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1  | INTRODUC TION

Restless legs syndrome (RLS) is a common sensorimotor disorder 
characterized by an urge to move the legs, often accompanied by 

uncomfortable sensations that begin or worsen at rest, and are 
partially or totally relieved by movement. Symptoms only occur or 
worsen in the evening or at night (Allen et al., 2014). Community‐
based studies indicate a prevalence of up to 10% in the European 
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Summary
Restless legs syndrome is a common neurological disorder with a clear female pre‐
dominance. This study aims to evaluate gender differences in clinical, laboratory and 
polysomnographic features in patients with restless legs syndrome. For this retro‐
spective analysis, 42 women and 42 men from the Innsbruck RLS database matched 
by age and therapy were included. Demographic data as well as different severity 
scales (IRLS, RLS‐6 and CGI) were evaluated. Laboratory parameters included sev‐
eral indicators of serum iron status. In all patients, polysomnography was performed 
according to the AASM guidelines, and periodic leg movements during sleep were 
scored according to the AASM criteria. IRLS, RLS‐6 and CGI revealed more severe 
symptoms in women (IRLS median [range]: 17.5 [0–35] versus 13.5 [0–32], p = 0.028; 
RLS‐6 median [range]: 18 [0–39] versus 12 [1–42], p = 0.014). Women had lower 
serum ferritin levels than men (median [range] in μg L−1: 74 [9–346] versus 167 [15–
389], p < 0.001). Twenty‐two women and eight men (53.7% versus 22.2%, p = 0.003) 
had ferritin values below 75 μg L−1. Periodic leg movements during sleep indices were 
significantly lower in women than in men (median [range] in number per hr: 11.4 [0–
62.5] versus 40 [0–154], p = 0.004, and 12.6 [0–58.5] versus 40 [0.5–208], p = 0.002, 
for night I and night II, respectively). Restless legs syndrome severity as measured by 
validated scales was worse in women, while periodic leg movements during sleep in‐
dices were higher in men. These results suggest a possible gender difference in phe‐
notypical presentation of restless legs syndrome, manifesting with predominantly 
sensory symptoms in women and predominantly motor symptoms in men.
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and North American populations (Berger, Luedemann, Trenkwalder, 
John, & Kessler, 2004; Hening et al., 2004; Hogl et al., 2005), with 
1.6%–3.4% requiring or seeking treatment (Happe, Vennemann, 
Evers, & Berger, 2008; Hening et al., 2004).

According to several studies, reported prevalence in women 
is about twice as high as in men (Berger et al., 2004; Hening et al., 
2004; Hogl et al., 2005). Pregnancy and parity represent risk factors 
for RLS, thus contributing to the higher prevalence of RLS in women 
(Berger et al., 2004; Manconi et al., 2012).

Little is known about gender differences in the phenotypical pre‐
sentation of RLS. A relationship between female sex and earlier age 
of onset has been described, and an influence of environmental (i.e. 
hormonal) and mitochondrial genetic factors was suggested (Hanson 
et al., 2004). A questionnaire‐based analysis on clinical RLS presen‐
tation reported that the majority of patients with the combination 
of involuntary movements while awake, sleep‐onset difficulties, and 
standing up in the night to walk, was female. Additionally, both male 
and female subjects were more aware of female relatives affected by 
RLS than of male ones (Bentley, Rosman, & Mitchell, 2006). On the 
other side, studies about health‐related quality of life in RLS did not 
show any differences between men and women (Abetz et al., 2004; 
Happe et al., 2009).

Periodic leg movements during sleep (PLMS) do appear in differ‐
ent sleep disorders and in the general population, but they are pres‐
ent in more than 80% of patients with RLS (Montplaisir et al., 1997; 
Moore et al., 2014). Gender does not seem to affect PLMS index in 
healthy sleepers (Frauscher et al., 2014). However, in epidemiolog‐
ical	 studies	a	higher	prevalence	of	PLMS	 index	> 15	per	hr	 in	men	
has been reported in European populations (Haba‐Rubio et al., 2016; 
Szentkiralyi et al., 2019). Only a few studies investigated gender dif‐
ferences in PLMS indices in patients with RLS, and reported contro‐
versial results (Montplaisir et al., 1997; Nicolas, Michaud, Lavigne, & 
Montplaisir, 1999; Shin et al., 2016).

As different factors influence the pathogenesis and clinical man‐
ifestation of RLS, probably including gender‐specific factors, we 
hypothesized that RLS would manifest with different phenotypic 
features in men and women. The aim of this study was to evaluate 
the presence of gender differences in clinical, laboratory and poly‐
somnographic features in patients with RLS.

2  | METHODS

2.1 | Patient selection

Forty‐two women and 42 men were selected from the Innsbruck 
RLS database, of the Sleep Disorder Unit, Department of Neurology, 
Medical University of Innsbruck. Only patients who underwent 
polysomnography (PSG) were selected. As more men than women 
underwent PSG, for reasons that have been previously reported 
(Auer, Frauscher, Hochleitner, & Hogl, 2018), we first included 42 
consecutive	women.	They	were	then	matched	for	age	(± 5	years)	and	
therapy group (untreated, dopaminergic therapy, α2δ‐ligands, and 
combination therapy) with 42 men. Patients under any other therapy 

with possible influence on RLS (e.g. benzodiazepines, neuroleptics 
and antidepressants), patients with iron substitution in the previous 
6	months,	and	patients	with	a	C‐reactive	protein	(CRP)	≥	0.5	mg dl−1 
were not included.

This study was approved by the Ethics Committee of the Medical 
University of Innsbruck.

