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ABSTRACT

Introduction: Hyperhidrosis is associated with
social and emotional stress due to limitations
on health-related quality of life. This study
examined real-world treatment patterns and
concomitant depression and/or anxiety in
patients with hyperhidrosis.

Methods: Commercial health plan members in
the US with > 2 hyperhidrosis diagnosis codes
and/or antiperspirant prescription claims were
identified from January 2010 through Novem-
ber 2017. A control cohort (CC) of patients
without hyperhidrosis was matched to the
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hyperhidrosis cohort on demographic charac-
teristics. Depression and/or anxiety were iden-
tified by > 1 relevant diagnosis code or
pharmacy claim. A multivariable logistic
regression model estimated odds of treatment
in the hyperhidrosis cohort, and depression/
anxiety in the hyperhidrosis cohort and CC,
adjusting for patient characteristics.

Results: A total of 44,484 patients with hyper-
hidrosis were identified, of whom 58.5% were
female, with a mean (£ standard deviation) age
of 36.5 + 16.5 years (83.5% > 18 years). A small
majority of patients (51.6%, 0.69/person-year)
received treatment with prescription antiper-
spirants. Post-index oral systemic therapies,
medical procedures, and surgical options were
uncommon. At 12 months post-index, 48.4% of
the sample had not filled a prescription for
extra- or prescription-strength antiperspirants.
Compared with the CC (n = 137,451), a higher
percentage of patients with hyperhidrosis had
depression or anxiety reported during follow-up
(41.1 vs. 28.2%, p < 0.001); this corresponded
to higher adjusted odds of depression/anxiety
in patients with hyperhidrosis [odds ratio
(OR) 1.76, 95% confidence interval (CI)
1.72-1.80, p < 0.001]. Baseline depression and/
or anxiety were associated with lower odds of
receiving hyperhidrosis treatment (OR 0.77,
95% CI 0.73-0.80), as was increasing age and
male gender. Patients with hyperhidrosis also
had more frequent incident depression/anxiety
during follow-up (18.2 vs. 10.6%, p < 0.001).
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Conclusion: In this real-world analysis, hyper-
hidrosis was associated with increased odds of
depression and/or anxiety. However, relatively
low percentages of patients received prescrip-
tion topical or oral treatments or underwent
surgery, suggesting that tolerability, efficacy,
and provider awareness may be limiting factors
in the effective treatment of hyperhidrosis.

Keywords: Anxiety; Depression; Hyperhidrosis

Key Summary Points

The prevalence of hyperhidrosis in the
USA is estimated to be 4.8%; however,
patients may be underdiagnosed,
undertreated, and may not seek treatment
for symptom relief.

Hyperhidrosis is associated with social and
emotional distress, yet rates of diagnosed
anxiety and depression have not been
evaluated among a large, nationally
representative cohort of hyperhidrosis
patients.

In this study we evaluated treatment rates
and patterns among individuals in the
USA diagnosed with hyperhidrosis and
estimated the incidence and prevalence of
depression and anxiety among these
patients.

Many of these patients with hyperhidrosis
did not receive treatment for their
condition, and compared to matched
controls, patients with hyperhidrosis had
higher adjusted odds of depression and/or
anxiety (odds ratio 1.76, 95% confidence
interval 1.72-1.80, p < 0.001).

Hyperhidrosis may have a considerable
impact on the quality of life and mental
health which may be comparable to that
associated with other chronic and
impactful conditions.

Providers who treat hyperhidrosis should
recognize the potential for comorbid
anxiety and depression, and screening for
these conditions and linking patients with
mental health resources may help to
improve patients’ overall health and well-
being.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12821228.

INTRODUCTION

Hyperhidrosis is characterized by excessive
sweating beyond that which is physiologically
indicated to maintain normal thermal home-
ostasis [1]. In hyperhidrosis, this excessive
sweating occurs regardless of environmental
temperature [2] and is frequently accompanied
by concomitant social and emotional stress [3].
Hyperhidrosis is caused by the overactivation of
cholinergic receptors responsible for sweat
gland activation [4], and sweat production
among patients with hyperhidrosis is about
four- to fivefold greater than that of individuals
without the condition [5].

Primary hyperhidrosis is idiopathic and
usually multi-focal [2] and results from overac-
tivity of the sympathetic nerves. The most fre-
quently affected areas are the axillae, the palms
of the hands, soles of feet, and craniofacial
regions [6, 7]. Diagnostic criteria for primary
focal hyperhidrosis includes focal, visible, and
excessive sweating of at least 6 months’ dura-
tion without apparent cause, in addition to at
least two of the following characteristics:
sweating is (1) bilateral and symmetric, (2)
impairs daily activities, (3) occurs at least once
per week, (4) has onset before 25 years of age,
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(5) is associated with a family history of primary
idiopathic hyperhidrosis, and (6) typically cea-
ses during sleep [8]. Secondary hyperhidrosis is
excessive sweating that is attributable to
underlying medical conditions or medications.

