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Abstract

Background Research on hyperhidrosis comorbidities has documented the co-occurrence of diseases but has not
provided information about temporal disease associations.

Objective To investigate the temporal disease trajectories of individuals with hospital-diagnosed hyperhidrosis.
Methods This is a hospital-based nationwide cohort study including all patients with a hospital contact in Denmark
between 1994 and 2018. International Classification of Diseases version-10 diagnoses assigned to inpatients, outpa-
tients and emergency department patients were collected from the Danish National Patient Register. The main outcome
was the temporal disease associations occurring in individuals with hyperhidrosis, which was assessed by identifying
morbidities significantly associated with hyperhidrosis and then examining whether there was a significant order of these
diagnoses using binomial tests.

Results Overall, 7 191 519 patients were included. Of these, 8758 (0.12%) patients had localized hyperhidrosis (5674
female sex [64.8%]; median age at first diagnosis 26.9 [interquartile range 21.3-36.1]) and 1102 (0.015%) generalized
hyperhidrosis (606 female sex [59.9%]; median age at first diagnosis 40.9 [interquartile range 26.4-60.7]). The disease
trajectories comprised pain complaints, stress, epilepsy, respiratory and psychiatric diseases. The most diagnosed mor-
bidities for localized hyperhidrosis were abdominal pain (relative risk [RR] = 121.75; 95% Confidence Interval [Cl] 121.14—
122.35; P < 0.001), soft tissue disorders (RR = 151.19; 95% CIl 149.58-152.80; P < 0.001) and dorsalgia (RR = 160.15;
95% CIl 158.92-161.38; P < 0.001). The most diagnosed morbidities for generalized hyperhidrosis were dorsalgia (RR =
306.59; 95% CIl 302.17-311.02; P < 0.001), angina pectoris (RR = 411.69; 95% CIl 402.23-421.16; P < 0.001) and
depression (RR = 207.92;95% C1202.21-213.62; P < 0.001). All these morbidities were diagnosed before hyperhidrosis.
Conclusions This paper ascertains which hospital-diagnosed morbidities precede hospital-diagnosed hyperhidrosis.
As hyperhidrosis mainly is treated in the primary health care sector, the trajectories suggests that these morbidities may
lead to a worse disease course of hyperhidrosis that necessitates treatment in hospitals. Treating these morbidities may
improve the disease course of hyperhidrosis.
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Introduction

Hyperhidrosis (HH), i.e. pathologically increased sweating, is
diagnosed based on patient-reported symptoms.! Etiological
classifications divide HH into a primary idiopathic form and a
secondary form caused by underlying diseases, medication-use
or substance misuse." Primary HH manifests mainly with local-
ized excessive sweating without an apparent cause, while sec-
ondary HH more often manifests with generalized sweating.” A
particularly challenging aspect of studying the comorbidities of
HH is that different studies have used different diagnostics, of
which many have not been validated.? Nevertheless, research on
comorbidities of primary HH has hitherto mostly identified skin
infections and psychiatric diseases,”® e.g. depression, anxiety,
stress and quality of life impairments.*® However, these findings
are based on observational evidence, which is owing to the study
designs, limited to reporting on associations between co-
occurring diseases, omitting any temporal aspects. Hence, it
remains unknown whether HH develops before or after these
associated comorbidities. Yet, such information is crucial for the
management of any disease. One way to research the order in
which diseases are diagnosed is to determine the temporal dis-
ease associations, which requires that two diseases are signifi-
cantly associated and that one disease, in general, is diagnosed
before the other.'®'? Such an approach may identify unrecog-
nized comorbidities and improve the general understanding of
the evolution of HH and its comorbidities. Additional implica-
tions include the detection of disease risk factors and severe and
possibly preventable outcomes, which can improve patient care.
Therefore, the objective of this study is to investigate the disease
trajectories of individuals with hospital-diagnosed hyperhidrosis
identified through hospital records between 1994 and 2018 in
Denmark.

Materials and methods

Study design
This is a hospital-based cohort study using full population data
from the Danish National Patient Register (DNPR).

