
Original Article

Natural course of restless legs syndrome/Willis–Ekbom disease:
long-term observation of a large clinical cohort
Thomas Mitterling a,b, Anna Heidbreder a, Ambra Stefani a, Josef Fritz c, Hanno Ulmer c,
Werner Poewe a, Birgit Högl a,*
a Department of Neurology, Medical University of Innsbruck, Innsbruck, Austria
b Department of Neurology, Wagner-Jauregg Hospital, Linz, Austria
c Department of Medical Statistics, Informatics and Health Economics, Innsbruck Medical University, Innsbruck, Austria

A R T I C L E I N F O

Article history:
Received 24 March 2015
Received in revised form 28 May 2015
Accepted 31 May 2015
Available online 20 July 2015

Keywords:
Neurology
Augmentation
Pharmacotherapy
Follow-up

A B S T R A C T

Objective: Although restless legs syndrome (RLS)/Willis–Ekbom disease (WED) is a common neurolog-
ical disorder, data on the long-term course and management of the disease are scarce. The aim of the
current study was to extend the knowledge on the long-term clinical course and treatment outcome of
RLS/WED.
Methods: In this retrospective analysis, we performed a chart review of consecutive visits of 160 pa-
tients with definite RLS/WED from the RLS/WED database of the Innsbruck Medical University.
Results: A total of 160 patients (58.8% female, aged 58.9 years, range 21.5–86.8 years) met inclusion cri-
teria of two or more visits during a follow-up of at least five years. The duration of the observational
period was 8.1 ± 2.9 years. During the observational period, the percentage of treated patients in-
creased (first vs last visit: 67.5% vs 77.5%). Of the patients, 59.4% had one or more switches of medication.
Overall the RLS/WED severity, evaluated using a combined severity score (CSS) ranging from 1 to 5, de-
creased between the first and last visits (median [range], first visit: 3 [1–5] vs last visit 2.5 [1–5]; p < 0.001).
Symptoms improved in 55.0% of patients, worsened in 10.6%, and remained unchanged in 34.4% during
the observational period. Augmentation of RLS/WED occurred in 42 patients (13/42 as the presenting
cause; 29/42 occurring during treatment after 4.1 years). The annual rate of augmentation for subjects
on dopaminergic medication was 8.1%.
Conclusions: Our data suggest that, with the possibility of regular treatment adjustments, RLS/WED remains
treatable in the majority of patients over years. Nevertheless, in this study, despite the overall de-
creased severity, RLS symptoms remained unchanged or worsened in 45% of the patients during the
observational period.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Restless legs syndrome (RLS)/Willis–Ekbom disease (WED) is a
common neurological disorder defined by an urge to move the legs,
usually accompanied by uncomfortable sensations, which are re-
lieved by movement and show a circadian rhythmicity [1,2]. Up to
10% of the general population is affected, and 1.5%–3% have clini-
cally relevant RLS/WED symptoms [3–5]. The age of onset of
symptoms can range from childhood to advanced age, with famil-
ial cases tending to start earlier in life [6,7]. RLS/WED symptom
severity varies intra- and interindividually, between intermittent
RLS/WED symptoms, occurring less than once per week, and a

chronic persistent course with symptoms on average more than twice
per week [2]. Few studies have focused on the long-term course of
the disorder.

Two long-term follow-up studies of the general population, one
conducted in Germany using three questions based on the four RLS/
WED minimal criteria for diagnosis of RLS/WED, and the other
conducted in Japan with diagnosis made in a personal interview,
showed a persistence of RLS/WED diagnosis in 50% of subjects in
a follow-up period of 2.2 years and 5.2 years or two years apart,
indicating a fluctuating course of the disease [8,9]. On the other hand,
a more recent study conducted in a cohort of RLS/WED patients
showed that in about 60% of patients, no clinically relevant change
in RLS/WED severity occurred in a period of three years [10].

Studies with focus on the long-term efficacy of RLS/WED-
specific treatment showed that only a proportion of patients derive
persistent benefit from dopamine agonist (DA) treatment [11–13].

To extend the knowledge on the long-term clinical course of RLS/
WED and treatment outcome, we conducted a retrospective analysis
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of patient charts of RLS/WED patients who were followed up for a
minimum of five years at the sleep disorders centre of the Depart-
ment of Neurology of the Medical University of Innsbruck, Austria.

