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1 | INTRODUCTION

The presence of excessive sweating beyond what is needed for ther-
moregulation is termed hyperhidrosis, and it is associated with sympa-
thetic cholinergic hyperactivity. It can be observed under some
physiological conditions, as a symptom secondary to several disorders,
or as a pharmacological side-effect, but it may also constitute a primary
isolated condition (Nawrocki & Cha, 2019). Sleep disorders are often an
overlooked cause of secondary hyperhidrosis. Obstructive sleep apnea
(OSA), insomnia, restless legs syndrome/periodic leg movement disor-
der (RLS/PLMS) and narcolepsy type 1 (NT1) are among the sleep dis-
orders that may manifest themselves with this symptom (Arnardottir
et al,, 2013; Klein et al., 2014; Mold et al., 2006). In these disorders,
nocturnal hyperhidrosis is common, accompanied or not by diurnal
hyperhidrosis, and is associated with a reduction in quality of life. The
mechanisms involved in excessive sweating in OSA, insomnia, RLS/

PLMS and NT1 are not completely understood.

may be primary or secondary to an underlying cause. Nocturnal hyperhidrosis is asso-
ciated with different sleep disorders, such as obstructive sleep apnea, insomnia, rest-
less legs syndrome/periodic limb movement during sleep and narcolepsy. The major
cause of the hyperhidrosis is sympathetic overactivity and, in the case of narcolepsy
type 1, orexin deficiency may also contribute. In this narrative review, we will provide
an outline of the possible mechanisms underlying sudomotor dysfunction and the

resulting nocturnal hyperhidrosis in these different sleep disorders and explore its

hyperhidrosis, insomnia, narcolepsy, periodic limb movement, restless legs syndrome, sleep

The scope of this review is to provide an overview of sweating
mechanisms, and the resulting hyperhidrosis associated with OSA,
insomnia, RLS/PLMS and NT1. We will first give a brief overview of
normal autonomic sudomotor function during sleep and the methods
to evaluate it. We will then discuss the clinical manifestations, physio-
pathological mechanisms and management of the excessive sweating

in these sleep disorders.

2 | METHODS

Obstructive sleep apnea, insomnia, RLS/PLMS and narcolepsy are the
focus of this review article because they are sleep disorders that have
been associated with nocturnal sweating. We performed a narrative
review of the literature including English language articles published
between 1980 and 2021 using PubMed/MEDLINE databases. We
used the following keywords: “sweating”, “hyperhidrosis”,
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“sudomotor”, “obstructive sleep apnea”, “insomnia”, “restless legs

syndrome”, “periodic limb movements during sleep” and “narcolepsy”.

3 | NORMALSUDOMOTORFUNCTION

In humans the body temperature includes two compartments: (1) the
external shell, in which the skin temperature fluctuates along with the
environment; and (2) the internal core body temperature (CBT) of the
brain, spinal cord and viscera. Due to our homeothermic condition,
mechanisms to sustain a stable CBT are needed. Thermal afferent
inputs from the skin and core body are processed by circuits at the
central nervous system. This control activates the efferent thermal
effectors, which allow to maintain the CBT in adequate ranges. CBT
as well as circadian rhythms and sleep are controlled by a neural net-
work in the anterior hypothalamus, i.e. preoptic area (POA) and dors-
omedial nuclei (Harding et al., 2020). The afferent pathways from
sensory skin terminals send information - via spinothalamic tract and
parabrachial nuclei projections - to the POA. In this region, which
contains warm- and cold-sensitive neurons, the thermal information is
integrated to control the efferent thermic responses. When the ther-
moreceptors in the skin detect a temperature rise, warm-sensitive
neurons in the POA trigger responses for heat loss and tonically
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FIGURE 1 Diagram of the thermal neural circuits involved in
thermoregulation. A rise in SK is detected by TRP channels that send
information to the LPB in the brainstem, which is transmitted to the
POA (red line) with activation of the WSN (tonic inhibition of the
CSN). These WSN trigger the sympathetic efferent pathways for heat
loss (sweating and skin vasodilatation). Also, these warm afferent
pathways can induce NREM sleep and hypothermia (in animal model).
A fall in SK activates CSN causing sympathetically mediated skin
vasoconstriction. CBT, core body temperature; CSN, cold-sensitive
neurons; IML, intermediolateral columns in the spinal cord;

