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Abstract
Primary hyperhidrosis is a condition characterized by excessive sweating. The estimated prevalence is between 0.6 and 
4.4%, and it can have economic, psychological, and social consequences for affected individuals. Family and genetic studies 
have suggested a genetic component in the inheritance of the disease. In this review, we summarize the current literature 
on genetic disposition to primary hyperhidrosis. We Identified 20 studies on Pubmed and Embase in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Probands reported a positive 
family history in 5.7–65% of cases, and the inheritance appeared to be either autosomal dominant or recessive. Individuals 
with palmoplantar phenotypes and a positive family history had a younger age of onset. Genetic linkage and genome-wide 
association studies have identified loci on chromosome 2, 14, and 16. However, the evidence is heterogeneous and limited. 
It seems that primary hyperhidrosis is polygenically inherited, and considering the impairment, further data to understand 
the genetic etiology of the disease are needed.
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Introduction

Primary hyperhidrosis is a condition characterized by exces-
sive sweating above the physiological need, often in the axil-
lae, palms, and soles [19, 25]. It can have severe implica-
tions for the affected individual, including social isolation, 
reduced work ability, and increased feeling of depression 
and anxiety [1, 14, 35]. The prevalence is between 0.6% 
and 4.4% [1, 25, 28, 35], and most studies show equal rates 
between men and women [28, 35, 38]. The condition is how-
ever underreported [35]. Primary hyperhidrosis is believed 
to be related to a dysfunction in the nervous system [33]. 
The onset is usually at early age [15, 27, 30], and symptoms 
are aggravated by emotional and thermal stimuli [1, 26, 27, 

30]. Several studies have reported a positive family history 
and identified loci for hyperhidrosis [4, 11, 18]. However, 
the evidence is limited and heterogeneous, and the etiology 
remains unknown. In this review, we summarize the current 
literature on the genetics of primary hyperhidrosis.

Method

We used Pubmed and Embase to identify relevant literature 
from their inception until March 13, 2019 according to the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. See Online Appendix for 
details.

Inclusion criteria were (1) clinical studies describing the 
genetics of primary hyperhidrosis. Exclusion criteria were 
(1) review studies (2) case reports (3) letters and correspond-
ences, and (4) commentaries. However, an exception was 
made for a study published by Chen et al. [4] because it 
presents novel and relevant findings for the current review.

The initial database search yielded 689 studies. Another 
nine studies were identified in reference lists. All 698 study 
abstracts and, or titles were reviewed and 42 studies were 
assessed in full length. We excluded 22 studies because of 
irrelevant study aim. Twenty studies were included and data 
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on author, method, limitations, publication, results, study 
population characteristics, and year were extracted. See 
Fig. 1.

Results

The reviewed studies comprised of one Genome Wide Asso-
ciation study (GWAS), one case–control study, two classi-
cal family studies, two retrospectively accessed case series 
based on hospital records, three cross sectional cohort stud-
ies accessing self-reported family history of disease by ques-
tionnaire or interviews, three genetic linkage family studies, 
and eight prospectively accessed hospital based case series 
including self-reported family history of disease. Between 
5.7 and 65% of subjects with primary hyperhidrosis reported 

a positive family history [1, 4–6, 15, 17, 18, 21–23, 25–30, 
32, 38]. Most studies included subjects with average or mean 
ages between 18 and 35 years, with the severe phenotype 
in the axilla, palms, and soles. However, method differ-
ences may elucidate the diverse rates of reported familial 
hyperhidrosis.

Most family and genetic linkage studies indicated that 
primary axillar, palmar, and plantar hyperhidrosis is inher-
ited in an autosomal dominant manner [4, 9, 18, 22]. An 
American family study from 2002 included 49 individuals 
with severe primary axillar and palmoplantar hyperhidrosis 
and a history of thoracoscopic sympathectomy [32]. Each 
subject answered a questionnaire and underwent examina-
tion. Altogether 65% reported a positive family history of 
hyperhidrosis and the estimated disease penetrance was 
0.25. In addition, 20 matched controls with thoracic outlet 
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syndrome were included, and none had family members with 
hyperhidrosis. Another American family study from 2003 
identified 21 subjects with severe palmar hyperhidrosis that 
had applied for botox treatment [22]. Iodine–starch test and 
observation confirmed the diagnosis and subjects answered a 
questionnaire. Altogether 62% had a family history of hyper-
hidrosis, with no difference between sex, and pedigree charts 
indicated an autosomal dominant inheritance. However, 
in six families the disease did not affect each generation, 
owing to either reduced disease penetrance or autosomal 
recessive inheritance. Moreover, mitochondrial transmission 
was improbably because the disease not exclusively affected 
females, and mothers not always passed it on to their off-
spring. X-linked inheritance also remained unlikely as sons 
of affected fathers had the disease. For details on recurrence 
risk of primary hyperhidrosis, see Table 1.

