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ABSTRACT

Hyperhidrosis (HH) is a central nervous dys-
function characterized by abnormally increased
sweating due to a central dysregulation of sweat
secretion. HH significantly affects the quality of
life of patients in their private, social and pro-
fessional environments. Physiologically, sweat-
ing is a mechanism that regulates body
temperature, but it may also be triggered by
emotional or gustatory stimuli. There are two
main types of sweat glands: eccrine and apoc-
rine glands. The central nervous system controls
sweat secretion through the release of neuro-
transmitters into the autonomous nervous sys-
tem (ANS) that activate the sweat glands. The
hypothalamus has two separate neuronal

pathways, one for thermoregulation and one for
emotions. HH may thus be due to either a
neuronal dysfunction of ANS regulation leading
to a hyperactivity of the sympathetic nervous
system, or to abnormal central processing of
emotions. Crucially, there is no dysfunction of
the sweat glands themselves. Various patho-
genic mechanisms have been proposed to be
involved in pathological sweat secretion in HH,
ranging from structural changes within the ANS
to increased expression of aquaporin 5 and
upregulation of activin A receptor type 1 in
eccrine sweat glands. Although a genetic pre-
disposition has been demonstrated, it remains
unclear exactly which genes are involved. To
identify new, potential therapeutic targets and
to improve treatment options, a good under-
standing of the signaling pathways involved,
the underlying mechanisms, and the genetic
components is essential. In this review we dis-
cuss the various aspects of sweat physiology and
function that are necessary to explain patho-
logical sweating. Our aim is to raise awareness
of the complexity of HH to promote a better
understanding of the disorder.
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Key Summary Points

Physiological sweating is a bodily function
that is primarily aimed at
thermoregulation of the body and is
triggered by different types of sweat
glands.

Emotional and gustatory sweating can also
occur.

Hyperhidrosis (HH) is a pathological
dysregulation of the central nervous
system that can be triggered by thermal
stimuli, physical activity, or emotional
stress.

there is no dysfunction of or pathological
changes in the sweat glands in HH.

The clinical symptom of HH is not
necessarily increased sweating, but rather
an arbitrary, pathological dysregulation of
sweating due to low exposure to a trigger.

HH has a large negative effect on patients’
quality of life.

INTRODUCTION

In the literature, hyperhidrosis (HH) is usually
defined as a condition characterized by abnor-
mally increased sweating beyond that required
to regulate body temperature [1]. While exces-
sive sweating is the hallmark of HH, in this
review we discuss why this definition can be
misleading. The term ‘excessive’ is usually based
on descriptions of symptoms recorded from
patients’ medical histories and can therefore
lead to the impression that HH can be reduced
to a mere problem of sweat amount [2]. How-
ever, HH is a complex neuronal dysregulation
involving an alteration in the control mecha-
nisms of sweating that results in a mismatch
between the required and actual sweat produc-
tion [2, 3].

The disproportionate sweat production that
characterizes HH results in a disabling medical
condition with profound effects on the patient’s
quality of life. HH affects work productivity,
daily routine activities, emotional well-being,
and personal relationships [4]. The age of onset
is usually before 25 years, meaning that the
disease affects patients’ lives very early in their
life [2, 5].

A distinction can be made between primary
(idiopathic) and secondary (defined etiology)
HH. In secondary HH, the pathological mecha-
nisms are largely determined by the underlying
condition and may differ from person to person
[3]. The focus of this review is on primary HH.

In this review, we discuss various aspects of
sweat physiology and function that are neces-
sary for understanding pathological sweating.
As HH is an underestimated disorder, we aim to
highlight and draw attention to the complexity
of the underlying mechanisms to promote a
better understanding of the condition [6].

This review article does not contain any new
studies with human participants or animals
performed by any of the authors.

PHYSIOLOGICAL SIGNIFICANCE
OF SWEATING

Reasons for Sweating

Sweat evaporation from the skin is crucial for
thermoregulation, i.e., maintaining body tem-
perature [7], but sweat production is also a
response to emotional stress [8]. Sweat on the
palms of hands or soles of feet helps with
activities that require good grip by increasing
friction; this physiological response is likely to
have developed during evolution, for example,
to improve flight reactions [9, 10]. Sweat may be
important for skin hydration and microbial
defense, although more research is needed in
this area [7]. Finally, it is also believed that
waste products are released to the skin surface in
sweat, but these effects appear to be minor
compared to other functions [7, 8].
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Types of Sweat

There are different types of sweat. Thermal
sweating, in the context of thermoregulation, is
considered to be the primary physiological
function of sweat. In response to heat generated
by exercise or environmental factors, the body
may release heat from the body in the form of
water on the skin surface, which evaporates to
restore normal body temperature. This release
of water (sweat) occurs over the entire body
surface. In a pathological condition, there is a
mismatch between the required and actual
sweat production [7, 10, 11].

