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ABSTRACT

Background: Topical anticholinergics have
been reported to be effective in managing
hyperhidrosis (HH) given the recent approval of
glycopyrronium tosylate.
Objective: This review aimed to examine the
effectiveness of emerging topical anticholiner-
gic treatments for HH and their associated
adverse effects in comparison to current treat-
ment options.
Methods: We conducted a search within the
PubMed and Embase databases for current and
emerging topical anticholinergic treatments for
primary HH.
Results: The topical anticholinergics that have
been recently investigated for use in HH include
glycopyrrolate, oxybutynin, sofpironium bro-
mide, and umeclidinium. The only agent cur-
rently FDA approved is glycopyrrolate.

Conclusion: Knowledge of topical anticholin-
ergic treatment options is important for patient
care when managing HH. This review shows
that while available safety data thus far are
limited, emerging topical anticholinergics pose
minimal known human risks.

Keywords: Hyperhidrosis; Topical
anticholinergics; Oxybutynin; Sofpironium
bromide; Umeclidinium

Key Summary Points

Hyperhidrosis (HH) is a chronic condition
that has potential for a debilitating course.

Current treatment modalities for HH are
limited with varying side effects.

Systemic anticholinergics have shown
benefit in reducing sweat production in
HH; however, the associated side effects
are limiting factors for use.

Currently, the only approved topical
anticholinergic for use in HH is
glycopyrronium tosylate.

Topical anticholinergics currently under
investigation include oxybutynin,
sofpironium bromide, and umeclidinium,
each of which has shown a reduction in
sweat and anticholinergic-related side
effects.
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INTRODUCTION

Primary hyperhidrosis (HH) is the presence of
increased sweating in the absence of a physio-
logical trigger or underlying identifiable patho-
logical cause. It is due to the over activity of the
reflex circuits stimulating the eccrine glands [1].
There is no increase in the number of eccrine
glands as once speculated [2]. Excessive sweat-
ing is primarily found in focal body regions
such as the palms, axilla, soles of feet, or cran-
iofacial region [3]. HH is often a disregarded
condition that can have a significant debilitat-
ing impact on patients’ psychosocial function-
ing owing to its persistent nature [4]. It can
cause limitations to work, social interactions,
relationships, and quality of life. In addition to
discomfort, skin maceration from persistent
moisture can lead to bacterial and/or fungal
overgrowth. Treatment options are based on
anatomic location and severity of HH. It ranges
from topical and systemic treatments, botuli-
num toxin, iontophoresis, radiofrequency
microneedling, microwave thermolysis, and
surgical procedures [5]. Topical anticholinergics
are useful medications in the treatment of HH
and are often favored given the decreased risk of
anticholinergic effects compared with oral
anticholinergics. Anticholinergic agents work
by inhibiting the acetylcholine-induced activa-
tion of eccrine sweat glands [6]. Glycopyrro-
nium tosylate (GT) 2.4%, a quaternary amine, is
a towelette premoistened with glycopyrronium
that is applied topically and is currently the
only topical anticholinergic approved in the
USA for primary axillary HH [7].

However, even with the range of available
therapies, patients are often recalcitrant to
treatment and/or discontinue treatment owing
to unpleasant side effects. The formulation of
topical anticholinergics is expected to minimize
the unpleasant side effects associated with sys-
temic anticholinergics. This review aimed to
investigate the data available on the effective-
ness of emerging topical anticholinergic treat-
ments for HH and the extent of associated side
effects.

MATERIALS AND METHODS

A literature search was performed using the
PubMed database with the keywords ‘‘primary
hyperhidrosis’’ and ‘‘topical anticholinergics.’’
The specifics of article selection and exclusion
criteria are detailed in Fig. 1. Primary outcomes
focused on safety and tolerability. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.

RESULTS

Forty articles met the inclusion criteria of topi-
cal anticholinergics as a treatment for primary
HH in the adult population and were included
in the review.

Hyperhidrosis Treatment

Topical Anticholinergics
Topical anticholinergics are useful medications
in the treatment of HH and are often favored
given the decreased risk of anticholinergic
effects compared with oral anticholinergics. GT
2.4%, a quaternary amine, is a topical pre-
moistened towelette and is currently the only
topical anticholinergic approved in the USA for
primary axillary HH [7]. Although approved for
primary axillary HH, studies have also been
performed to assess its efficacy in facial HH [8].
Two well-known randomized, double-blind,
vehicle-controlled phase III trials, ATMOS-1 and
ATMOS-2, demonstrated high efficacy and
safety profile of GT [9]. The adverse effects
reported throughout the trial were deemed to
be an acceptable level [10]. Overall, the anti-
cholinergic-related adverse events were mild to
moderate with most side effects occurring early
on and resolving without need for interruption
or withdrawal of GT [11]. Glaser et al. demon-
strated a C 50% reduction in baseline axillary
sweat production by week 4 of topical applica-
tion (Table 1) [12]. A long-term open label
extension study further examined the effec-
tiveness of GT with continued long-term use in
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which positive clinical response remained
throughout [13, 14]. It was also noted that sys-
temic absorption with GT was significantly
lower when compared with oral glycopyrrolate

in addition to decreased risk of anticholinergic
effects [15].