2.2 | Clinical evaluation

Restless legs syndrome was diagnosed according to the current 
International RLS Study Group (IRLSSG) criteria (Allen et al., 2014). 
All patients were evaluated by a neurologist expert in sleep medi‐
cine, who collected the medical history (including co‐morbidities re‐
lated to RLS), excluded mimics, and performed a clinical evaluation. 
The following validated severity scales were completed: IRLSSG se‐
verity scale (IRLS) (Walters et al., 2003); RLS‐6 (Kohnen et al., 2016); 
and the Clinical Global Impression (CGI; National Institute of Global 
Health, 1976). Current RLS medication was recorded and, in patients 
receiving dopaminergic therapy, levodopa equivalent dose (LED) 
and LED per kg were calculated (Tomlinson et al., 2010). Current 
augmentation was evaluated according to the Max Planck Institute 
criteria (Garcia‐Borreguero et al., 2007). Information about family 
history of RLS was collected. Age at RLS onset was documented, and 
patients were classified in early (first symptoms appearing at the age 
of	≤ 45	years)	or	late	onset	(Allen,	La	Buda,	Becker,	&	Earley,	2002;	
Earley, Barker, Horská, & Allen, 2006). In addition to the co‐mor‐
bidities reported at the time of the visit to the Sleep Disorder Unit, 
patients’ records were retrospectively checked for the following 
conditions possibly aggravating PLMS: rapid eye movement (REM) 
sleep behaviour disorder (RBD), congestive heart failure, spinal 
cord injuries, sleep‐related eating disorder, L‐dopa‐responsive dys‐
tonia, sickle cell disease, post‐traumatic stress disorder, Asperger's 
syndrome, William's syndrome, and alcohol dependency (American 
Academy of Sleep Medicine, 2014; Hornyak, Feige, Riemann, & 
Voderholzer, 2006).

2.3 | Laboratory parameters

Laboratory parameters included serum iron, ferritin, transferrin, 
transferrin saturation, soluble transferrin receptor and CRP. For 
comparison of iron parameters, all patients with ferritin values 
≥ 400	 μg L−1	 and	 transferrin	 saturation	 ≥ 45%	 were	 excluded	 and	
referred to further haematological examination. The other patients 
were	stratified	in	two	groups,	with	serum	ferritin	values	of	≤ 75	and	
> 75	μg L−1.

2.4 | Polysomnography

For the evaluation of PSG parameters, two nights were selected: the 
first night of PSG (night I), and the subsequent night with the most 
adequate positive airway pressure therapy, if necessary (night II). 
PSG was performed according to the American Academy of Sleep 
Medicine (AASM) criteria, and consisted of electrooculography, 
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electroencephalography (F3, F4, C3, C4, O1, O2, M1 and M2 elec‐
trodes), cardiorespiratory recording (single‐channel electrocardi‐
ography, recording of nasal air flow [thermocouple], nasal pressure 
cannula, tracheal microphone, thoracic and abdominal respiratory 
movements [piezo], transcutaneous oxygen saturation), electromyo‐
graphy including at least the mental, submental and both anterior 
tibialis muscles and time‐synchronized digital videography with an 
infrared camera. Leg movements were recorded according to the 
AASM criteria, using surface electrodes placed longitudinally and 
symmetrically around the middle of the tibialis anterior muscle, 
2–3 cm apart. PLMS were scored according to the AASM criteria 
(Berry et al., 2012) using a validated automated algorithm integrated 
in the PSG system (Stefani, Heidbreder, Hackner, & Hogl, 2017). Leg 
movements occurring during a period from 0.5 s preceding a respira‐
tory event to 0.5 s following were not scored, according to AASM 
criteria (Berry et al., 2012).

2.5 | Statistics

Statistical analysis was performed using SPSS version 24. Data were 
tested for normal distribution using the Kolmogorov–Smirnov test. 
As they were not normal distributed, data are shown as median, 
range and interquartile range (IQR). For group comparison, non‐
parametric tests were applied. The Mann–Whitney U‐test was used 
for the comparison of quantitative variables. Categorical variables 

were compared with the Fisher's exact test. If more than two groups 
were compared, χ2‐test was applied. Correlations were examined 
using Spearman's rank correlation coefficient (ρ). A p‐value	 < 0.05	
was considered statistically significant.

3  | RESULTS

3.1 | Demographic and clinical data

The median age was 59 years, with a median age at onset of RLS 
symptoms of 50 years, without gender differences. The majority of 
the patients (52.4%) were not treated for their RLS. Clinical and de‐
mographic data stratified by gender are shown in Table 1. Narcolepsy, 
multiple sclerosis and neurodegenerative diseases (e.g. multiple sys‐
tem atrophy, Parkinson's disease) were not present in our cohort. No 
history of sleep‐related eating disorder, dystonia, sickle cell disease, 
post‐traumatic stress disorder, Asperger's syndrome and William's 
syndrome was found in patients’ records. Other co‐morbidities with 
possible influence on RLS and PLMS are reported in Table 1.

IRLS was higher in women than in men (median [range] IQR in 
women versus men: 17.5 [0–35], IQR 12.5–25 versus 13.5 [0–32] 
IQR 5–20, p = 0.028), as shown in Figure 1. The same was true for 
the total RLS‐6 (median [range] IQR in women versus men: 18 [0–
39] IQR 13–25.75 versus 12 [1–42] IQR 5–21.5, p = 0.014), shown 
in Figure 2. When looking into the single RLS‐6 questions, only the 

TA B L E  1   Gender distribution of demographic and clinical data

 Women (n = 42) Men (n = 42) p‐value

Age, year, median (range) IQR 58.5 (36–81) IQR 52–68.25 59 (36–81) 50–69.5 IQR 50–69.5 0.645

Age of RLS onset, year, median (range) IQR 50 (6–72) IQR 6–72 50 (5–70) IQR 41.25–59.75 0.926

Current augmentation, n (%) 2 (4.8) 0 (0) n.a.

Family history of RLS, n (%) 7 (16.7) 5 (12.2) 0.756

Early onset of RLS, n (%) 15 (36.6) 17 (41.5) 0.821

Therapy, n (%)

No 22 (52.4) 22 (52.4) 1

α2δ‐ligands 1 (2.4) 1 (2.4) 1

Dopaminergic agents 18 (42.9) 18 (42.9) 1

Dopaminergic agents and α2δ‐ligands 1 (2.4) 1 (2.4) 1

LED, mg, median (range) IQR 35 (8.8–310) IQR 27–130 80 (8.8–227) IQR 23.5–100 0.781

LED per kg, median (range) IQR 0.43 (0.11–5.85) IQR 0.37–2.32 0.87 (0.1–1.92) IQR 0.29–1.31 0.806

Co‐morbidities, n (%)

SRBD 23 (54.8) 36 (85.7) 0.004

Arterial hypertension 16 (44.4) 20 (47.6) 0.509

Radicular pain syndrome 10 (23.8) 6 (14.3) 0.405

Alcohol dependency 1 (2.4) 5 (11.9) 0.202

Congestive heart failure 0 (0) 4 (9.5) n.a.

RBD 0 (0) 2 (2.4) n.a.

Renal failure 2 (4.8) 0 (0) n.a.

Spinal cord injury 1 (2.4) 0 (0) n.a.