LPB, lateral parabraquial nucleus; NREM, non-rapid eye movement;
POA, preoptic area; RVLM, rostral ventrolateral medulla; SK, skin
temperature; TRP, transient receptor potentials; WSN, warm-
sensitive neurons; red lines = warm stimulus pathways; blue

lines = cold stimulus pathways

inhibit cold-sensitive neurons of the hypothalamic dorsomedial nuclei.
The central pathways connecting the dorsomedial nuclei with the
sympathetic preganglionic neurons in the spinal intermediolateral col-
umns are still not well understood. This response for heat loss results
in active vasodilatation and sweating (Benarroch, 2007; Madden &
Morrison, 2019; Minota et al., 2019; Tan & Knight, 2018). The active
cutaneous vasodilatation depends on acetylcholine and other co-
transmitters like calcitonin gene-related polypeptide (Sheng &
Zhu, 2018). In the peripheral sympathetic ganglia, the subpopulation
of neurons that innervate the eccrine sweat glands synthesize acetyl-
choline. Sympathetic cholinergic sudomotor activity occurs in a surg-
ing pattern; each surge produces a volume of sweat that dilates the
sweat ducts and reduces the transdermal resistance, as measured by
the electrodermal skin response. Eccrine glands associated with ther-
moregulation are distributed in the forehead, upper limbs, trunk and
lower limbs, while those located in the palms and soles are associated
with emotional sweating (Benarroch, 2007; Minota et al., 2019).

A temperature fall detected by the thermoreceptors in the skin
decreases the activity of the warm-sensitive neurons in the POA and
this leads to a disinhibition of cold-sensitive neurons in the dorsomedial
nuclei that project to the medial preoptic nucleus. Consequently, there
is an activation of premotor sympathetic neurons in the nucleus raphe
pallidus. Projections from these neurons activate the sympathetic
noradrenergic preganglionic neurons in the intermediolateral column
that promote cutaneous vasoconstriction (Benarroch, 2007; Tan &
Knight, 2018; Figure 1).

4 | NORMALSUDOMOTOR FUNCTION
DURING SLEEP

A circadian regulation of the core/shell temperature ratio exists in
humans. Distal temperature rises in the evening while CBT decreases;
the opposite temperature changes occur in the morning. Interconnec-
tions between thermoregulatory and sleep networks are essential for
the regulation of CBT during different stages of sleep. A warm micro-
climate needed for sleep stimulates central hypothalamic mechanisms,
and promotes skin vasodilatation in distal limbs, promoting a decline
of CBT (Harding et al., 2020). Distal skin temperature increases as
compared with proximal skin temperature. This distal-to-proximal
temperature gradient is a relevant determinant of sleep latency and
sleep consolidation (Krduchi et al, 2000). In mice, this stimulus
increases the activity of preoptic glutamate/nitric oxide synthase neu-
rons, causing hypothermia and non-rapid eye movement (NREM)
sleep (Harding et al., 2018). Under circadian control, CBT starts to
decrease before falling asleep and reaches a maximal decline during
NREM sleep (Harding et al., 2020; Krueger & Takahashi, 1997). The
mechanisms of thermoregulation are preserved at this stage,
maintaining thermal homeostasis at a lower level of energy dissipation
compared with waking hours. During NREM sleep, parasympathetic
activity increases, and the sympathetic noradrenergic tone is dimin-
ished (Lanfranchi & Somers, 2011), thus, heart rate and blood pressure
decrease. A diminished vascular tone leads to peripheral vasodilatation,
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which contributes to heat loss (Szymusiak, 2018). Sweat production,
which depends on sympathetic cholinergic activation, is normally
observed during sleep even in a neutral or warm environment, contribut-
ing to the CBT decline process (Parmeggiani, 2003). A study of local
sweating rate in humans during nocturnal sleep showed that sweat pro-
duction was mainly present at NREM stages and that the rate was maxi-
mal during deep sleep (Sagot et al., 1987). Accordingly, electrodermal
activity (EDA), to be discussed in Section 5, and the sweating rate on the
dorsal side of the hand are increased during NREM sleep (Kobayashi
et al,, 2003).

Rapid eye movement (REM) sleep is characterized by an autonomic
instability with marked blood pressure and heart rate fluctuations (Fink
et al., 2018). During phasic REM sleep there is a transient increase of
sympathetic tone and parasympathetic tone decrease. Direct measure-
ments of muscle sympathetic activity through microneurography show
the appearance of bursts of activity during REM sleep. These bursts are
also observed during sleep stage transitions, and they are associated
with sleep spindles and K-complexes in stage 2 NREM sleep
(Miglis, 2016). Behavioural and autonomic thermoregulatory responses
during REM sleep are depressed (Parmeggiani, 2003). CBT positively
correlates with ambient temperature in this sleep stage, simulating a
poikilothermic state (Parmeggiani, 2003; Sagot et al., 1987). Skin vaso-
dilatation and sweating in response to a warm environment are, thus,
decreased in REM sleep (Kobayashi et al., 2003; Sagot et al., 1987).