Overall, GT was well tolerated, though the
most reported adverse events included dry

Fig. 1 The specifics of article selection and exclusion criteria
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mouth, application site pain, and mydriasis
[16]. To further decrease the risk of anticholin-
ergic effects, it is recommended that patients
wash their hands immediately with soap and
water. Contraindications to use include patients
with medical conditions that can be worsened
by the anticholinergic effects of GT, including
but not limited to glaucoma, paralytic ileus,
myasthenia gravis, Sjögren’s syndrome, and
toxic megacolon complicating ulcerative colitis
[16]. Although GT is recommended for use once
daily, it is expensive when compared with
topical aluminum chloride hexahydrate

therapies [17]. Once-daily topical application of
GT has the potential to reduce the disease bur-
den in patients with axillary HH.

A study compared topical glycopyrrolate 2%
to botulinum toxin A, a commonly used treat-
ment for facial HH, and it was found to have
comparable positive results [18]. More recently,
glycopyrronium bromide 1% cream was evalu-
ated for the safety and efficacy in patients with
primary axillary HH in a randomized controlled
trial over the course of 4 weeks [19]. It was
found to be both efficacious and safe, with the
most commonly reported side effect being dry

Table 1 Topical anticholinergics for treatment of hyperhidrosis

Agent Mechanism of action HH
location

Key results/findings

Glycopyrronium

tosylate (GT)

Competitively inhibits acetylcholine

receptors found on peripheral tissues

(including sweat glands) [16]

Axillary GT demonstrated a significant reduction in

the severity of sweat production over the

course of 4 weeks with once-daily

application. [12] Anticholinergic effects were

mild or moderate and transient leading to

discontinuation only infrequently [12]

Oxybutynin Inhibits M1, M2, and M3 muscarinic

acetylcholine receptors, M3 receptors

are present on sweat glands [32]

Axillary,

palmar,

plantar

47.8% of patients with axillary HH reported

erythema and pruritus upon application.

[24] 50% of patients with plantar HH

reported that oxybutynin was ‘‘sticky’’ and

unpleasant to use. Twice-daily application of

10% oxybutynin gel resulted in a significant

reduction in HDSS [24]

Sofpironium

bromide

Inhibits muscarinic receptors in eccrine

glands. [25]

Axillary C 1 or 2 points improvement in HDSM-Ax

from baseline and a 50% or more reduction

in total gravimetric weight of sweat. [33]

Side effects were typical of anticholinergic

symptoms in addition to dermatitis and

irritant reactions [26]

Umeclidinium

(UMEC)

Long-acting muscarinic antagonist,

reducing the overproduction of

perspiration. [28]

Axillary,

palmar

A decrease in sweat was noted from day 3 of

application and the HDSS. [34] The most

common reported side effects were

application site reactions. [28]

Greater absorption through the axillae than

the palm
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mouth. Therefore, both the gel and cream for-
mulation appear to be efficacious in treating
HH.

Topical oxybutynin gel is currently approved
for the treatment of an overactive bladder in
adults [20]. It is a small tertiary amine molecule
with a 62–84 h half-life when applied topically
to the abdomen, upper arm/shoulder, or thigh
(Table 2) [21]. Given its long half-life, it is a
superior option over other topical HH therapies
such as aluminum chloride (a first-line therapy
for HH). In comparison, glycopyrronium has a
significantly shorter half-life of 3 h [15]. Nguyen
et al. investigated the use of topical oxybutynin
3% gel for the treatment of axillary HH in 10
patients and concluded that HH severity was

reduced over a study period of 4 weeks [20].
Three patients reported mild application site
irritation that resolved within 2 weeks after
stopping application, two patients reported
xerostomia that lasted one day, and one patient
reported constipation and blurry vision that
was temporally associated with opioid use after
elective surgery. In comparison to the gel for-
mulation, the cream formulation of oxybutynin
was examined in a small number of patients and
was found to have good efficacy assessed by a
reduction in hyperhidrosis disease severity scale
(HDSS) and tolerability [22].