IQR, interquartile range; LED, levodopa equivalent dose; RBD, REM sleep behaviour disorder; RLS, restless legs syndrome; SRBD, sleep‐related 
breathing disorder.
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first one (RLS‐6‐1) showed a statistically significant difference (me‐
dian [range] IQR in women versus men: 6 [2–10] IQR 5–8 versus 5 
[0–10] IQR 1–6.5, p = 0.002). The other items showed no gender 
differences (p > 0.05). CGI was higher in women than in men (median 
[range] IQR: 4 [1–6], IQR 3–4 versus 3 [1–5] IQR 2–4, p = 0.047).

IRLS was higher in patients with early onset of RLS than in late‐
onset patients (median [range] IQR: 19 [0–33] IQR 14.75–26 versus 13 
[0–36] IQR 4–19, p = 0.034), but RLS‐6, RLS‐6‐1 and CGI did not differ 
(all p > 0.05). After gender stratification, the difference in IRLS between 
early‐ and late‐onset patients was not significant anymore (p > 0.05).

IRLS, RLS‐6 and CGI did not differ between patients with a fam‐
ily history for RLS and those without (all p > 0.05). Also, when ana‐
lysing women and men separately, IRLS, RLS‐6 and CGI showed no 
differences (p > 0.05). RLS severity as measured by scales did not 
differ between the therapy groups (p > 0.05).

3.2 | Laboratory data

For the analysis of laboratory parameters, one woman and four men 
were	 excluded	 because	 of	 transferrin	 saturation	 ≥ 45%.	 Two	 more	

men,	one	with	serum	ferritin	≥ 400	μg L−1 and one with both elevated 
transferrin saturation and serum ferritin, were excluded. The remain‐
ing 41 women and 36 men were included in the analysis of laboratory 
parameters. Serum iron levels did not differ (median [range] IQR in 
women versus men [μmol L−1]: 16.5 [5.6–28.1], IQR 13.85–19.65 versus 
17.4 [8.7–26.1], IQR 11.85–20.83, p = 1.0). However, women had lower 
serum ferritin levels than men (median [range] IQR [μg L−1]: 74 [9–346], 
IQR 39–112.5 versus 167 [15–389], IQR 87–246.25, p < 0.001). Twenty‐
two women and eight men (53.7% versus 22.2%, p = 0.006) had fer‐
ritin values below 75 μg L−1. Serum ferritin levels did not correlate with 
IRLS, RLS‐6 or CGI (IRLS: ρ = 0.054, p = 0.638 in the overall sample, 
ρ = 0.099, p = 0.538 in women, ρ = 0.252, p = 0.138 in men; RLS‐6: 
ρ = 0.018, p = 0.878 in the overall sample, ρ = 0.037, p = 0.825 in women, 
ρ = 0.142, p = 0.416 in men; CGI: ρ = 0.043, p = 0.738 in the overall sam‐
ple, ρ = 0.074, p = 0.667 in women, ρ = 0.236, p = 0.247 in men).

IRLS, RLS‐6 and CGI did not differ significantly in patients with 
ferritin levels below or above 75 μg L−1 (IRLS: 15 [0–31] IQR 10–21.5 
versus 16 [0–36] IQR 11–25, p = 0.71 in the overall sample; 16 [0–31] 
IQR 13.25–24 versus 21.5 [0–35] IQR 13.25–28, p = 0.538 in women; 
9 [0–20] IQR 0–15 versus 15 [0–36] IQR 6–20, p = 0.251 in men; 

F I G U R E  1   IRLS in women and 
men. IRLS, International Restless Legs 
Syndrome Study Group Rating Scale

F I G U R E  2   RLS‐6 in women and men. 
RLS‐6, Restless Legs Syndrome 6 Scale
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RLS‐6: 16 [0–35] IQR 10–21 versus 15 [0–42], IQR 9–26, p = 0.973 
in the overall sample; 16.5 [0–35] IQR 13–23.5 versus 19 [6–39] IQR 
10–27, p = 0.856 in women; 2 [4–25] IQR 5–18 versus 13 [0–42] IQR 
8–25, p = 0.384 in men; CGI; 3 [1–5] IQR 3–4 versus 3 [1–6] IQR 3–4, 
p = 0.994 in the overall sample; 4 [1–5] IQR 3–4 versus 4 [2–6] IQR 
3–4, p = 0.731 in women; 2.5 [2–4] IQR 2–3.75 versus 3 [1–5] IQR 2–4, 
p = 0.471 in men; results reported as median [range] IQR).

No gender differences were found in transferrin, transferrin sat‐
uration	 and	 soluble	 transferrin	 receptor	 (transferrin	 [mg dl−1]: 259 
[214–415] IQR 229.5–287.5 versus 252.5 [185–368] IQR 234.25–
293.5, p = 0.606; transferrin saturation [%]: 25 [8–44] IQR 20–31.5 
versus 26 [12–39] IQR 18.25–32.75, p = 0.902; soluble transferrin 
receptor	 [g L−1]: 2.7 [2.1–4] IQR 2.4–3.23 versus 2.3 [1.9–5.8] IQR 
2.05–4, p = 0.422; results reported as median [range] IQR in women 
versus men).

No differences in iron parameters were present among patients 
with or without a confirmed family history of RLS (p > 0.05), as well 
as among patients with early or late onset of disease (p > 0.05), or in 
the therapy groups (p > 0.05).

3.3 | Polysomnographic data

Regarding PSG sleep variables, women showed lower percentages of 
N1 sleep in total sleep time (TST) and higher percentages of N3 sleep 
in TST. PLMS indices during night I and night II were significantly 
higher in men than in women (Tables 2 and 3).