2. Methods

2.1. Study subjects

For this retrospective analysis, patients were selected from the
RLS/WED database of the sleep disorders clinic of the Department
of Neurology at Innsbruck Medical University. In this register, all
patients with definite RLS/WED who give consent to be registered
are entered. Atypical or doubtful cases are not included. Diagnosis
of RLS/WED is made according to standard criteria [1] in an inter-
view by a clinician with long-term expertise in sleep medicine
supervised by a board-certified expert in sleep medicine. RLS/
WED mimics [14] were carefully excluded.

Only subjects with at least two consecutive visits to the sleep
laboratory and a minimum observation time of five years between
the first and last visits were selected. Subjects with Parkinson’s
disease (PD) and multiple system atrophy (MSA) were excluded to
avoid the potential confusion of assigning specific therapy to one
or the other disease. This study was approved by the local ethics
committee, and all patients gave written informed consent.

2.2. Data reporting and analysis

Data were extracted from patient charts of consecutive visits to
the sleep centre (earliest visits 1994; latest visits 2014). Visits that
were conducted during participation in a pharmaceutical trial were
not included. For each visit, the following data were extracted: in-
formation on RLS/WED severity, presence of augmentation,
information on medication, and laboratory investigations.

RLS/WED severity for each visit was reported as the score of the
International Restless Legs Syndrome Study Group (IRLSSG) Sever-
ity Scale [15] (abbreviated herein as IRLS). If the IRLS was not
available, the Clinical Global Impression Scale, Item 1 (CGI-1) [16]
was summarized from the patient’s literal symptom description re-
flected in the patient chart (IRLS: n = 832; CGI: n = 1084). For further
analysis of RLS/WED severity, both scales were merged into one score
(combined severity score, CSS) which ranged from 1 (no symp-
toms) to 5 (very severe symptoms) (IRLS 0: CSS = 1; IRLS 1–10:
CSS = 2; IRLS 11–20: CSS = 3; IRLS 21–30: CSS = 4; IRLS 31–40:
CSS = 5; CGI = 1: CSS = 1; CGI = 2: CSS = 2, CGI = 3–4: CSS = 3;
CGI = 5–6: CSS = 4; CGI = 7: CSS = 5). To describe the change in se-
verity between the first and last visits, we calculated the difference
between the combined severity score and categorized patients as
follows: no change (difference between scores 0), improved (dif-
ference between first and last visit >0), and worsened (difference
between first and last visit <0).

The presence of RLS/WED augmentation was extracted from
patient reports according to standard criteria [17]. No attempt was
made to differentiate clinically meaningful augmentation from lesser
degrees. The end of one single augmentation episode was defined
by resolution of symptoms at the next visit. In addition, we calcu-
lated the annual augmentation rate for patients on RLS-specific
treatment for at least five years.

Regarding medication, all prescribed substances approved for RLS/
WED by medical agencies were captured and extracted. These
included levodopa, dopamine agonists, opioids and opioid recep-
tor ligands, α2δ ligands, and anticonvulsants, as well as iron
substitution in case of low ferritin values according to internation-
al guidelines [18]. For patients receiving opioids (either tramadol
or fentanyl) for other indications, these were nonetheless counted
as RLS/WED treatment, since effects on RLS/WED could not be ex-
cluded. For each medication, we documented whether it was taken

continuously or intermittently. In case of a patient taking more than
one RLS/WED medication simultaneously, all medications were docu-
mented separately. For each visit and each medication, we separately
reported whether dose was increased or decreased, whether med-
ication was switched to another substance, and whether medication
was started or stopped. In case of any change to the substance, we
indicated whether the change was performed by the sleep labora-
tory, by an outside health care provider, or by the patient’s own
initiative. All visits were analysed with regard to intermittent
changes, ie, medication status at which the patient presented to the
sleep laboratory and the medication status after the visit, which re-
flected the decision made during the visit. For simplification, changes
in each single substance were taken together for continuous or in-
termittent RLS/WED medication, since, because some subjects were
on combination therapy, multiple counts were possible at the same
time (eg, increase and change in medication). A statistical compar-
ison of medication doses at the first and last visits was not done
due to unavailability of specific RLS/WED medication at the first or
last visit in the observational period (ie, rotigotine, pregabalin,
oxycodone at the first visit; cabergoline, pergolide at the last visit).