The Danish National Patient Register and ICD codes

Individuals who are born in or immigrate to Denmark are
assigned a unique Civil Personal Register (CPR) number, which
enables the traceability of individuals across Danish registers.'>'*
The DNPR has since 1977 collected complete data from all pub-

lic hospital inpatient records and from private hospital records
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since 2003.">'* Data on public hospital outpatient records and
emergency departments have been compiled in the DNPR since
1 January 1994, which coincided with the introduction of the
International Classification of Diseases (ICD) version-10 system
in hospitals in Denmark.'>'* The ICD-10 is a system to code
and report diseases in hospitals in Denmark. The ICD-10 diag-
noses are assigned to patients once a hospital physician has diag-
nosed a disease. In this study, we utilized inpatient, outpatient
and emergency department data starting on 1 January 1994, and
we had access to hospital records until 10 April 2018. The ICD-8
system preceded the ICD-10 system in Denmark between 1971
and 1993, in which HH only was described using the code 78819
for HH, without further specification.

Study population

Individuals registered in the DNPR between 1994 and 2018 with
the ICD-10 codes R610 for localized HH, R611 for generalized
HH or R619 for unspecified HH were included as HH cases.
Comparators were individuals in the DNPR without an ICD-10
code for HH, with matching age and sex, who had been diag-
nosed with an ICD-10 code within the same week as the case
individual had been diagnosed with HH.

Variables

Variables were ICD-10 diagnoses, sex, age at first diagnosis, age
at end of follow-up, and family with HH collected from the
DNPR. Sex was coded as female and male sex. Age at first diag-
nosis was defined as age at receiving the HH diagnosis for the
first time and it was coded as a continuous variable. Age at end
of follow-up was defined as age on 10 April 2018, and it was
coded as a continuous variable. ICD-10 codes comprised A, B
and G diagnoses, which describe the disease that is responsible
for the inpatient, outpatient or emergency hospital contact,
other diseases relevant for the hospital contact, and all underly-
ing diseases the patient have, respectively. The reason for choos-
ing these types of diagnoses is to identify all the diseases
occurring in the included individuals. The ICD-10 diagnoses
R610, R611 and R619 were used as three separate binary vari-
ables indicating having or not having the ICD-10 codes. Addi-
tionally, individuals diagnosed with R610 and Ré611 were
excluded from R619 as the latter was the phenotypically undeter-
mined unspecified HH. Family with HH indicated having or not
having first-degree relatives with the aforementioned ICD-10
codes for HH and it was constructed based on kinship data from
CPR data.

© 2022 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
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Table 1 Demographics of the study participants with hyperhidrosis

Localized HH, Generalized HH, Unspecified

R610, n = 8758 R611,n = 1012 HH, R619, n = 3380
Female sex, 5673 (64.8) 606 (59.9) 2058 (60.9)
n (%)
Male sex, n (%) 3085 (35.2) 406 (40.1) 1322 (39.1)

Temporal disease associations and trajectories

The aim was to determine the disease trajectories of individuals
with different types of hospital-diagnosed hyperhidrosis. The
method is described extensively in the previous literature.'®!!
Firstly, individuals in the DNPR with the ICD-10 codes R610,

R611 or R619 were identified and analysed separately. For each

Age atfirst 26.9(21.3-36.1) 40.9(26.4-60.7) 33.2(23.6-52.6) of the study populations with the three separate ICD codes for
diagnosis, HH, we analysed the co-occurrence of ICD-10 codes with a
median (IQR) . . .
higher prevalence in the study population compared to the
Age atend 36.6 (28.4-46.1) 47.6 (34.4-67.1) 43.2(31.3-61.1) ) :
of follow-up, matched comparator population. The strength of the associa-
median (IQR) tions of co-occurring diseases was reported using relative risk
Family with HH, 269 (3.1) 15 (1.5) 42 (1.2) (RR), which was calculated using:
n (%)
HH, Hyperhidrosis; IQR, interquartile range; n, number. RR = Cexposed
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Figure 1 Localized hyperhidrosis disease trajectory network. The nodes represent the diseases and the arrows connecting them,
the temporal associations. The colours of the nodes indicate ICD-10 chapters. The width of the arrow indicates the number of patients
following the trajectory. All trajectories include at least 20 patients with localized hyperhidrosis. ICD-10, International Classification of