Emotional sweating, on the other hand, is
triggered by stress, anxiety, pain, and fear. Sex-
ual arousal can also cause sweat secretion.
Emotional sweating occurs all over the body,
but is most prominent on hands, feet, face, and
the axillary region [10]. These areas also corre-
spond to those most commonly affected in HH
[5, 8, 10]. In contrast to thermal sweating,
emotional sweating is thought to decrease dur-
ing sleep and relaxation [10, 12].

Gustatory sweating is sweating triggered by
food and drink. It can be caused by an increase
in metabolism, leading to an elevated body
temperature and thermal sweating, but also by
hot and spicy food. Gustatory sweating is usu-
ally confined to the face, scalp, and neck.
Pathologically, the most common form of gus-
tatory sweating is Frey’s syndrome following
surgery of the parotid gland or injury to the
auriculotemporal nerve, which can lead to a
misdirected regeneration of parasympathetic
fibers that normally stimulate the salivary
glands but now switch to a sympathetic
response and stimulate the sweat glands [8, 10].

Sweat Glands
Only a few mammals can cool the body by
evaporating water on the surface of the skin. In
humans, this mechanism is highly effective due
to the small amount of body hair in comparison
to the high density of sweat glands [13]. There
are two main types of sweat glands, namely,
eccrine and apocrine glands, with each type
producing a different kind of sweat; eccrine
glands are involved in thermoregulation. A

third type of sweat gland, the apoeccrine sweat
gland, has also been described, but its existence
remains controversial [8, 14].

Eccrine Glands
Eccrine glands are active from birth. They are
found on the entire body surface with the
exception of the lips and glans penis; they are
the only sweat glands found on the palms of the
hands and soles of the feet. Anatomically, the
eccrine glands consist of a spiral formed by a
single layer of secretory cells, classified as clear,
dark, and myoepithelial cells. The excretory
duct is directly connected to the skin surface.
The watery secretion of the eccrine glands is
crucial for thermoregulation [7, 10, 15–17].
Eccrine glands are stimulated by sympathetic
nerve fibers, and the major neurotransmitter is
acetylcholine (ACh) [18]. These glands respond
to thermal and emotional stimuli [7, 16].

Apocrine Glands
Apocrine glands are present form birth but not
active until puberty. They are located in the
axillae, breast, scalp, and perineum, but not on
the palms of the hands and soles of the feet. The
secretory part of the gland consists of a single
layer of epithelial cells surrounded by myoep-
ithelial cells. Apocrine glands are larger than
their eccrine counterparts, and their excretory
duct releases sweat into the hair follicle. The
sweat from these glands is a viscous liquid that
elicits is detectable as a body odor. However, the
function of the apocrine glands remains unclear
[7, 10, 15]. The innervation of the apocrine
glands is poorly understood, but most likely
regulation is through sympathetic nervous
control of a peripheral mechanism involving an
adrenergic pathway [19], although apocrine
glands have also been found to respond to
cholinergic stimuli [7]. The major neurotrans-
mitters are catecholamines [18]. Apocrine
glands respond to emotional stimuli [10].

Apoeccrine Glands
Apoeccrine glands were first described by Sato
et al. in 1987 [14]. However, their existence
remains controversial as no evidence of their
presence was detected in other studies [20].
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Apoeccrine glands are thought to evolve from
eccrine glands during puberty. They are repor-
ted to be found in the hairy areas of the body,
such as the axilla, mammary, perineal, and
genital regions. Anatomically, their excretory
duct is directly connected to the skin surface
and produces a watery secretion similar to
eccrine sweat, while the secretory coil is similar
to apocrine glands. The true functional impor-
tance of apoeccrine glands is not known, but it
is unlikely that they are important for ther-
moregulation [7, 10, 14, 15]. Their innervation
is also still poorly understood, but in vitro
models suggest that they are more sensitive to
cholinergic than adrenergic stimuli [7].

MECHANISMS OF SWEAT
REGULATION AND SECRETION

Sweat secretion is controlled by the transduc-
tion of signals from the central nervous system
(CNS) to the peripheral autonomic nervous
system (ANS) [8].