No correlation between PLMS indices and IRLS was found, 
even after gender stratification (overall sample, night I: ρ = 0.012, 
p = 0.917; night II: ρ = 0.012, p = 0.913; women, night I: ρ = 0.03, 

p = 0.855; night II: ρ = 0.059, p = 0.717; men, night I: ρ = 0.07, p = 0.666; 
night II: ρ = 0.116, p = 0.468). PLMS indices did not correlate with 
ferritin in the whole sample (night I: ρ	=	−0.001,	p = 0.99; night II: 
ρ	=	−0.1,	p = 0.93) and in women (night I: ρ = 0.006, p = 0.971; night 
II: ρ = 0.053, p = 0.751). In men only, PLMS indices correlated with 
serum ferritin values (night I: ρ	=	−0.37,	p = 0.029; night II: ρ	=	−0.411,	
p = 0.014). PLMS indices showed no significant differences be‐
tween the therapy groups (overall sample, night I: p = 0.369, night II: 
p = 0.516; women, night I: p = 0.2347, night II: p = 0.364; men, night I: 
p = 0.671, night II: p = 0.438). PLMS indices and LED did not correlate 
(all patients with dopaminergic therapy, night I: ρ = 0.007, p = 0.95; 
night II: ρ = 0.046, p = 0.691; women, night I: ρ	=	−0.159,	p = 0.326; 
night II: ρ	=	−0.211,	p = 0.192; men, night I: ρ = 0.174, p = 0.295; night 
II: ρ = 0.299, p = 0.68). No differences in PLMS indices were present 
among patients with or without a confirmed family history of RLS, as 
well as among patients with early or late onset of disease, also after 
gender stratification (all p > 0.05). PLMS indices and apnea–hypo‐
pnea indices (AHI) correlated in the overall sample (night I: ρ = 0.349, 
p = 0.001; night II: ρ = 0.305, p = 0.006). When analysing women and 
men separately, a correlation was found in women (night I: ρ = 0.409, 
p = 0.009; night II: ρ = 0.39, p = 0.013), but not in men (night I: ρ = 0.2, 
p = 0.209; night II: ρ = 0.238, p = 0.134).

4  | DISCUSSION

This is to our knowledge the first study to address gender differ‐
ences in RLS phenotypes by simultaneously assessing clinical, labo‐
ratory and PSG parameters. We found higher IRLS, RLS‐6 and CGI 

TA B L E  2   Polysomnographic parameters in women and men – night I

 Women (n = 42) Men (n = 42) p‐value

Sleep efficacy, %, median (range) IQR 80.6 (44.7–95.2) IQR 71.2–86.78 82.4 (15.1–98.1) IQR 70.23–89.73 0.537

Sleep latency N1, min, median (range) 
IQR

13.45 (0.5–232.5) IQR 6.98–21.7 10.3 (1–157) IQR 4.23–18.93 0.212

REM sleep latency, min, median (range) 
IQR

129.5 (54.5–460) IQR 83.75–223–13 133.5 (13.5–497.5) IQR 
78.5–201.25

0.707

Wake after sleep onset, min, median 
(range) IQR

69 (12.5–256) IQR 43.25–112.75 57 (6–327.5) IQR 57–118.75 0.539

N1 sleep, %, median (range) IQR 12.5 (4.4–25.3) IQR 9.05–16.2 16.5 (5.8–98.1) IQR 11.7–24.48 0.002

N2 sleep, %, median (range) IQR 47.2 (28.2–78.9) IQR 39–52–58 41–85 (0–72.9) IQR 34.33–55.13 0.316

N3 sleep, %, median (range) IQR 9 (0–22.5) IQR 1.93–14.13 1.8 (0–22.9) IQR 0–6.73 0.002

AHI, n per hr, median (range) IQR 3.45 (0–51.8) IQR 1.35–10.15 6.55 (0–91.7) IQR 0.88–18.08 0.220

REM sleep, %, median (range) IQR 13.75 (0–26.6) IQR 8.1–18.28 15 (0–32.3) 9.13–19.2 0.730

ODI > 4%, n per hr, median (range) IQR 3.25 (0–49.3) IQR 0.9–9.53 6.1 (0–86.9) IQR 0.7–21.18 0.087

PLMS index, n per hr, median (range) IQR 11.4 (0–62.5) IQR 5.28–36.03 40 (0–154) IQR 15.5–62 0.004

IMI in TST, s, median (range) IQR 30.1 (18.8–44.3) IQR 26.7–33.53 30.85 (19.9–42.2) IQR 24.68–36.63 0.614

PLMW index, n per hr, median (range) 
IQR

0 (0–138.3) IQR 0–0.25 0 (0–336.7) IQR 0–44,6 0.325

IMI in wakefulness, s, median (range) IQR 22.75 (0–37.8) IQR 20.03–30.08 22.9 (10.2–31.5) IQR 19.1–27.3 0.916

AHI, apnea–hypopnea index; IMI, inter‐movement interval; IQR, interquartile range; ODI, oxygen desaturation index; PLMS, periodic leg movements 
during sleep; PLMW, periodic leg movements during wakefulness; REM, rapid eye movement; TST, total sleep time. Bold values indicates p < 0.05.
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scores in women, while ferritin levels and PLMS indices were higher 
in men.

In our sample, RLS symptoms, as subjectively measured using 
the IRLS and RLS‐6, and as evaluated by the examiner with the CGI, 
were more severe in women than in men. This may suggest that the 
same RLS symptom burden is felt differently in women and men, 
with women considering the same RLS symptoms as affecting daily 
life more than men. Alternatively, it can be hypothesized that women 
are more aware of RLS symptoms compared with men. We cannot 
rule out that RLS severity in women was already higher when they 
came to the Sleep Disorders Unit, because women are more likely 
referred to PSG because of RLS, whilst men are more frequently re‐
ferred for sleep‐related breathing disorders (SRBD), with RLS as an 
incidental finding (Auer et al., 2018). RLS severity did not differ be‐
tween patients with and without a confirmed family history of RLS. 
A positive family history of RLS was less frequent in our RLS sample 
than expected (14.5% in our sample versus 60% in the literature; 
Winkelmann et al., 2007), probably because we only rated family 
history as positive if the diagnosis was not only reported but con‐
firmed by a physician in a family member. Slight differences in symp‐
toms severity may be difficult to detect using the CGI, due to the 
limited answer options (from 1 to 7), while the IRLS and nowadays 
also the self‐administered IRLS (sIRLS; Sharon et al., 2018) are more 
fine‐tuned instruments, with a range from 0 to 40 points. Despite 
these numerical differences, mean RLS severity is classified as mod‐
erate in both women and men based on IRLS.

