criteria that have
enabled rapid development of research and treatments for RLS/
WED over the past decade [4]. The accumulating research and

http://dx.doi.org/10.1016/j.sleep.2014.03.025
1389-9457/! 2014 Published by Elsevier B.V.
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Changes : 
5. The occurrence of the above features is not solely accounted for as 
symptoms primary to another medical or a behavioral condition (e.g. 
myalgia, venous stasis, leg  
edema, arthritis, leg cramps, positional discomfort, habitual foot tapping). 
Specifiers for clinical course of RLS/WED: 
A. Chronic-persistent RLS/WED: symptoms when not treated would occur 
on average at least twice weekly for the past year.  
B. Intermittent RLS/WED: symptoms when not treated would occur on 
average <2/week for the past year, with at least five lifetime events. 
 Specifier for clinical significance of RLS/WED:  
 



“Gold Standard”: 
International RLS Severity 
Rating Scale (IRLS)  

¡ Disease-specific, 10-item rating scale 

¡ Measures disease severity through subjective 
assessment of primary sensorimotor features, 
associated sleep problems, and impact on 
patients’ mood, daily life, and activities 

¡ Patients score symptoms from 0 (none) to 4 (very 
severe) 

¡ 10 items are added together to give a total IRLS 
score: 
¡  Score of 1-10: Mild RLS 
¡  Score of 11-20: Moderate RLS 
¡  Score of 21-30: Severe RLS 
¡  Score of 31-40: Very severe RLS 

Hening	  W,	  et	  al.	  Sleep	  Med,	  2003.	  
Allen	  RP,	  et	  al.	  Sleep	  Med,	  2003.	  



Combination of a diary with 
the IRLS: showing circadian 
distribution of RLS Fuhs et al, Plos1 2014 

strongly related to RLS severity, increasing from a CES-D score of
11.3 among those with mild symptoms (#10 points IRLS) to 24.5
in those with high severity (.30 points IRLS), after controlling for
age and gender (not shown). Average PSQI-scores increased
slightly over the course of 3 years, indicating a small worsening in
sleep quality.

Applying our definition of ‘clinically relevant change’ (IRLS65
points), 27.3% of the participants of the COR-Study ‘‘improved’’,
12.5% ‘‘worsened’’ and 60.2% of the subjects showed ‘‘no
change’’ over the course of three years. Table 3 describes
characteristics in health status scores in these three groups
according to the time of assessment.

Small variations indicate a slight worsening of the CES-D- and
PSQI scores as well as the physical and mental component
summary scores of the SF-36 among those with ‘‘unchanged’’ RLS
severity. In contrast, the ‘‘worsened’’ group reported considerable
worse scores in all categories. The change of mean RLS severity
over time followed a rather consistent trend across the five points
of assessment. Those with a worsening of symptoms had a rather
low RLS severity level at baseline while the group with improved
symptom severity started at a relatively high level (28.4 IRLS
points). Compared to the changes in the IRLS, the changes in the
depression, quality of life and sleep scales were rather small.

Figure 2. A) Short term variation of the RLS minimal criterion ‘‘urge to move’’ in the 7-day diary, according to IRLSa score and time of the day. B)
Short term variation of the RLS minimal criterion ‘‘dysaesthesia’’ in the 7-day diary according IRLSa score and time of the day.
doi:10.1371/journal.pone.0094821.g002

RLS and Health Status

PLOS ONE | www.plosone.org 4 April 2014 | Volume 9 | Issue 4 | e94821



Severe RLS at night:  
coping strategies: 
 
leg movements, body rocking, 
arm movements, getting up and walk 
stretching 

Video RLS 



Renal disease and anemia often lead to secondary RLS,20

while sensory neuropathy in diabetes and symptoms of hyperthy-
roidism may mimic RLS complaints.37 Therefore, in secondary
analyses, we removed these conditions from the comorbidity
index. We controlled for the potential influence of these factors
with adding a dichotomous dummy variable to the multivariable
models, which indicated the presence of any one of these selected
conditions. Finally, we summarized the single diseases associated
with an increased risk of incident RLS in both studies (as shown

in figure 1) in an alternative, completely data-driven index. This
included diabetes, obesity, hypertension, anemia, depressive
symptoms, and migraine.

Statistical analysis. Because of the different follow-up times, we
did not pool data of the 2 studies, and all statistical analyses were
performed separately for each study, using results from one as a
replication of the other.

Continuous variables were described with mean and SDs. Mul-
tivariable logistic regression models were built separately for both
studies to analyze the independent relationship between RLS and
the number of comorbidities. Subjects who did not participate in
the follow-up examination or had missing covariate data were
excluded from the multivariate analyses. Age, sex, and follow-up
time were added to each model with forced entry. In addition,
the following potential confounders were subject to backward step-
wise selection using a removal condition p . 0.2 for each model:
education, alcohol consumption, smoking, and physical activity.

A pooled odds ratio (OR) for comorbid categories and for sin-
gle chronic diseases was calculated with meta-analysis, using a
fixed-effect model and the Mantel-Haenszel method. Confidence
intervals (CIs) were determined with the Woolf method.

