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Background: Hidradenitis suppurativa (HS) is a common chronic inflammatory
skin disease, which affects both sexes.

Objectives: Identification of sex-specific risk factors, comorbidity, clinical
manifestations, and treatments in HS patients.

Methods: A non-interventional, cross-sectional, mono-centric study with
500 HS patients. All patients were examined by dermatologists. Prospectively
collected demographic, anamnestic, clinical data, and blood parameters
were evaluated.

Results: There were no significant differences in age at HS onsetand in disease
duration between female and male patients. Furthermore, no differences
regarding the family history for HS were found between sexes. Regarding
further risk factors for HS, central obesity was more frequent in women
while extensive cigarette smoking and acne vulgaris were more commonly
found among male patients. Regarding comorbidity, lower HDL-levels were
significantly more frequent in men. Female patients were found to suffer
significantly more often from back pain, especially in the neck/shoulder region
and lower back. Analyzing the clinical manifestation of HS, the groin was
more frequently involved in women and the axillae in men. Women showed a
higher number of skin sites with inflammatory nodules, whereas fistulas were
observed more frequently in men. Nevertheless, there was no difference in HS
treatment applied to female vs. male patients.

Limitations: Data were obtained from a mono-centric study.

Conclusion: Significant differences in HS risk factors, comorbidity, and clinical
manifestation exist between female and male patients. Thus, sex-specific
differences should be taken into account in the prevention as well as medical
and surgical treatment of HS patients.
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acne inversa, sex, obesity, smoking, metabolic syndrome, spondyloarthritis, family
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Introduction

Hidradenitis suppurativa (HS; also referred to as acne
inversa) is a chronically relapsing inflammatory skin disease.
It commonly affects the intertriginous skin of the axillary,
inguinal, gluteal, and perianal sites and leads to excessive
destruction of skin architecture (1). The clinical manifestation
varies from recurring inflammatory nodules and abscesses to
draining fistulas and extensive scars.

HS is recognized as a frequent disease, affecting ~1%
of the general population with common onset in young
adulthood (2-4). The painful, compromising skin lesions, large
amounts of malodorous secretion, and disfigurement lead to
a profound emotional and physical impact on HS-affected
individuals, resulting in isolation, fear due to stigmatization
in work and personal life, depression, and a severe quality
of life impairment (5-9). HS has even a negative impact on
the quality of life of family members of HS patients (10).
HS patients frequently suffer from metabolic alterations
including hypertriglyceridemia, hypo-HDL-cholesterolemia,
hyperglycemia, and central obesity that may increase the risk
of cardiovascular disorders and reduce life expectancy (11-13).
Furthermore, back pain and spondyloarthritis often accompany
HS (14, 15).

The pathogenesis of HS is only partially understood (16). A
special combination of immune mediators in the skin lesions
leads to the activation of immune and tissue cells and ultimately
to the destruction of the normal skin architecture (17-23).
From the etiological point of view, genetic predisposition and
lifestyle factors contribute to the onset of the disease (16, 24, 25).
Furthermore, the beginning of the disease after puberty, pre-
menstrual flare-up, and improvement during pregnancy suggest
a contribution of endocrinological factors in the development
of the disease (26-29). Nevertheless, the levels of sex hormones
are generally not elevated in patients with HS (30). Rather,
initial data suggests that the number of androgen receptor-
positive keratinocytes is increased in the epidermis of HS
lesions (31). Accordingly, the results of RNA microarray
analyses comparing HS lesions vs. non-lesional skin show an
enrichment of molecules regulated by androgen receptors or
transcription factors associated with epidermal stem cells (32).
Furthermore, androgen receptor activation might elevate the
TNF-« expression by myeloid cells via multiple mechanisms
(33). Both women and men can be affected by HS (1). However,
an earlier disease onset in women and a more severe disease
course in men have been reported (34, 35). Information on
further sex-related differences in patients with HS is lacking.

Abbreviations: FH, family history; HDL, high-density lipoprotein; HS,
hidradenitis suppurativa; SD, standard deviation; SEM, standard error of

the mean.
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In this study, we examined possible sex-related risk factors
and comorbidity in HS patients. Moreover, we aimed to identify
sex-specific differences in clinical disease manifestation as well
as in applied therapies, which may help to develop sex-specific
patient care regimens.

Materials and methods

Patients

A non-interventional, cross-sectional, mono-centric study
with 500 HS patients was conducted (9). The patients (i)
visited the Department of Dermatology of the University
Hospital Charité, Berlin, Germany, from February 2012 to
November 2017, (ii) gave written informed consent, and (iii)
fulfilled the following inclusion criteria: age of at least 18
years and diagnosed with HS (9). The diagnosis of HS was
made by an experienced dermatologist based on generally
accepted diagnostic criteria (the nature and localization of skin
lesions and the disease course) (1). There were no specific
exclusion criteria.