Three genetic linkage family studies on hyperhidrosis 
have been done. In one of these, both probands and family 
members were interviewed [4, 9, 18]. A Japanese genome-
wide linkage study analyzed 82 subjects from 11 families 
with primary palmar hyperhidrosis [18]. Three families 
had linkage to loci on chromosome 14q11.2-q13. An Ital-
ian genetic linkage study examined with microsatellites 
the same loci on chromosome 14q and the candidate gene 
Aaquaporin-5 (AQP5) in a female proband with primary 
axillar and palmoplantar hyperhidrosis and her family [9]. 
The results showed autosomal dominant inheritance but no 
linkage to the suggested loci. In a similar Chinese genetic 
linkage study on 21 family members with autosomal domi-
nant inherited primary focal hyperhidrosis the same method 
with microsatellites excluded association to loci on chro-
mosome 14q11.2-q13 [4]. However, in the genome-wide 
single-nucleotide polymorphism (SNP) linkage analysis, the 
researchers found a region on chromosome 2q22.1–q31.1 
containing 72 genes. Sequencing of the three candidate 
genes DYNC1I2, DLX1, and PDK1 did not identify a causa-
tive mutation. For details on the Hornberger’s criteria, see 
Table 2.

A German case–control study enrolled 345 outpatients 
with primary focal hyperhidrosis and 154 healthy controls 
[15]. Thirty-seven percent of hyperhidrosis outpatients 

reported having family members with hyperhidrosis. Two 
Chinese cross-sectional studies assessed 32,152 and 67,492 
students of 15–22 and 18–23 years of age by questionnaire 
and interview, to determine the epidemiology of mild to 
severe palmar hyperhidrosis [25, 28]. The proportion with 
a positive family history was 17.9 and 25.4%, respectively. 
A similar cross-sectional study from Brazil interviewed 447 
medical students and 45% reported a positive family history 
of hyperhidrosis [29]. Two retrospective and one prospective 
case series reviewed medical records or surveyed outpatients 
with hyperhidrosis, and 34.1%, 36% and 43.7% of the hyper-
hidrosis patients reported a familial history of hyperhidrosis 
[27, 30, 38]. Seven hospital based case series evaluated sub-
jects that were referred to or had undergone thoracoscopic 
sympathectomy for severe hyperhidrosis and the proportion 
reporting familial hyperhidrosis ranged from 5.7 to 55.6% 
[1, 5, 6, 17, 21, 23, 26].

A recent Japanese GWAS explored the genetics behind 
different skin phenotypes in 11,311 females [11]. Altogether 
3293 indicated that they had hyperhidrosis by assessing 
whether it was easy or hard to sweat. Results showed asso-
ciations with SNPs for two regions on chromosome 2 and 
one on 16 where previous research has identified the genes 
PLB1, PPP1CB, and ABC11.

For hyperhidrosis patients, age of onset was significantly 
lower in individuals with a positive family history [27, 30], 
and especially in those with palmoplantar symptoms, where 
it often presented before puberty, whereas axillar symptoms 
manifested during puberty [15, 27]. The association between 

Table 1   Recurrence risk 
in patients with primary 
hyperhidrosis

Author, Year Patients, n Familiar hyperhidrosis, 
n (%)

Empiric risk

Ro et al., 2002 [32] 49 32 (65) Offspring 0.28
Parents 0.14
Siblings 0.07
Niece, Nephew 

0.05 Aunt, Uncle 
0.04

Kaufmann et al., 2003 [22] 21 13 (62) Offspring 0.41
Siblings 0.29

Table 2   The Hornberger’s diagnostic criteria for hyperhidrosis [19]

Focal, visible, excessive sweating for ≥ 6 months without apparent 
cause with ≥ 2 of the following:

1. Bilateral and relatively symmetric hyperhidrosis
2. Impairs daily activities
3. Frequency of at least one episode per week
4. Age of onset < 25 years
5. Positive family history
6. Cessation of focal sweating during sleep
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anatomical region of sweat production and family history 
is unclear as both probands with primary axillary and pal-
moplantar hyperhidrosis have reported significantly more 
relatives with identical phenotype as themselves compared 
to other anatomical sites [15, 27].

Discussion

Subjects with primary axillar or palmoplantar hyperhidrosis 
have a high frequency of positive family history and indi-
viduals with palmoplantar symptoms are younger at dis-
ease onset, which further suggest a genetic predisposition 
for these phenotypes. The inheritance is reported as either 
autosomal dominant or recessive.

Few genetic linkage studies and GWAS have identi-
fied loci for primary hyperhidrosis, but the results are 
heterogeneous.