We ran sensitivity analyses excluding subjects taking any
medication that might relieve RLS symptoms, i.e., dopaminergic
agonists, anticonvulsants, or opioids (DHS: 2.8%; SHIP: 5.1%).
Finally, in DHS, subjects with incident RLS who reported at
follow-up that the onset of RLS preceded the baseline measure-
ment were also excluded in further sensitivity analyses (3.8%)
because they might have had prevalent RLS at baseline.

In each case, 2-tailed hypotheses were tested. All analyses
were done with Stata 11.0 (StataCorp LP, College Station, TX).

RESULTS Table 1 summarizes the baseline character-
istics of the participants in the 2 cohorts. Table e-1 on
the Neurology® Web site at Neurology.org presents the
comparison of baseline characteristics of individuals
participating and those not participating in the
follow-up of DHS and SHIP.

In SHIP, 206 subjects reported new onset of RLS
out of 2,929 individuals during 5.0 years of follow-
up, yielding a standardized incidence rate of 9 per
1,000 person-years (95% CI 8–10) in SHIP. In
DHS, 85 participants developed new-onset RLS from
935 subjects during 2.1 years, resulting in an incidence
rate of 22 per 1,000 person-years (95% CI 18–27) in
DHS. The cumulative incidence of RLS was 8.8% and
7.1% in DHS and SHIP, respectively.

Number of comorbid conditions and prevalent RLS. Ac-
cording to table 2, as the number of comorbidities
increased, the risk for RLS at baseline became higher
in both studies. The trend ORs (i.e., the risk associ-
ated with an increase of one additional disease), how-
ever, were similar in both studies and reached
borderline significance in DHS. In secondary analy-
ses, the modified comorbidity index including only
selected diseases yielded very similar ORs in both
studies (table 2).

Number of comorbid conditions and incident RLS. The
relationship between the number of comorbidities at

Figure 1 Odds ratios for incident restless legs syndrome associated with each
comorbid category and single chronic diseases

Pooled odds ratios were calculated using a fixed-effect model and the Mantel-Haenszel
method. (A) Dortmund Health Study (DHS). (B) Study of Health in Pomerania (SHIP). CI 5
confidence interval.
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Multimorbidity and the risk of restless legs
syndrome in 2 prospective cohort studies

ABSTRACT

Objective: Our aim was to evaluate the association between the cumulative effect of comorbidity
and the risk of restless legs syndrome (RLS) in 2 population-based German cohort studies.

Methods: The Dortmund Health Study (DHS) (n 5 1,312; median follow-up time: 2.1 years) and
the Study of Health in Pomerania (SHIP) (n 5 4,308; median follow-up time: 5.0 years) were used
for the analyses. RLS was assessed at baseline and follow-up according to the RLS minimal
criteria. A comorbidity index was calculated as a sum of the following conditions: diabetes, hyper-
tension, myocardial infarction, obesity, stroke, cancer, renal disease, anemia, depression, thyroid
disease, and migraine. The relationship between comorbidity and incident RLS was analyzed with
multivariate logistic regression models.

Results: An increase in the number of comorbid conditions at baseline predicted prevalent RLS
(DHS: trend odds ratio [OR] 5 1.24, 95% confidence interval [CI] 0.99–1.56; SHIP: trend
OR 5 1.34, 95% CI 1.18–1.52) and incident RLS (DHS: trend OR 5 1.32, 95% CI 1.04–1.68;
SHIP: trend OR 5 1.59, 95% CI 1.37–1.85) after adjustment for several covariates. The ORs for
incident RLS associated with 3 or more comorbid diseases (DHS: OR 5 2.51, 95% CI 1.18–5.34;
SHIP: OR 5 4.30, 95% CI 2.60–7.11) were higher than the ORs for any single disease.

Conclusions: Multimorbidity was a strong risk factor for RLS in these 2 population-based cohort
studies. The results support the hypothesis that cumulative disease burden is more important
than the presence of a specific single disease in the pathophysiology of RLS. Neurology®

2014;82:1–8

GLOSSARY
CI 5 confidence interval; DHS 5 Dortmund Health Study; OR 5 odds ratio; RLS 5 restless legs syndrome; SHIP 5 Study of
Health in Pomerania.

Several cross-sectional studies indicated an association between RLS and various chronic dis-
eases, such as hypertension, cardiovascular diseases, obesity, diabetes, rheumatoid arthritis, oste-
oarthritis, chronic obstructive pulmonary disease, and depression,1–10 to name a few. Cancer,
hyperthyroidism, and migraine might also be more frequent in subjects with RLS,11–13 although
these reports require confirmation. A few recent prospective studies found that RLS may be a
risk factor for coronary heart disease, depression, and stroke,14–17 while others reported that
cardiovascular diseases18 and multiple sclerosis19 predict incident RLS. In addition, iron defi-
ciency and chronic renal disease are known risk factors of secondary RLS.20

The causality between chronic disorders and RLS remains unclear. Furthermore, an impor-
tant limitation of these studies is that they focus on only 1 or 2 disease outcomes, and the
cumulative effect of disease burden is neglected.1–3,6 Given the rapidly increasing number of
conditions suggested to be related to RLS, we wondered whether these are indeed disease-
specific risk relations or whether the accumulation of diseases is important in the pathophys-
iology of RLS.