Women presented with lower ferritin values compared with 
men, in line with data from the literature (Koziol, Ho, Felitti, & 
Beutler, 2001; Zacharski, Ornstein, Woloshin, & Schwartz, 2000). 
Moreover, almost half of the women in our cohort presented with 
ferritin	 values	 ≤ 75	μg L−1. As an inverse correlation between IRLS 
and serum ferritin has been reported in studies from others and 

our own group (Frauscher et al., 2009; O'Keeffe, Gavin, & Lavan, 
1994), we hypothesized that iron deficiency in women could be a 
possible explanation for the higher RLS severity. However, in our 
sample no correlation between RLS severity and ferritin was found, 
opposing former findings from the Innsbruck RLS cohort (Frauscher 
et al., 2009). Our sample size might have been too small to repro‐
duce previous findings. Given the fact that iron deficiency in RLS 
does probably not take place on the systemic or cytosolic but on the 
mitochondrial level (Haschka et al., 2018), serum ferritin may not be 
the ideal biomarker for iron stores in RLS.

Women had significantly less N1 sleep and more N3 sleep than 
men. No gender differences in sleep stage distribution were de‐
scribed in healthy sleepers (Mitterling et al., 2015), but our findings 
are congruent with previous data in patients with RLS, reporting 
higher percentages of N1 sleep and lower percentages of slow‐wave 
sleep in men (Nicolas et al., 1999). In our RLS sample, a connection 
to the higher PLMS indices and subsequent micro‐arousals followed 
by N1 sleep in men could be speculated. Although women showed 
more N3 sleep, they were less satisfied with their sleep than men, as 
reflected in the RLS‐6‐1 scale, indicating that in our sample women 
experienced their RLS symptoms as more disturbing than men.

The PLMS indices were higher in male compared with female 
patients with RLS. Similar results have been previously reported in 
untreated RLS patients (Montplaisir et al., 1997; Shin et al., 2016). In 
our study, we did not observe any correlation between PLMS indices 
and ferritin values. An association between PLM and low ferritin in 
probable RLS patients was reported in the Wisconsin sleep cohort. 
In this study, however, participants were only stratified based on a 
questionnaire, which did not address all diagnostic criteria and did 
not exclude mimics (Li et al., 2015). In patients with RLS diagnosed 
according to current criteria through a clinical interview by an expert 
in sleep medicine, with exclusion of mimics (Allen et al., 2014), no 

TA B L E  3   Polysomnographic parameters in women and men – night II

 Women (n = 42) Men (n = 42) p‐value

Sleep efficacy, %, median (range) IQR 81 (44.7–97.4) IQR 69–81.5 80.7 (54.2–98.1) IQR 72.1–89.8 0.525

Sleep latency N1, min, median (range) IQR 10.8 (0.5–232.5) IQR 4.48–23.88 8.7 (1–157) IQR 3.93–21.10 0.511

REM sleep latency, min, median (range) IQR 128.5 (37.5–460) IQR 78.88–195.38 116 (25.5–371) IQR 69.25–175.88 0.338

Wake after sleep onset, min, median (range) IQR 64.5 (8–256) IQR 41.63–108.75 57 (6–161) IQR 35.75–93.5 0.270

N1 sleep, %, median (range) IQR 11.05 (4.4–25.3) IQR 8.45–14.08 14 (5.8–59.6) IQR 10.5–18.7 0.009

N2 sleep, %, median (range) IQR 46.7 (28.2–78.9) IQR 38.05–52.5 47.6 (11.2–72.9) IQR 37.9–54.28 0.674

N3 sleep, %, median (range) IQR 11.05 (0–22) IQR 2.28–17.73 0.5 (0–24) IQR 0–6.88 < 0.001

REM sleep, %, median (range) IQR 16.5 (0–26.6) IQR 8.68–20.05 18.45 (0–34.8) IQR 14.18–23.43 0.085

AHI, n per hr, median (range) IQR 2.3 (0–26.7) IQR 0–4.53 2.85 (0–30.2) IQR 0.78–7.8 0.398

ODI > 4%, n per hr, median (range) IQR 2 (0–22.8) IQR 0.58–4.05 3 (0–20–9) IQR 0.5–6.45 0.204

PLMS index, n per hr, median (range) IQR 12.6 (0–58.5) IQR 5.35–33.75 40 (0.5–208) IQR 15–75.8 0.002

IMI in TST, s, median (range) IQR 29.45 (18.8–44.3) IQR 24.68–33.6 30.8 (11.2–42.2) IQR 23.3–34.8 0.919

PLMW index, n per hr, median (range) IQR 0 (0–108.6) IQR 0–0.5 0 (0–138.7) IQR 0–30.88 0.424

IMI in wakefulness, s, median (range) IQR 23.2 (14.6–44.9) IQR 20.65–35 22.7 (18–33.1) 19.2–25.6 0.774

AHI, apnea–hypopnea index; IMI, inter‐movement interval; IQR, interquartile range; ODI, oxygen desaturation index; PLMS, periodic leg movements 
during sleep; PLMW, periodic leg movements during wakefulness; REM, rapid eye movement; TST, total sleep time. Bold values indicates p < 0.05.
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association between iron levels and PLMS was found (Heidbreder 
et al., 2017). In this study, patients were also selected from the 
Innsbruck RLS database. However, we can exclude a selection bias 
as there was no overlap in patients included in these two studies. 
Dopaminergic agents have been reported to lower PLMS indices in 
patients with RLS (Salminen & Winkelmann, 2018). We can rule out 
that treatment differences, i.e. more women treated with dopamine 
agonists or with higher dosage compared with men, could have bi‐
ased our results, as patients were matched not only for age but also 
for therapy. Moreover, in the group of patients treated with dopami‐
nergic drugs neither the LED nor the LED per kg differed between 
women and men. More men than women suffered from SRBD, and 
correlations between PLMS indices and AHI were found in our sam‐
ple, so it could appear that high PLMS indices in men were secondary 
to high AHI. Interestingly, after gender stratification this correlation 
was only present in women, indicating that the relationship only ex‐
isted in subjects with lower PLMS indices. Moreover, we compared 
PLMS indices not only in the first night, but also in a subsequent 
night with adequate sleep apnea treatment. The gender differences 
in PLMS indices persisted, whereas AHI in both nights did not differ 
between women and men. Furthermore, when scoring PLMS indices, 
respiratory‐related leg movements were excluded. The frequency of 
most co‐morbidities with a possible influence on PLMS did not differ 
between men and women. Two women with renal failure reported 
RLS symptoms many years before the renal failure, as did one patient 
with a spinal cord injury. In two men, RBD was detected by PSG after 
they initially presented because of RLS. We repeated the compari‐
son of PLMS indices excluding these patients with RBD, and gender 
difference was still present (p = 0.009 for night I, and p = 0.005 for 
night II). Because of the retrospective data acquisition, we cannot 
rule out that congestive heart failure preceded RLS in the four men 
with this condition. Nevertheless, we did not exclude them from the 
analysis as current literature data show that the association with RLS 
should be limited to a few diseases, such as iron deficiency anaemia 
and uraemia (Trenkwalder et al., 2018). Anyway, even after addi‐
tional exclusion of these four patients, PLMS indices were higher in 
men than in women (p = 0.004 for night I, and p = 0.002 for night II).

