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Introduction: Restless legs syndrome (RLS) is a common sensorimotor neurological disorder, with
symptoms that might cause sleep fragmentation leading to excessive daytime sleepiness. A seasonality of
RLS symptoms has been suggested; however, to date, no study focused on this aspect. In order to detect a
possible seasonality of RLS manifestations, we evaluated RLS symptom severity and excessive daytime
sleepiness in winter and summer in RLS patients.
Methods: RLS patients who performed two follow-up visits in summer and winter were included in this
retrospective bicentric analysis. RLS severity, measured with the International RLS Study Group rating
scale (IRLS), and daytime sleepiness, measured with the Epworth Sleepiness Scale (ESS), were recorded
in both seasons in Innsbruck and Rome Sleep Medicine Centers.
Results: In sum, 64 RLS patients were included. In the overall sample, IRLS in summer was higher than in
winter (p ¼ 0.008). After gender stratification, this held true only in men (p ¼ 0.008). When stratifying
for centers, the seasonal variation in RLS severity was present exclusively in Rome (p < 0.001). Moreover,
20 RLS patients completed ESS in both seasonal periods, and scores in summer were higher than in
winter (p < 0.001).
Conclusion: This retrospective observational study showed an increase of RLS severity during summer
compared to winter, supporting the hypothesis that RLS symptoms are more troublesome when tem-
peratures are higher. Changes in microvascular regulation, sweating, and serum iron level changes may
support this difference in RLS symptoms across the year. The documented seasonal variation in RLS
severity with worsening in the warmer months needs to be investigated further in prospective studies.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Restless legs syndrome (RLS) is a neurological sleep disorder,
more frequently affecting women than men, with a prevalence up
to 11% in the general population [1e4]. RLS has been associated
with considerable impairment in quality of life, as it can cause sleep
fragmentation with consequent daytime sleepiness, mood distur-
bances or reduced concentration, among others [5,6]. The most
widely accepted pathophysiological mechanisms of RLS include
epartment of Systems Medi-
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genetic predisposition, central nervous system iron dysregulation,
and dopaminergic dysfunction [7]. Peripheral hypoxia has also
been reported to play a role in RLS, and a possible pathophysiologic
link between peripheral hypoxia and RLS symptoms has been
suggested [8e10].

Seasonality in sleep disorders has been hypothesized in the past.
In particular, light exposure, climate changes, and daytime length
have been discussed as possible determinants of sleep disorders
[11]. A seasonal variation in RLS symptomatology has also been
previously suggested [11]. However, scarce and controversial evi-
dence is present in the literature. Evidence of seasonal trends in RLS
has been exclusively drawn from Internet search query data [12].
Moreover, despite some clinical observations, seasonal variations in
RLS symptom severity have not been systematically evaluated.
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On this basis, the present study aimed to systematically
investigate RLS symptom severity measured by the International
Restless Legs Syndrome Study Group (IRLSSG) rating scale (IRLS)
in consecutive summer and winter periods in RLS patients, in
order to evaluate possible changes in RLS symptoms between the
hot and cold seasons. Moreover, since RLS symptoms may impair
night sleep and therefore cause daytime sleepiness, we also
measured excessive daytime sleepiness using the Epworth
Sleepiness Scale (ESS).

2. Methods

This is a retrospective, observational study based on individual
chart review of patients affected by primary RLS. Patients were
classified as affected by RLS according to IRLSSG criteria [1]. Data
were collected at the two centers participating in the study, the
Sleep Medicine Centre of the University Hospital of Rome “Tor
Vergata” and the Sleep Laboratory of the Department of Neurology,
Medical University of Innsbruck. Eligible patients were retrospec-
tively selected among those who were followed regularly by the
two centers and underwent clinical follow-up in two consecutive
time points: thewinter period and the summer period. Considering
the different meteorological features of Innsbruck, Austria and
Rome, Italy, we choose the hottest and coldest periods in these two
geographical areas according to the data of the World Meteoro-
logical Organization. In particular, the winter period was consid-
ered from December to January in Innsbruck [mean daily
temperature (�1)�(�1.7)�C] and from January to February in Rome
[mean daily temperature (7.5)e(8.2)�C], and the summer period
was considered from June to July in Innsbruck [mean daily tem-
perature (16.1)e(18.1)�C] and from July to August in Rome [mean
daily temperature (24.1)e(24.5)�C]. We exclusively included pa-
tients without changes in their RLS treatment between the two
periods and excluded thosewho presented augmentation, and who
presented secondary RLS. Demographic datawere collected, as well
as clinical data, including age at RLS onset, current RLS treatment,
IRLS, and ESS scores. The IRLS, previously provided by the IRLSSG
[13], is a validated and widely used scale to quantify and monitor
RLS symptoms and assess the severity of the disease. The ESS is a
widely used instrument to assess daytime sleepiness and already
validated also in RLS patients [14].