From the Institute of Epidemiology and Social Medicine (A.S., K.B.), University of Münster, Germany; Institute of Behavioural Sciences (A.S.),
Semmelweis University, Budapest, Hungary; Institute for Community Medicine (H.V., W.H.), University Medicine Greifswald; German Centre
for Cardiovascular Research (H.V.), Partner site Greifswald; German Centre for Neurodegenerative Diseases (DZNE) (W.H.); Paracelsus-Elena
Hospital (C.T.), Kassel; and Department of Neurosurgery (C.T.), University Medicine, Göttingen, Germany.
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Multimorbidity is usually defined as the
simultaneous presence of 2 or more chronic
conditions in a single individual.21 The concept
of multimorbidity strongly focuses on the com-
bined effects of several coexisting diseases
instead of describing and quantifying their sin-
gle effects, thereby integrating several disease
risk relations with RLS into a larger framework.

The aim of this analysis was to evaluate the
association between RLS and multimorbidity
in 2 independently conducted population-
based studies in Germany using a prospective
cohort design.

METHODS Study population. The aim and design of the
Dortmund Health Study (DHS) has been described previously.22

From a total population of 587,607 living in Dortmund in 2003,
a random sample of 3,820 persons aged 25 to 75 years was drawn
from the municipal registry, stratified by 5-year age groups and
sex. Of those sampled, 395 persons were excluded because they
had moved out of the study area, had died, or had insufficient
knowledge of the German language. Those eligible (n 5 3,425)
were invited to an interview at the study center. If personal
participation at the center was not possible, a questionnaire
with a subset of the otherwise identical questions was mailed to
the participants. The overall response at baseline was 66.9% (n5
2,291). RLS assessment at baseline was restricted to participants
available for a face-to-face interview only (n 5 1,312), because
the respective questions were not included in the mailed
questionnaires. Sufficient data to classify RLS at baseline were
provided by 1,311 interview participants. Median follow-up
time (range) was 2.1 (0.07–2.7) years, during which 11 persons
died. The follow-up was conducted by mailed questionnaire,
yielding a follow-up response of 86.2% (n 5 1,122), and
sufficient information to classify RLS was obtained from 1,097
subjects at follow-up.

Study of Health in Pomerania (SHIP) is an ongoing
population-based study comprising 3 cities and 29 communities
in a rural area close to the Baltic Sea (West Pomerania, Germany),
aiming to assess various health and quality-of-life indicators in the
northeast region of Germany.23 In 1995, from a total population
of 212,157 residents, a sample of 7,008 men and women aged 20
to 79 stratified by 5-year age groups was drawn using a multistage
random sampling design. The final number of subjects partici-
pating in the study was 4,308 (response 68.8%). The baseline
examination was conducted from 1997 to 2001, combining an
interview and medical and dental examinations performed in a
single visit in the study center. RLS data at baseline were available
for 4,289 participants. On-site follow-up examinations were per-
formed after a median (range) of 5.0 (4.3–8.5) years. In this
period, 311 persons had died. The remaining participants were
all contacted, and 3,300 subjects participated (follow-up response
82.6%). The follow-up examination was also conducted during a
personal visit to the study center, and 3,291 participants provided
follow-up RLS data.

Standard protocol approvals, registrations, and patient
consents. All participants gave informed written consent, and
the local ethics committees of the Medical Faculty at the Univer-
sity of Münster (for DHS) and the University Medicine of Greifs-
wald (for SHIP) approved the study protocol.

RLS assessment. Baseline RLS was assessed identically in both
studies during face-to-face interviews conducted by trained and
certified interviewers with a short questionnaire that had
previously been validated against physician classification24 and
already been used in prior reports.22,25–28 The questions
followed the minimal criteria published by the International
Restless Legs Syndrome Study Group.29 Participants were only
classified as RLS positive if they answered all symptom questions
with “Yes.” During follow-up in DHS, the same set of questions
was used to assess RLS as part of a mailed questionnaire, and
participants also had to specify the number of years that elapsed
since the onset of symptoms. In SHIP, the questions were applied
in a face-to-face interview, but symptoms occurring only during
the follow-up time had to be reported. Incident case status was
defined as having no RLS symptoms at baseline and reporting
RLS at follow-up. Subjects who had RLS at baseline (prevalent
cases) were excluded when incident RLS was calculated.

Sociodemographic data, behavioral factors, comorbidi-
ties, and laboratory measurements. All data were assessed in
computer-assisted face-to-face interviews at baseline. The current
medication, taken within the last 7 days, was recorded and
classified according to the Anatomical Therapeutic Chemical
Classification System (2006).30 The presence of diabetes,
hypertension, myocardial infarction, stroke, and cancer was
assessed as self-reports with specific questions asking for
physician’s diagnosis of the respective condition. The phrasing
of the questions and the answer categories was similar in the
2 studies. In the classification of diabetes and hypertension,
subjects taking antidiabetic or antihypertensive medication,
respectively, were considered as positive cases regardless of the
answers. Prevalence of thyroid disease was based on medication
(either thyreostatic or substitution therapy). The presence
of depressive symptoms was assessed with the Center for
Epidemiologic Studies–Depression Scale31 in DHS and with
the Munich-Composite International Diagnostic–Screener32 in
SHIP. Migraine was assessed by a single question in SHIP and
by a standardized questionnaire according to the International
Headache Society’s new (2nd edition) classification criteria in
DHS.33,34

Body weight and height were measured with shoes and heavy
clothing removed. Body mass index was calculated as mass (kg)
divided by the square of height (m2). Obesity was defined as a
body mass index higher than 30 kg/m2.