The prevalence of hyperhidrosis in the USA,
including those who may be undiagnosed, is
estimated at 4.8%, or 15.3 million affected
individuals [2]. However, patients may be
underdiagnosed and undertreated, and they
may not seek treatment for their condition. For
example, one study conducted among 393
patients with probable hyperhidrosis reported
that only about half of respondents stated that
they discussed their excessive sweating with a
healthcare professional [2]. Thus, diagnosed
prevalence rates based on retrospective admin-
istrative claims studies are much lower than the
overall prevalence estimate cited above, and
range from 0.1 to 0.4% [9, 10].

First-line treatment recommendations for
primary focal axillary hyperhidrosis include a
topical antiperspirant that may be either a
clinical-strength formulation available over the
counter or a prescription-strength formulation
containing aluminum and zirconium salts, or
glycopyrronium cloth, which was approved in
June 2018 and made commercially available in
October 2018 for treatment of primary axillary
hyperhidrosis in the USA [11, 12]. Second-line
therapies include focal injections of botulinum
toxin A or microwave thermolysis, although
botulinum toxin A may be used as a first-line
therapy in severe cases [13]. Other options for
persistent symptoms of hyperhidrosis include
oral systemic therapies, such as glycopyrrolate
or oxybutynin, removal of sweat glands (suc-
tion curettage), and endoscopic thoracic sym-
pathectomy surgery [11].

Hyperhidrosis may induce stress and impact
individuals’ social and professional lives, and
may be associated with a reduced quality of life
and mental health issues. Patients report a sig-
nificant quality of life impairment that impacts
all aspects of their lives, including social
embarrassment, interference with daily living
activities, employment, and  intimacy
[3, 13, 14]. To date, limited information is
available on the impact of hyperhidrosis on
mental health conditions, such as depression

and anxiety, from observational studies con-
ducted in real-world settings. A 2019 systematic
review identified seven studies which examined
the association between primary hyperhidrosis
and anxiety and depression, with the authors
concluding that there is a dearth of research
describing the psychological impact of hyper-
hidrosis [15]. A 2016 case—control study found
higher adjusted odds of anxiety [odds ratio
(OR) 3.25, 95% confidence interval (CI)
2.40-4.50] and depression (OR 3.23, 95% CI
2.40-4.30) among patients with hyperhidrosis
compared to those without, with the adjusted
odds of anxiety and depression increasing with
hyperhidrosis severity [16]. A 2014 cross-sec-
tional study of patients with severe primary
hyperhidrosis in Brazil estimated that almost
half (49.6%) had anxiety, while 11.2% had
depression, suggesting a significant mental
health burden among persons with hyper-
hidrosis [17]. However, the real-world rates of
diagnosed anxiety and depression have not
been evaluated among a large, nationally rep-
resentative cohort of hyperhidrosis patients in
the USA. Additional research is warranted to
characterize the association between mental
health and hyperhidrosis among larger patient
populations, as well as to characterize current
treatment patterns in usual-care settings.

The objective of this study was to describe
both patient and treatment characteristics and
to estimate the prevalence of depression and
anxiety among patients with hyperhidrosis in
the USA. Secondary objectives were to identify
patient factors associated with hyperhidrosis
treatment, and incident depression and/or
anxiety, among patients with hyperhidrosis.

METHODS

Data Source

This retrospective study used administrative
claims data and linked enrollment information
from 1 January 2009 through 30 November
2018 obtained from the Optum Research Data-
base (ORD), a de-identified research database
that contains medical and pharmacy claims
data for commercial and Medicare Advantage (a
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government plan administered by private-sec-
tor health insurers) health plan enrollees in the
USA. Since the patient-level data used for this
study were de-identified, Institutional Review
Board approval was not required for this study.

Study Inclusion Criteria

Inclusion criteria for a hyperhidrosis patient
comprised at least one of the following two
criteria between 1 January 2010 and 30
November 2017 (identification period): (1) a
prescription claim for a prescription-strength
antiperspirant’ (2) an International Classifica-
tion of Diseases and Related Health Problems
(ICD), ninth revision (-9) or tenth revision (-10)
diagnosis code for hyperhidrosis in any position
from a medical claim (ICD-9: 780.8, 705.21,

705.22; ICD-10: R61, L74510, L74511, L74512,
L74513, L74519, L7452) (Fig. 1). The index date
was defined as the earliest qualifying encounter
(ICD code or prescription claim) during the
identification period. Cohort patients were
required to have at least 24 months of contin-
uous health plan enrollment. The required
12 months of continuous enrollment prior to
the index date was defined as the baseline per-
iod, which was used to identify patient charac-
teristics at the time of study initiation. Cohort
patients were also required to have at least
12 months of continuous enrollment subse-
quent to the index date in order to enable the
assessment of clinical characteristics and treat-
ment patterns during the study follow-up per-
iod. The study follow-up period for each
patient, which was at least 12 months in dura-
tion starting on the index date, ended at the

=1 of the following: A prescription claim for a prescription-strength antiperspirant or an ICD-S or ICD-10
diagnosis code for hyperhidrosis in any position between January 1, 2010- November 30, 2017
(n=309,709)