Based on the previous preliminary evidence about the increase
of RLS symptoms in summer compared to winter [11,12], we
planned to test in a pilot retrospective observational study whether
there is a difference in the IRLS scores measured in summer and
winter in patients affected by RLS under stable treatments. We also
planned to perform a stratification for each center, as the two
participating centers (Rome and Innsbruck) are at different lati-
tudes and have a different climate. The statistical analysis was
performed using SPSS version 24. Data distribution was assessed
using the KolmogoroveSmirnov test. As data were normally
distributed, data are shown as mean and standard deviation. For
group comparison, parametric tests were applied. Correlations
were examined using Pearson's correlation coefficient. A p-value
<0.05 was considered statistically significant.

The study was approved by the local Ethics Committees of the
University Hospital of Rome “Tor Vergata” and the Medical Uni-
versity of Innsbruck.

3. Results

A total of 64 patients with RLS were included in this retro-
spective analysis. Of those, 35 RLS patients were recruited in
Innsbruck, and 29 RLS patients were recruited in Rome. De-
mographic and clinical data are presented in Table 1.
3.1. RLS symptom severity

RLS symptom severity measured with the IRLS in summer and
winter, and the difference in IRLS scores between summer and
winter (delta IRLS), did not differ between patients from Innsbruck
and Rome; this also was observed after stratification for gender and
treatment (all p > 0.05). No gender differences were found in IRLS
in summer, IRLS inwinter, and delta IRLS, also after stratification for
center and treatment (all p > 0.05).

In the overall sample, IRLS in summer was higher than inwinter
(p ¼ 0.008). Individual variations in IRLS between summer and
winter are shown in Fig. 1. After gender stratification, the difference
was significant only in men (p ¼ 0.008, Fig. 2). When stratifying for
centers, the difference in RLS severity was present exclusively in
patients from Rome (p < 0.001, Fig. 3). These results did not change
after gender stratification.

Considering the change of IRLS scores between summer and
winter, we documented an increase of at least three and five points
in 28/64 (43.8%) and 18/64 (28.1%) patients, respectively (Table 2).
This increase was more evident in men (12/22 patients, 54.5%), and
in Rome (17/29 patients, 58.6%) (Table 2).

When analyzing different treatment groups separately, IRLS in
summer, IRLS in winter, and delta IRLS did not differ between pa-
tients with and without RLS therapy (all p > 0.05). Also, after
stratification for each center, no differences were found (all
p > 0.05). Moreover, in the whole sample, IRLS in summer was
higher (ie, more severe symptoms) than in winter in treated pa-
tients, but not in untreated patients (p ¼ 0.002). Among treated
patients, statistically relevant differences were present only in men
after stratification for gender, and only in patients from Rome after
stratification for center. Details are shown in Table 2.

A correlation between IRLS in summer and winter was present
(Pearson's r 0.581, p < 0.001).
3.2. Daytime sleepiness

Twenty out of 64 patients completed the ESS scores in both
periods. ESS in summer was higher than ESS inwinter in the overall
sample (p < 0.001). No gender differences, nor differences between
centers or between treated and untreated patients were found (all
p > 0.05). These data are shown in Table S1. ESS scores in summer
and winter correlated strongly (Pearson's r 0.687, p ¼ 0.001).