In SHIP and in a subset of DHS participants (n 5 1,152),
nonfasting blood samples were collected under standardized con-
ditions for measurement of serum creatinine and hemoglobin.
Renal function was estimated by glomerular filtration rate, which
was calculated according to the Chronic Kidney Disease Epidemi-
ology Collaboration formula.35 A glomerular filtration rate of
60 mL/min/1.73 m2 or less was considered as renal disease. Assess-
ment of anemia was based on cutoffs for hemoglobin level
(for women: 120 mg/dL; for men: 140 mg/dL) and/or medication
against anemia (Anatomical Therapeutic Chemical class B03).

Comorbidity index as a measure of disease burden was calcu-
lated by adding up the above-listed conditions (i.e., diabetes,
hypertension, myocardial infarction, obesity, stroke, cancer, renal
disease, anemia, depression, thyroid disease, and migraine) fol-
lowing an established procedure.36 We selected these conditions
according to the following criteria: (1) possible increased risk with
RLS, regardless of the level of evidence; (2) prevalent disorder
with severe impact on health; (3) disease has been assessed in both
DHS and SHIP. No weights were allocated to specific conditions.
Subsequently, we built the following comorbidity categories:
none, 1, 2, and 3 or more conditions.
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Multimorbidity and the risk of restless legs
syndrome in 2 prospective cohort studies

ABSTRACT

Objective: Our aim was to evaluate the association between the cumulative effect of comorbidity
and the risk of restless legs syndrome (RLS) in 2 population-based German cohort studies.

Methods: The Dortmund Health Study (DHS) (n 5 1,312; median follow-up time: 2.1 years) and
the Study of Health in Pomerania (SHIP) (n 5 4,308; median follow-up time: 5.0 years) were used
for the analyses. RLS was assessed at baseline and follow-up according to the RLS minimal
criteria. A comorbidity index was calculated as a sum of the following conditions: diabetes, hyper-
tension, myocardial infarction, obesity, stroke, cancer, renal disease, anemia, depression, thyroid
disease, and migraine. The relationship between comorbidity and incident RLS was analyzed with
multivariate logistic regression models.

Results: An increase in the number of comorbid conditions at baseline predicted prevalent RLS
(DHS: trend odds ratio [OR] 5 1.24, 95% confidence interval [CI] 0.99–1.56; SHIP: trend
OR 5 1.34, 95% CI 1.18–1.52) and incident RLS (DHS: trend OR 5 1.32, 95% CI 1.04–1.68;
SHIP: trend OR 5 1.59, 95% CI 1.37–1.85) after adjustment for several covariates. The ORs for
incident RLS associated with 3 or more comorbid diseases (DHS: OR 5 2.51, 95% CI 1.18–5.34;
SHIP: OR 5 4.30, 95% CI 2.60–7.11) were higher than the ORs for any single disease.

Conclusions: Multimorbidity was a strong risk factor for RLS in these 2 population-based cohort
studies. The results support the hypothesis that cumulative disease burden is more important
than the presence of a specific single disease in the pathophysiology of RLS. Neurology®

2014;82:1–8

GLOSSARY
CI 5 confidence interval; DHS 5 Dortmund Health Study; OR 5 odds ratio; RLS 5 restless legs syndrome; SHIP 5 Study of
Health in Pomerania.

Several cross-sectional studies indicated an association between RLS and various chronic dis-
eases, such as hypertension, cardiovascular diseases, obesity, diabetes, rheumatoid arthritis, oste-
oarthritis, chronic obstructive pulmonary disease, and depression,1–10 to name a few. Cancer,
hyperthyroidism, and migraine might also be more frequent in subjects with RLS,11–13 although
these reports require confirmation. A few recent prospective studies found that RLS may be a
risk factor for coronary heart disease, depression, and stroke,14–17 while others reported that
cardiovascular diseases18 and multiple sclerosis19 predict incident RLS. In addition, iron defi-
ciency and chronic renal disease are known risk factors of secondary RLS.20

The causality between chronic disorders and RLS remains unclear. Furthermore, an impor-
tant limitation of these studies is that they focus on only 1 or 2 disease outcomes, and the
cumulative effect of disease burden is neglected.1–3,6 Given the rapidly increasing number of
conditions suggested to be related to RLS, we wondered whether these are indeed disease-
specific risk relations or whether the accumulation of diseases is important in the pathophys-
iology of RLS.
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RLS	  Gene6cs	  
¡  First	  studies	  in	  RLS	  families:	  autosomal	  dominant	  paBern,	  	  
segrega6on	  analysis	  shows	  earlier	  onset	  of	  familial	  RLS:	  <30	  
years,	  linkage	  studies	  iden6fied	  only	  RLS	  associated	  loci,	  	  	  	  	  	  	  	  	  	  	  	  	  	  
but	  no	  genes	  