Continuous enrollment in the health plan with medical and pharmacy benefits for 12 months before the
index date and >12 months beginning with the index date
(n=143,876)

No medical claims for botulinum toxin A, microwave thermolysis, suction curettage, iontophoresis, or
endoscopic thoracic sympathectomy specific to hyperhidrosis during the pre-index period, or within 7
days before or after index date for codes indicating procedures not specific to hyperhidrosis; no
pharmacy claims for systemic therapies within 7 days before or after index date
(n=137,451)

Final Sample
>1 additional claim to confirm diagnosis of hyperhidrosis during the post-index period, and valid data for
gender, age, and geographic region
(n=44,484)

Fig. 1 Flowchart of hyperhidrosis patient selection. ICD-9/-10 International Statistical Classification of Diseases and

Related Health Problems, 9th/10th revision
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earlier of disenrollment or the end of the study
period. This variable follow-up period was used
to analyze measures specific to patients with
hyperhidrosis and constituted a preliminary
‘non-confirmatory  hyperhidrosis’  patient
cohort (n = 143,876).

To construct a ‘confirmatory hyperhidrosis’
patient cohort, at least one additional prescrip-
tion claim or diagnosis code during the follow-
up period was required. This confirmatory
hyperhidrosis cohort also required both of the
following: (1) no medical claims for botulinum
toxin A, microwave thermolysis, suction curet-
tage, iontophoresis, or endoscopic thoracic
sympathectomy during the pre-index period,
for codes indicating procedures specific to the
treatment of hyperhidrosis, and (2) no medical
claims for botulinum toxin A, microwave ther-
molysis, suction curettage, iontophoresis, or
endoscopic thoracic sympathectomy, and no
pharmacy claims for oral systemic therapies,
within 7 days preceding/following the index
date, for codes indicating procedures or medi-
cations not specific to the treatment of hyper-
hidrosis (Fig. 1). For patients whose index date
was in 2010 (i.e., the first year of the observa-
tion period), evidence of hyperhidrosis was
further sought in 2009 in order to ensure that a
code for a procedure or medication not specific
to the treatment of hyperhidrosis was not pre-
sent within 7 days of such evidence. Finally,
eligible cohort patients were required to have
valid data for gender, age, and geographic
region in the ORD (Fig. 1).

A control cohort of patients without hyper-
hidrosis was used to compare characteristics to
patients with hyperhidrosis. Control cohort
patient inclusion criteria included the follow-
ing: (1) no evidence of hyperhidrosis (medical
claims with diagnoses of hyperhidrosis or
pharmacy claims for prescription-strength
antiperspirant), and (2) the same continuous
enrollment criteria as the hyperhidrosis cohort.
For each patient, all dates corresponding to
healthcare resource utilization (e.g., a claim for
an office visit, inpatient admission, or pre-
scription drug) during the identification period
were identified; subsequently, the index date for
control cohort patients was determined by
random selection of one healthcare resource

utilization date. Control cohort patients were
categorically matched 1:1 to non-confirmatory
hyperhidrosis cohort patients based on index
year, age, gender, and healthcare plan region
(n = 143,876). These patients were followed for
12 months starting on the index date, and
continuous enrollment in their 12-month pre-
and post-index periods and valid data in the
fields of gender, age, and geographic region
were required for inclusion. Study analyses were
conducted on the ‘confirmatory hyperhidrosis’
cohort and all controls identified via matching
to the ‘non-confirmatory’ hyperhidrosis cohort,
and a uniform 12-month follow-up period was
used for the comparative analyses of the
hyperhidrosis and control cohorts.

Study Measures

Primary outcome variables included any treat-
ment for hyperhidrosis (hyperhidrosis cohort
only; variable follow-up period) and a diagnosis
of depression, anxiety, or either depression or
anxiety (hyperhidrosis and control cohorts;
12-month follow-up period). Any treatment for
hyperhidrosis during the follow-up period was
determined by claims history during the variable
follow-up period, as indicated by prescription-
strength antiperspirant, botulinum toxin A
injection, oral systemic therapy, iontophoresis,
surgical interventions (microwave thermolysis,
suction curettage, endoscopic thoracic sympa-
thectomy), and/or glycopyrronium cloth. A
depression diagnosis was determined based on >
1 medical claim with a diagnosis code for
depression in any diagnostic position and/or > 1
pharmacy claim for a medication indicated only
as an antidepressant [Electronic Supplementary
Material (ESM) 1]. A second indicator variable
identified patients with new depression; i.e.,
depression that was not identified during the
pre-index period. Similarly, anxiety was deter-
mined based on > 1 medical claim with a diag-
nosis code for anxiety in any diagnostic position
and/or > 1 pharmacy claim for a medication
indicated only as an anxiolytic (ESM 1). A second
indicator variable identified patients with inci-
dent anxiety. The presence of depression and/or
anxiety was also identified as defined above
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while also including patients without a diagnosis
code for depression or anxiety but with > 1
pharmacy claim for a medication indicated for
the treatment of both depression and anxiety
(ESM 1). A separate indicator variable identified
patients with incident depression or anxiety; i.e.,
depression or anxiety that was not identified
during the baseline period. Depression, anxiety,
and depression and/or anxiety were identified at
baseline and during the 12-month follow-up for
the hyperhidrosis and control groups.