5 | HYPERHIDROSIS: MECHANISMS AND
CLINICAL TYPES

Hyperhidrosis corresponds to excessive sweating that surpasses the
amount necessary to control CBT. It results from sympathetic cholin-
ergic overactivity in the presence of normal eccrine sweat glands
(Nawrocki & Cha, 2019). The activity of skin sympathetic nerves regu-
lates the skin vascular tone and sweat gland responses that mediate
heat loss. Individual vasoconstrictor and sudomotor neurons in the
sympathetic ganglia normally fire at a low frequency; in patients with
hyperhidrosis, these neurons increase their firing rate and, thus, the
release of acetylcholine (Macefield & Wallin, 2018). Hyperhidrosis
does not refer to a rise of the absolute amount of sweat production,
but to an excessive sweating beyond the needs of physiological
demands (Schick, 2016). According to its aetiology, hyperhidrosis is
classified as a primary disorder or secondary to a specific medical con-
dition or drug. Primary hyperhidrosis is a common condition, a study
showed a prevalence of 2.8% in USA population (Strutton
et al.,, 2014), and its cause is not well understood. More than half of
the patients report a family history (Hu et al., 2018; Schick, 2016), and
the onset is at < 25 years old. Primary hyperhidrosis may occur in
response to thermoregulatory demands, but it may also be induced by
emotions. An abnormal regulation of cortical and hypothalamic cir-
cuits involved in sweating production could be responsible for this
condition (Nawrocki & Cha, 2019).

Secondary hyperhidrosis may be generalized or segmentary. Gen-

eralized hyperhidrosis can occur during the day and/or at night, and it
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may be observed in physiological conditions like fever, menopause or
when environmental temperature is high. Pathological conditions
causing hyperhidrosis include: (1) central and peripheral nervous sys-
tem disorders that lead to segmental anhidrosis, where compensatory
hyperhidrosis occurs in areas of the body with preserved sweat gland
innervation; (2) systemic diseases like malignancies, infections, endo-
crine/metabolic conditions, cardiac and respiratory failure. Nocturnal
sweating is frequently observed in conditions such as menopause,
tuberculosis, lymphoma, endocarditis, diabetes mellitus, acromegaly,
obstructive apnea and Prinzmetal angina; (3) hyperhidrosis may also
be an unwanted effect of drugs or their withdrawal (Hu et al., 2018;
Nawrocki & Cha, 2019).

Differential diagnosis of nocturnal sweating must consider the
following. (1) Primary hyperhidrosis that is mainly located in axilla,
palm, soles and the head, and it is rarely present nocturnally, while in
sleep disorders the excessive sweating occurs at night and is predomi-
nantly located in the trunk and neck. (2) Secondary hyperhidrosis due
to systemic diseases shows a generalized body distribution and it is
diurnal and/or nocturnal. (3) Secondary hyperhidrosis due to periph-
eral neuropathies may show segmentary compensatory hyperhidrosis
in response to thermoregulatory demands. In central nervous system
disorders like stroke and spinal cord injury the excessive sweating is
segmentary and distributed according to the level of the lesion. (4)
The patient's history allows us to rule out other causes of secondary
generalized hyperhidrosis like medication, intoxication, and with-

drawal of alcohol or other substances.

6 | EVALUATION OF SUDOMOTOR
FUNCTION IN SLEEP DISORDERS

Sudomotor function can be assessed subjectively by validated ques-
tionnaires, and objectively through different clinical or experimental
assessment methods. Both approaches may focus on a basal assess-

ment or may specifically evaluate disturbances occurring during sleep.

6.1 | Clinical evaluation of sudomotor function
Specific questionnaires like the Scale for Outcomes in Parkinson’ s
disease-Autonomic dysfunction (SCOPA-AUT), a 23-question ques-
tionnaire divided into six domains (gastrointestinal, urinary, cardiovas-
cular, sudomotor, pupillary and sexual), provide a comprehensive and
standardized assessment of autonomic symptoms. Different questions
assess separately diurnal and nocturnal hyperhidrosis (Goldstein &
Low, 2007; Visser et al., 2004).

Sudomotor function can be assessed by different techniques
commonly used in clinical autonomic testing. The thermoregulatory
sweat test is a quantitative measurement of central and peripheral
sudomotor function. It detects the skin areas with sweat production
induced by a rise of CBT, using an indicator powder covering the skin
that changes colour with humidity. The sympathetic skin response

(SSR) measures changes in electrodermal skin activity evoked by
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different types of stimulation (noise, electrical) that activate the cen-
tral and peripheral sudomotor efferent pathways. The quantitative
sudomotor axon reflex sweat test (QSART), induced by iontophoresis
of pilocarpine, measures the postganglionic sudomotor nerve activity.
Sudoscan is a device that measures the electrochemical skin conduc-
tion through reverse iontophoresis in palms and soles, which has also
been used in the basal assessment of patients with sleep disorders
(Buchmann et al., 2019).