Laboratory data were available for 670 visits. The data in-
cluded in this analysis were haemoglobin, mean corpuscular volume,
ferritin, iron, transferrin, transferrin saturation, and C-reactive protein.
Because of the influence of inflammation on ferritin, laboratory in-
vestigations with C-reactive protein values of >0.5 μg/L were excluded
from analysis (n = 83).

All extracted data were entered into a database for further
analysis.

2.3. Statistical analysis

Statistical analysis was done using SPSS for Windows version 20.0
software. Data are given as mean ± standard deviation for quanti-
tative data or frequencies for qualitative data, as applicable. Normal
distribution was investigated using the Shapiro–Wilk test. Group
comparisons were made using one-way analysis of variance or
Kruskal–Wallis test for continuous variables or the χ2 test for cat-
egorical variables. In the case of related variables, the Wilcoxon rank-
sum test for paired observations was used. For all tests, a significance
level of α < 0.05 (two-sided) was used.

3. Results

3.1. Description of sample

A total of 755 patients in the RLS/WED database of the Inns-
bruck Medical University were screened; of these, 160 patients met
the inclusion criteria of more than two visits in a minimum follow-
up period of five years. Due to the digitalization process for patient
charts in the centre, some charts of patients with first visit before
2000 might not have been available; therefore, some patients might
not have been included, or for other patients the observational period
might have been longer. The median age at the first visit was 58.9
years (range 21.5–86.8) years, 94 patients (58.8%) were female, and
66 patients (41.2%) were male. In total 1916 visits were per-
formed and analysed in the 160 patients. On average, patients had
1.5 ± 0.6 (range 0.2–3.7) visits per year. The interval from the first
to the last visit was 8.1 ± 2.9 years (range 5.0–19.3 years); 65.5% of
patients had a follow-up interval of five to nine years, 20.9% of nine
to 13 years, 5.2% of 13 to 17 years, and 1.2% of >17 years.

3.2. Comparison of medication after first and last visits

At the first presentation to the sleep centre, 46 patients (28.8%)
had RLS/WED-specific therapy (35 monotherapy; 11 combination-
therapy [indicating more than one substance simultaneously; two
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substances: 10 patients; more than two substances: one patient])
(Fig. 1). Levodopa was taken in 25 cases (15.6%), dopamine ago-
nists in 20 cases (12.5%) and valproic acid in one case (0.6%). Patients
on combination therapy additionally took levodopa (54.5%, n = 6/11),
dopamine agonists (18.2%, n = 2/11), iron substitution (27.3%,
n = 3/11), or opioids (9.9%, n = 1/11).

After their first consultation in the sleep clinic 108 subjects (67.5%)
received RLS/WED-specific therapy, including iron in the case of low
ferritin values. Of these subjects, 83 (76.9%) were on monotherapy,
and 25 (23.1%) were on combination therapy (two substances: 23
patients; more than two substances: two patients) (Fig. 1). Medi-
cation was prescribed as daily medication in 90.1% and as
intermittent medication in 11.1% (either as monotherapy or as ad-
ditional intermittent medication). A detailed overview of substances
prescribed during the first visit is presented in Table 1 (upper panel).

In the case of patients needing a second medication, 18.6% (n = 20)
of the 108 treated patients were prescribed levodopa or iron (9.3%
respectively). In addition, iron was prescribed as a third medica-
tion in 1.9% of patients (n = 2/108). The median doses at the first
visit for dopamine agonists were as follows: 0.18 mg (0.088–0.7 mg)
for pramipexole (n = 35); 1.5 mg (0.25–2 mg) for ropinirole (n = 5);
0.25 mg (0.125–0.25 mg) for pergolid (n = 5); 2.0 mg (2.0–2.0 mg)
for cabergoline (n = 4); and 1.0 mg (1.0–3.0 mg) rotigotine (n = 3).
For levodopa (n = 37), the median dose was 100 mg (50–150 mg),
and for levodopa continuous release (n = 11) it was 100 mg
(50–100 mg). Substances taken by fewer than three patients were
considered negligible.