¡  Only	  GWAS	  iden6fied	  first	  genes:	  MEIS1,	  BTBD9	  	  

Trenkwalder et al, Mov Disord 1996, Winkelmann et al, Ann Neurol 2002,  Liebetanz K/Winkelmann J et al, Neurology 2006, 
Kemlink et al, Mov Disord 2007;  Winkelmann et al Nat Genet 2007; Johannson/Rye et al New Engl J Med 2007;    



Treatment of RLS 
¡ Dopamine agonists: pramipexole, ropinirole, 

rotigotine transdermal patch (licensed in many 
countries) 

¡ Alpha-2-delta ligands: gabapentin enacarbil 
(licensed in USA; Japan), gabapentine, 
pregabaline (off-label) 

¡ Opioids: oxycodone/naloxone (licensed in 
Europe), other opioids: tramadol, methadon, 
tilidine, morphine (off-label) 

¡  Iron preparations (currently all off-label): 
ferrocarboxymaltose (i.v.), iron succrose (i.v.) 



Cochrane Database Syst Rev. 2011  
Dopamine agonists for restless legs 
syndrome 
Scholz H, Trenkwalder C, Kohnen R, Riemann D, Kriston L, 
Hornyak M 

¡  Conclusion: 

¡  The meta-analyses 
show the superiority of 
dopamine agonists 
over placebo in RCTs 
up to seven months. 
Cabergoline and 
pramipexole showed 
larger efficacy 
compared to levodopa 
in some but not all 
outcomes. 



Lancet Neurol 
May 2008 

Rotigotine  
Transdermal 
patch 
458 patients 
6-month 
duration 
IRLS and CGI 
significant 
for 1,2,3 mg 
dosage 
compared   
to placebo 
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Background
Dopaminergic medications relieve symptoms of the restless legs syndrome (RLS) 
but have the potential to cause iatrogenic worsening (augmentation) of RLS with 
long-term treatment. Pregabalin may be an effective alternative.

Methods
In this 52-week, randomized, double-blind trial, we assessed efficacy and augmenta-
tion in patients with RLS who were treated with pregabalin as compared with placebo 
and pramipexole. Patients were randomly assigned to receive 52 weeks of treatment 
with pregabalin at a dose of 300 mg per day or pramipexole at a dose of 0.25 mg or 
0.5 mg per day or 12 weeks of placebo followed by 40 weeks of randomly assigned 
active treatment. The primary analyses involved a comparison of pregabalin and pla-
cebo over a period of 12 weeks with use of the International RLS (IRLS) Study Group 
Rating Scale (on which the score ranges from 0 to 40, with a higher score indicating 
more severe symptoms), the Clinical Global Impression of Improvement scale (which 
was used to assess the proportion of patients with symptoms that were “very much 
improved” or “much improved”), and a comparison of rates of augmentation with 
pregabalin and pramipexole over a period of 40 or 52 weeks of treatment.

Results
A total of 719 participants received daily treatment, 182 with 300 mg of pregabalin, 
178 with 0.25 mg of pramipexole, 180 with 0.5 mg of pramipexole, and 179 with 
placebo. Over a period of 12 weeks, the improvement (reduction) in mean scores on 
the IRLS scale was greater, by 4.5 points, among participants receiving pregabalin 
than among those receiving placebo (P<0.001), and the proportion of patients with 
symptoms that were very much improved or much improved was also greater with 
pregabalin than with placebo (71.4% vs. 46.8%, P<0.001). The rate of augmentation 
over a period of 40 or 52 weeks was significantly lower with pregabalin than with 
pramipexole at a dose of 0.5 mg (2.1% vs. 7.7%, P = 0.001) but not at a dose of 0.25 mg 
(2.1% vs. 5.3%, P = 0.08). There were six cases of suicidal ideation in the group re-
ceiving pregabalin, three in the group receiving 0.25 mg of pramipexole, and two 
in the group receiving 0.5 mg of pramipexole.

Conclusions
Pregabalin provided significantly improved treatment outcomes as compared with 
placebo, and augmentation rates were significantly lower with pregabalin than with 
0.5 mg of pramipexole. (Funded by Pfizer; ClinicalTrials.gov number, NCT00806026.)
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in the IRLS score and a significantly greater pro-
portion of patients with improvement on the 
CGI-I evaluation (Table 2 and Fig. 1).

In a noninferiority assessment, a greater re-
duction in the IRLS score was seen with prega-
b alin than with pramipexole at a dose of either 
0.25 mg or 0.5 mg (least-squares mean differ-
ence, –4.0 [upper limit of the 97.5% confidence 
interval {CI}, –2.8] and –1.7 [upper limit of the 
97.5% CI, –0.5], respectively) over a period of 
12 weeks and (–3.8 [upper limit of the 97.5% CI, 
–2.7] and –3.1 [upper limit of the 97.5% CI, –2.0], 
respectively) over a period of 52 weeks (P<0.001 
for all comparisons). The upper boundary of the 
confidence interval for pregabalin versus prami-
pexole at either dose was less than 0, indicating 
the superiority of pregabalin for this outcome at 
both 12 and 52 weeks. In a post hoc analysis 
that was not specified in the protocol, the pro-
portion of CGI-I responses showing symptom 
improvement after 12 weeks and 52 weeks (last 
observation carried forward for both time 
points) was greater with pregabalin than with 
pramipexole at a dose of 0.25 mg (P<0.001 for 
both comparisons), but not at a dose of 0.5 mg 
(P = 0.08 for the comparison after 12 weeks and 
P = 0.36 for the comparison after 52 weeks).