The hypothalamus is the part of the CNS
which regulates body temperature. Two inner-
vation pathways connect the hypothalamus to
several areas of the nervous system and the rest
of the body. The efferent sympathetic sudomo-
tor pathway for thermoregulation runs from the
cerebral cortex to the hypothalamus and from
there to the medulla oblongata. The nerve fibers
then cross within the medulla and project to
the lateral horn of the spinal cord and inter-
mediolateral cell nuclei, from where they con-
nect to the paravertebral sympathetic ganglia.
Unmyelinated postganglionic sympathetic
nerve fibers eventually stimulate receptors on
the eccrine sweat glands [5, 8, 21, 22]. The CNS
can also respond to emotional changes. Emo-
tional sweating is regulated by the limbic sys-
tem, including the amygdala, cingulate cortex,
and hypothalamus, via efferent fibers that con-
nect to preganglionic sympathetic neurons in
the nucleus inter-medio lateralis (Fig. 1)
[5, 8, 23, 24].

The ANS receives signals from the CNS and
secretes neurotransmitters and peptides to
control sweat gland activation. ACh regulates
the eccrine glands and is the primary

neurotransmitter of thermal sweating. Cate-
cholamines (e.g., noradrenaline) control the
eccrine and apocrine glands in emotional stress-
induced sweating [8, 25, 26].

PATHOLOGICAL SWEATING

Sweating is pathological when it occurs dispro-
portionally to the need of temperature com-
pensation. This may be evident by the
formation of droplets on the skin; dripping
sweat is not useful for cooling.

Primary HH can be induced by thermal trig-
gers, physical activity, and emotional stress [2].
While both eccrine and apocrine glands
respond to emotional stimuli, findings from
Bovell et al. [27] suggest that the eccrine glands
are the main source of fluid transport in HH
rather than apocrine or apoeccrine glands.

HH is not necessarily an increase in the
absolute amount of sweat, but a change in sweat
regulation. Increased sweating does not occur
permanently, but small triggers lead to dispro-
portionate sweating [2, 3]. Because patients can
barely control sweating, it leads to stress and
significant limitations in their private and pro-
fessional lives, as can be assessed using the
Dermatology Life Quality Index [28].

In a recent review, Kristensen et al. con-
cluded that HH is still an underestimated and
understudied chronic disorder [6]. The preva-
lence of HH is estimated at 1.6% in the UK and
between 1.0 and 4.8% in the USA [29–31].
However, data on prevalence vary depending
on data collection methods and factors such as
ethnicity and age. Other sources report a
prevalence as high as 16.7% in Poland and
12.3% in Canada (Vancouver region) [32, 33].
Additionally, there is likely a large number of
cases that go undiagnosed due to shame or lack
of knowledge [34]. Although the condition is
widespread, it is often not part of the training of
physicians and caregivers. Accordingly, the
level of knowledge about HH is low, even in a
clinical context [9].
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Differences Between Primary
and Secondary HH

Hyperhidrosis can be focal or generalized. Focal
HH refers to excessive sweating that is limited to
specific parts of the body, whereas generalized
HH implicates increased sweating over the
entire body. Additionally, HH can be primary or
secondary [1].

In the majority of patients, primary HH is an
idiopathic disorder. Primary focal HH is usually
a bilateral symmetrical disorder affecting the
palms of the hands, soles of the feet, axillae, or
forehead, whereas sweating in primary gener-
alized HH usually affects the head and trunk, or
even extremities, groin and glute [5, 9]. In
contrast, secondary HH occurs as a result of an
underlying disease, such as endocrine disorders,
infections, or neurologic diseases [1, 5].
Accordingly, the pathological mechanisms of
secondary HH are largely determined by the
underlying condition [3]. In the generalized
form of HH, it can be difficult to differentiate
between primary and secondary HH, and fur-
ther screening may be required. Secondary focal
HH involves regional or asymmetric sweating,

or may be compensatory; for example, loss of
sweating in one area leads to increased sweating
in another [5, 9].

Sudomotor Dysfunction

Sudomotor function refers to perspiration and
the release of sweat to the skin surface to cool
the body [35]. Because sweat is regulated by the
ANS, sudomotor function can be affected by
ANS dysfunction.