Diseases version-10.
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In which Ceyposed is the number of individuals with HH who
had disease 1 (D1) who then developed disease 2 (D2), which
also is known as a pair (D1 — D2). For each pair of diseases in
individuals with HH, a comparator group of 10 000 individuals
matching on D1, sex, birth decade, type of hospital contact and
discharge week were identified. The occurrence of D2 in the
comparator group was determined. Only co-occurring morbidi-
ties with a RR > 1.0 were included and 95% CI of the RR was
computed through bootstrapping of 20 iterations with 80% of
the population. One-sided binominal tests determined if disease
A was diagnosed before disease B or B before A. Statistically sig-
nificant morbidity pairs with a direction were combined into
longer trajectories of three diseases and networks. The alpha
level was set to <0.05. To correct for multiple testing, we used a
Bonferroni corrected threshold of P-value <1.21 x 10~° for find-
ing significant disease associations and a corrected Bonferroni
P-value <1.21 x 107® to discover the directionality of those
associations. The ICD-10 codes are defined by the first three
characters of the disease code, but it includes all subdivisions of
the ICD-10 code. A list of the ICD-10 codes with included sub-
divisions is presented in Table S1.
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Descriptive statistics

The distributions of the variables age at first diagnosis and age at
end of follow-up were determined by histograms and depending
on normality, presented as mean with standard deviation or
median with interquartile range (IQR). The variables sex and
family with HH were presented as frequency distributions with
percentages. Statistical analysis was conducted using R, version
3.4.0 for Windows (R Project for Statistical Computing).

Results

For results on demographics, see Table 1. Of the 7 191 519 indi-
viduals registered in the DNPR between 1 January 1994, and 10
April 2018, 8758 (0.12%) had localized HH; 1102 (0.015%) had
generalized HH and 3380 (0.047%) had unspecified HH. Of
these, 5 571 264 individuals were alive by the end of follow-up,
of whom 12 322 had a HH diagnosis, which corresponds to an
overall prevalence of 0.22% (95% CI 0.22-0.23). Of these 12 322
individuals, 8450 had localized HH, 908 had generalized HH
and 3082 had unspecified HH, which equal prevalence of 0.15%
(95% CI 0.15-0.15), 0.02% (95% CI 0.02-0.02) and 0.06% (95%
CI 0.05-0.06), respectively. There were no missing observations
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Figure 2 Generalized hyperhidrosis disease trajectory network. The nodes represent the diseases and the arrows connecting them, the
temporal associations. The colours of the nodes indicate ICD-10 chapters. The width of the arrow indicates the number of patients follow-
ing the trajectory. All trajectories include at least 10 patients with generalized hyperhidrosis. ICD-10, International Classification of Dis-

eases version-10.
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Figure 3 Unspecified hyperhidrosis disease trajectory network. The nodes represent the diseases and the arrows connecting them, the
temporal associations. The colours of the nodes indicate ICD-10 chapters. The width of the arrow indicates the number of patients
following the trajectory. All trajectories include at least 20 patients with unspecified hyperhidrosis. ICD-10, International Classification of

Diseases version-10.

for the variables sex, age at first diagnosis, age at end of follow-
up or family with HH. Overall, 76 patients were diagnosed with
HH only in the ICD-8 system.

For presentations of disease trajectory networks of localized,
generalized and unspecified HH separately, see Figs. 1-3. In
localized HH, the most diagnosed morbidities were pain in the
abdomen and back, soft tissue disorders and reactions to stress.
Then, in descending order were chronic diseases of the tonsils,
asthma, depression, personality disorders, synovitis or tenosyn-
ovitis, non-suppurative otitis media and epilepsy. For general-
ized HH, the pattern was similar with pain in the back and
angina pectoris being the most diagnosed morbidities, followed
by depression and personality disorders.

All morbidities were diagnosed before HH. See Table 2 for
RR with 95% CI and mean time between disease pairs.

For disease pairs corrected for age at diagnosis, see Figure S1,
which visualizes that individuals with HH are diagnosed earlier

JEADV 2022, 36, 2504-2511

with other morbidities than individuals without HH who are
diagnosed with the same morbidities.

Discussion

In this hospital-based nationwide cohort study, we have deter-
mined the disease trajectories of hospital-diagnosed HH.
Overall, the results are coherent with previously reported comor-
bidities, which supports the validity of the method.**'>™"”
Similar to other studies, we have identified an association
between HH and depression.”'® Tentative explanations include
the mental burden of primary HH and the social isolation of HH
coping mechanisms leading to psychiatric diseases.'® Also, there
may be an indirect effect as one of the adverse effects of
antidepressants can be secondary HH.>' In addition to
depression, this study identifies new potential psychiatric comor-
bidities of HH including adjustment reactions and personality
disorders.