After the last visit to the sleep centre (conducted between 2006
and 2014), 124 patients (77.5%) had RLS/WED-specific therapy, in-
cluding iron in the case of low ferritin values; 86 of these patients
(69.4%) were on monotherapy, and 38 were on on combination
therapy (two substances: 36 patients; more than two substances:
two patients) (Fig. 1). This medication was prescribed as daily med-
ication in 89.5% of patients and as intermittent medication in 13.7%
(either as monotherapy or as additional intermittent medication).
A detailed overview on the substances used at the last visit is shown
in Table 1 (lower panel). In the case of patients needing more than
one medication, they were prescribed α2δ ligands (9.7%, n = 12/124),
iron (8.1%, n = 10/124), and opioids (5.7%, n = 7/124). In the case of
a third continuous medication, iron was used (1.6%, n = 2/124). The
median dose at the last visit for dopamine agonists was 0.27 mg
(0.088–1.4 mg) for pramipexole (n = 65), 2.0 mg (1.0–4.0 mg) for
rotigotine (n = 13), and 2.0 mg (2.0–4.0 mg) for ropinirole contin-
uous release (n = 4). Patients taking opioids had a median of 20 mg
(10–70 mg) oxycodon continuous release (n = 14) or fentanyl trans-
dermal patch (n = 3) 50 μg (12.0–75.0 μg). Patients with α2δ ligands
had either pregabalin (n = 10) 300 mg (150–450 mg) or gabapentin
(n = 11) 600 mg (300–1800 mg). Levodopa (n = 17) was taken at a
median dose of 100 mg (100–150 mg). Substances taken by fewer
than three patients were considered negligible.

Fig. 1. Comparison of monotherapy and combination therapy before the first visit, at the first visit, and at the last visit.

Table 1
Medication at first and last visits.

First medication
n (%)a

Daily/intermittent
n (%)

First visit
Levodopa 46 (42.6%) 37 (34.3%)/9 (8.3%)
Dopamine agonists 54 (50%) 52 (48.2%)/2 (1.9%)
Opioids 2 (1.9%) 0 (0.0%)/2(1.9%)
α2δ ligand 0 (0%) 0 (0.0%)/0 (0.0%)
Anticonvulsants 2 (1.9%) 2 (1.9%)/0(0.0%)
Iron 7 (6.5%) 7 (6.5%)/0(0.0%)
Last visit
Levodopa 17 (13.7%) 5 (4.0%)/12 (9.7%)
Dopamine agonists 88 (80.0%) 83 (66.9%)/5 (4.0%)
Opioids 15 (12.1%) 14 (11.3%)/1 (0.8%)
α2δ ligand 9 (7.3%) 9 (7.3%)/0 (0%)
Anticonvulsants 0 (0%) 0 (0%)/0 (0%)
Iron 1 (0.8%) 1 (0.8%)/0 (0%)

a Sums up to more than 100% since intermittent and daily medication is re-
ported combined.
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3.3. Ferritin levels at the first and last visits

At the first visit, laboratory workup of 64 patients included fer-
ritin level. The median was 43.5 μg/L (range 4.0–405.0 μg/L); 53%
of patients (34/64) had a ferritin level <50 μg/L. At the last visit, a
ferritin level was available for 46 patients (median 84.0 μg/L, range
7.0–386.0 μg/L); 28% of patients (13/46) had a ferritin level <50 μg/L.

3.4. Medication changes during the observational period

Of 1916 visits, patients were receiving RLS/WED therapy for a
median of 96.1% of their visits (range 0–100%), implying that 50%
of patients had RLS/WED-specific therapy at 96.1% or more of their
visits. In 56.4% of visits, patients were on monotherapy, in 25.5% on
combination therapy (two substances: 22.6%; more than two sub-
stances: 2.8%), and in 18.1% no therapy. In 92.2% of visits with patients
receiving therapy, patients were on continuous medication, whereas
intermittent therapy was recorded in 13.3% of visits, either as
monotherapy or as intermittent adjunct to continuous medica-
tion. Table 2 provides an overview on the drugs used during the
observational period.