No significant correlation between IRLS and ESS in summer was
found (0.044, p ¼ 0.82), as well as between IRLS and ESS in winter
(0.098, p ¼ 0.667).
4. Discussion

The purpose of the present retrospective observational study
was to investigate whether RLS symptoms may exhibit a seasonal
variability, with a particular focus on the coldest and hottest pe-
riods of the year. Briefly, we used IRLS to quantify RLS symptom
severity during summer and winter in RLS patients with stable
RLS therapy during the study period. We documented a significant
increase in IRLS scores during the summertime compared to
winter, thus supporting the hypothesis that RLS symptoms are
more troublesome when temperatures increase. Therefore, a
seasonal variation in RLS symptoms seems to be present, with
worsening in the warmer months. However, when stratifying for
centers, the comparison between the two seasons was statistically
significant exclusively in RLS patients followed in Rome, although
RLS patients from Innsbruck showed a trend towards higher
scores in summer. Moreover, after gender stratification, the dif-
ference persisted only in men.



Table 1
Demographic and clinical data.

Overall sample (n ¼ 64) Innsbruck (n ¼ 35) Rome (n ¼ 29) P value

Age, years 55.5 ± 13.3 61.8 ± 15.3 48.0 ± 14.4 <0.001
Sex, women n (%) 42 (65.6) 24 (68.6) 18 (62.1) 0.608
Therapy:
No therapy, n (%) 10 (15.5) 7 (20) 3 (10.3) 0.327
Dopaminergic, n (%) 33 (51.6) 19 (54.3) 14 (48.3) 0.802
Other therapies, n (%) 21 (32.8) 9 (25.7) 12 (41.1) 0.285

Data are presented as mean ± standard deviation (standard error of the mean), and n (%). Other therapies include non-dopaminergic treatment and polytherapy.

Fig. 1. IRLS in winter and summer. Box plot with the mean value ± standard devia-
tion of the IRLS in winter and summer in the whole population. IRLS, international
Restless Legs Syndrome severity scale.

C. Liguori et al. / Sleep Medicine 66 (2020) 10e1412
Although previous case reports hypothesized a seasonal pattern
in RLS [11,12], to date it had not been analyzed if RLS symptoms
present variations during the year. Only one previous study tried to
Fig. 2. IRLS in winter and summer in men and women. Mean value of the IRLS in
winter and summer in men and women is shown. IRLS, international Restless Legs
Syndrome severity scale.
examine this phenomenon by analyzing Internet search query data
about RLS symptomatology, and documented a seasonal trend of
the search queries, with a peak in the summer months [12].
However, the previously observed seasonality of web searches for
RLS symptoms and leg cramps has been re-examined later on, and
that author did not find the same seasonal effect for RLS searches in
Internet data, although he did not exclude a clinical significance of
the previously identified seasonality of RLS symptoms [15].

In the present study, we confirmed the evidence of seasonality
in RLS, showing that patients affected by RLS presented higher IRLS
scores during summer compared to winter. It is widely accepted
that CNS iron deficiency plays a central role in the pathophysiology
of RLS [16]. Serum iron levels measurably change across the year. In
healthy volunteers, a decrease in serum ferritin, transferrin and
iron concentration and an increase in soluble transferrin receptor
during summer have been documented [17]. Patients affected by
RLS frequently present a dysfunctional iron metabolism and a sig-
nificant reduction in iron levels [18]; Thus, the reduced iron con-
centrations during the hottest months may contribute to more
pronounced RLS symptoms during summer. A further explanation
may be driven by the vascular hypothesis of RLS pathophysiology.
The reduced regulation of microvascular circulation and the sub-
sequently reduced heat tolerability during summer have been
widely demonstrated [19,20]. In an experimental study it has been
documented that, when exposed to temperature around 30 �C
(easily reached in Rome in the hottest summer months, but rarely
in Innsbruck) RLS patients present a more uniform temperature in
the core body and lower limbs, compared to controls, in whom feet
Fig. 3. IRLS in winter and summer in the two centres (Rome and Innsbruck). Mean
value of the IRLS in winter and summer in Rome and Innsbruck is shown. IRLS, in-
ternational Restless Legs Syndrome severity scale.



Table 2
Comparison of RLS severity in summer and winter.