Secondary outcome variables included pro-
portion of days covered (PDC), which is a
measure of adherence to chronic medications
that has been used for dermatologic conditions
in other studies (hyperhidrosis cohort only;
12-month follow-up period) [18]. PDC was used
to estimate patient medication adherence for
prescription-strength antiperspirants and sys-
temic therapies only, since other treatment
regimens did not involve a quantifiable patient
adherence component to therapy. PDC was
calculated for the first 12 months of follow-up
by dividing the number of days on which
medication was available based on filled pre-
scriptions by the number of days between the
earliest prescription claim in the observation
period through the end of the observation per-
iod (i.e., 12months of follow-up). PDC was
measured both as a continuous variable (i.e.,
percentage of time during the follow-up period
“covered” by prescription claims) as well as the
proportion of patients who were adherent,
defined as PDC > 0.8 [18]. Other variables of
interest included index year, age, gender, and
geographic region. Baseline comorbid condi-
tions were captured; these were defined using
indicator variables for specific disease condi-
tions based on ICD-9-CM (Clinical Modifica-
tion) and ICD-10 diagnoses employed by the
Clinical Classifications Software managed by
the Agency for Healthcare Research and Quality
(AHRQ) [19].

Statistical Analysis

All study variables were analyzed descriptively
by calculating counts and percentages for cate-
gorical variables and means, standard

deviations (SD), and medians for continuous
variables. Occurrence, counts, and time until
treatments were summarized. The number of
patients with each treatment and the months to
the first observed claim for treatment were
counted. To account for variable follow-up in
the sample, we also calculated treatments as
incidence rates, with number of events (i.e.,
patients who had the treatment), number of
person-years, and rates of treatments (events)
per person-year. In addition, we performed
Kaplan-Meier analysis of the time to the event
for all patients, censoring for the event or end of
the variable post-index period. Clinical charac-
teristics were compared between the hyper-
hidrosis and control cohorts accounting for
matching: Z tests using robust standard errors in
an ordinary least squares regression analysis
were used for continuous measures; Rao-Scott
tests were used for binary measures. All mea-
sures that were compared between cohorts,
including mental health indicators, were based
on the uniform 12-month follow-up period for
these patients.

Multivariable logistic regression was used to
control for possible confounding of the rela-
tionship between independent variables and
outcomes. The inclusion of specific indepen-
dent variables in each model was determined
using clinical rationale and statistical signifi-
cance (p < 0.05). Regression diagnostics were
used to assess goodness of fit and check for
model assumption violations.

RESULTS

Cohort Attrition

During the study identification period, 309,709
individuals had at least one prescription claim
for a prescription-strength antiperspirant or an
ICD code for hyperhidrosis (Fig. 1). The initial
non-confirmatory hyperhidrosis cohort com-
prised 137,451 patients. Subsequent to applica-
tion of additional study eligibility criteria to
confirm hyperhidrosis diagnosis, the final con-
firmatory hyperhidrosis cohort comprised
44,484 patients who were compared to 137,451
controls without hyperhidrosis.
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Table 1 Demographic and clinical characteristics of patients in the hyperhidrosis and control groups

Demographic and clinical Control group Hyperhidrosis group p value®

characteristics (»n = 137,451) (n = 44,484)

Mean age, years (SD) 40.2 (16.9) 36.5 (16.5) < 0.001

Female, 7 (%) 76,930 (56.0%) 26,028 (58.5%) < 0.001

US census region, 7 (%)
Northeast 15,786 (11.5%) 5517 (12.4%) < 0.001
Midwest 42,254 (30.7%) 13,522 (30.4%) 0.056
South 57,056 (41.5%) 17,843 (40.1%) < 0.001
West 22,322 (16.2%) 7595 (17.1%) < 0.001
Other 33 (0.0%) 7 (0.0%) 0.205

Comorbid conditions, 7 (%)
Respiratory infections 42,227 (30.7%) 17,330 (39.0%) < 0.001
Other lower respiratory infections 20,785 (15.1%) 8840 (19.9%) < 0.001
Other upper respiratory infections 19,394 (14.1%) 8029 (18.1%) < 0.001
Other gastrointestinal disorders 13,438 (9.8%) 6310 (14.2%) < 0.001
Other skin disorders” 28,187 (20.5%) 13,734 (30.9%) < 0.001
Other connective tissue disorders 33,509 (24.4%) 12,745 (28.7%) < 0.001

SD Standard deviation

* p values were computed with clustering, with the Z test using robust standard errors in an ordinary least squares regression

analysis for continuous measures, and the Rao-Scott test for binary measures

® A total of 172 skin conditions were identified in this category that applied to this patient sample. The most common
condition was “other acne” (7 = 4025, or 29.3% of patients identified with “other skin disorders”); diagnosis codes referring
to acne were identified in 4865 patients, or 35.4% of patients identified with “other skin disorders’

