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Abstract: BackgroundBackground: Restless legs syndrome (RLS) is a complex sensorimotor disorder occurring with a
typical circadian fashion. Association with additional features, like alexithymia and nocturnal compulsive
behaviors further complicates the framework.
ObjectivesObjectives: To assess interoception in RLS.
MethodsMethods: A total of 25 RLS patients and 28 controls underwent the heartbeat tracking task (interoceptive
accuracy [IAC]). RLS symptoms’ frequency, disturbance and duration, nocturnal behaviors, interoceptive
awareness (IAW), alexithymia, depressive and anxiety symptoms were also collected.
ResultsResults: RLS patients showed significant lower IAC (P = 0.0003) and IAW (P = 0.012), and reported more
nocturnal eating behaviors (P < 0.001). IAC positively correlated with IAW (R = 0.32), and negatively correlated
with age (R = �0.58). Nocturnal eating behavior negatively correlated with IAC (R = �0.44) and
IAW (R = �0.50).
ConclusionsConclusions: RLS patients presented reduced interoceptive abilities correlating with higher nocturnal eating
behaviors. Future studies are needed to explore the role of interoception in RLS pathophysiology, also in
relation to other sensorimotor aspects.

Restless leg syndrome (RLS), also known as Willis-Ekbom
disease, is a common neurological sensorimotor disorder, charac-
terized by an urge to move the legs or other body parts because
of unpleasant sensations.1 Symptoms worsen toward evening and
at rest, are temporarily relieved by movement,2 and interfere
with sleep, quality of life, and mood. Women and the elderly are
more affected, with a prevalence of up to 13% in occidental
countries.1 RLS can be primary or associated with other medical
conditions.1,3

The pathophysiology of RLS is still an open issue, involving
genetic and environmental interactions. Brain iron deficiency4

and central dopaminergic pathways’ dysfunction5 play a pivotal
role but glutamate, GABA, adenosine, and opioid pathways are
also implicated,1,4 leading to a network disorder that involves
cortical, subcortical, spinal, and peripheral nerve generators.6

Neuroimaging studies reported the involvement of both sensory
and motor structures along with impaired sensorimotor

integration.7–9 RLS is, therefore, a complex condition where
abnormal sensorimotor processing, related to altered neurochem-
ical states likely triggered by iron deficiency, would occur as a
circadian sensorimotor disorder.10

Associations with nocturnal behaviors like night-eating syn-
drome (NES), nocturnal smoking syndrome (NSS), sleep-related
eating disorder (SRED) have been described in RLS,11–16 along
with the association with neuroticism and harm avoidance per-
sonality traits.12,17 Anxiety, depression, obsessive–compulsive
traits, and alexithymia have been also reported in these
patients.12,17,18 Lower cardiac interoception accuracy (ie, the
ability to perceive visceral internal body sensations) might be
associated to higher level of alexithymia, poor sleep quality, and
eating disorders.19–21 Considering these premises and the peculiar
sensory symptoms that RLS patients frequently have difficulty to
describe, we aimed at investigating interoception accuracy22–24

and awareness.25
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Methods
Participants
A total of 28 RLS patients with a clinical primary RLS diagnosis,
according to latest international criteria2 were consecutively rec-
ruited from the sleep disorder outpatient clinic of Verona Uni-
versity Hospital. A total of 34 healthy individuals matched for
age, gender, body mass index (BMI), and smoking rate were
tested as control group. Inclusion criteria were age >18 years and
detection of at least one heartbeat during the 3-min heart rate
baseline (see task description below).26 Exclusion criteria were
concurrent neurological, cardiologic, psychiatric or medical con-
ditions, and treatment with medications affecting cardiac func-
tion. Four participants were excluded because of technical issues;
four for not detecting any heartbeat during baseline evaluation,
and one for having cardiac disease. Finally, we included 25 RLS
patients and 28 healthy controls (HCs). All signed a consent
form; the local institution review board approved the protocol
(Prog. 3049CESC).

Procedure
Participants underwent neurological examination and history taking
with a sleep expert, including age, educational level, onset and dis-
ease duration, pharmacological treatments, comorbid conditions,

body weight and height, smoking rate, and self-administered
questionnaires (Table 1).

Heartbeat Tracking Task
The experimental procedure was conducted in a soft-lighted,
sound-attenuated room before 2 PM.20 Participants were com-
fortably seated, gently resting their wrists on the armrests, wear-
ing a belt over their chests to measure their heartbeat. They
underwent the Schandry’s heartbeat perception task,22 to evalu-
ate interoception accuracy (IAC). Heart rate was recorded with a
Polar wrist-worn (model V800) wireless connected to the chest
belt. Before starting the task, we recorded the heart rate at base-
line for 3 min to also avoid confounding factors; participants
were instructed to sit quietly, stay relaxed with their eyes closed,
and listen to their heartbeat. They concentrated on their heart-
beats, without taking their pulse or attempting any other physical
manipulations. After the 3 min, participants were asked if they
had detected their heartbeat at least once. If so, they were
instructed to count their heartbeats silently during three different
counting phases, lasting for 25, 35, and 45 s, each separated by
20-s rest periods. The phases’ order was randomized between
participants of each group. The experimenter provided “start”
and “stop” signals. After each stop signal, participants verbally
reported the counted heartbeats’ number, without being aware
about the counting phases’ length, nor about their performance.