6.2 | Measurement of sudomotor function during

sleep

Subjective nocturnal hyperhidrosis has been assessed using specific
sleep questionnaires such as the Sleep Disorders Questionnaire (Cruz
et al., 2012; Douglass et al., 1994) or the Basic Nordic Sleep Question-
naire (Arnardottir et al., 2013; Partinen & Gislason, 1995), which
include questions grading the presence of nocturnal excessive sweat-
ing, among other sleep disorder symptoms. Both questionnaires grade
the perception of nocturnal hyperhidrosis in terms of frequency; “usu-
ally” or “always” in the former (Cruz et al., 2012), and > 3 times per
week in the latter (Arnardottir et al., 2013).

The ventilated capsule method is the most used method in
research settings to directly measure the volume of sweat production
in a particular skin area. In short, a small capsule is affixed to the skin
and a dry gas (air or nitrogen) is passed through. The local sweat rate
can be calculated by determining the humidity difference between the
influent and effluent gas streams using a hygrometer and relating this
value to the exposed skin area (Kenny & Jay, 2013; Meade
et al., 2016). It has been adapted to study the neurotransmitters and
mediators controlling the eccrine glands by combining it with the infu-
sion of pharmacological inhibitors through intradermal microdialysis.

The EDA refers to electrical activity of the skin, which readily

changes in response to sweating; EDA was formerly labelled galvanic
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skin response. The activity is assessed by means of voltage measure-
ments obtained by attaching electrodes to the skin. The endosomatic
method of measuring EDA does it without externally applied voltage
(skin potential), while the exosomatic method - the most used one -
applies either AC or DC (Boucsein, 2012). Usually, the palms and fin-
gers are used as sites for attaching the electrodes. It has been shown
that EDA correlates highly with the ventilated capsule method and,
thus, can be applied as an indirect measure of sweating volume
(Kobayashi et al., 2003). In recent years, EDA measurements have
been increasingly applied in sleep studies to objectively measure noc-
turnal hyperhidrosis. Hwang et al. investigated the patterns of the
EDA signal during sleep onset and offset, and proposed that EDA can
be used to estimate the length of sleep (Hwang et al., 2017). A study
with 43 healthy and 48 patients with sleep disorders showed that
EDA can be used to robustly distinguish between periods of sleep and
periods of being awake (Herlan et al., 2019). Furthermore, several
studies have reported that EDA activity is highest during slow-wave
sleep, causing a so-called EDA storm (Figure 2), and that EDA activity
decreases to very low levels during REM sleep (Arnardottir
et al., 2010; R. Liguori et al., 2000; Sano et al., 2014). An EDA storm
consists of at least two consecutive 30-s epochs with a minimum of
one EDA event (or peak). An EDA event is recorded whenever a
change in skin potential of > 50 uV occurs that lasts for at least 1.5 s,
where sampling frequency is 32 Hz or more (as reported by most
studies) and a low-pass filter with a cutoff frequency between 0.3 Hz
and 0.5 Hz is used (Arnardottir et al., 2010). Most of the time, more
than 5 events are observed in storms and, occasionally, up to 26 (Sano
etal., 2014).

The EDA measurements in the above-cited publications were all
obtained with elaborate medical or clinical devices. Recent advances
in wearable technology allow the possibility of measuring EDA
through a so-called wearable device (often, a smartwatch; Kim
et al, 2021; Majumder et al, 2017). When stressed or aroused,

humans frequently react through increased sweating (Chen

FIGURE 2 Electrodermal activity
(EDA) recording in a patient in slow-wave
sleep showing bursts of increased EDA as
measured by the skin potential method,

! highlighted by the pink squares as
compared with basal activity in between
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et al., 2015). This has led to various applications of wearables measur-
ing EDA, for example, to assess engagement, immersion and enjoy-
ment, satisfaction during presentations (Gashi et al., 2019), or how
active students are in the classroom (Pijeira-Diaz et al., 2018). Only
very recently, the set of applications has been extended to include
assessment of sleep through EDA measurements. It has been found
that the EDA magnitude during the night was a predictor for self-
reported sleep efficiency (Romine et al., 2019). These studies using
non-intrusive devices for EDA and sleep quality evaluation, in general,

open a plethora of research possibilities.