IRLS summer IRLS winter Delta IRLS P Delta IRLS �3, n (%) Delta IRLS � 5, n (%)

Overall sample (n ¼ 64) 17.7 ± 7.1 15.5 ± 6.7 2.2 ± 6.3 0.008* 28 (43.8) 18 (28.1)
Men (n ¼ 22) 18.4 ± 7.3 15.4 ± 6.7 3.1 ± 4.9 0.008* 12 (54.5) 6 (27.3)
Women (n ¼ 42) 17.3 ± 7.1 15.6 ± 6.5 1.7 ± 1.1 0.117 16 (38.1) 12 (28.6)

Innsbruck (n ¼ 35) 17.3 ± 8.4 16.1 ± 7.9 1.2 ± 7.6 0.347 11 (31.4) 10 (28.6)
Men (n ¼ 11) 19.4 ± 9.2 16.9 ± 9.0 2.4 ± 5.8 0.195 4 (36.4) 4 (36.4)
Women (n ¼ 24) 16.3 ± 8.0 15.7 ± 7.0 0.7 ± 8.4 0.700 7 (29.2) 6 (25)

Rome (n ¼ 29) 18.2 ± 5.4 14.9 ± 5.2 3.3 ± 4.1 <0.001* 17 (58.6) 8 (27.6)
Men (n ¼ 11) 17.4 ± 5.2 13.8 ± 3.8 3.6 ± 3.9 0.011* 8 (72.7) 2 (18.2)
Women (n ¼ 18) 18.7 ± 5.6 15.6 ± 5.9 3.1 ± 4.2 0.006* 9 (50) 6 (33.3)

RLS treatment
Untreated (n ¼ 10) 15.6 ± 8.2 14.3 ± 7.7 1.3 ± 7.1 0.579 4 (40) 4 (40)
Treated (n ¼ 54) 18.1 ± 6.9 15.8 ± 6.4 2.3 ± 6.2 0.002* 24 (44.4) 14 (25.9)
Men (n ¼ 16) 18.1 ± 7.6 15.2 ± 6.8 2.8 ± 4.4 0.022* 9 (56.3) 3 (18.8)
Women (n ¼ 38) 18.1 ± 6.7 16.0 ± 6.4 2.1 ± 6.9 0.063 15 (39.5) 11 (28.9)
Rome (n ¼ 26) 18.5 ± 5.6 15.3 ± 5.2 3.1 ± 4.0 0.001* 15 (57.7) 6 (23.1)
Innsbruck (n ¼ 28) 17.7 ± 8.1 16.2 ± 7.5 1.6 ± 7.7 0.289 9 (32.1) 8 (28.6)