Several pathogenic mechanisms have been offered to 
explain primary hyperhidrosis. The AQP5 gene, located 
on chromosome 12q13.12 is involved in perspiration [18], 
and immunohistochemical analysis has shown a signifi-
cantly higher presence of AQP5 in the basolateral plasma 
membrane and luminal membrane in the epithelial cells of 
sweat glands in patients with primary hyperhidrosis [10]. 
Also, subjects with hypohidrosis in Sjögrens syndrome 
had reduced expression of AQP5 [20]. However, in fami-
lies with primary axillar or palmoplantar hyperhidrosis no 
loci have been identified on the AQP5 gene [9, 18]. Other 
candidate genes are PLB1 and PPP1CB on chromosome 
2 that encode for phospholipase B1 and a subunit in the 
serine/threonine-protein phosphatase PP1, respectively 
[11]. Phospholipase B1 supports epidermal skin function 
and sperm cell exocytosis [11]. Serine/threonine-protein 
phosphatase PP1 is a regulatory protein that the authors 
hypothesize influences AQP5 function and sweat gland 
secretion [11]. Other suggested genes are NDR2 on chro-
mosome 14 that is involved in nervous system growth 
and the ABC11 gene on chromosome 16 that encodes for 
an ATP binding cassette subfamily C member 11 that is 
linked to ear wax and axillar odor [11, 18]. There are sev-
eral hereditary disorders presenting with hyperhidrosis and 
a variety of other symptoms. The nail-patella syndrome is 
an autosomal dominant genodermatosis associated with 
a locus on chromosome nine and pedigrees show links 
to hyperhidrosis [31]. Mal de Meleda is an autosomal 
recessive disease with palmoplantar keratoderma, hyper-
hidrosis, and erythema [13]. Genome analyses on two con-
sanguineous families indicated a locus on chromosome 
eight [13]. X-linked mental retardation is a group of more 
than 100 syndromes and in a family of 13 individuals a 
candidate gene was identified on Xp11.4-Xp22.11, and 
12 of the subjects had concomitant hyperhidrosis [34]. 

Hyperchlorhidrosis is a disorder with increased loss of 
chloride in sweating that is caused by mutation in CA12 
[12]. Digital clubbing and hyperhidrosis are characteristics 
of primary hypertrophic osteoarthropathy, and it is caused 
by a mutation in 15-hydroxyprostaglandin dehydrogenase 
gene [3]. Palmoplantar keratoderma of Bothnian type may 
be linked to hyperhidrosis and in a case report a missense 
mutation in the AQP5 gene was identified [24]. Crisponi 
syndrome manifests with hyperthermia, feeding difficul-
ties, scoliosis, and cold-induced sweating, and is the result 
of a mutation in the cytokine receptor-like factor 1 [2].

There are two to four million sweat glands covering the 
human body. Most of these are eccrine, and they are located 
all over the skin, including on palms and soles [16, 33]. They 
produce an odorless sweat and are activated by exercise, 
heat, and stress [16, 33]. Apocrine sweat glands are concen-
trated to the anogenital area, axilla, and breast, and secrete 
a viscid fluid into hair follicles primarily from the start of 
puberty [16, 33].

The sympathetic nervous system innervates sweat glands, 
and signals are mediated by the neurotransmitters acetylcho-
line and norepinephrine [33]. The exact pathophysiological 
mechanism behind hyperhidrosis remains unknown. How-
ever, signals from thermoregular receptors to the hypo-
thalamic sympathetic center plays a role in sweat produc-
tion. Nerve fibers then descend through the brain stem and 
connect to the intermediolateral column in the spinal cord 
before they synapse in the paravertebral sympathetic gan-
glion and innervate the peripheral sweat gland [16]. Mor-
phologically is there no difference between sweat glands 
themselves in individuals with primary hyperhidrosis and 
controls [10, 36]. There is however evidence for increased 
number of ganglions cells, concentration of acetylcholine, 
and myelination in sympathetic ganglions in subjects with 
primary hyperhidrosis [7, 8, 37].

Several limitations are present in the reviewed studies. 
Methods for classification of hyperhidrosis varied between 
studies, including physical examination [21, 32], qualitative 
iodine starch tests [22], quantitative measurements [18, 38], 
or review of medical records [26, 27, 30]. Different surveys 
and interviews were used based on the Hornberger’s criteria 
[9, 25, 28, 29] or other questionnaires [11, 15, 21]. Further-
more, disease penetrance, mode of inheritance, and reports 
of familial hyperhidrosis may all be affected by recall bias, 
as data was collected from interviews [9, 15, 21, 28, 29, 32, 
38]. Owing to the socially distressing aspects of sweating, 
there is a risk for underreporting or disease denial [27, 32]. 
Similar factors can affect the sweating directly, e.g. making 
the differentiation between primary hyperhidrosis and hyper-
hidrosis secondary to e.g. social stress or anxiety, difficult. 
Also, the results may be biased by mostly including sub-
jects with the severe form of hyperhidrosis [22, 23, 32], and 
selecting study populations with narrow age ranges [25, 28].
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In view of the many possible pathogenic mechanisms that 
underlie hyperhidrosis and the limited data available it is 
clear that additional data are needed to establish the genetic 
background of this most distressing condition. Most obvi-
ously, this information should be derived from unbiased, 
data-driven analysis of the genetics on larger patient cohorts.
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