Among the 235 patients receiving pregabalin 

(for 40 or 52 weeks), 5 (2.1%) had augmenta-
tion, as compared with 12 of 225 patients receiv-
ing 0.25 mg of pramipexole (5.3%, P = 0.08) and 
18 of 235 patients receiving 0.5 mg per day 
(7.7%, P = 0.001) (Table 3). (Patients initially as-
signed to placebo received active treatment for 
only 40 weeks, with the change in regimen oc-
curring after receipt of placebo for 12 weeks.) 
Among patients receiving active treatment over 
the entire 52-week study period, augmentation 
occurred in 3 of 176 patients receiving pregaba-
lin (1.7%), 11 of 167 receiving 0.25 mg of prami-
pexole (6.6%), and 16 of 178 receiving 0.5 mg 
of pramipexole (9.0%) (Table 3). During the first 
6 months of treatment, none of the 176 patients 
receiving pregabalin had augmentation; 3 of the 
167 patients receiving 0.25 mg of pramipexole 
(1.8%) and 2 of the 178 patients receiving 0.25 mg 
of pramipexole (1.1%) had augmentation during 
this period. During the initial 12 weeks of treat-
ment, augmentation occurred in only 1 patient, 
who was receiving 0.25 mg of pramipexole.

Secondary Outcomes
Evaluations of secondary outcomes for active treat-
ments as compared with placebo after 12 weeks 
were outside the step-down testing procedure. 
Statistical significance was therefore not assessed 

Table 1. Baseline Characteristics of the Patients.*

Pregabalin, 
300 mg Daily  

(N = 182)

Pramipexole, 
 0.25 mg Daily

(N = 178)

Pramipexole,  
0.5 mg Daily 

(N = 180)
Placebo

(N = 179)†

Sex — no. (%)

Female 123 (67.6) 108 (60.7) 99 (55.0) 111 (62.0)

Male 59 (32.4) 70 (39.3) 81 (45.0) 68 (38.0)

Age — yr

Mean 54.3±13.0 56.5±12.8 54.2±13.5 53.5±13.3

Range 20–79 25–82 24–80 19–79

BMI

Mean 28.0±5.0 28.6±5.2 28.2±5.2 28.4±5.3

Range 18.8–49.5 19.5–43.5 18.8–49.6 18.5–49.2

Interval since RLS onset — yr

Mean 5.0 4.0 4.9 5.9

Range 0.0–52.5 0.0–35.1 0.0–47.9 0.0–35.1

* Plus–minus values are means ±SD. BMI denotes body-mass index (the weight in kilograms divided by the square of 
the height in meters), and RLS restless legs syndrome.

† The placebo group includes all patients who underwent randomization to receive placebo during the first 12 weeks of 
the study. For full details of participants’ demographic and clinical characteristics according to study group at baseline, 
see Table S1 in the Supplementary Appendix. There were no significant differences among the study groups at baseline.
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worsening or a worsening resulting from medi-
cal or behavioral factors. Symptom worsening 
from natural causes would presumably occur at 
the same frequency in all treatment groups, but 
the frequency was significantly greater with 
pramipexole than with pregabalin. Natural wors-
ening might be blunted by a more effective treat-
ment, but our findings suggest that whereas 
treatment efficacy was greater with 0.5 mg of 
pramipexole than with 0.25 mg of pramipexole, 
the higher dose was also associated with more, 
not less, augmentation. Conversely, augmenta-
tion would not be expected to result from an 
ineffective treatment, but our findings suggest 
that 300 mg of pregabalin was as effective as 
0.5 mg of pramipexole and was associated with 
a lower rate of augmentation.

Second, our findings suggest that longer ex-
posure to medication increases augmentation 
rates. For participants who received active therapy 
for the full 52 weeks of the study (not 40 weeks), 
augmentation rarely occurred until the second 
half of the study. The rates of augmentation with 
pramipexole during the first 6 months were low, 
at 1.8% with the 0.25-mg dose and 1.1% with the 
0.5-mg dose. Estimates of augmentation rates 
based on a full year of treatment may be more 
accurate than estimates based on shorter periods 
of treatment. In this study, augmentation rates 
for treatment over the full 52 weeks were 6.6% 
with 0.25 mg of pramipexole, 9.0% with 0.5 mg 
of pramipexole, and 1.7% with pregabalin.

Third, the incidence of augmentation was 
greatest with the higher pramipexole dose. This 
dose effect has previously been documented for 
levodopa34 but not for a dopamine agonist.