The medication remained unchanged in a median of 55.3% of
visits (0–91%). A switch to another substance was done in a median
of 11.0% of visits (range 0–60%), and 95 patients (59.4%) had at least
one switch of medication. An overview of medication switches
during the observational period is given in Table 3. A new addi-
tional medication was started in a median of 17.8% of visits (0–100%),
an increase of substance dose was prescribed in a median of 0% of
visits (0.0–40%), and a decrease was prescribed in a median of 0%
of visits (0–25.0%). Reasons for these adjustments were insuffi-
cient treatment (46%), a medical indication (34.3%), or augmentation
(11.7%).

3.5. Evolution of RLS/WED severity

An overview of symptom severity according to the CSS at the
first and last visits is given in Fig. 2. Although at the first visit 132
patients presented with moderate to very severe RLS/WED symp-
toms, at the last visit, 80 patients presented within the range of
moderate to very severe symptoms. Comparison of the combined
symptom severity score showed significant differences between the
visits (first visit 3, range 1–5, vs last visit 2.5, range 1–5; p < 0.001).

Table 2
Medication use during observational period.

First medicationa

% of visits
Second medication
% of visits

Third medication
% of visits

Levodopa 20.4 4.2 0.6
DA 70.9 1.4 0.0
Opioids 8.5 4.4 0.1
α2δ ligand 4.7 6.0 0.3
Iron 2.1 9.4 0.9

Medication use during observational period summarized for medication classes.
DA, dopamine agonists.

a Sums to more than 100%, as intermittent and daily medication are reported com-
bined.

Table 3
Medication switches during observational period.

Medication switcha %

DA → DA 43.7%
LD → DA 26.5%
DA → opioid 7.9%
DA → α2δ ligands 5.7%

Medication switches during observational period sum-
marized for medication classes.
DA, dopamine agonist; LD, levodopa.

a Other switches were omitted because of low
frequency.

Fig. 2. Combined severity score for the first and last visits for the whole sample (n = 160).
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Analysis of the change in severity from the first to the last visit
showed that in 55% of patients, RLS/WED symptoms improved, in
10.6% symptom severity worsened, and in 34.4% symptoms re-
mained unchanged. The same decrease in severity was found when
analysing only those patients who were not treated at the first visit
(first visit 3, range 1–5, vs last visit 2.5, range 1–5; p < 0.001 ). The
combined severity score for these patients improved in 54.4% of pa-
tients, worsened in 13.2%, and remained unchanged in 32.5% in the
observational period.

3.6. Augmentation

3.6.1. First augmentation
In 42 patients (26.3%; 28 female and 14 male), case notes pro-

vided clear evidence for RLS/WED symptom augmentation. A total
of 13 patients presented with augmentation at the first visit, and
29 patients presented with augmentation during treatment at a mean
interval of 4.1 years (range 0.5–14.1 years) from the first visit. Ac-
cording to the combined severity score, three patients had mild RLS/
WED symptoms, nine moderate, 19 severe, and 11 very severe
symptoms. In 28 patients (66.7%), augmentation occurred on
monotherapy and in 14 (33.3%) on combination therapy (all on two
substances). A detailed overview on the substances under which
augmentation occurred is given in Table 4. For treatment of aug-
mentation, a change of substance was made in 26 cases (61.9%), an
increase in medication dose in five cases (11.9%), the start of a new
additional medication in eight cases (19.0%), and cessation of med-
ication in four cases (9.5%). In 12 cases (28.6%), no changes in
medication were done; these patients were either switched to
another medication at a later visit or no changes in medication were
made in agreement with the patient (Table 4). In case of a switch
to another substance, this was mostly from one dopamine agonist
to another dopamine agonist (53.8%, n = 14/26) followed by switches
from levodopa to a dopamine agonist (34.6%, n = 9/26) (Table 5).

3.6.2. All augmentations
A total of 42 patients (26.3%) presenting with or developing aug-

mentation had a total of 90 episodes of augmentation, 52.4% (n = 22/
42) of these patients augmented more than once (range 1–5 times).
In 38.9% (n = 35) of cases, augmentation occurred on combination
therapy (two substances: 33.3%; more than two substances: 5.6%).
At the time of augmentation, most patients were on dopamine ago-
nists (81.1%) and levodopa (23.3%). In one case, augmentation
occurred on methadone taken as daily monotherapy. Patients on
combination therapy beyond dopamine agonists additionally had
levodopa (31.4%), α2δ ligands (22.9%) (gabapentin), opioids (22.9%)