The likely reason that systemic anticholin-
ergic effects were rarely observed is due to the
fact that transdermal application of oxybutynin

Table 2 Clinical properties of topical anticholinergics

Agent Clinical properties Absorption Long-term use
concern

Trials assessing concern

Glycopyrronium

tosylate (GT)

Permanently charged quaternary amine

therefore minimizes

oral bioavailability and blood–brain

barrier permeability. [35] The diffusion

of the active drug is insufficient for the

induction of the systemic response,

which significantly reduces the possible

adverse reactions. [9] In particular,

CNS-related adverse effects [36]

Minimal None A safety analysis showed

no phototoxic,

genotoxic, or

carcinogenic effect [9]

Oxybutynin Tertiary amine structure provides ability to

cross the blood–brain barrier given its

lipophilic nature [34]

Moderate Neurotoxicity

(dementia

should be

considered)

None

Sofpironium

bromide

Similar in chemical structure to

glycopyrronium bromide. It has a high

binding affinity for the M3 cholinergic

receptor at the local site of

administration, but is hydrolyzed at the

ester linkage to less active metabolites

upon entry into blood [31]

Minimal Unknown Phase II and III studies

completed, currently

approved in Japan

Umeclidinium

(UMEC)

Long-acting muscarinic antagonist with

minimal ability to cross the blood–brain

barrier

Minimal Unknown Limited studies, one

phase II and III study
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avoids the hepatic and gastrointestinal first-pass
metabolism, reducing the metabolism of its
active metabolite, N-desethyloxybutynin (N-
DEO), responsible for anticholinergic side
effects [23]. Similarly, another study investi-
gated the use of topical oxybutynin 10% gel in a
placebo-controlled split study and concluded
that twice daily application showed a signifi-
cant sweat reduction in primary HH as assessed
by the HDSS [24]. HH was assessed in axillae,
palmar, and plantar sites. Reported side effects
included erythema and pruritus upon applica-
tion; however, this was attenuated by instruct-
ing patients to wait at least 2 days between
shaving in addition to application on clean and
dry skin at room temperature [24]. In this study,
8/16 (50%) of patients with plantar HH reported
that the 10% topical gel was ‘‘sticky’’ and
unpleasant to use. As a result, a total of four
patients (25%) discontinued use owing to the
sticky nature (Table 1) [24]. No systemic anti-
cholinergic side effects were reported. Overall,
74% of patients reported a moderate to high
satisfaction rate, with most satisfaction seen in
those treated for plantar HH [24].

Sofpironium bromide is an ester analog of
glycopyrrolate that inhibits muscarinic recep-
tors in eccrine glands (Table 2) [25]. Although
not yet approved in the USA, it was recently
approved for primary axillary HH in Japan in
2020 [26]. It is available in a topical gel that has
been tested at varying concentrations (5%, 10%,
and 15%) with a significant reduction in axil-
lary HH assessed through the hyperhidrosis
disease severity measure-axillary (HDSM-Ax) by
1 or 2 points [25]. Reported side effects included
those typical of anticholinergic effects (blurred
vision, dry mouth, mydriasis, urinary hesita-
tion, constipation, and dry eyes) (Table 1). Sof-
pironium bromide is contraindicated in angle-
closure glaucoma and in patients with dysuria
secondary to benign prostatic hyperplasia
owing to its anticholinergic effects [27]. Addi-
tionally, it is recommended against use on
broken skin (atopic dermatitis, wounds, etc.)
owing to an increased risk of absorption leading
to anticholinergic side effects. This is helpful in
reducing the risk of mydriasis and other asso-
ciated anticholinergic effects. The unique aspect
of sofpironium’s application is delivery through

a metered pump that allows for a no-touch
application [25]. This is helpful in reducing the
risk of mydriasis and other associated anti-
cholinergic effects.

Umeclidinium (UMEC) is a long-acting
muscarinic antagonist that is currently used as a
bronchodilator for respiratory conditions. It was
investigated as a topical dermal formulation for
use in HH [16]. UMEC has a similar potency to
topical glycopyorrolate [28]. The proposed
mechanism of action in HH is the blockage of
muscarinic receptor stimulation by acetyl-
choline, therefore reducing the overproduction
of perspiration [28]. Although not currently
approved for use in HH, its efficacy was evalu-
ated through topical administration on
humans. The most common reported adverse
events were mild application site reactions (28%
of patients) [29]. Anticholinergic-related side
effects included headache, dizziness, syncope,
abnormal sensation in the eye, and bronchitis.
Notably, urinary hesitancy was reported in one
patient that started 3 days after the first appli-
cation and lasted in duration for 13 days [28].
Authors concluded that this adverse reaction
was directly related to UMEC application. The
phase II study showed that UMEC was system-
ically absorbed at a slow rate after topical
administration and significantly reduced sweat
production comparable to the control (Table 1)
[28]. Additionally, the gravimetric scale and
total HDSS score both displayed maximum
reduction at the end of the treatment period
[28]. Therefore, the study suggested that UMEC
has potential for clinical use in the treatment of
HH but would require further evaluation for
systemic absorption.