The study was conducted according to the principles
expressed in the Declaration of Helsinki. Written informed
consent was obtained from all participants. The study
was approved by the clinical institutional review board
(Ethikkommission) of Charité University Hospital (Charité -
Universitatsmedizin Berlin), Berlin, Germany.

Assessments

The data were collected at one point of time, and no follow-
up visits were scheduled. The demographic characteristics,
family history (FH), details of the course of HS (e.g., age at
onset, disease duration), and information regarding coexisting
conditions including acne vulgaris were collected using a
questionnaire. Moreover, we asked for previous HS therapies
including antibiotics or surgical therapy such as lancing
of abscesses and excision of fistulas. Height, weight, waist
circumference, clinical data (e.g., blood pressure), details of
affected regions, hematology and clinical chemistry results (e.g.,
HDL-cholesterol, glucose) were assessed by a physician. Due
to the non-interventional setting of the study, oral glucose
tolerance test was not carried out. Central obesity was defined
as waist circumference of >88cm in female and >102 in
male patients. Patients were referred to as positive for arterial
hypertension at a systolic blood pressure of >130 or diastolic
blood pressure of >85 mmHg, as well as when arterial
hypertension or use of medication against hypertension were
reported. Disease severity was assessed by the Sartorius score
and the Hurley's three-degree scale. A higher score indicates
greater severity of disease. The impairment in quality of life due

frontiersin.org


https://doi.org/10.3389/fmed.2022.1028943
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Sabat et al.

to HS was assessed using the Dermatology Life Quality Index
(DLQI). A higher score indicates profounder impairment.

Statistical analysis

Statistical calculations were performed using Statistical
Package for Social Science software (IBM, Ehningen, Germany).
The aim of this manuscript - to identify possible sex-specific
differences in the clinical manifestation of HS and in the
applied therapies - was of exploratory nature. Thus, no power
calculation was performed in advance. Continuous variables
were described as means +standard deviation (SD) or standard
error of the mean (SEM) as indicated. Mann-Whitey-U test
(two-tailed) was used for analyzing differences in continuous
variables between female and male patients. Discontinuous
variables were described by the total frequencies and percentages
of each modality and were analyzed using the Chi-square
test. Correlation analyses were performed using the Spearman’s
rank correlation test. Neither a multicollinearity testing nor
multiple regression analyses were performed. Missing data were
not replaced for analysis. The number of patients that gave
information about specific parameters is indicated in the figure
legends. Statistical significance was achieved if P-values were <
0.05 (*P < 0.05, ** P < 0.01, *** P < 0.001).

Results

Five hundred patients suffering from HS (303 women and
197 men) were included in the study. The most important
characteristics of the study population are displayed in Table 1.
The mean £SD age at onset of disease of female and male
patients participating in the study was 25.9 +1.1 and 24.9 +9.8
(P = 0.570). The mean +SD duration of disease of female
and male HS patients was 13.8 £10.0 and 12.7 £94 (P =
0.293). Thus, no significant differences were found between the
two groups with regard to the above-mentioned characteristics,
allowing us to subsequently perform sex-disaggregated analyses.

Risk factors for HS

First, we analyzed the distribution of known HS risk factors
(1), such as positive FH for HS, obesity, and acne vulgaris.
The frequency of patients with positive FH did not differ
significantly between female and male HS patients (Figure 1).
Furthermore, the average number of family members suffering
from HS was similar in both groups (0.51 for female and 0.45
for male HS patients; P = 0.258). However, male patients were
significantly more often heavy smokers (>20 cigarettes per day;
29% women, 49% men; P < 0.001) and stated acne vulgaris in
the self-reported history (41% women, 60% men; P < 0.001),
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TABLE 1 Demographic and clinical characteristics of the study cohort
(n =500).

HS patients

Age in years
(mean =+ SD) 38.9410.9
(range) 18.0—78,4
Sex distribution
Females (%) 60.6
Males (%) 394
BMI
(mean =+ SD) 289459
(range) 17.2—52.6
Smoking habit
Smokers (%) 66.6
Ex-smokers (%) 18.6
Never smokers (%) 14.8
Disease duration, years
(mean =+ SD) 13.34+9.8
(range) 0.1-52.9
Hurley score
(mean =+ SD) 1.64 4 0.89
(range) 0—3
Sartorius score
(mean < SD) 493 + 34.7
(range) 0-216
Family history of HS
Positive (%) 33.8
Negative (%) 66.2
Patients reporting previous:
Abscess incision (%) 57.3
Wide skin resection (%) 61.6

64.9

Antibiotic treatment (%)

BMI, body mass index; HS, hidradenitis suppurativa; SD, standard deviation.

whereas women showed significantly more frequently central
obesity (77% women, 46% men; P < 0.001) (Figure 1). No
significant differences were found between the sexes regarding
the frequency of current or past smoking (Figure 1).