TABLE 1 Demographic data and self-reported questionnaires

RLS (N = 25) HC (N = 28) P-values

Age, years (� SD)a 62.04 (� 16.70) 54.50 (� 14.47) 0.087

Women, no. (%)b 15 (60) 16 (57) 1

Years of education, median (IQR)a 11 (8–13) 13 (9.5–13.75) 0.37

BMI, median (IQR)a 25.15 (23.39–26.78) 24.18 (22.37–26.40) 0.29

Smokers, no. (%)b 5 (20) 5 (18) 1

Heart rate, median (IQR)a,c 70.5 (60.5–74.25) 70 (60–82) 0.70

Mean symptoms’ duration, years (� SD) 7.14 (� 8.19) –

IRLSSS (0–40), mean (� SD)d 22.67 (� 5.59) –

BDI-II (0–63), median (IQR)a,e 5 (3–8) 4 (1–9.75) 0.37

BAI (0–63), median (IQR)a,d 10 (5–13.25) 7.5 (6–12.75) 1

TAS-20 (20–100), median (IQR)a,e 43.5 (34.75–53.25) 36.5 (35–40) 0.055

MAIA (0–160), median (IQR)a,e 80.5 (71.75–96) 94.5 (84.25–103) 0.012*

NEQ (0–52), median (IQR)a,f 9 (5.25–12.75) 3 (1.75–5) <0.001*

Abbreviations: RLS, restless legs syndrome; HC, healthy controls; no., number; SD, standard deviation; IQR, interquartile range; BMI, body mass index; IRLSSS, Interna-
tional RLS Severity Scale; BDI-II, Beck Depression Inventory; BAI, Beck Anxiety Inventory; TAS-20, Toronto Alexithymia Scale; MAIA, Multidimensional Assessment
of Interoceptive Awareness; NEQ, Night Eating Questionnaire.
*P < 0.05.
aTwo sample independent t-test, or Wilcoxon Mann–Whitney test.
bχ2 test, or Fisher’s exact test.
cFour missing information.
dOne missing information.
eThree missing information.
fSeven missing information.
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Self-Administered
Questionnaires
Patients completed the International RLS Severity Scale
(IRLSSS),27 composed of 10 items on symptoms’ frequency,
intensity, and disturbance degree on a 5-point scale, ranging
from 0 (no RLS) to 40 (very severe RLS). All participants also
completed the Multidimensional Assessment of Interoceptive
Awareness (MAIA) questionnaire (0–160); higher scores mean
better interoceptive awareness (IAW).25 Information regarding
nocturnal smoking and eating behaviors were collected through
the Nocturnal Smoking Questionnaire (NSQ),16 where partici-
pants need to meet the first criteria to qualify for nocturnal
smoking, and the Night Eating Questionnaire (NEQ),28 with
13 questions on a 5-point scale (0–52), and two additional ques-
tions, one to evaluate SRED presence, and one on the disorder
duration. Depressive and anxiety symptoms were collected
through the Beck Inventories, both composed of 21 items on a
4-point scale (0–63, higher scores, worse symptoms).29 30 The
Toronto Alexithymia Scale (TAS-20)31 measures alexithymia,
with 20 items on a 5-point scale (20–100). Higher scores indicate
less emotion awareness, perception and expression.

Statistical Analysis
Descriptive statistics included frequencies for categorical variables
and means and standard deviations or median and interquartile
range for continuous variables. Comparisons between groups
were performed by χ2 or Fisher’s exact test for categorical

variables and independent t test or Mann–Whitney test for
continuous variables.

IAC was calculated as the mean score of three heartbeat
perception intervals according to the formula32:

1
3

X
1� recordedheartbeats� countedheartbeatsj j

recordedheartbeats

� �� �� �
:

The IAC score vary between 0 and 1: higher scores indicate
smaller differences between recorded and perceived heartbeats
(i.e., more accuracy, or higher IAC).

Because most variables were not normally distributed
(Shapiro–Wilk test), non-parametric analyses were used to com-
pare demographic and psychometric characteristics of the two
groups. Correlations were conducted using Spearman bivariate
correlations. When necessary, Bonferroni correction was applied.
All analyses were performed with Rstudio software (Version
1.3.1093 2009–2020 Rstudio, PBC).