© 2022 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
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Table 2 Relative risk and mean time between diagnosing hyperhidrosis and the co-occurring morbidities

D1 of pairs (ICD-10 code) D2 of pairs (ICD-10 code)

Individuals in
disease pairs,

Mean time in months
between D1 and D2

Relative risk (95% Cl) P-value of
of temporal associations directionality

n (%) (95% Cl)

Depressive episode (F32) Localized hyperhidrosis (R610) 349 (4.13) 132.89 (131.60-134.17) <0.001 63.05 (57.78-68.32)

Generalized hyperhidrosis (R611) 69 (0.82) 207.92 (202.21-213.62)  <0.001 84.30 (67.68-100.92)
Reaction to severe stress Localized hyperhidrosis (R610) 507 (6.00) 123.57 (122.63-124.51) <0.001 76.19 (71.37-81.01)
and adjustment disorders (F43) Unspecified hyperhidrosis (R619) 322 (9.53) 150 (148.94-151.93) <0.001 85.30 (78.30-92.20)
Specific personality Localized hyperhidrosis (R610) 274 (3.24) 111.35(109.98-112.72) <0.001 73.47 (66.37-80.56)
disorders (F60) Generalized hyperhidrosis (R611) 42 (0.50) 133.72 (129.89-137.55) <0.001 126.74 (104.07-149.41)

Unspecified hyperhidrosis (R619) 170 (5.03) 136.45 (133.99-138.90)  <0.001 90.11 (80.03-100.19)
Epilepsy (G40) Localized hyperhidrosis (R610) 153 (1.81) 147.13 (143.52-150.74)  <0.001 100.72 (90.20-111.24)
Non-suppurative otitis Localized hyperhidrosis (R610) 169 (2.00) 149.86 (147.40-152.32) <0.001 146.90 (136.07-157.73)
media (H65)
Angina pectoris (120) Generalized hyperhidrosis (R611) 72 (0.85) 411.69 (402.23-421.16) <0.001 97.16 (83.97-110.35)
Chronic diseases of Localized hyperhidrosis (R610) 493 (5.83) 118.33 (117.62-119.03) <0.001 108.06 (102.21-113.90)
tonsils and adenoids (J35)
Asthma (J45) Localized hyperhidrosis (R610) 455 (5.38) 146.99 (145.25-148.72)  <0.001 115.56 (108.90-122.22)
Dorsalgia (M54) Localized hyperhidrosis (R610) 553 (6.54) 160.15 (158.92-161.38)  <0.001 73.80 (68.70-78.89)

Generalized hyperhidrosis (R611) 137 (1.62) 306.59 (302.17-311.02) <0.001 95.15 (83.51-106.79)
Synovitis and tenosynovitis Localized hyperhidrosis (R610) 200 (2.37) 155.02 (153.05-156.99) <0.001 83.48 (74.94-92.02)
(M65) Unspecified hyperhidrosis (R619) 173 (5.12) 195.58 (192.10-199.05)  <0.001 87.98 (78.49-97.48)
Other soft tissue disorders, Localized hyperhidrosis (R610) 559 (6.62) 151.19 (149.58-152.80) <0.001 78.10 (72.97-83.23)
not elsewhere classified (M79)  Unspecified hyperhidrosis (R619) 449 (13.28) 200.32 (198.06-202.58) <0.001 83.55 (77.65-89.45)
Abdominal and pelvic Localized hyperhidrosis (R610) 1183 (14.00) 121.75 (121.14-122.35) <0.001 83.13 (79.69-86.58)

pain (R10)

Cl, Confidence interval; D1, Disease 1 in disease a pair, D2, Disease 2 in a disease pair; ICD-10, 10th revision of the International Classification of Diseases

and Related Health Problems; n, Number; RR, Relative Risk.

Epilepsy preceded localized HH. In a previous publication,
sleep HH has been reported in about 6% of children with epi-
lepsy.*® Speculatively, this association with epilepsy suggests an
underlying central nervous system pathomechanism. The tem-
porality of the association may be because epilepsy is referred to
hospitals upon onset while HH is subject to a diagnostic delay
and is often treated in the primary health care sector before it is
treated in hospitals.*"** Another explanation of the observed
association is that the use of antiepileptic drugs can lead to sec-
ondary HH'. Only further studies can verify if there is a link
between HH and epilepsy.