Patient Characteristics

The mean age (£ SD) of patients in the hyper-
hidrosis cohort was 36.5 (+ 16.5) years (Table 1)
and that of the control cohort was 40.2 (£ 16.9)
years (p <0.001). Fewer than 1% of hyper-
hidrosis patients were aged < 8 years, and 15.7%
were aged 9-17 years (Fig. 2). The hyperhidrosis
cohort and control cohorts were predominantly
female (58.5 and 56.0%, respectively)
(p < 0.001) (Table 1). The highest proportion of
study patients were from the Southern region of
the USA, consistent with the geographic distri-
bution of enrollment. Comorbid conditions
were more prevalent in the hyperhidrosis
cohort than among controls (all p < 0.001). The

19.5%

15.7% 16.7% 17.0% 16.4%
15% 13.9%
10%
5%
0.8%
0% —

0-8 9-17 18-24 25-34 35-44 45-54 55+
Age Group (years)

Percentage of Patients

Fig. 2 Age distribution of hyperhidrosis cohort

most common comorbid conditions among
hyperhidrosis patients were respiratory infec-
tions (39.0%), other skin disorders (30.9%), and
other connective tissue disorders (28.7%). Of
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Fig. 3 Overall proportion of patients receiving treatments
and procedures in the hyperhidrosis cohort (a) and
Kaplan—Meier analysis of adjusted time to treatments
and procedures (b). a Percentages do not take variable
follow-up period into account. b Glycopyrronium cloth,

note, the three most common ICD diagnosis
codes for other skin disorders included acne
(9%), rash and other non-specific skin eruption
(3%), and actinic keratosis (3%).

72 84 g6

microwave thermolysis, and suction curretage were also
measured, but as very few patients had these treatments,
their trend lines are not shown. The log-rank test was used
for assessing equality of survival distributions

More than half of hyperhidrosis patients
were treated with a prescription-strength
antiperspirant within 12 months of the index
date (51.6%), 13.1% were treated with oral
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Table 2 Therapies and procedures initiated by the hyperhidrosis cohort (z = 44,484)
Therapy or procedure Time (in months) Incidence rates PDC®,
to first occurrence Events Person-ycars Rate per mean (SD)
of therapy or procedure,
a person-years
mean (SD)
Prescription-strength antiperspirants 1.4 (6.3) 57,756 83,472 0.69 0.13 (0.09)
(n = 22,954)
Glycopyrronium cloth (7 = 6)° 28.7 (27.8) 6 15 0.40
Oral systemic therapies (z = 5823) 169 (19.1) 40,965 22,709 1.80 0.30 (0.28)
Botulinum toxin A (» = 1104) 15.1 (19.5) 3683 4530 0.81
Microwave thermolysis (7 = 58) 19.9 (17.8) 379 239 1.59
Suction curretage (7 = 70) 19.7 (18.2) 105 279 0.38
Iontophoresis (7 = 463) 22.9 (20.8) 1733 2097 0.83
Endoscopic thoracic sympathectomy  15.0 (21.8) 98 338 0.29

(n = 85)

PDC Proportion of days covered

* Times do not account for variable follow-up period within sample
> PDC was calculated over 12 months for prescription medications and/or antiperspirants only
¢ Glycopyrronium cloth was not available in the USA until October 2018 (study included data through November 2018)

systemic therapies, 2.5% with botulinum toxin
A, and < 1% with iontophoresis, microwave
thermolysis, suction curettage, or endoscopic-
thoracic sympathectomy (Fig. 3a). Kaplan-Me-
ier analysis of adjusted time to treatments and
procedures confirmed that a low proportion of
patients received procedures to treat hyper-
hidrosis and that a substantial period of time
elapsed before patients eventually received
treatment and procedures (Fig. 3b; ESM 2). In
the wvariable follow-up period, prescription-
strength antiperspirants were initiated earliest
among all treatments (Table 2), with a mean
time (+ SD) from index date of 1.4 (& 6.3)
months. Other therapies and procedures were
not initiated, on average, until > 1 year follow-
ing the study index date (range of
means 15.0-28.7 months). Mean time to initia-
tion for oral systemic therapies was 16.9
(£ 19.1) months. Incidence rates adjusted for
the variable follow-up period ranged from 0.29
(endoscopic thoracic sympathectomy) to 1.80
(oral systemic therapies) per person-year. Med-
ication adherence, as measured by PDC, was low

for oral systemic therapies (mean 0.30, SD +
0.28) and prescription-strength anti-perspirants
(mean 0.13, SD + 0.09) (Table 2).