Given the innervation pathways of the
hypothalamus, primary HH can be understood
to be a neuronal regulation disorder of the ANS
involving pathologic hyperactivity of the sym-
pathetic system that results in hyperstimulation
of otherwise normal sweat glands [2, 5, 36].
Alternatively, the etiology of primary HH may
be an abnormal central control of emotions,
with the sweat center in the hypothalamus
being controlled by the influence of the cortex
without input from thermoregulatory compo-
nents [5]. For example, patients with primary
palmar HH show an altered perception of
warmth sensation and exaggerated sudomotor
responses [37]. The lowered thresholds may be

Fig. 1 Schematic illustration of the afferent and efferent
route of innervation cascades to regulate the activity of
sweat gland secretion (modified according to Tan et al.

[24]). LPB Lateral parabrachial nucleus, POA preoptic
area, RVMM rostral ventromedial medulla
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explained either by a regulatory dysfunction in
the autonomic centers of the brainstem that are
responsible for inhibiting sensory perception
and peripheral autonomic activity or, alterna-
tively, by dysfunction at the cortical level,
associated with impaired control of emotional
sweating.

A variety of tools are available for analyzing
sweat excretion. The most important diagnostic
tool is the patient history, including the onset
of symptoms, sweating patterns, and familial
predisposition, as measured, for example, by the
Hyperhidrosis Disease Severity Scale [38]. How-
ever, when the cause of excessive sweating is
unclear, laboratory tools that more objectively
assess the different responses and sudomotor
pathways may provide a more sensitive and
quantifiable assessment. These tools can range
from quantitative sudomotor axon reflex test-
ing to thermoregulatory sweat testing to sym-
pathetic skin responses [35, 39]. For example,
Hirakawa et al. [40] used a mental arithmetic
problem in a study to induce stress and measure
emotional sweating. The choice of test depends
on the clinical condition and should be pre-
ceded by careful evaluation of the medical his-
tory and a neurologic examination of other
collateral deficits. Therefore, understanding the
test methods and autonomic neurology is criti-
cal to interpreting the results [35, 41].

Abnormal Sweat Secretion

If HH is understood as a regulatory disorder
involving the ANS, an explanation for the
abnormal sweat secretion in processes and
pathways proximally to the sweat gland level is
required. For example, a metabolic explanation
for the hyperactivity of sympathetic neurons is
offered by data showing a higher expression of
ACh and alpha-7 neuronal nicotinic receptor
subunits in the sympathetic ganglia
[3, 36, 42, 43]. Other structural changes in
patients with HH include a larger number of
ganglion cells in the ganglia, thicker myelin
sheaths of the affected axons, and larger diam-
eter of the thoracic sympathetic chain ganglia
[36, 43].

Crucially, the increased sweat secretion in
patients with HH is not due to abnormalities in
the sweat glands per se, but to regulatory pro-
cesses that affect the sweat production of the
glands. There is no dysfunction in the sweat
glands of these patients, nor changes in their
size, number, or histologic appearance [2, 5, 44].
However, while Du et al. [44] found no signifi-
cant differences in the morphological charac-
teristics or the number of sweat glands between
axillary HH patients and healthy subjects, the
authors did detect a significantly higher num-
ber of secretory granules in patients who
exhibited hypersecretion of axillary sweat
glands. This could be explained by a higher
expression of aquaporin 5 (AQP5), a selective
water-selective channel protein that increases
water permeability, in epithelial cells of patients
[44].

Lin et al. [45] found that activin A receptor
type 1 (ACVR1) is upregulated in the sweat
glands of patients with primary axillary HH
compared to control subjects. Overexpression of
ACVR1 boosted the expression of AQP5 and
Na–K–Cl cotransporter 1 (NKCC1), and thus
may affect sweat secretion by regulating water
and ion channels [45]. In addition, upregula-
tion of the cholinergic receptor nicotinic alpha-
1 subunit (CHRNA1) is a typical feature of sweat
glands in patients with primary focal HH.
CHRNA1 regulates the binding and gating of
ACh neurotransmitters. Silencing of CHRNA1
decreased sweat secretion and the number of
sweat secretory granules in a mouse model of
HH [46]. It also decreased the expression of
serum ACh, AQP5, and calcium voltage-gated
channel subunit alpha-1 C (CACNA1C) in the
sweat glands. Thus, upregulation of CHRNA1 is
a potential biomarker for primary focal HH.
Respectively, its downregulation may be a
potential treatment target with the aim of
inactivating the sympathetic system [46].

Genetic Predisposition

Several studies suggest that primary HH has a
genetic component as demonstrated by the
high frequency of positive family histories for
individuals with primary axillar or
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palmoplantar HH [47]. While familial predis-
position is more or less established, there is still
uncertainty about the specific genes involved.