7 | HYPERHIDROSIS IN SLEEP DISORDERS

7.1 | Hyperhidrosisin OSA

Excessive sweating is frequent in OSA (Guilleminault & Bassiri, 2005).
Nocturnal hyperhidrosis can be troublesome, but few patients report
this symptom spontaneously, albeit about 30%-40% of adult OSA
patients experience it, based on subjective reports (Arnardottir
et al, 2013; Cruz et al., 2012; Mold et al., 2012). It is most prominent
around the neck and upper thorax (Guilleminault & Bassiri, 2005), and
can be significantly reduced through treatment (Arnardottir et al., 2013;
Kiely et al., 1999). Routine use of sleep-related symptoms question-
naires that include the assessment of sweating complaints, as previ-
ously mentioned, may be useful for its detection. Reports of frequent
nocturnal hyperhidrosis in patients with OSA are associated with youn-
ger age, insomnia, excessive daytime sleepiness, and gastrointestinal
reflux (Arnardottir et al., 2013). However, the reported frequency of
nocturnal hyperhidrosis does not associate with the severity of OSA, as
measured by the apnea-hypopnea index (Arnardottir et al., 2013).
Among untreated patients with OSA, those who reported frequent
nocturnal hyperhidrosis showed a higher EDA index, an objective mea-
sure of increased night sweating. However, in treated patients, even
though both decreased, the association between these two variables
was lost, possibly reflecting the fact that sleeping more soundly through
the night made the patients less aware of this symptom (Arnardottir
et al.,, 2010). The risk of sleepiness-related accidents in patients with
OSA is better predicted by self-reported daytime sleepiness than by
the apnea-hypopnea index, and is also independently associated with
nocturnal sweating (Philip et al., 2020).

The percentage of REM sleep among total sleep time is reduced
in patients with OSA with measured nocturnal hyperhidrosis, as com-
pared with other patients with OSA, and it increases with treatment
(Arnardottir et al., 2010). One potential cause for this inverse relation-
ship is that REM sleep may be inhibited by high sympathetic activity,
as suggested by pharmacological experimental studies (Pal &
Mallick, 2006; Ross et al., 1995). Studies have shown that patients
with untreated OSA have an increased sympathetic drive during sleep
and wakefulness, and that a higher EDA during the night tends to cor-
relate with higher diurnal blood pressure Arnardottir et al., 2010). A
non-invasive measurement of skin sympathetic activity that shows
sweat gland production is increased in patients with OSA during sleep

(He et al., 2020). These findings support the hypothesis that high sym-
pathetic activation may explain nocturnal hyperhidrosis and affect
sleep quality. Further studies are needed, however, to clarify the path-
ophysiology of hyperhidrosis in OSA.

It is not known whether nocturnal hyperhidrosis in OSA may rep-
resent a biomarker of a phenotype with different prognostic profile or
whether it only constitutes a sign of individual variability without rela-
tionship to clinically relevant phenotypes. Unsupervised cluster ana-
lyses of clinical parameters in untreated patients with OSA with
moderate-to-severe disease do support the former notion, as reported
nocturnal sweating was one of the symptoms clustered together into
a “disturbed sleep” group. This cluster included symptoms of insom-
nia, restlessness and RLS, while the other two clusters were those
with “excessive diurnal sleepiness” and “minimally symptomatic” (Ye
et al,, 2014). These findings were validated in a bigger international
sample, where a report of nocturnal hyperhidrosis was more likely to
cluster with “disturbed sleep” and “upper airway symptoms with
sleepiness” (Keenan et al., 2018).

7.2 | Hyperhidrosis in insomnia

A study using specific questionnaires for sweating symptoms in a gen-
eral population cohort has shown an association between nocturnal
hyperhidrosis and insomnia symptoms (Arnardottir et al., 2013). Sev-
eral psychiatric conditions, such as anxiety and depression (Oh
et al., 2019), and medical comorbidities (Taylor et al., 2007) can con-
tribute to the presence of hyperhidrosis in insomniacs.

Insomnia and nocturnal hyperhidrosis are frequent symptoms in
the perimenopausal period. Self-report of vasomotor symptoms (noc-
turnal hyperhidrosis and/or hot flushing) during the perimenopause
period has shown an association with insomnia. However, it has been
suggested that the presence of insomnia may be a factor that leads
patients to be more aware of their symptoms (Baker et al., 2018). Data
from a study by the Woman Health Initiative (WHI) among a large num-
ber of postmenopausal women showed a significant independent asso-
ciation between nocturnal hyperhidrosis and insomnia, with a stronger
partial correlation with maintenance of sleep (Hartz et al., 2013). The
presence of nocturnal hyperhidrosis and insomnia during the perimeno-
pause period may also be a manifestation of underdiagnosed OSA
(Baker et al., 2018). Thus, the presence of OSA should be considered.