The results of a multivariable logistic regres-
sion model which estimated adjusted odds of
receiving any treatment among the hyper-
hidrosis cohort are presented in Table 3. The
predictor with the largest odds of whether a
patient sought any treatment for hyperhidrosis
was patient age; the odds of receiving treatment
was notably higher among younger patients
relative to the highest age category (age > 55
years), and the odds of receiving treatment
decreased steadily in each age category.
Depression and anxiety at baseline were associ-
ated with 23% lower odds ratio of receiving
treatment (OR 0.77, 95% CI 0.73-0.80). Females
were slightly more likely to receive treatment
than males (OR 1.15, 95% CI 1.10-1.20). Other
significant predictors included presence of
selected comorbid conditions; respiratory
infections and gastrointestinal disorders were
associated with reduced odds of treatment,
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Table 3 Logistic regression models: adjusted odds of hyperhidrosis treatment

Odds ratio 95% Confidence interval p value
Dependent variable: hyperhidrosis treatment®
Independent variables
Baseline depression or anxiety 0.77 0.73-0.80 < 0.001
AHRQ comorbidities
Respiratory infections 0.93 0.89-0.98 0.003
Other lower respiratory infections 0.64 0.61-0.68 < 0.001
Other gastrointestinal disorders 0.59 0.55-0.62 < 0.001
Other skin conditions 1.21 1.15-1.27 < 0.001
Female gender (reference: male) 1.15 1.10-1.20 < 0.001
Age (years
<9 223 1.76-2.82 < 0.001
9-17 18.05 16.51-19.73 < 0.001
18-24 13.44 12.33-14.65 < 0.001
25-34 8.04 7.42-8.71 < 0.001
35-44 4.54 421-491 < 0.001
45-54 2.08 1.92-2.25 < 0.001
> 55 Reference -

* Regression model was fitted for hyperhidrosis cohort only. Number of observations used in regression model = 44,484

while other skin conditions were associated
with greater odds of treatment (Table 3).

The proportion of patients in the hyper-
hidrosis and control cohorts with either anxiety
or depression at study baseline and during fol-
low-up are shown in Fig. 4. The proportion of
patients in the hyperhidrosis cohort with
depression, anxiety, and either anxiety or
depression during the 12-month follow-up
period were 21.6% (vs. 14.3% for controls),
27.8% (17.4% for controls), and 41.1% (28.2%
for controls), respectively (all p < 0.001 vs.
control cohort). The proportion of hyperhidro-
sis patients with new depression, anxiety, and
either anxiety or depression, which includes
only the indicators of each measure identified
during the follow-up period, were 10.2, 15.2,
and 18.2%, respectively, compared to the con-
trol cohort (5.9, 8.5, and 10.6%, respectively)

(all p < 0.001 vs. control cohort). Multivariable
logistic regression was used to estimate adjusted
odds of depression and/or anxiety among both
hyperhidrosis and control cohorts (Table 4).
This analysis revealed that the adjusted odds of
depression and/or anxiety were 76% greater for
the hyperhidrosis cohort (OR 1.76, 95% CI
1.72-1.80) as compared to the controls. Other
significant predictors included patient age,
female gender, and presence of comorbid con-
ditions. The oldest age group was more likely to
experience depression and/or anxiety, and odds
of depression/anxiety decreased with decreasing
age. Patients with gastrointestinal disorders had
increased odds of experiencing depression/
anxiety (OR 1.82, 95% CI 1.77-1.88).
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Fig. 4 Pre- and post-index (total observation period)
depression and anxiety in the hyperhidrosis and control
groups. Blue bars represent the hyperhidrosis cohort;

DISCUSSION

This retrospective study of hyperhidrosis in
usual-care settings found both low rates of
treatment for hyperhidrosis and high rates of
concomitant depression and/or anxiety among
these patients. Many of the patients with
hyperhidrosis included in this study did not
receive treatment within > 12 months of follow
-up following a new hyperhidrosis diagnosis;
during the variable follow-up period, only 52%
of the hyperhidrosis cohort had a prescription
filled for prescription-strength antiperspirants,
the most common hyperhidrosis treatment
among this cohort. Consistent with prior stud-
ies, we found high rates of concomitant
depression and anxiety among individuals with
hyperhidrosis. Compared to matched controls,
a higher percentage of patients with hyper-
hidrosis had depression/anxiety during follow-

4117
£
35.2

I7-8% 28.2
26.0

| | I |

12-mo follow-up Pre-index 12-mo follow-up

period anxiely depression or period
anxiety depression or
anxiety

orange bars represent the control group. *Significant
difference (p < 0.001) compared to control group

up (41.1 vs. 28.2%, p < 0.001), which corre-
sponded to higher adjusted odds of depression/
anxiety in patients with hyperhidrosis
(OR 1.76, 95% CI 1.72-1.80) while controlling
for other factors. Patients with hyperhidrosis
also had a higher percentage of newly diag-
nosed depression/anxiety during the 12-month
follow-up period (18.2 vs. 10.6%, p < 0.001).