All data presented as mean ± standard deviation. RLS, restless legs syndrome.
Significant p value set at <0.05; * statistical significant; in bold statistically significant results.
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are cooler than the core body temperature. No difference between
RLS patients and controls was present when exposed to low tem-
peratures [21]. These findings suggest impaired spatial cooling at a
higher temperature in RLS patients and further support the hy-
pothesis that heat may increase RLS symptomatology due to the
presence of an already impaired microvascular circulation. Coupled
with microvascular changes, also autonomic nervous system (ANS)
dysregulation is present in patients affected by RLS [22]. ANS
actively controls sweating, among other functions [23]. Considering
the altered autonomic innervation in RLS patients, in particular in
the lower limbs, also sweating can be dysregulated in those pa-
tients (with excessive sweating in the trunk and reduced sweating
in the limbs), thus not reducing the temperature in the lower limbs
during the hottest season. In line with this hypothesis, after strat-
ification for gender, we found a significant worsening of RLS
symptoms in men, and after stratification for each center, the
worsening in summer was evident in Rome. Men usually present
increased sweating with a higher local and whole-body sudomotor
activity compared to women as a result of increased body tem-
perature [24e26]. Therefore, it might be hypothesized that dysre-
gulated thermoregulation, coupled with the altered ANS responses
in RLS patients, could explain the worsening of RLS symptoms in
men during summer in Rome [18]. Although we can only suppose
the pathophysiological basis of this finding, it is conceivable that
hormonal changes and comorbid insomnia, which are all more
frequent in women than in men, may play a major role in RLS
pathogenesis in women. Furthermore, this gender difference may
be related to iron deficiency, since men tend to have higher ferritin
levels in adulthood compared to women [18]. Therefore, it is
tempting to speculate that hormonal factors, insomnia, and iron
deficiency play a major role in women, and as these factors are less
influenced by seasonality, the worsening of symptoms in the
hottest months in women is milder than in men. Sweating is
associated with lower serum ferritin levels, as sweat contains an
average 300e400 mg/l iron, and during moderate exercise at tem-
perature >10 �C sweat loss can reach 2e3 l/h, with daily iron losses
of 1e2 mg (approximately the amount introduced with the diet)
[29]. Hence, it is possible to hypothesize that during the hottest
months, serum ferritin levels may reduce in men more than in
women, as sweating is more marked in men, therefore lowering
iron levels and increasing RLS symptoms more markedly in men
than in women during summer [30]. However, although a dysre-
gulation of sweating in RLS may be suggested, this has not been
investigated yet. Finally, the interpretation of our findings also
needs to take into account a possible gender difference in self-
perception of RLS symptoms, since women tend to report symp-
toms at a lower severity level compared with men [31]. Further-
more, both microvascular circulation dysregulation and ANS
impairment may increase RLS symptoms during summer. Low
doses of dopamine and dopamine agonists produce vasodilatation
[27], already caused by heat during summer; these factors can in-
crease RLS symptoms by altering temperature perception and
increasing lower limbs temperature and swelling. Our findings that
RLS symptoms severity worsened in summer only in treated pa-
tients support this hypothesis. However, further investigations are
needed to confirm these entirely speculative hypotheses; also to be
taken into account is the observation that not all patients affected
by RLS present the same trend of an increase of IRLS scores during
summer and a reduction during winter. This finding may also be
related to the evidence that several mechanisms may contribute to
the supposed seasonality of RLS symptoms. Moreover, several
predisposing factors contribute to RLS pathogenesis, which can be
considered a multifactorial disease, and these have different rele-
vance in each patient. For example, genetic risk factors, which are
more relevant for early-onset RLS, along with menopause, parity,
and hormonal changes, may significantly change RLS symptoms in
women [18]. Additionally, symptoms of RLS can be different, and
patients with RLS may report different perceptions of their symp-
toms, as suggested by the numerous verbal descriptions of their
troublesome and uncomfortable symptoms, such as tingling, pull-
ing, stinging, burning, and crawling [28].

Thus, when separately analyzing the data of Rome and Inns-
bruck, a statistically significant difference in symptoms severity
between summer and winter IRLS scores was present only in Rome.
This difference can be ascribed to meteorological factors since
summer in Rome is hotter and more humid than in Innsbruck.
Consistently, this more pronounced increase in RLS symptoms
observed in patients from Rome could be due to the higher tem-
peratures reached in Rome (coupled with higher humidity) as
compared to Innsbruck, aggravated by the fact that sweating may
increase RLS symptoms by negatively changing iron and serum
ferritin levels (as previously discussed).

We are aware that this study presents limitations intrinsic to the
studydesign. Themain limitations are the retrospective design,which
might implyabias inpatient selection, and the relatively small sample
of patients, although recruited by two centers located at different
latitudes. Furthermore, we did not include patients with augmenta-
tion because of the study design (no changes in therapy allowed be-
tween the two evaluations). Finally, we did not have information
about serum ferritin/iron levels for all patients included in the study.
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The strengths of this study are the inclusion of two centers at
different latitudes, stable medications during the observational
period, a systematic analysis in order to obtain data about the sea-
sonality of RLS symptoms, and strict inclusion and exclusion criteria.

In conclusion, we report new, preliminary findings of season-
ality in RLS symptomatology. Our results support the hypothesis
that RLS symptoms’ severity changes during the year, with a
worsening during summer, which is more evident at latitudes
where summer is definitively hot (as in Rome). Changes in micro-
vascular regulation, sweating, and serum iron levels modifications
may underlie this difference in RLS symptoms across the year.
However, our conclusions should be considered as a preliminary
impression, which requires further validation from prospective
studies on larger populations, evaluating also the effect of season-
ality on augmentation.
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