Another study that investigated the phar-
macokinetics of UMEC displayed greater
absorption through the axilla than the palm
[30]. More recently, a phase III 52 week study
conducted in Japan assessed the safety and tol-
erability with long-term use in patients with
primary axillary HH. The incidence of AEs was
80.9% in the group that started off receiving the
vehicle and switched to sofpironium midway,
and 83.5% in group that received sofpironium
from day one [31]. Anticholinergic AEs included
headache, mydriasis, dysuria, dry mouth, vision
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blurred, thirst, constipation, insomnia, and
nausea.

Other Treatments

Historically, the current approach for manage-
ment of primary HH includes first-line therapy
of topical antiperspirants (aluminum chloride
hexahydrate or other aluminum salts) and/or
lifestyle modifications [5]. Aluminum chloride
works through the production of its metal salts
that interact with sweat mucopolysaccharides
forming precipitates that block the eccrine
sweat gland duct lumen [37]. Lifestyle modifi-
cations include avoiding HH triggers such as
spicy foods, alcohol, crowded areas, and emo-
tional arousal [37]. Tight clothing and occlusive
footwear can also worsen symptoms and there-
fore avoidance is recommended. Another treat-
ment, iontophoresis, is a long-term treatment
for palmar and plantar HH. Iontophoresis
involves placing the affected area in tap water
while delivering an electrical current through
intact skin [5]. This treatment has been specu-
lated to inhibit sympathetic nerve transmission,
obstruct sweat glands by ions, and cause dys-
function of eccrine gland secondary pH alter-
ations [38].

Procedural therapeutic options generally
range from less invasive to more invasive
options, such as botulinum toxin A (BTX)
injections, surgical curettage, and, for severe
refractory cases, endoscopic sympathectomy
[34]. BTX inhibits acetylcholine release and
works by temporarily blocking eccrine sweat
gland function. However, the significant pain
associated with injections is often a limiting
factor. Nasser et al. investigated modalities to
relieve pain associated with BTX injections and
concluded that nerve blocks, intravenous
regional anesthesia, and needle-free anesthesia
are great options for anesthesia [39]. The issue is
that these options required specialized training
and equipment. Alternative less effective
options for pain control include ice application,
topical anesthesia, vibration, and cryoanalgesia
[39]. Originally, it was once thought that topi-
cal anticholinergics should be considered when
a patient has failed all other nonsurgical

treatments [40]. However, currently in many
countries, the initial treatment for HH in clini-
cal practice is oral oxybutynin. More recently,
systemic anticholinergic agents such as oral
oxybutynin and glycopyrrolate have been
shown to be beneficial; however, there is an
increased risk of systemic adverse effects [34].
Those symptoms include dry mouth, blurred
vision, headache, dizziness, and gastrointestinal
complaints. Therefore, new topical anticholin-
ergics have been studied and were found to
provide comparable efficacy with a reduction in
unpleasant side effects [34].

DISCUSSION

The treatment of HH ranges from topical ther-
apies to injections and surgical options. While
varying treatments are available, patient satis-
faction is often a limiting factor. The emergence
of additional formulations of topical anti-
cholinergics has provided patients and provi-
ders with equally effective options with fewer
side effects as compared with oral anticholin-
ergics. We reviewed the topical anticholinergics
in comparison to other available treatment
options for HH and concluded that topical
anticholinergics are an effective treatment
option for the management of HH. There is an
increase in the convenience of use without any
painful associations in comparison to BTX or
surgical options. In particular, although topical
oxybutynin and UMEC are not currently
approved for use in HH, both showed a reduc-
tion in HH when compared with presently
approved HH treatments. It should be noted
that the anticholinergic-related side effects are
not completely absent with the use of a topical
over oral agent; however, it is reduced. While
new topical anticholinergics seem like a
promising approach to treating HH, the con-
cern remains for possible systemic absorption
(Table 2). The use of topical anticholinergic
agents for HH may also be limited by local side
effects of irritation, redness, and itching. Fur-
thermore, the feel of the formulation itself may
be unpleasant for the patient and limit use. For
example, half of plantar HH patients using
oxybutynin 10% gel reported having a ‘‘sticky’’
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sensation and unpleasant feeling [24]. Further
studies should assess the extent of systemic
absorption associated with topical anticholin-
ergics and possibly compare the efficacy of oral
anticholinergics compared with topical
anticholinergics.
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