Finally, the 52-week rate of augmentation 
among patients receiving pramipexole in our 
study is similar to the rates in two long-term, 
uncontrolled, retrospective studies (7%13 and 
8%9), despite the use of different methods and 
different patient populations. Studies of longer-
acting dopamine agonists have shown lower 
augmentation rates (e.g., a rate of approximate-
ly 3 to 4% per year among patients treated with 
the rotigotine patch35,36). Longer-acting agents 
may be less likely to cause augmentation, but 
their daytime treatment efficacy may compli-
cate the detection of augmentation by masking 
the usual initial expression of augmented 
symptoms in the daytime that is seen with 
shorter-acting treatments.
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Figure 1. Mean Changes in Symptom Severity and Observed Proportion of 
Patients with Symptom Improvement, According to Study Group and Number 
of Weeks in the Study.

Changes in symptom severity were measured with the use of the Interna-
tional Restless Legs Syndrome (IRLS) Study Group Rating Scale, on which 
the score ranges from 1 to 40, with higher scores indicating more severe 
symptoms. Improvement in symptoms was measured with the use of the 
scale for Clinical Global Impression of Improvement (CGI-I), with symp-
toms reported as “very much” or “much” improved considered to reflect 
clinically significant improvement. The numbers of patients in each active-
treatment group at baseline and at 12, 26, and 52 weeks were 177, 130, 148, 
and 126, respectively, for pregabalin; 169, 125, 138, and 112, respectively, for 
0.25 mg of pramipexole; and 178, 135, 143, and 117, respectively, for 0.5 mg 
of pramipexole per day. Initially, 179 patients underwent randomization to 
the placebo group; after 12 weeks these patients were randomly assigned 
to one of the active-treatment groups. Panel A shows the observed mean 
IRLS score for each study group from baseline (0 weeks) until the end of 
the study. Panel B shows the participants with clinically significant symp-
tom improvement as a proportion of the total participants observed at 
each visit. At 52 weeks, with the last observation carried forward, the pro-
portions of patients with improved symptoms, according the CGI-I scale, 
were 72.2% with pregabalin, 57.1% with 0.25 mg of pramipexole, and 68.2% 
with 0.5 mg of pramipexole.
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Adverse events: 
 
Dizziness, Somnolence: Fatigue: 
 
Discontinuation due to adverse events: 
27.5% in pregabaline 
28.8% switched from placebo to pregabalin 
 
18.5% in pramipexole 
15.3% switched from placebo to ppx 
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Background
Dopaminergic medications relieve symptoms of the restless legs syndrome (RLS) 
but have the potential to cause iatrogenic worsening (augmentation) of RLS with 
long-term treatment. Pregabalin may be an effective alternative.

Methods
In this 52-week, randomized, double-blind trial, we assessed efficacy and augmenta-
tion in patients with RLS who were treated with pregabalin as compared with placebo 
and pramipexole. Patients were randomly assigned to receive 52 weeks of treatment 
with pregabalin at a dose of 300 mg per day or pramipexole at a dose of 0.25 mg or 
0.5 mg per day or 12 weeks of placebo followed by 40 weeks of randomly assigned 
active treatment. The primary analyses involved a comparison of pregabalin and pla-
cebo over a period of 12 weeks with use of the International RLS (IRLS) Study Group 
Rating Scale (on which the score ranges from 0 to 40, with a higher score indicating 
more severe symptoms), the Clinical Global Impression of Improvement scale (which 
was used to assess the proportion of patients with symptoms that were “very much 
improved” or “much improved”), and a comparison of rates of augmentation with 
pregabalin and pramipexole over a period of 40 or 52 weeks of treatment.

Results
A total of 719 participants received daily treatment, 182 with 300 mg of pregabalin, 
178 with 0.25 mg of pramipexole, 180 with 0.5 mg of pramipexole, and 179 with 
placebo. Over a period of 12 weeks, the improvement (reduction) in mean scores on 
the IRLS scale was greater, by 4.5 points, among participants receiving pregabalin 
than among those receiving placebo (P<0.001), and the proportion of patients with 
symptoms that were very much improved or much improved was also greater with 
pregabalin than with placebo (71.4% vs. 46.8%, P<0.001). The rate of augmentation 
over a period of 40 or 52 weeks was significantly lower with pregabalin than with 
pramipexole at a dose of 0.5 mg (2.1% vs. 7.7%, P = 0.001) but not at a dose of 0.25 mg 
(2.1% vs. 5.3%, P = 0.08). There were six cases of suicidal ideation in the group re-
ceiving pregabalin, three in the group receiving 0.25 mg of pramipexole, and two 
in the group receiving 0.5 mg of pramipexole.

Conclusions
Pregabalin provided significantly improved treatment outcomes as compared with 
placebo, and augmentation rates were significantly lower with pregabalin than with 
0.5 mg of pramipexole. (Funded by Pfizer; ClinicalTrials.gov number, NCT00806026.)
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What do we know about the 
dosage of dopaminergic drugs 
in RLS? 

¡ Dosages of dopamine agonists are efficient only 
in low dosages, higher dosages are not efficient 
in the beginning  

¡ Dosages are in the range of autoreceptor 
stimulation known from exp. studies and PD 
patients 

¡ Do dopamine agonists act on the autoreceptor 
level in RLS? 