Thermoregulatory changes have been shown to occur in primary
chronic insomnia: in patients with sleep-onset insomnia, the CBT cir-
cadian decline during sleep is delayed, whereas in patients with early
morning awakenings it is advanced (Lack et al., 2008). In a group of
elderly insomniacs, CBT manipulation with a hot bath before bedtime
allowed to improve sleep continuity (Dorsey et al., 1999). In patients
with chronic insomnia, increased diurnal EDA was reported (Broman
& Hetta, 1994). This along with other evidence of diurnal sympathetic
overactivity, such as changes in heart rate variability and increased cir-
culating catecholamines, are possibly the manifestation of a
maintained hyperarousal state (Vargas et al., 2020). Thermoregulatory

and non-thermoregulatory factors may therefore contribute to
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abnormal sudomotor activity in primary chronic insomnia. Further
studies are required to disclose the mechanism of hyperhidrosis in dif-
ferent sub-groups of insomnia patients and its relationship with other

clinical manifestations.

7.3 | Hyperhidrosis in RLS/PLMS

Restless legs syndrome is characterized by an unpleasant urge to
move the legs associated with sensory symptoms. Most patients show
PLMS. PLMS is a condition where periodic limb movement occurs

during sleep, in the absence of other sleep disturbances. RLS and
PLMS are two different phenotypes of the same disease and respond
to the same treatment (Figorilli et al., 2017). Studies that have
explored the presence of nocturnal hyperhidrosis in patients with RLS
have used different inclusion criteria and different questionnaires for
addressing sweating symptoms. A study of self-reported symptoms in
adults and geriatric patients showed that hyperhidrosis was associated
with RLS (Mold et al., 2004; Mold et al., 2006). This was confirmed in
another study on a general population cohort subjected to the Nordic
Sleep Questionnaire in which diagnosis followed the International RLS

Study Group diagnostic criteria (Arnardottir et al., 2013). Women with

TABLE 1 Thermoregulatory symptoms and tests in OSA, insomnia, RLS/PLMS and narcolepsy
n/ Study
Sweating studies Controls characteristics Methods
OSA
symptoms questionnaire
Cruz et al. (2012) 98 PSG, prospective Sleep disorder
Arnardottir et al. (2013) 822/703 PM, prospective Nordic sleep
Tests technique
Arnardottir et al. (2010) 24 PSG, prospective EDA (sleep)
Korkmaz et al. (2016) 31/18 PSG, prospective SSR
He et al. (2020) 18/8 PSG, prospective Skin sympathetic activity
(sleep)
Insomnia
symptoms questionnaire
Arnardottir et al. (2013) 822/703 PM, prospective Nordic sleep
Hartz et al. (2013) 148.938 Cross-sectional WHI-IRS
Tests technique
Broman and Hetta (1994) 40/20 prospective EDA
RLS/ PLMS
Symptoms questionnaire
Mold et al. (2004) 795 cross-sectional QWB-SA
Shneyder et al. (2013) 49/291 Retrospective SCOPA-Aut
Tests technique
Lim (2012) 56/36 prospective QSART
Narcolepsy
symptoms questionnaire
Sturzenneger and Bassetti 57/40 MSLT prospective  Sleep questions
(2004)
Klein et al. (2014) 15/15 MSLT prospective SCOPA-Aut
Barateau et al. (2019) 92/109 MSLT prospective ~ SCOPA-Aut
Rocchi et al. (2020) 12/14 MSLT prospective SCOPA-Aut
Tests technique
Rocchi et al. (2020) 12/14 MSLT prospective ~ Sudoscan

Main findings

thermoregulation
night sweating

night sweating: 30.6%/9.3% male, 33%/12.8%
women

Activity
increased
decreased (neck)

increased

thermoregulation

night sweating: fall asleep 37.3% stay asleep
52%

night sweating
activity

increased

thermoregulation
diurnal sweating
heat intolerance
activity

normal: arm, leg

thermoregulation

night sweating 29%

night sweating
diurnal sweating heat intolerance

increased score

Low amplitude (hands)

Note: EDA, electrodermal activity; MSLT, Multiple Sleep Latency Test; OSA, obstructive sleep apnea; PLMS, periodic limb movements in sleep; PM,
portable monitor (Embletta, T3 device); PSG, polysomnography; QSART, quantitative sudomotor axon reflex sweat test; QWB-SA, Quality of Well Being

Scale Self-Administered; RLS, restless legs syndrome; SCOPA-Aut, Scales for Outcomes in Parkinson's Autonomic Tests; SSR, sympathetic skin response;

WHI-IRS, Women Health Initiative Insomnia Rating Scale.
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TABLE 2