Generalized HH was associated with both angina pectoris and
chronic ischemic heart disease, although the temporal compo-
nent with HH was lacking for the latter. This is consistent with a
previous study that found an association between HH and an ele-
vated risk of ischemic heart diseases and stroke.'” It may be spec-
ulated that this observed association is caused by sympathetic
nervous system overactivity in individuals with HH, cardiac dis-
eases, medications or shared risk factors for cardiac diseases and
HH, such as being overweight.*>** Specific studies are required
to determine if individuals with HH are at risk of heart diseases.

A previous study found that 347 of 387 (96.6%) patients with
primary HH had localized sweating and 13 of 387 (3.4%) had
generalized sweating. Therefore, the disease trajectories of

JEADV 2022, 36, 2504-2511

localized HH may mostly reflect those of primary HH?. Like-
wise, the same study found that 17 of 28 (61.0%) patients with
secondary HH had localized sweating while 11 of 28 (39%) had
generalized sweating. This suggests that generalized HH com-
prise primary and secondary HH, which is caused by concurrent
comorbidities, medication-use and substance abuse.

The reason for the high RR is that the occurrence of HH in
the DNPR is between 0.015% and 0.12%. When calculating the
RR of the trajectories, the denominator becomes correspond-
ingly low, which leads to the very high RR we report.

Limitations

The disease trajectories require both a statistically significant
association between the diseases and a temporal association.
Thus, morbidities that lack the temporal component in their
association with HH do not appear in the disease trajectories.
Additionally, a proportion of the HH cases had the phenotypi-
cally undetermined unspecified HH, which likely is either local-
ized or generalized HH. A more precise classification of these
cases is unlikely to change the results, as the morbidities
reported for unspecified HH also occurred in the trajectories of
localized or generalized HH. Nevertheless, only future hospital
contacts can further characterize what kind of HH these individ-
uals have. Also, data from the 76 individuals with HH registered

© 2022 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
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in the DNPR before the implementation of the ICD-10 system
in 1994 were not included. In the ICD-8, HH was not specified
as being localized, generalized or unspecified as in the ICD-10;
therefore, these individuals could not have changed the results
on localized or generalized HH. In addition, as these 76 individ-
uals are a small fraction compared to the study population, they
were unlikely to change the results significantly. Also, although
the ICD codes for HH are assigned to patients by hospital physi-
cians, there is a need for validating their diagnostic properties.
Furthermore, prescription-data could not be linked to the par-
ticipants, which prevented determining whether drug-use could
explain the trajectories. Finally, as the median ages at end of
follow-up were 37, 43 and 48 years for the different groups of
patients with HH, many individuals will likely develop addi-
tional comorbidities after the end of the follow-up.

Generalizability

Individuals with HH and other morbidities only treated in the
primary healthcare sector are not represented in the disease tra-
jectories. Therefore, the study results may not be generalizable to
individuals with HH only treated outside of hospitals.

Interpretation

This paper ascertains which hospital-diagnosed morbidities pre-
cede hospital-diagnosed HH. In Denmark, HH is primarily trea-
ted in the primary health care sector. This study, however,
suggests that individuals diagnosed with these morbidities are
subsequently diagnosed with HH in hospitals. This may be
because these morbidities lead to a worse disease course of HH
and, therefore, are treated in hospitals. Treating these morbidi-
ties in individuals with HH may improve the course of HH.

In conclusion, this study reports that pain complaints, stress,
epilepsy, respiratory and psychiatric diseases are diagnosed in
individuals who later are diagnosed with HH in hospitals. The
temporality of the trajectories suggests that these morbidities
may lead to a disease course of HH that necessitates hospital
treatments. Treating these morbidities in individuals with HH
may improve the disease course, ideally obviating the need for
hospital treatments. Additional research that seeks to reproduce
and explain these findings is warranted.
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Additional Supporting Information may be found in the online
version of this article:

Table S1. Subdivisions of the ICD-10 diagnosis.
Figure S1. Localized hyperhidrosis, generalized hyperhidrosis
and unspecified hyperhidrosis disease pairs corrected for age.
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