It is estimated that each year, 19.1% of adults
in the USA have had an anxiety disorder during
the previous year, with higher rates for females
(23.4%) than males (14.3%), and that an esti-
mated 6.8% of US adults have had a major
depressive disorder in the past year (females
8.6%, males 4.9%) [20]. In the current study, at
baseline, 22 and 18% of patients with hyper-
hidrosis had anxiety and depression, respec-
tively, and during the 12 months following
hyperhidrosis diagnosis, 28 and 22% of patients
had anxiety and depression, respectively.
Notably, anxiety and depression prevalence in
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Table 4 Logistic regression model: adjusted odds of depression and/or anxiety

Odds ratio 95% Confidence interval p value
Dependent variable: depression and/or anxicty, 12-month follow-up period™®
Independent variables
Hyperhidrosis cohort (reference: control cohort) 1.76 1.72-1.80 < 0.001
Comorbid conditions
Respiratory infections 1.28 1.25-1.31 < 0.001
Other lower respiratory infections 1.43 1.40-1.48 < 0.001
Other upper respiratory infections 1.24 1.21-1.28 < 0.001
Other gastrointestinal disorders 1.82 1.77-1.88 < 0.001
Other skin conditions 1.20 1.17-1.23 < 0.001
Female gender (reference: male) 1.75 1.71-1.79 < 0.001
Age (years)
<9 0.16 0.14-0.19 < 0.001
9-17 0.37 0.36-0.38 < 0.001
18-24 0.64 0.62-0.67 < 0.001
25-34 0.78 0.76-0.80 < 0.001
> 35 ref - -

* Regression model was fitted for hyperhidrosis and control cohorts

> Logistic model was also estimated with an indicator of a match between hyperhidrosis and control cohorts with no change

to model results. Observations used = 44,484 (hyperhidrosis); 137,451 (controls)

the current study, even at baseline, was higher
than national prevalence estimates, possibly
reflecting an impact of hyperhidrosis on emo-
tional health in patients with this condition
during a period in which there are symptoms
but not necessarily a diagnosis or discussion of
treatment with a healthcare provider. The pro-
portion of study patients with a diagnosis of
anxiety and/or depression increased substan-
tially following the study index date, suggesting
that despite the high baseline prevalence of
these conditions, among some individuals,
receipt of a hyperhidrosis diagnosis may have
had additional impact on their emotional
health and well-being. Additional research is
needed to understand this association.

A significant impact on quality of life mea-
sures associated with hyperhidrosis has been

documented. Hyperhidrosis is a chronic condi-
tion that has a broad impact on quality of life
and has been shown to affect daily activities
such as activity and situational avoidance, as
well a patient’s personal, professional, and
social life [14]. Several studies have demon-
strated a moderate to very large effect on quality
of life such that active intervention is war-
ranted, and the impact of hyperhidrosis on
quality of life may be similar to or greater than
that of other chronic dermatological condi-
tions, such as psoriasis, eczema, or acne [3].
The mental and emotional health conse-
quences of hyperhidrosis may be comparable to
that often experienced by individuals with gas-
trointestinal (GI) disorders, which are associated
with significant concomitant depression and
anxiety. In a 2016 study by Zhang et al. among
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gastroenterology inpatient/outpatients with
chronic GI conditions, including peptic ulcer,
digestive tumors, chronic gastritis, functional
dyspepsia, irritable bowel disease, and irrita-
ble bowel syndrome, 31% had symptoms of
depression, 27% anxiety, and 37% depression
and/or anxiety [21]. In our study, among
hyperhidrosis patients, 22% had depression,
28% had anxiety, and 41% had depression and/
or anxiety during the 12-month post-index
period following the initial diagnosis of
hyperhidrosis.

Limited information is currently available on
the impact of hyperhidrosis on mental health
and overall well-being. Braganca et al. evaluated
depression and anxiety prevalence in a retro-
spective claims study of 197 patients who
sought treatment for hyperhidrosis at a single
practice in Brazil [17]. However, this study was
not designed to estimate treatment rates and
did not report on the types of treatment
received by the study population. In addition,
the study cohort was limited to those with
‘severe hyperhidrosis’ and treated individuals
and may not include those with milder forms of
hyperhidrosis. Furthermore, our study results
may be more generalizable than those of Bra-
ganca and colleagues, and it is the first real-
world study of the impact of hyperhidrosis on
depression and anxiety conducted in the USA.
In another study, Bahar and colleagues evalu-
ated 2017 consecutive dermatology outpatients
from Vancouver, British Columbia and Shang-
hai and observed a prevalence of anxiety and
depression of 21 and 27%, respectively, among
patients with hyperhidrosis, compared to 8 and
10% among those without (p <0.001) [16].
Notably, in Bahar’s study, anxiety and depres-
sion diagnoses were based on questionnaires via
patient self-report, and not as diagnosed or
treated by a healthcare provider. Finally, Lopez-
Lopez et al. studied 100 patients from an out-
patient medical center in Spain and demon-
strated a relationship between hyperhidrosis
and depression severity [22]. These authors
showed higher Beck Depression Inventory (BDI)
scores for patients with hyperhidrosis compared
to those without hyperhidrosis, and that a
higher severity of hyperhidrosis was associated
with a higher BDI score. Of note, the mean age

of the hyperhidrosis cohort of the current study
(37 years) is comparable to that of Bahar et al.
(mean age 36 years), while the hyperhidrosis
populations studied by Braganca and Lopez-
Lopez were considerably younger (mean age of
27 years and median age of 23 years, respec-
tively) [16, 17, 22]. Thus, it is possible that this
age difference in the hyperhidrosis patients in
our study was also related to hyperhidrosis
clinical characteristics (such as symptom sever-
ity or duration of hyperhidrosis). Longer dura-
tion and greater severity of hyperhidrosis has
been associated with anxiety and depression
[22].