Disorder Possible mechanism of hyperhidrosis
OSA sympathetic activation

high sympathetic drive

sleep

Insomnia sympathetic activation
RLS/PLMS sympathetic activation

sympathetic activation

compensatory sweat
Narcolepsy diminished distal sympathetic function

increased temperature at night

Supporting findings
increased nocturnal EDA with higher systolic BP

increased burst of skin sympathetic activity during

increased diurnal EDA higher arousal level

dopaminergic inhibitory neurons deficiency

cortical arousal in PLMS in response to distal vaso and
sudomotor dysfunction

abnormal skin temperature gradient (distal-proximal)

core body temperature profile higher than controls

eep
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Possible mechanisms of hyperhidrosis in OSA, insomnia, RLS/PLMS and narcolepsy

Authors
Arnardottir et al. (2010)
He et al. (2020)

Broman and Hetta (1994)
Miglis (2016)
C. Liguori et al. (2020)

Fronczek et al. (2006)
Van Der Heide et al. (2016))

Note: BP, blood pressure; EDA, electrodermal activity; OSA, obstructive sleep apnea; PLMS, periodic leg movements in sleep; RLS, restless legs syndrome.

RLS more frequently report nocturnal hyperhidrosis during the meno-
pausal period (Wesstrom et al., 2008). Worsening of RLS symptoms
has been reported during the summer, and this was associated with
nocturnal hyperhidrosis in men (C. Liguori et al., 2020). On the other
hand, two studies with a small number of patients with RLS did not
find significant hyperhidrosis in these patients using a questionnaire
designed to assess autonomic symptoms (Erdal et al., 2020; Shneyder
et al.,, 2013).

Due to the association between small-fibre neuropathy and RLS
(Trenkwalder et al., 2016), sudomotor fibres have been investigated in
respective patients. Most electrophysiological studies have shown
normal sweat gland function (Erdal et al., 2020; Isak et al., 2011; Lim
et al., 2012; Tyvaert et al., 2009). Interestingly, a study that used
laser-Doppler flowmetry and thermography found a defective skin
vasodilation in the feet of idiopathic RLS patients when responding to
a warm ambient temperature (Anderson et al., 2013). This diminished
thermoregulatory vasomotor and sudomotor response in the feet may
account for a compensatory hyperhidrosis in the trunk of patients
with RLS (C. Liguori et al., 2020).

Dopamine deficiency is among the proposed mechanisms
involved in RLS. As dopaminergic inhibitory neurons project to the
preganglionic sympathetic neurons in the intermediolateral columns,
dopamine deficiency may lead to peripheral sympathetic overactivity
(Miglis, 2016). PLMS may also be associated with cortical arousal and
enhanced sympathetic activity (Figorilli et al, 2017). The possible
association between cardiovascular comorbidity and the presence of
hyperhidrosis in patients with PLMS has not been reported. Assess-
ment of drug treatment efficacy in patients with RLS has been mainly
focused on reduction of sensory symptoms and its impact on sleep
and quality of life (Allen et al., 2018). The response of sweating symp-

toms to pharmacological treatments has not been reported.

7.4 | Hyperhidrosis in narcolepsy

The presence of nocturnal hyperhidrosis in narcoleptic patients was
reported decades ago (Clark et al, 1980; Sturzenneger &
Bassetti, 2004). Further studies with NT1 patients using a question-
naire for autonomic symptoms have reported hyperhidrosis in, both,

untreated (Barateau et al., 2019; Rocchi et al., 2020) and treated indi-
viduals (Klein et al., 2014). A study of electrochemical skin conduc-
tance, using the Sudoscan device, showed sudomotor dysfunction in
the upper but not in the lower limbs (Rocchi et al., 2020). No other
studies of sudomotor function in NT1 have been reported.

Patients with NT1 show abnormal circadian regulation of skin
temperature with a high distal-to-proximal skin temperature gradient
during the day that, normally, is observed in healthy subjects only dur-
ing sleep (Fronczek et al., 2006). An increase in skin temperature gra-
dient also preceded the onset of sleep attacks during the day (van der
Heide et al. 2016). However, continuous temperature monitoring in a
laboratory setting did not show a difference in CBT circadian values
or patterns between NT1 patients and controls (Grimaldi et al., 2010).
Another study, in ambulatory NT1 patients, showed a trend towards a
higher CBT and a lower distal skin temperature during the night com-
pared with controls (van der Heide et al. 2016), this elevated CBT dur-
ing sleep may contribute to night sweating.

Hyperhidrosis in NT1 may be in part explained by an abnormal
autonomic regulation. The orexin neurons constitute a main part of
the central autonomic network and, thus, the deficiency of orexin in
NT1 could be associated with autonomic dysfunction in these patients
(Plazzi et al., 2011). Autonomic function studies in animals with orexin
deficiency and in NT1 patients have yielded conflicting results
(Fronzeck & Thijs, 2013). The elevated distal skin temperature
(Fronczek et al., 2006) and decreased electrochemical skin conduc-
tance in the hands (Rocchi et al., 2020) during the day may reflect a
distal decreased sympathetic vasomotor and sudomotor tone, respec-
tively. Use of psychostimulants and the frequent association of NT1
with OSA and cardiovascular comorbidities may be factors that partly
explain the finding of an increased sympathetic activity and cardiovas-
cular risk (Silvani, 2020). Table 1 summarizes symptoms and tests, and

Table 2 shows possible mechanisms responsible for hyperhidrosis.