(tramadol), or dopamine agonists (5.7%) as simultaneous therapy.
The annual augmentation rate for patients on dopaminergic therapy
for at least five years (n = 81) was 8.1%; the annual augmentation
rate for all RLS-specific drugs was 8.4%. The presence of augmen-
tation led to a switch of medication in 58.9% of cases. These switches
were most often from a dopamine agonist to another dopamine
agonist (56.6%; n = 30/53), followed by switches from levodopa to
a dopamine agonist (22.6%; n = 12/53) (Table 6) In 40.0% of aug-
mentations, medication was not changed, in 11.1% the medication
dose was increased, in 14.4% a new additional medication was
started, and in 6.7% the medication was stopped.

3.6.3. Comparison of never-augmented patients with at least-once
augmented patients

In the whole sample, 118 patients never experienced augmen-
tation (NAUG), whereas 42 patients augmented at least once (AUG).
AUG patients were significantly older than NAUG patients at the first
visit to the sleep laboratory (NAUG vs AUG: 57.7 21.5–78.0 vs 63.3
34.7–86.8; p = 0.013). RLS/WED symptom severity according to the
CSS at this point was lower for NAUG patients compared to AUG
subjects (NAUG vs AUG: 3 1–5 vs 4 3–5; p = 0.001). After exclud-
ing patients who were augmented already at the first visit, there
remained a trend towards higher severity in the AUG group (NAUG
vs AUG: 3.0 1–5 vs 3.0 3–5; p = 0.055). Regarding medication, 61.0%
of NAUG patients had RLS/WED-specific therapy, whereas 83.3% of
AUG subjects had therapy at the first visit to the sleep laboratory.
Ferritin levels did not differ between these two groups (NAUG vs
AUG: 58.0 4.0–405.0 μg/L vs 33.0 4.0–190.0 μg/L; p = 0.172).

At the last visit to the sleep laboratory, no differences in symptom
severity were found between the groups (NAUG vs AUG: 2 1–5 vs
3 1–5; p = 0.069). Whereas 71.2% of NAUG patients had RLS/WED-
specific therapy, 95.2% of AUG patients were on RLS/WED therapy

Table 4
Medication at first augmentation.

Medication at first
augmentation

First daily
medicationa

Second daily
medicationa

Third daily
medicationa

Levodopa 17 (40.5%) 6 (14.3%) 0 (0.0%)
DA 28 (66.7%) 2 (4.8%) 0 (0.0%)
Opioids 0 (0.0%) 0 (0.0%) 0 (0.0%)
α2δ ligand 0 (0.0%) 1 (2.4%) 0 (0.0%)
Anticonvulsants 0 (0.0%) 0 (0.0%) 0 (0.0%)
Iron 0 (0.0%) 2 (4.8%) 0 (0.0%)
Outcome medication

Levodopa 8 (19.1%) 4 (9.5%) 0 (0.0%)
DA 34 (81.0%) 0 (0.0%) 0 (0.0%)
Opioids 6 (14.3%) 0 (0.0%) 0 (0.0%)
α2δ ligand 2 (4.8%) 1 (2.4%) 0 (0.0%)
Anticonvulsants 0 (0.0%) 0 (0%) 0 (0.0%)
Iron 0 (0.0%) 7 (16.7%) 2 (4.8%)

DA, dopamine agonists.
a Note that count might sum to more than 100% because multiple counts are

possible.

Table 5
Medication switches at first augmentation.

Medication class % (n) Substancea % (n)

DA → DA 53.9% (14/26) PPX → CBG 42.9% (6/14)
PPX → ROT 28.6% (4/14)

LD → DA 34.6% (9/26) LD → PPX 44.4% (4/9)
LD → RPR 22.2% (2/9)

DA → α2δ ligand 7.7% (2/26) PPX → GBP 50.0% (1/2)
PPXCR → GBP 50.0% (1/2)

DA → opioid 3.8% (1/26) PPX → OXY 100.0% (1/1)

Medication switches are shown for medication class and substance.
CBG, cabergoline; DA, dopamine agonist; GBP, gabapentin; LD, levodopa; MET, meth-
adone; OXY, oxycodone; PPX, pramipexole; PPXCR, pramipexole continuous release;
ROT, rotigotine; RPR, ropinirole.

a Other switches were omitted because of low frequency.