In the current study we found that many
patients with hyperhidrosis did not receive
prescription treatment after diagnosis. Given
that hyperhidrosis may have an impact on
health-related quality of life, this finding has
important implications for the overall health
and well-being of individuals with this condi-
tion. Successful treatment of hyperhidrosis may
improve symptoms of depression and anxiety
among affected patients. For example, in a
study conducted in the USA, among patients
with primary focal hyperhidrosis who under-
went endoscopic thoracic sympathectomy,
more than half of patients who were treated
with psychotropic medications prior to surgery
reduced their medication regimen, and depres-
sion and anxiety scale scores were also
improved after surgery [23].

Our study has several strengths, including a
large sample size and a patient cohort com-
prising patients from all geographic regions
across the USA. Nevertheless, some limitations
are important to consider when interpreting our
findings. We used administrative claims to
assess outpatient prescriptions filled via a
pharmacy benefit, and prescriptions obtained
outside the pharmacy benefit (out-of-pocket)
would not be captured; this could potentially
overestimate the proportion of untreated
patients. Pharmacy claims capture dispensed
medications and not actual medication con-
sumption, and drug samples and over-the-
counter medications, including clinical
strength non-prescription antiperspirants, are
not captured in this analysis. The presence of
diagnosis codes used for billing purposes does
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not confirm disease; diagnosis of hyperhidrosis
was obtained from ICD-9-CM and ICD-10 codes
associated with a patient encounter, and due to
nature of claims data, confirmation of diagnosis
was not possible, nor were we able to accurately
distinguish primary focal axillary hyperhidrosis
from other subtypes of hyperhidrosis using ICD
codes. However, this study’s requirement of two
hyperhidrosis claims for inclusion minimized
this potential for misclassification. Procedure
codes for botulinum toxin A, microwave ther-
molysis, suction curettage, iontophoresis, and
endoscopic thoracic sympathectomy, and
pharmacy codes for oral systemic therapies were
non-specific to hyperhidrosis treatment. Our
study design required that patients had no non-
specific codes for these procedures or pharmacy
codes for oral systemic therapies within 7 days
before or after the index date to address this
potential limitation. However, all instances of
these procedures and medications were counted
in the follow-up period, which may lead to an
overestimation of the frequency of these pro-
cedures related to hyperhidrosis treatment. It is
important to note that while the counts and
percentages of treatments and procedures uti-
lized, as well as the mean time to first receipt of
treatments and procedures during the follow-up
period, provide valuable insights, the results
should be interpreted with caution since they
do not account for censoring. Incidence rates,
along with Kaplan-Meier analyses of adjusted
time to treatment, were included to address the
variable follow-up period. In addition, unmea-
sured confounding variables may exist that
could be responsible for increased rates of anx-
iety and depression in the hyperhidrosis cohort;
however, the control cohort matching
methodology was intended to minimize this.
Finally, our study did not consider the potential
relationship between receiving treatment for
hyperhidrosis and a diagnosis of depression
and/or anxiety; our analysis presents associa-
tions, not causal relationships. It is possible that
patients were not offered treatment for hyper-
hidrosis at diagnosis (index date). A proportion
of our hyperhidrosis cohort may have had sec-
ondary (rather than primary) hyperhidrosis,
and thus may have been faced with a difficult
primary diagnosis (e.g., cancer) with a

significant impact on quality of life, or be taking
a new medication for an unrelated diagnosis.
Furthermore, secondary hyperhidrosis may be
caused by medications that are used to treat
depression. As such, additional research is war-
ranted to understand the causal relationship
between hyperhidrosis and anxiety and
depression.

CONCLUSION

In this real-world observational study, hyper-
hidrosis was associated with an increased like-
lihood of depression and anxiety prior to
diagnosis. We also found an increase in
depression and anxiety following the diagnosis
of hyperhidrosis, suggesting that some patients
may experience effects on quality of life. While
the current study was not designed to compare
rates of depression and anxiety among those
who received treatment following the diagnosis
of hyperhidrosis with those who did not receive
treatment, this is a pertinent area of study for
future research. Hyperhidrosis may have a con-
siderable impact on health-related quality of life
which may be comparable to that associated
with other chronic and impactful dermatologi-
cal conditions (e.g., psoriasis, eczema) or GI
disorders. Providers who treat hyperhidrosis
should recognize the potential for comorbid
anxiety and depression, and screening for these
conditions and linking patients with mental
health resources may help to improve patient
overall health and well-being. Despite this
comorbidity profile and the quality-of-life
impact of hyperhidrosis documented in the lit-
erature, relatively small percentages of patients
filled a topical or oral systemic prescription or
underwent surgical treatments, suggesting that
tolerability, efficacy, and provider awareness
may be limiting factors in the effective treat-
ment of patients with hyperhidrosis.
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