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Abstract

Background: Like other chronic, inflammatory skin disorders, hidradenitis suppurativa (HS) is 

increasingly recognized to be associated with various medical disorders.

Objective: Using the Rochester Epidemiology Project (REP), we sought to conduct the first 

American population-based study examining the association between HS and various comorbid 

conditions.

Methods: From the REP database we identified patients diagnosed with HS from 2003 through 

2018 who were residents of Olmsted County, Minnesota, USA, along with age- and sex-matched 

controls. The frequency of a wide variety of comorbid conditions was compared between the 

groups.

Results: A total of 1,160 patients with HS were identified during the study period. Compared 

with age- and sex-matched controls, patients with HS had a significantly higher frequency 

of several medical conditions, including depression, anxiety, hyperlipidemia, acne conglobata, 

dissecting cellulitis, pilonidal cysts, polycystic ovary syndrome, diabetes, chronic kidney disease, 

psoriasis, atopic dermatitis, obesity, and disordered substance use, among others.

Limitations: Our study was limited by its retrospective design.

Conclusions: Providers caring for patients with HS should consider these results, along with 

those of similar studies, and obtain a thorough history, comprehensive physical examination, and, 

potentially, laboratory testing and referral to other specialists.
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Introduction

Hidradenitis suppurativa (HS) is an inflammatory disorder of the hair follicle unit, 

characterized by deep tender nodules, abscesses, and sinus tracts.1 It can cause severe pain, 

malodor, drainage, and limitation of physical activities, resulting in impaired quality of life,2 

increased health care costs, and substantial morbidity.3–5 Similar to atopic dermatitis and 

psoriasis, HS has been recently associated with various other medical conditions, including 

obesity, inflammatory bowel disease (IBD), and psychiatric disorders.6–9 Understanding 

these associations is essential to determine proper screening, laboratory testing, and/or 

referrals to other disciplines for patients with HS. The purpose of the current study was 

to use population-based data from a well-studied US county to better characterize the 

association between HS and other medical conditions.

Methods

The study was approved by the Mayo Clinic Institutional Review Board. STROBE 

guidelines were followed for the study. The Rochester Epidemiology Project (REP) resource 

makes available all medical records of patients from Olmsted County, Minnesota, USA, 

beginning in the 1960s.10–12 It is a frequently used resource because of the centralized 

location of individual medical records from patients in the county.13,14 It is particularly 

useful owing to the isolation of the population, utilization by most health care providers in 

the county, and all data points being entered directly by these providers.15 Olmsted County 

is in southeastern Minnesota and has a population of 158,293, of which 83.6% identify as 

White according to 2019 data.16

We searched the REP for the medical records of patients who had received an International 
Classification of Diseases, Ninth and Tenth Revisions, diagnostic code for HS from January 

1, 2003, to December 31, 2018, and were residents of Olmsted County. For each HS 

case identified, 1 age- and sex-matched control without HS was identified from the REP 

database. The matched controls were chosen randomly from among the pool of residents 

with a visit date close to the time of the patient’s HS diagnosis (i.e., the index date for the 

case-control group). Given that most of the data were collected electronically, we initially 

sought to estimate the false-positive and false-negative rates of International Classification 
of Diseases ascertainment for HS. Of the identified patients, 10% of the cases and non-HS 

controls (n=115 of each group) were randomly selected and reviewed by the primary author 

(O.S.) for documentation supporting a diagnosis of HS, as defined by the modified Dessau 

criteria.17 This review confirmed the diagnosis of HS in our cohort of cases and the absence 

of HS in the control group.
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For the HS patients and controls, comorbid diagnoses at the index date and at the 

last documented complete medical visit were recorded. Comorbid conditions that were 

abstracted are highlighted in Table 1 and Figure 1.

Statistical Analysis

The frequency of comorbid conditions was compared between the HS group and the 

control group. Continuous variables were compared using T- test. Categorical variables were 

reported as number of patients (percentage) and compared with the Fisher exact test. Odds 

ratios (95% CIs) for each parameter were included from logistic regression models. P<.05 

was considered statistically significant. SAS version 9.4 (SAS Institute, Inc) was used for 

analysis.

Results

Patient Characteristics

Our search of the REP identified 1,160 patients with a diagnosis of HS during the study 

period (Figure 2). Mean (sd) age at diagnosis was 35 (14 ) years, 73.0% were female 

(n=847), and 77.9% were White (895/1,149) (Table 1). The 1,160 HS patients were 

compared with 1,160 age- and sex-matched controls. The percentage of patients who were 

White was lower in the HS group than the control group (77.9% vs 94.3%; P<.001) (Table 

1).

Comorbid Conditions

Cutaneous—Compared with the control group, the HS cohort was significantly more 

likely to have dermatologic comorbid conditions. Acne vulgaris or conglobata (7.6% vs 

3.4%; P<.001), atopic dermatitis (1.6% vs 0.6%; P=.04), dissecting cellulitis (6.1% vs 0.8%; 

P<.001), pilonidal cyst/sinus (0.8% vs 0%; P=.004), and psoriasis (2.1% vs 0.8%; P=.01) 

were all significantly more common in patients with HS.