 



Treatment of severe RLS with Opioids  

Previous studies with opioids in 
RLS 

Significant improvement of RLS and PLMS 
with oxycodon in 11 RLS patients 
(Walters et al 1993) 

Long-term observation: 36 patients with 
various opiods up to 23 years (Walters 
et al 2001) 

76 RLS patients with methadon therapy, 
observation of 10 years  (Silver et al 
20011) 

 

Walters et al Ann Neurol 1993; Walters et al Mov Disord 2001; Silver N et al, Sleep Med 2011; 
 Trenkwalder et al, Lancet Neurol 2013;   



Augmentation: Clinical 
Definition 
¡  Paradoxical worsening of 

RLS symptoms during 
treatment with 
dopaminergic drugs 

¡  Symptoms start at earlier 
times of the day 

¡  Increase of severity of 
symptoms 

¡  Spreading of symptoms to 
other body parts (i.e. to the 
arms)  

¡  Increase of dosage 
necessary 

 

Allen et al 2003, Garcia-Borreguero 2007 

Augmentation is the most important clinical long-term side effect  
of dopaminergic therapy in RLS patients 



Augmentation in long-term 
therapy of RLS  

Oertel , Trenkwalder et al, Lancet Neurol 2010, Paulus and Trenkwalder, Lancet Neurol 2006; Earley et al, Sleep 2013  

First	  Long-‐term	  study	  for	  5-‐year	  dura6on	  

Augmenta6on	  rate	  for	  ro6go6ne	  3mg:	  5%,	  
4mg:	  8%	  

	  

Augmentation is a  
dopaminergic overstimulation 



General Management of  
Augmentation  

¡  Risk Factor for developing augmentation: 
¡  High dosages of dopaminergic therapy  
¡  Pulsatile dopaminergic therapy 
¡  Possibly: low ferritin 

¡  If a dopamine agonist leads to augmentation: 
¡  Reduce the dopamine agonist to the lowest level 

possible (only licensed dosages) 
¡  Switch to a long-acting dopamine agonist (i.e. 

rotigotine patch) 
¡  Give iron i.v. if ferritin is below 50 
¡  If augmentation is severe: Switch to an opioid for 

long-term treatment 

Trenkwalder et al 2015 



Treatment Algorithm  
for starting RLS 
therapy and  
for augmentation 

Trenkwalder et al, 
Nat Rev Neurol 2015 



  
 
 Clinical Practice Guidelines for the Diagnosis and 
Treatment of Restless Legs Syndrome/Willis-Ekbom 
Disease During Pregnancy and Lactation 
Daniel L. Picchiettia,*, Jennifer G. Hensleyb, Jacquelyn L. Bainbridgec, Kathryn A. 
Leed, Mauro Manconie, James A. McGregorf, Robert M. Silverg,  
Claudia Trenkwalderh, and Arthur S. Waltersi 
On behalf of the International Restless Legs Syndrome Study Group (IRLSSG) 
Sleep Med Reviews (2014) 



Sleep Disturbance in Parkinson 
Disease - contributing factors 
Disease specific 

Motor Sy 
Nocturnal 
Akinesia 
Tremor 

Dystonia 

REM-Sleep- 
Behavior-Disorder 

(RBD)	


Dopaminergic 
Therapy during 

daytime 
-  L-DOPA 

-  Dopamine Agonists	


Psychiatric Disease 
• Depression 
• Nocturnal 
Hallucinations 

Restless Legs Syndrome 
PLMS 

 

Sleep Disorder 
 

Subjective 
Sleep 

Disturbance 
 

Sleepiness 
During Daytime 

 
 

Sleep Apnea  
Snoring?	


Sleep Perception 
changed? 

Age 
Gender 

Duration of PD 



Developing Sleep Measures in PD: 
PDSS-2 
The Parkinson's Disease Sleep 
Scale: a new instrument for 
assessing sleep and nocturnal 
disability in Parkinson's disease: 
15 questions, specific for 
nocturnal disturbances in PD 
patients  (2011) 

Chaudhuri et al, JNNP 2002; Trenkwalder et al, MovDisord 2011 (PDSS-2); 
Trenkwalder et al Mov Disord 2011 (RECOVER)  

-1.9

-5.9

-‐7

-‐6

-‐5

-‐4

-‐3

-‐2

-‐1

0

Placebo 
  n=89 

 Rotigotine  
n=178 

Mean (± SD)  
change  
from baseline 
 in PDSS-2 

*P < .0001 



Parkinson tremor in sleep:  
tremor of left leg 

EMG 
M.tib.ant li	




Therapy of nocturnal /sleep 
problems in PD patients 
¡  Nocturnal akinesia, tremor, RLS and pain: 

¡  Increase dopaminergic therapy at night 
¡  Add long-acting dopamine agonist or patch 
¡  Add sustained release levodopa (not evidence based) 

¡  RLS at sleep onset or during the night, nocturnal 
pain: 
¡  Add either dopaminergic therapy or opioids 

(oxycodon/naloxone) 

¡  REM sleep behavior disorder: 
¡  Add low dose clonazepam (or melatonine 

¡  Sleep-onset Insomnia 
¡  Reduce high dosages of doapmine agonists 
¡  Add mirtazapine, quetiapine (not evidenced based) 