Results
Age, gender, BMI, heart rate, and smokers’ rate did not differ
between groups (Table 1). RLS patients reported moderate to
severe symptoms’ severity levels (IRLSSS: 22.67 � 5.59), and of
18 patients investigated (72%), none reported nocturnal smoking
(nor did the HC), three (16.7%) reported conscious nocturnal
eating (only one scoring >25, indicating disorder presence), and
one reported not always aware nocturnal eating (Table 1). All

FIG. 1. Interoceptive accuracy. Interoceptive accuracy boxplot for restless legs syndrome patients (dark gray) and HC (light blue). Data
represent mean scores of three heartbeat perception intervals for each participant (1 = perfect accuracy). The horizontal black lines
represent median values. The red dots represent mean values. *P < 0.05.
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patients were under dopamine-agonist therapy, one was also
under antiepileptics and opioids, whereas controls were not
under therapy with a direct cardiac effect. The two groups did
not differ for anxiety and depressive symptoms, nor for
alexithymia, although a trend emerged (W = 411; P = 0.055;
Table 1). Moreover, the two groups significantly differ at MAIA
and NEQ. RLS patients revealed lower IAW (W = 182.5;
P = 0.012), and reported more nocturnal eating behaviors
(W = 447; P < 0.001).

Interoceptive Accuracy
RLS patients showed a significant lower IAC (W = 132.5;
P = 0.0001); median for RLS patients: 0.30 (IQR = 0.23–0.36);
median for HC = 0.62 (IQR = 0.43–0.75); Fig. 1.

Correlations
IAC positively correlated with IAW (R = 0.32, P = 0.024) and
negatively correlated with NEQ (R = �0.44, P = 0.003). Fur-
thermore, IAC negatively correlated with age (R = �0.58,
P < 0.001). No other correlations were significant.

No correlations emerged between IRLSSS and Beck Anxiety
Inventory (BAI), Beck Depression Inventory (BDI-II), TAS-20,
MAIA, and NEQ. Heart rate and interoceptive measures (IAC
and IAW) did not correlate. NEQ and MAIA negatively corre-
lated (R = �0.50, P = 0.001), whereas NEQ did not correlate
with TAS-20 total score.

Discussion
We explored interoception in RLS patients through IAC (heart-
beat tracking task), IAW (MAIA score), and their relation. We
also explored alexithymia, depressive and anxiety symptoms, and
compulsory nocturnal behaviors. As expected, IAC was signifi-
cantly reduced in RLS patients. We also found lower IAW, and
IAW and IAC positively correlate, partly in line with previous
findings,25 showing a correspondence between subjective and
objective interoceptive abilities. Indeed, the different interocep-
tive constructs and dimensions are known to be dissociable,
partly related, and predicted by one another.33 Last, IAC nega-
tively correlated with age, confirming previous results in healthy
population,34 but not related to symptoms’ severity (IRLSSS).
Interoception is a complex concept and a precise direct measure
of interoceptive signal is often difficult to obtain,35 and different
factors might influence the task performance, like time
estimation,26 personal beliefs, and attention on visceral sensa-
tions.33 Nevertheless, given that some participants were honest
in reporting not perceiving their heartbeat at baseline (and
excluded from the task); we feel that this was not our case,
underling the clarity of the instructions presented.

Conversely to previous studies,12,17,18 our patients did not differ
to controls with regard to anxiety or depressive symptoms, nor for
alexithymia scores, although in such a case a trend toward a differ-
ence emerged. Probably those differences might be related to the

smaller sampler of our cohort.17,18 Alternatively, we may infer that
interoception is an intrinsic RLS signature, stronger than other
features, such as alexithymia, depression, or anxiety. Interestingly, no
significant correlations between IAC and symptoms’ severity or
duration, nor with other questionnaires, were reported, except for
NEQ, which was also found correlating with IAW. Indeed, four
patients described nocturnal eating behaviors, and one without total
awareness, as reported also in a larger case–control study,15 but these
behaviors were not related to alexithymia.36 Those findings under-
line a strict relation between interoception and compulsory behav-
iors that need to be further explored.

Altogether, those results further enlarge the complex frame-
work of RLS pathophysiology highlighting that RLS patients
have an overall reduced ability in interoception. Interoception
may have an important role in well-being.34 Whether impaired
interoception represents a clinical signature of the disorder or a
related consequence of the disrupted sleep quality and distress
related to symptoms remains an open issue. However, because
altered circadian rhythm is known to influence interoceptive
awareness,20 the experiment was carried out during the morning,
at the lowest of symptoms’ presentation, and no correlations
with IRLSSS emerged. Therefore, interoception could be a spe-
cific RLS feature, given also that severe anxiety and depression
levels were not found in our cohort. Our patients were treated
with dopamine-agonists for RLS symptoms; however, none of
these treatments has been reported to affect interoception. Of
course, we cannot ultimately exclude whether pharmacological
treatment has somehow influenced our results. Considering the
RLS complexity, a more detailed psychological, emotional, and
cognitive investigation is required to better comprehend those
intertwined aspects of the disorder. Future studies should also
assess different interoceptive aspects, for instance through gastric
interoception37 or thermosensation,38 and its relation to extero-
ceptive perception.
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