Most studies report autosomal dominant or
recessive inheritance [47–52]. Results from
family genetic studies have identified various
loci for primary HH, but the results are incon-
sistent. For example, a study by Higashimoto
et al. [49] indicated a linkage to loci on chro-
mosome 14q11.2-q13, but this association
could not be confirmed using a microsatellite
method [50, 51]. Chen et al. [51] identified
candidate genes on chromosome 2q22.1–q31.1,
and Schote et al. [52], using genome-wide
whole-exome sequencing, subsequently found
four significant loci which overlap with the
locus reported by Chen et al. [51]. In addition, a
genetic polymorphism analysis suggested an
association between –116A and K-variants on
the BCHE gene in patients with HH, although
this association was non-significant [53].

Various pathogenic mechanisms have been
proposed to explain primary HH, such as the
pronounced presence of AQP5 in the epithelial
cells of the sweat glands in patients with pri-
mary HH, as mentioned earlier [44]. This pos-
sible involvement of the AQP5 gene is also
supported by evidence in patients with hypo-
hidrosis, i.e., insufficient secretion of sweat, as a
symptom of Sjogren’s syndrome, in whom
AQP5 expression is reduced [47]. However,
family genetic studies have not identified loci
on the AQP5 gene [49, 51]. Other candidate
genes are the PLB1, PPP1CB, NDR2, and ABC11
genes [47]. In addition, there are several hered-
itary disorders associated with HH that refer to
different chromosomes, such as nail-patella
syndrome with a locus on chromosome 9 [47].

It should be noted, however, that analysis of
genetics data is difficult: studies differ in their
methods for the classification of HH, qualitative
and quantitative measurements, review of
medical records, and the surveys and interviews
used [47]. Moreover, data can also be susceptible
to recall bias as data are often collected from
interviews [50].

Overall, findings in genetics suggest consid-
erable heterogeneity in the disorder, and it is
likely that HH is a multifactorial disorder. Data

are still limited, and further genetics studies on
large patient cohorts are needed.

Treatment

While numerous therapeutic strategies exist,
there remains an unmet medical need and, in
addition, lack of knowledge about the disorder
may hinder appropriate treatment. Treatment
options depend on the localization of HH.
Current therapeutic approaches include topical
treatments (e.g., aluminum chloride or topical
anticholinergics) as first-line treatments for
focal HH. When topical treatments are insuffi-
cient or not applicable, local intradermal injec-
tions of botulinum toxin, iontophoresis, or
microwave thermolysis are indicated. Systemic
oral medication, such as anticholinergics, may
be considered; however, the use of such medi-
cations are limited by systemic anticholinergic
side effects. In some countries, endoscopic
thoracic sympathectomy is used as last option,
which, although rare, may be associated with
serious side effects [3, 9, 22, 26, 54]. For focal
axillary HH a variety of local surgical procedures
have been described, ranging from curettage,
laser-assisted ablation to partial and radical
excision techniques [54–57]. To identify new
potential therapeutic targets and improve
treatment options, a good understanding of the
genetic components, the signaling pathways
involved, and possible explanations of abnor-
mal sweat secretion is necessary. This review
article does not contain any new studies with
human participants or animals performed by
any of the authors.

CONCLUSIONS

The intention of this review was to show that
HH is an underestimated chronic disorder based
on the dysregulation of the CNS and peripheral
ANS. The disorder is associated with significant
impairment in the quality of life of patients
who suffer from focal or generalized HH. HH is
still an under-researched condition, and pro-
gress in the diagnostics, etiology, and treatment
of HH is limited [6]. Because it is a neurologic
disorder of the ANS, knowledge on the
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physiology, anatomic pathways, and diagnostic
procedures is necessary to optimize treatment
for patients. Therefore, it is crucial for physi-
cians to understand the complex relationship
between thermoregulation and pathophysiol-
ogy [2].

There are several difficulties in studying HH
that also highlight the need for greater aware-
ness of the condition. HH is often unreported
due to its socially distressing aspects [47]. Fur-
ther problems result from the fact that sweating
is influenced by various factors. Thus, distin-
guishing between different forms of HH and, for
example, social stress and anxiety, is difficult
[47]. Studies often include more severe forms of
HH, which also may bias the reported results
[4, 47, 48].

The overall aim of this review was to draw
attention to HH and its complexity to promote
a better understanding of the disorder, which is
absolutely necessary for meaningful research,
targeted treatment approaches, and the provi-
sion of appropriate treatment.
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