One of the major strengths of our study is the well‐defined sample 
of patients with RLS, which includes strictly matched patients (matched 
not only for age, but also for therapy). In addition to clinical and labo‐
ratory data, this study also analysed PSG parameters in all patients. 
The effect of other medications with a possible influence on RLS and 
PLMS was ruled out by the exclusion criteria. The main limitations are 
retrospective data analysis, the limited sample size, and that we cannot 
completely rule out a relationship between AHI and PLMS indices.

In summary, our data show higher RLS severity but lower PLMS 
indices in women, as compared with men. A possible explanation for 
these results may be a gender difference in clinical manifestations of 
RLS, with women experiencing predominantly sensory symptoms, 
reflected by higher IRLS severity scores, and men showing predom‐
inantly motor symptoms, represented by higher PLMS indices. This 
hypothesis should be further investigated in prospective studies 
with a larger sample size.

ACKNOWLEDG EMENT

This study was supported by the Austrian Science Fund (KLI 236).

CONFLIC T OF INTERE S TS

The authors have no conflict of interest related to this work to 
report.

AUTHOR CONTRIBUTIONS

Study design: A. S., B. H.; data acquisition: E. H., A. S.; data analysis: 
E. H., A. S.; interpretation of results: A. S., B. H.; first drafting of the 
manuscript: E. H.; critical revision of the manuscript: A. S., B. H., M. 
H., G. W. All authors approved the final version of the manuscript.

ORCID

Evi Holzknecht  https://orcid.org/0000‐0003‐2078‐7472 

R E FE R E N C E S

Abetz, L., Allen, R., Follet, A., Washburn, T., Earley, C., Kirsch, J., & 
Knight, H. (2004). Evaluating the quality of life of patients with rest‐
less legs syndrome. Clinical Therapeutics, 26, 925–935. https ://doi.
org/10.1016/s0149‐2918(04)90136‐1

Allen, R. P., La Buda, M. C., Becker, P., & Earley, C. J. (2002). Family his‐
tory study of the restless legs syndrome. Sleep Medicine, 3, S3–S7. 
https ://doi.org/10.1016/s1389‐9457(02)00140‐5

Allen, R. P., Picchietti, D. L., Garcia‐Borreguero, D., Ondo, W. G., Walters, 
A. S., Winkelman, J. W., … Lee, H. B. (2014). Restless legs syndrome/
Willis‐Ekbom disease diagnostic criteria: updated International 
Restless Legs Syndrome Study Group (IRLSSG) consensus criteria–
history, rationale, description, and significance. Sleep Medicine, 15, 
860–873. https ://doi.org/10.1016/j.sleep.2014.03.025

American Academy of Sleep Medicine. (2014). International classification 
of sleep disorders (3rd edn). Darien, IL: American Academy of Sleep 
Medicine.

Auer, M., Frauscher, B., Hochleitner, M., & Hogl, B. (2018). Gender‐spe‐
cific differences in access to polysomnography and prevalence of 
sleep disorders. Journal of Women's Health, 27(4), 525–530. https ://
doi.org/10.1089/jwh.2017.6482

Bentley, A. J., Rosman, K. D., & Mitchell, D. (2006). Gender differences 
in the presentation of subjects with restless legs syndrome. Sleep 
Medicine, 7, 37–41. https ://doi.org/10.1016/j.sleep.2005.03.004

Berger, K., Luedemann, J., Trenkwalder, C., John, U., & Kessler, C. (2004). 
Sex and the risk of restless legs syndrome in the general population. 
Archives of Internal Medicine, 164, 196–202. https ://doi.org/10.1001/
archi nte.164.2.196

Berry, R. B., Brooks, R., Gamaldo, C. E., Harding, S. M., Marcus, C. L., 
Vaughn, B. V. & for the American Academy of Sleep Medicine. 
(2012). The AASM Manual for Scoring Sleep and Associated Events: 
Rules, Terminology and Technical Specifications. Version 2.0. Darien, IL: 
American Academy of Sleep Medicine.

Earley, C. J., Barker, P., Horská, A., & Allen, R. P. (2006). MRI‐determined 
regional brain iron concentrations in early‐ and late‐onset restless 
legs syndrome. Sleep Medicine, 7, 458–461. https ://doi.org/10.1016/j.
sleep.2005.11.009

Frauscher, B., Gabelia, D., Mitterling, T., Biermayr, M., Bregler, D., 
Ehrmann, L., … Hogl, B. (2014). Motor events during healthy sleep: 

https://orcid.org/0000-0003-2078-7472
https://orcid.org/0000-0003-2078-7472
https://doi.org/10.1016/s0149-2918(04)90136-1
https://doi.org/10.1016/s0149-2918(04)90136-1
https://doi.org/10.1016/s1389-9457(02)00140-5
https://doi.org/10.1016/j.sleep.2014.03.025
https://doi.org/10.1089/jwh.2017.6482
https://doi.org/10.1089/jwh.2017.6482
https://doi.org/10.1016/j.sleep.2005.03.004
https://doi.org/10.1001/archinte.164.2.196
https://doi.org/10.1001/archinte.164.2.196
https://doi.org/10.1016/j.sleep.2005.11.009
https://doi.org/10.1016/j.sleep.2005.11.009


8 of 9  |     HOLZKNECHT ET aL.

a quantitative polysomnographic study. Sleep, 37, 763–773. https ://
doi.org/10.5665/sleep.3586

Frauscher, B., Gschliesser, V., Brandauer, E., El‐Demerdash, E., Kaneider, 
M., Rucker, L., … Hogl, B. (2009). The severity range of restless legs 
syndrome (RLS) and augmentation in a prospective patient cohort: 
association with ferritin levels. Sleep Medicine, 10, 611–615. https ://
doi.org/10.1016/j.sleep.2008.09.007