Table 6
Medication switches for all augmentations.

Medication class % (n) Substancea % (n)

DA → DA 56.6% (30/53) PPX → CBG 36.7% (11/30)
PPX → ROT 26.7% (8/30)

LD → DA 22.6% (12/53) LD → PPX 50.0% (6/12)
LD → ROT 16.7% (2/12)
LD → RPR 16.7% (2/12)

DA → Opioid 15.1% (8/53) PPX → OXY 37.5% (3/8)
ROT → MET 25.0% (2/8)

DA → α2δ ligand 5.7% (3/53) CBG → GBP 33.3% (1/3)
PPX → GBP 33.3% (1/3)
PPXCR → GBP 33.3% (1/3)

Medication switches are shown for medication class and substance.
CBG, cabergoline; DA, dopamine agonist; GBP, gabapentin; LD, levodopa; MET, meth-
adone; OXY, oxycodone; PPX, pramipexole; PPXCR, pramipexole continuous release;
ROT, rotigotine; RPR, ropinirole.

a Other switches were omitted because of low frequency.
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at the end of the observational period. The use of non-dopaminergic
medication was more common in AUG patients (NAUG 12.7% vs AUG:
64.2%). No significant differences were found for ferritin levels
at the last visit (NAUG vs AUG: 86.0 12.0–386.0 μg/L vs 62.0
7.0–284.0 μg/L; p = 0.348).

4. Discussion

This study provides long term follow-up data on the natural
course of RLS/WED in a large cohort of patients who received stan-
dard medical therapy and were followed over a minimum of five
years. It is the first study focussing not only on RLS/WED severity
over time but also on long-term management and treatment out-
comes. Compared to RLS/WED symptom severity at the first
presentation to the sleep laboratory, symptom severity was lower
at the end of the observational period in the whole cohort as well
as in patients who were not treated at the first visit. Our data suggest
that in a clinical cohort of RLS/WED patients with the possibility
of frequent treatment adjustments, RLS/WED remains manage-
able over a period of five years in the majority of patients; however,
in a considerable proportion of subjects, severity may increase or
may not change.

4.1. RLS/WED patients and treatment

Although at the first visit to the sleep laboratory only 28.8% of
patients were pre-treated for RLS/WED, after consultation 67.5% had
a specific medication. This number increased up to 77.5% until the
last visit. It has been noted that among all patients who have RLS/
WED, only a fraction of patients need treatment, mainly those who
experience frequent symptoms [19]. In the general population, the
treatment wish of patients with a known and unknown diagnosis
of RLS/WED was reported at around 20% [20]. Our patient collec-
tive, however, consisted of patients who attended the sleep disorders
clinic for RLS/WED and is therefore likely to reflect patients with
frequent symptoms. Although the number of treated patients was
high at the last visit, still more than 20% patients were without treat-
ment, showing that there is a subpopulation of RLS/WED patients
who either do not require or do not wish specific treatment. This
adds to the broad spectrum of RLS/WED, ranging from ancillary di-
agnosis to augmentation [21].

In line with current treatment guidelines for RLS/WED [13], the
most commonly used substances in our cohort were dopamine ago-
nists. Although at the first visit the distribution of substances had
a clear predominance of dopaminergic treatment, at the last visit
an increase in non-dopaminergic medication was noted. This further
corroborates the well-known issue of limited usefulness of dopa-
minergic treatment in RLS/WED, and shows that in the case of
ineffectiveness of dopaminergic therapy, non-dopaminergic treat-
ment reflects a valuable alternative [22,23] but also likely reflects
the availability of new substances useful in treating RLS/WED. In
addition, medication dose at the last visit seemed to be higher than
at the first visit, which might best be explained by either natural
disease progression or loss of efficacy of medication.

The fact that the median of patients were taking RLS/WED-
specific therapy on 96.1% of visits might show that RLS/WED patients
in a sleep disorders clinic have a need for treatment. However,
looking at the number of changes in specific medication, 60% of pa-
tients in the cohort had at least one switch in continuous medication;
thus, it becomes apparent that adjustments in medication are fre-
quently necessary. The adjustments ranged from a switch to another
substance to a start of a new additional treatment or an increase
in dose. On one hand, this might reflect the limited clinical utility
of dopaminergic medication, which was most often initial therapy
in our cohort; on the other hand, this could reflect a fluctuating
course of RLS/WED symptoms.