Skin areas affected by HS

We further examined, whether there were any sex-specific
differences in terms of the sites of clinical manifestation.
Interestingly, in female HS patients, inguinal sites were
significantly more frequently affected upon disease onset (37%
for women, 20% for men; P < 0.001) and clinical examination
upon enrollment in this study (Figure 2), whereas axillary sites
were significantly more often affected in men upon disease
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Risk factors for the development of HS in both sexes. The frequency of HS patients with positive family history (n = 473, female: 285, male: 188),
the number of affected family members (n = 472, female: 284, male: 188), the frequency of currently smoking patients (n = 473, female: 284,
male: 189) and those smoking an average number of cigarettes of >20 per day (n = 427, female: 261, male: 166), of former smokers (n = 472,
female: 284, male: 188), as well as the frequency of patients with concomitant acne vulgaris (n = 442, female: 266, male: 176), and patients with
central obesity (n = 385, female: 238, male: 147) are given. Significance of differences was assessed by the Chi-square test (* P < 0.05, ** P <

outbreak (32% for women, 47% for men; P = 0.001) and
enrollment (Figure 2).

Severity of HS and clinical manifestation

In order to analyze a possible association between sex
and disease severity, we documented the Hurley score and
Sartorius score. Furthermore, we also documented the potential
involvement of right and left axillary, inguinal, and gluteal
areas as well as pilonidal sinus. Moreover, we counted those
areas that contained nodules, fistulas and/or scars. Our study
population mainly includes patients with mild-to-severe HS
(Table 1). The disease severity, as assessed by the Hurley score,
was significantly higher in male patients (1.51 for women, 1.84
for men; P < 0.001) (Figure 3). Using the Sartorius score, we
found a non-significant difference between the sexes, with men
tending to be more affected than women (46.6 for women,
53.6 for men; P = 0.088). However, the number of affected
skin areas of interest was similar in both groups (Figure 3).
Looking at the lesions in detail, male patients had a significantly
greater number of areas with fistulas (0.91 for women, 1.66 for
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men; P < 0.001) compared to female participants, who were
found with a higher number of areas with inflammatory nodules
(2.58 for women, 2.25 for men; P = 0.047) (Figure 3). There
was no significant difference in the number of skin sites with
scars (Figure 3). Interestingly, the blood leukocyte count—as
indicator for inflammation—was identical in female and male
patients (mean £SD counts/nl: 9.3 2.7 for women and 9.3 £2.6
for men; P = 0.861) suggesting similar extent of inflammation
in both groups. In addition, the impairment in quality of life, as
assessed using the DLQI, was similar in female and male patients
(mean £SD: 13.6 £7.8 for women and 12.6 £8.2 for men; P =
0.181). Interestingly, there was a positive correlation between
DLQI-values and blood leukocyte counts in both female and
male patients (rg = 0.300; P = 0.003 for women and rg = 0.244;
P =0.023 for men).

HS comorbidity
We further asked whether the prevalence of the most

common comorbid disorders differs between the sexes. Male
patients had lower levels of blood HDL-cholesterol (56.0 mg/dL
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FIGURE 2

Localization of HS skin lesions in both sexes at the time of
clinical presentation. Red coloration in the pie charts accounts
for the percentage of female or male HS patients with respective
localization of skin alterations. Significance of differences was
assessed by the Chi-square test.

in women, 44.3 mg/dL in men; P < 0.001) and higher levels
of glucose in blood (89.8 mg/dL in women, 104.3 mg/dL in
men; P = 0.001) and showed a trend to arterial hypertension
compared to female patients (40% of women, 50% of men;
P = 0.076) (Figure 4). However, our analyses revealed that
female patients suffered significantly more frequently from
back pain (80% women, 57% men; P < 0.001), in particular
permanent pain (30% of women, 12% of men; P < 0.000)
(Figure 4). Moreover, women complained more often about
pain in the neck/shoulder regions (49% of women, 20% of
men; P < 0.001) and lower back (56% women, 45% men; P =
0.017) compared to male patients (Figure 4). Regarding Crohn’s
disease, we found no significant difference between the sexes (P
= 0.267), which might be due to the low overall frequency of
Crohn’s disease and the limited number of patients included in
this study.

Treatment of HS

Finally, we wanted to find out, whether the differences
in the localization and kind of cutaneous HS alterations and
in the systemic comorbidity were associated with the use of
different therapies in the past in HS patients. Surprisingly,
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no significant sex-specific differences could be detected in
the proportion of patients who had undergone abscess
incision, wide skin excision, or antibiotic treatment before
enrollment in this study (Figure 5). It should be noted that
the data described above, such as the Sartorius score and
DLQI score, suggest that treatments used in the past have
not led to a long-lasting improvement in either female or
male patients.