8 | DISCUSSION

Hyperhidrosis is associated with several sleep disorders. In patients
with OSA, insomnia, RLS/PLMS and NT1, studies using different

questionnaires have shown excessive sweating (Arnardottir

85UB017 SUOWILLOD BAeaID 3|qedljdde ayy Aq peusenob afe Sejolie O ‘88N JO Sa|nJ o AxeiqiT 8ulUO /8|1 UO (SUOHIPUCD-pUR-SLIBY W00 A8 1M AeIq1jeulUuo//Sdiy) SUORIPUOD Pue SWLB | 8U} 885 *[£202/€0/7T] uo A%eiqiauliuo /8|1 ‘Bu-HY Aq 099ET SITTTT OT/I0p/wo0" A8 | 1M Atelgifeul|uoy/sdny woiy papeojumoq ‘T ‘€202 ‘6982G9ET



8of 11 Journal of
Sle

ep ESRS 'WW\"

IDIAQUEZ €T AL.

Research

et al.,, 2013; Barateau et al., 2019; Cruz et al., 2012; Mold et al., 2004;
Mold et al., 2006; Mold et al., 2012; Rocchi et al., 2020). The sensitiv-
ity and specificity of sweating symptoms have not been reported in
OSA, insomnia, RLS and NT1. An international study with a large num-
ber of patients with OSA showed that the presence of excessive night
sweating was useful to identify clinical clusters of patients (Keenan
et al., 2018). For patients with OSA, skin conductance changes have
been evaluated through EDA measurements during sleep, which has
allowed us to study sudomotor function and its relationship with clini-
cal and polysomnographic features (Arnardottir et al., 2010). No stud-
ies of sudomotor function during sleep have been reported for
insomnia, RLS and NT1. There are few studies on sweating during
waking hours using sudomotor function tests. In patients with OSA
and NT1, a decreased response was reported (Korkmaz et al., 2016;
Rocchi et al., 2020), while normal function was found in patients with
RLS (Erdal et al., 2020; Isak et al., 2011; Tyvaert et al., 2009). These
tests only provide a single measurement of sudomotor function, while
EDA measurements continuously assess function for longer periods
of time.

There are several factors that may contribute to increased sympa-
thetic sudomotor activity in sleep disorders. Some of them, such as
frequent arousals, sleep fragmentation and short sleep duration, are
common in OSA, insomnia and RLS. (Figorilli et al., 2017; Miglis, 2016).
Abnormal central sympathetic regulation associated with orexin defi-
ciency in NT1 may also contribute to increase of sympathetic
sudomotor activity (Miglis, 2016). There is some evidence of abnormal
thermoregulation in insomnia, RLS and NT1 patients (C. Liguori
et al., 2020; Van Der Heide et al., 2016), but its possible contribution
to sweating dysfunction has not been determined. A study on patients
with OSA showed that excessive night sweating was not associated
with an abnormal thermoregulatory drive (Arnardottir et al., 2010).
Other factors like the presence of comorbidities, drugs and hormonal
changes in women must be also considered and addressed.

Successful treatment of OSA has been shown to reduce nocturnal
hyperhidrosis (Arnardottir et al., 2010; Arnardottir et al., 2013; Cruz
et al., 2012). There is a lack of information regarding the treatment of
hyperhidrosis in other sleep disorders. For the assessment of potential
therapies, it is important to consider that subjective report of symp-
toms may be influenced by sleep fragmentation and insomnia. Study-
ing the relationship between self-reported symptoms and objective
measurements of sweating could be useful to identify different
patients' phenotypes, and improve treatment outcomes and their
quality of life.

9 | SUMMARY

Hyperhidrosis, mainly manifested as night sweating, is a relevant
complaint in OSA, insomnia, RLS and NT1. Questionnaires and the
evaluation of sudomotor activity during sleep with continuous
recordings are both useful tools to study hyperhidrosis in sleep dis-
orders. While most of the studies have been carried out in patients

with OSA, it is conceivable that in all the previously mentioned

conditions, the presence of sympathetic overactivity may be a com-
mon factor contributing to sudomotor dysfunction. Future research
may enhance our understanding of the pathophysiology and possi-
ble therapies of hyperhidrosis in sleep in the mentioned sleep

disorders.
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