4.2. Course of RLS/WED severity over time

In our patient group, RLS/WED severity decreased from the
first to the last visit. Since the number of treated patients in-
creased from 28.8% to 77.5% during the observational period, this
decrease in overall symptom severity could be attributed to spe-
cific treatment. It also shows that RLS/WED treatment is effective
for a period of at least five years in the majority of patients, albeit
with the need for adjustments as stated above. This result is in
contrast to findings from a study in an RLS/WED population,
which showed no relevant changes in RLS/WED severity over a
3-year period [10]. This difference might best be explained by the
fact that at our first visit, only 30% of patients were on RLS/WED-
specific medication, whereas in the study by Fuhs et al., 93% were
on RLS/WED-specific medication at the baseline visit [10]. Never-
theless, although 55% of our patients still had improvement in
RLS/WED symptoms (as measured by CSS) between their first and
last visits, our data also show that almost half of the patients
(45%) had no improvement or had even worse symptoms than
initially after the end of the observational period.

4.3. Augmentation

The total rate of augmentation of 26.3% in this clinical cohort
is well in line with the existing literature on the rate of augmen-
tation on dopaminergic medication [24–28]. In all cases except
one, augmentation occurred under the influence of dopaminergic
medication. This further adds to the pathophysiological concept
of a hyperdopaminergic state causing this side effect [29]. The
annual rate of augmentation for patients who were on dopamin-
ergic medication for at least five years was 8.1% and appears
rather low in comparison to rates in the literature [30]. The most
probable explanation for this might be the practice, in our sleep
laboratory, of keeping the patient on a low dose of dopaminergic
medication.

In one case, augmentation occurred on methadone monotherapy.
This patient was an 89-year-old woman who fulfilled diagnostic cri-
teria of augmentation on a methadone daily dose of 5 mg. An
increase in methadone dose was not made, as the patient had severe
central apnea syndrome during polysomnography. The patient was
switched to gabapentin, and symptoms of augmentation resolved.
Some augmented patients were on simultaneous treatment with
non-dopaminergic substances, either tramadol or gabapentin. We
cannot differentiate whether this simultaneous treatment with α2δ
ligands or opioids was a co-factor leading to augmentation, but it
seems very likely that these medications were initiated due to sub-
threshold/beginning augmentation or loss of efficacy. Although the
presence of augmentation on tramadol treatment has been de-
scribed [31] in a large observational study, no signs of augmentation
occurred on methadone treatment [11]. In addition, in a recent study,
only a few patients were classified as experiencing augmentation
while on α2δ ligand treatment [23].

Because of augmentation, a switch of medication was neces-
sary in 60% of cases. These changes most often comprised switches
from short-lasting substances to long-lasting ones, either dopa-
minergic or non-dopaminergic. This practice reflects current
recommendations for treating dopaminergic augmentation [32].

In comparison to never-augmented patients, those patients who
augmented at least once had a trend towards more severe RLS/
WED symptoms at the first visit to the sleep laboratory but not at
the last visit. In addition, patients who augmented at least once were
older than never-augmented patients and were already on treat-
ment more frequently at the first visit. These results reflect factors
associated with the development of augmentation reported in the
literature [28].
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4.4. Study strengths and limitations

The major strength of the current work is the long observa-
tional period of more than five years in a clinical RLS/WED cohort
of 160 patients. Moreover this study was not limited to one spe-
cific RLS/WED medication, and was designed to analyse every change
in RLS/WED-specific medication during consecutive visits. Another
strength is that this study was conducted in a sleep disorders clinic
with special expertise in RLS/WED. One potential limitation is the
retrospective design of the current study.

In conclusion, this study presents data from a large RLS/WED
cohort followed up over an average (±SD) of 8.1 ± 2.9 years. Our data
suggest that, with the current possibilities of dopaminergic and non-
dopaminergic therapy and adjustments according to clinical need,
RLS/WED remains manageable over the years in the majority of pa-
tients, but that in almost half of these patients (45% in this study)
symptoms may be unchanged or may worsen.
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