Garcia‐Borreguero, D., Allen, R. P., Kohnen, R., Hogl, B., Trenkwalder, C., 
Oertel, W., … Earley, C. J. (2007). Diagnostic standards for dopami‐
nergic augmentation of restless legs syndrome: report from a World 
Association of Sleep Medicine‐International Restless Legs Syndrome 
Study Group consensus conference at the Max Planck Institute. Sleep 
Medicine, 8, 520–530. https ://doi.org/10.1016/j.sleep.2007.03.022

Haba‐Rubio, J., Marti‐Soler, H., Marques‐Vidal, P., Tobback, N., Andries, 
D., Preisig, M., … Heinzer, R. (2016). Prevalence and determinants 
of periodic limb movements in the general population. Annals of 
Neurology, 79, 464–474. https ://doi.org/10.1002/ana.24593 

Hanson, M., Honour, M., Singleton, A., Crawley, A., Hardy, J., & 
Gwinn‐Hardy, K. (2004). Analysis of familial and sporadic rest‐
less legs syndrome in age of onset, gender, and severity features. 
Journal of Neurology, 251, 1398–1401. https ://doi.org/10.1007/
s00415‐004‐0552‐7

Happe, S., Reese, J. P., Stiasny‐Kolster, K., Peglau, I., Mayer, G., Klotsche, 
J., … Dodel, R. (2009). Assessing health‐related quality of life in pa‐
tients with restless legs syndrome. Sleep Medicine, 10, 295–305. 
https ://doi.org/10.1016/j.sleep.2008.01.002

Happe, S., Vennemann, M., Evers, S., & Berger, K. (2008). Treatment wish 
of individuals with known and unknown restless legs syndrome in 
the community. Journal of Neurology, 255, 1365–1371. https ://doi.
org/10.1007/s00415‐008‐0922‐7

Haschka, D., Volani, C., Stefani, A., Tymoszuk, P., Mitterling, T., 
Holzknecht, E., … Weiss, G. (2018). Association of mitochondrial 
iron deficiency and dysfunction with idiopathic restless legs syn‐
drome. Movement Disorders, 11, 27482. https ://doi.org/10.1002/
mds.27482 

Heidbreder, A., Stefani, A., Mitterling, T., Weiss, P., Brandauer, E., & 
Hogl, B. (2017). Do periodic leg movements differ between restless 
legs syndrome patients with low versus normal iron stores? Sleep 
Medicine, 21, 271. https ://doi.org/10.1016/j.sleep.2016.08.027

Hening, W., Walters, A. S., Allen, R. P., Montplaisir, J., Myers, A., & Ferini‐
Strambi, L. (2004). Impact, diagnosis and treatment of restless legs 
syndrome (RLS) in a primary care population: the REST (RLS epidemi‐
ology, symptoms, and treatment) primary care study. Sleep Medicine, 
5, 237–246. https ://doi.org/10.1016/j.sleep.2004.03.006

Hogl, B., Kiechl, S., Willeit, J., Saletu, M., Frauscher, B., Seppi, K., … 
Poewe, W. (2005). Restless legs syndrome: a community‐based 
study of prevalence, severity, and risk factors. Neurology, 64, 1920–
1924. https ://doi.org/10.1212/01.wnl.00001 63996.64461.a3

Hornyak, M., Feige, B., Riemann, D., & Voderholzer, U. (2006). Periodic 
leg movements in sleep and periodic limb movement disorder: prev‐
alence, clinical significance and treatment. Sleep Medicine Reviews, 
10(3), 169–177. https ://doi.org/10.1016/j.smrv.2005.12.003

Kohnen, R., Martinez‐Martin, P., Benes, H., Trenkwalder, C., Hogl, B., 
Dunkl, E., & Walters, A. S. (2016). Rating of daytime and nighttime 
symptoms in RLS: validation of the RLS‐6 scale of restless legs syn‐
drome/Willis‐Ekbom disease. Sleep Medicine, 20, 116–122. https ://
doi.org/10.1016/j.sleep.2015

Koziol, J. A., Ho, N. J., Felitti, V. J., & Beutler, E. (2001). Reference cen‐
tiles for serum ferritin and percentage of transferrin saturation, with 
application to mutations of the HFE gene. Clinical Chemistry, 47, 
1804–1810.

Li, J., Moore, H. T., Lin, L., Young, T., Finn, L., Peppard, P. E., & Mignot, E. 
(2015). Association of low ferritin with PLM in the Wisconsin Sleep 
Cohort. Sleep Medicine, 16, 1413–1418. https ://doi.org/10.1016/j.
sleep.2015.05.015

Manconi, M., Ulfberg, J., Berger, K., Ghorayeb, I., Wesstrom, J., Fulda, 
S., … Pollmacher, T. (2012). When gender matters: restless legs syn‐
drome. Report of the “RLS and woman” workshop endorsed by the 
European RLS Study Group. Sleep Medicine Reviews, 16, 297–307. 
https ://doi.org/10.1016/j.smrv.2011.08.006

Mitterling, T., Hogl, B., Schonwald, S. V., Hackner, H., Gabelia, D., 
Biermayr, M., & Frauscher, B. (2015). Sleep and respiration in 100 
healthy Caucasian sleepers – a polysomnographic study according to 
American Academy of Sleep Medicine standards. Sleep, 38, 867–875. 
https ://doi.org/10.5665/sleep.4730

Montplaisir, J., Boucher, S., Poirier, G., Lavigne, G., Lapierre, O., & 
Lesperance, P. (1997). Clinical, polysomnographic, and genetic char‐
acteristics of restless legs syndrome: a study of 133 patients diag‐
nosed with new standard criteria. Movement Disorders, 12, 61–65. 
https ://doi.org/10.1002/(issn)1531‐8257

Moore, H. T., Winkelmann, J., Lin, L., Finn, L., Peppard, P., & Mignot, E. 
(2014). Periodic leg movements during sleep are associated with 
polymorphisms in BTBD9, TOX3/BC034767, MEIS1, MAP2K5/
SKOR1, and PTPRD. Sleep, 37, 1535–1542. https ://doi.org/10.5665/
sleep.4006

National Institute of Global Health. (1976). Clinical global impressions 
(028 CGI). In W. Guy (Ed.), ECDEU assessment manual for psychophar-
macology (pp. 218–222). Rockville, MD: US Department of Health, 
Education, and Welfare.