Discussion

Our study revealed a number of sex-related differences for
disease risk factors, clinical aspects, and comorbidity in patients
suffering from HS.

The high prevalence of the metabolic syndrome and other
cardiovascular risk factors in HS patients has been established
previously (11, 12, 36), suggesting that the metabolic syndrome
might be a predisposing condition for HS (1). Investigating
sex-specific aspects in this study, we found that parameters
of the metabolic syndrome differed between sexes: Female
patients suffered significantly more often from central obesity
than male patients, while male participants demonstrated
more often lower blood HDL-cholesterol levels, higher blood
glucose levels, and experienced arterial hypertension than HS
afflicted women.

In the general population, central obesity is reported
almost twice as frequently in women as in men (43.7 vs.
24.8%) (37). As expected, the overall prevalence rate of 65%
for central obesity among HS patients found in this study
was much higher than in the general population, with a
significant female dominance. Considering that obesity is
known to activate the innate immune system (38, 39), this
high prevalence may indicate that obesity is one of the key
factors that leads to development of this inflammatory skin
disease in women. Interestingly, abdominal obesity was the
most frequent aspect of the metabolic syndrome not only in
female HS patients (this study) but also in female psoriasis
patients (40). There is also a positive association between
psoriasis severity and central obesity (40), underlining again the
possible association of the amount of fat tissue and the degree
of inflammation.

As published by the World Health Organization for high-
income countries, women smoke at nearly the same rate as
men (41). German data match this finding, suggesting that
during the year 2015 26% of women and 31% of men were
smokers (42). We found more than twice as high rates of
smokers in our group of HS patients, with 65% of female
and 68% of male HS patients being smokers. Considering
heavy smokers with a consumption rate of >20 cigarettes
per day, there is a pronounced sex-related difference in the
general population: 4.3% of women and 8.0% of men are heavy
smokers. In our HS patients, the overall percentage of heavy
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smokers was much higher; however, the ratio between men
and women was similar (29% of women, 50% of men). It has

been previously shown that HS is more severe in smokers
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than in non-smokers (43). Hence, the higher proportion of

especially heavy smokers among male HS patients might

help to explain why the prevalence of HS is only slightly
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antibiotic treatment is given (n = 445, female: 268, male: 177). Significance of differences was assessed by the Chi-square test.

lower for male compared to female individuals. In fact,
two independent, recently published studies from Germany
with larger numbers of HS patients have documented a sex
distribution among HS patients with ~55% women vs. ~45%
men (44, 45).

In contrast to central obesity and extensive cigarette
we observed no sex-related differences
the FH for HS. This that the
genetic contribution for HS 1is similar in female and

smoking,
regarding suggests
male patients.

We showed that the axillary skin sites were affected
significantly more frequently in male than in female HS patients.
In contrast, the groin was involved more frequently in women
than in male HS patients. In fact, the groin was affected in
almost 90% of female HS patients compared to 60% of men. In
addition, our study disclosed that fistulas and, in consequence,
Hurley stages II and III were significantly more often observed
in men, whereas inflammatory nodules (often associated with
Hurley stage I) affected female study subjects more commonly.
Thus, this might explain the fact that male patients are often
afflicted with higher Hurley stages (34). Importantly, taking
into account the fact that female and male patients in our
study reported a similar HS disease duration, the different
nodule and fistula counts suggest sex-specific inflammation/
skin destruction in HS. However, this very exciting hypothesis
needs to be verified in subsequent studies. Furthermore, studies
examining patients at multiple time points are required to
capture further possible differences in the progression of the
disease between the sexes (e.g., relapse rate after treatments).
In our study the data were collected at only one point of
time, and no follow-up visits were scheduled, which therefore
is a limitation.

Since the treatment of fistulas or inflammatory nodules
should be different, we expected differences between the
two sexes in the previous therapies, with more excisions

in men and more conservative treatments in women.
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However, no significant differences in the therapeutic
procedure, which the two groups had undergone, were
reported. This may be due to the fact that the HS
therapy algorithms
(1, 46-48).

Considering the sex differences detected with regard to

are still being under development

the above-mentioned disease risk factors and comorbidity,
we advocate a more sex-related approach when it comes
to patient management. In particular, we suggest more

e.g.
in male and weight reduction or increase of physical

sex-specific life-style measures, smoking cessation
activity in female HS patients. In this regard, a frequent
monitoring of clinical parameters (e.g., blood pressure)
and clinical chemistry (e.g, HDL-cholesterol) should be
an indestructible part of the medical consultation for both
sexes. Hence, we suggest that these sex-specific differences
should be taken into consideration when caring for patients

with HS.
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