Nicolas, A., Michaud, M., Lavigne, G., & Montplaisir, J. (1999). The in‐
fluence of sex, age and sleep/wake state on characteristics of pe‐
riodic leg movements in restless legs syndrome patients. Clinical 
Neurophysiology, 110, 1168–1174. https ://doi.org/10.1016/
s1388‐2457(99)00033‐4

O'Keeffe, S. T., Gavin, K., & Lavan, J. N. (1994). Iron status and restless 
legs syndrome in the elderly. Age and Ageing, 23, 200–203. https ://
doi.org/10.1093/agein g/23.3.200

Salminen, A. V., & Winkelmann, J. (2018). Restless legs syndrome and 
other movement disorders of sleep‐treatment update. Current 
Treatment Options in Neurology, 20, 55. https ://doi.org/10.1007/
s11940‐018‐0540‐3

Sharon, D., Allen, R. P., Martinez‐Martin, P., Walters, A. S., Ferini Strambi, 
L., Hogl, B., … Becker, P. M. (2018). Validation of the self‐adminis‐
tered version of the international Restless Legs Syndrome study 
group severity rating scale – the sIRLS. Sleep Medicine, 54, 94–100. 
https ://doi.org/10.1016/j.sleep.2018.10.014

Shin, J. W., Koo, Y. S., Lee, B. U., Shin, W. C., Lee, S. K., Cho, Y. W., & 
Jung, K. Y. (2016). Prevalence and characteristics of periodic limb 
movements during sleep in Korean adult patients with restless legs 
syndrome. Journal of Clinical Sleep Medicine, 12(8), 1089–1097. https 
://doi.org/10.5664/jcsm.6042

Stefani, A., Heidbreder, A., Hackner, H., & Hogl, B. (2017). Validation of 
a leg movements count and periodic leg movements analysis in a 
custom polysomnography system. BMC Neurology, 17(1), 017–0821. 
https ://doi.org/10.1186/s12883‐017‐0821‐6

Szentkiralyi, A., Stefani, A., Hackner, H., Czira, M., Teismann, I. K., 
Volzke, H., … Berger, K. (2019). Prevalence and associated risk fac‐
tors of periodic limb movement in sleep in two German popula‐
tion‐based studies. Sleep, 42(3), zsy237. https ://doi.org/10.1093/
sleep/ zsy237

Tomlinson, C. L., Stowe, R., Patel, S., Rick, C., Gray, R., & Clarke, C. E. 
(2010). Systematic review of levodopa dose equivalency reporting in 
Parkinson's disease. Movement Disorders, 25, 2649–2653. https ://doi.
org/10.1002/mds.23429 

Trenkwalder, C., Allen, R., Hogl, B., Clemens, S., Patton, S., Schormair, B., 
& Winkelmann, J. (2018). Comorbidities, treatment, and pathophysi‐
ology in restless legs syndrome. Lancet Neurology, 17(11), 994–1005. 
https ://doi.org/10.1016/s1474‐4422(18)30311‐9

Walters, A. S., LeBrocq, C., Dhar, A., Hening, W., Rosen, R., Allen, R. P., & 
Trenkwalder, C. (2003). Validation of the International Restless Legs 

https://doi.org/10.5665/sleep.3586
https://doi.org/10.5665/sleep.3586
https://doi.org/10.1016/j.sleep.2008.09.007
https://doi.org/10.1016/j.sleep.2008.09.007
https://doi.org/10.1016/j.sleep.2007.03.022
https://doi.org/10.1002/ana.24593
https://doi.org/10.1007/s00415-004-0552-7
https://doi.org/10.1007/s00415-004-0552-7
https://doi.org/10.1016/j.sleep.2008.01.002
https://doi.org/10.1007/s00415-008-0922-7
https://doi.org/10.1007/s00415-008-0922-7
https://doi.org/10.1002/mds.27482
https://doi.org/10.1002/mds.27482
https://doi.org/10.1016/j.sleep.2016.08.027
https://doi.org/10.1016/j.sleep.2004.03.006
https://doi.org/10.1212/01.wnl.0000163996.64461.a3
https://doi.org/10.1016/j.smrv.2005.12.003
https://doi.org/10.1016/j.sleep.2015
https://doi.org/10.1016/j.sleep.2015
https://doi.org/10.1016/j.sleep.2015.05.015
https://doi.org/10.1016/j.sleep.2015.05.015
https://doi.org/10.1016/j.smrv.2011.08.006
https://doi.org/10.5665/sleep.4730
https://doi.org/10.1002/(issn)1531-8257
https://doi.org/10.5665/sleep.4006
https://doi.org/10.5665/sleep.4006
https://doi.org/10.1016/s1388-2457(99)00033-4
https://doi.org/10.1016/s1388-2457(99)00033-4
https://doi.org/10.1093/ageing/23.3.200
https://doi.org/10.1093/ageing/23.3.200
https://doi.org/10.1007/s11940-018-0540-3
https://doi.org/10.1007/s11940-018-0540-3
https://doi.org/10.1016/j.sleep.2018.10.014
https://doi.org/10.5664/jcsm.6042
https://doi.org/10.5664/jcsm.6042
https://doi.org/10.1186/s12883-017-0821-6
https://doi.org/10.1093/sleep/zsy237
https://doi.org/10.1093/sleep/zsy237
https://doi.org/10.1002/mds.23429
https://doi.org/10.1002/mds.23429
https://doi.org/10.1016/s1474-4422(18)30311-9


     |  9 of 9HOLZKNECHT ET aL.

Syndrome Study Group rating scale for restless legs syndrome. Sleep 
Medicine, 4, 121–132.

Winkelmann, J., Polo, O., Provini, F., Nevsimalova, S., Kemlink, D., Sonka, 
K., … Montagna, P. (2007). Genetics of restless legs syndrome (RLS): 
state‐of‐the‐art and future directions. Movement Disorders, 22, 21587.

Zacharski, L. R., Ornstein, D. L., Woloshin, S., & Schwartz, L. M. (2000). 
Association of age, sex, and race with body iron stores in adults: anal‐
ysis of NHANES III data. American Heart Journal, 140, 98–104. https 
://doi.org/10.1067/mhj.2000.106646

How to cite this article: Holzknecht E, Hochleitner M, 
Wenning GK, Högl B, Stefani A. Gender differences in clinical, 
laboratory and polysomnographic features of restless legs 
syndrome. J Sleep Res. 2020;29:e12875. https ://doi.
org/10.1111/jsr.12875 

https://doi.org/10.1067/mhj.2000.106646
https://doi.org/10.1067/mhj.2000.106646
https://doi.org/10.1111/jsr.12875
https://doi.org/10.1111/jsr.12875