Endocrinologic and Metabolic—Diabetes (12.4% vs 5.7%; P<.001), hyperlipidemia 

(14.1% vs 9.1%; P<.001), hypertension (14.7% vs 8.8%; P<.001), obesity (19.1% vs 

6.2%; P<.001), PCOS (1.7% vs 0.5%; P=.009), and thyroid disease (6.7% vs 4.7%; P=.04) 

occurred more frequently in the HS group than in the control group.

Psychiatric and Behavioral—Anxiety (12.1% vs 8.2%; P=.002), depression (23.6% 

vs 15.3%; P<.001), sleep disturbances (9.7% vs 4.6%; P<.001), substance use disorder 

(11.8% vs 4.8%; P<.001), and tobacco smoking (17.8% vs 6.7%; P<.001) were also 

significantly more common in HS patients. However, suicidality (1.8% vs 0.9%; P=.07) 

was not significantly different between groups.

Inflammatory and Other—Diagnosis of IBD (1.1% vs 0.4%; P=.10) or 

spondyloarthropathy (0.4% vs 0.3%; P>.99) was not significantly higher in HS patients. 

Both kidney disease (4.5% vs 2.2%; P=.004) and major adverse cardiac events (0.8% vs 

0.1%; P=.02) were significantly more likely in HS patients.
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Comorbid Conditions by Sex

Comparison of comorbid conditions by sex among patients with HS showed several 

differences. Female patients were significantly younger than male patients (mean age, 

34 vs 39 years; P<.001) (Table 2). Diagnosis of depression (25.9% vs 17.6%; P=.003), 

thyroid disease (7.7% vs 4.2%; P=.03), and psoriasis (2.6% vs 0.6%; P=.04) were more 

likely in female HS patients than male HS patients. Conversely, hyperlipidemia (11.2% vs 

21.7%; P<.001), nonalcoholic steatohepatitis (1.1% vs 2.9%; P=.03), hypertension (13.0% 

vs 19.5%; P=.007), and obstructive sleep apnea (0.2% vs 3.2%; P<.001) were less likely 

in female HS patients than male HS patients. In male patients with HS, tobacco smoking 

(22.4% vs 16.2%; P=.02) and substance use disorders (15.7% vs 10.4%; P=.02) occurred 

more frequently than in female HS patients (Table 2).

Discussion

HS is an inflammatory condition that imposes a large burden on both patients and 

health care systems, being associated with several cutaneous and noncutaneous comorbid 

conditions. Identification of these comorbid conditions is important to optimize disease 

management and to improve patient outcomes. To date, no US population–based studies 

have examined comorbid conditions in patients with HS. With use of the REP, our 

population-based study characterized HS-associated comorbid conditions during a 15-year 

period.

HS is more common in females, with the highest prevalence in the third decade.18,19 Some 

studies, particularly from outside the US and Europe, have found that men are more likely 

to have HS,20,21 and males may also have increased disease severity.18,22 Our results were 

similar to those of published North American and European studies showing an increased 

prevalence of HS in females compared with males. Additionally, females in our study were 

more likely to have comorbid conditions than were their HS-free counterparts (Supplemental 

Table). However, in comparing females with HS with their male counterparts in our study, 

males with HS were more likely to smoke and have substance use issues in addition 

to having hyperlipidemia, nonalcoholic steatohepatitis, hypertension, and obstructive sleep 

apnea. In contrast, female HS patients were more likely to have depression, thyroid disease, 

and psoriasis. Although the association of HS with these varying comorbid conditions has 

been described in the literature, sex differences in association of these comorbid conditions 

have not been addressed in the literature.23

The association between HS and metabolic and endocrine conditions has been highlighted 

over the years.8,18,24–27 A 2019 systematic review and meta-analysis of 5 studies showed 

that HS patients have an increased risk of metabolic syndrome.24 Other studies have 

also found an association between metabolic syndrome and HS.26,27 Our study showed 

no correlation between metabolic syndrome and HS; however, the individual components 

of metabolic syndrome (ie, diabetes, obesity, hyperlipidemia, and hypertension) were all 

significantly more common in HS patients. This difference in findings may be related to 

the younger age group represented in our cohort (median age, 34 years) because metabolic 

syndrome is well recognized to be most prevalent in patients aged 60 through 69 years.28 

In addition, the cross-sectional nature of our study precludes us from evaluating whether 
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some patients would eventually meet diagnostic criteria for metabolic syndrome. Multiple 

studies have shown diabetes to be independently associated with HS,8,25–27 whereas 1 

study did not.29 Our results also corroborated these findings. This may be explained by 

the inflammatory pathogeneses seen in both diseases. These results suggest that glucose 

screening could be part of the initial workup for patients with HS.

Obesity is a known risk factor associated with HS.8,27 We showed a strong association 

between HS and obesity. This link may be due to proinflammatory cytokine release by 

adipose tissue.30,31 Recent studies have addressed the potential role of surgical intervention 

in the management of HS.32–35 In a study of 383 patients, 49% had resolution of disease, 

20% reported a decrease in symptoms, 20% reported stability, and 11% reported worsening 

after bariatric surgery.32 Physicians should counsel HS patients about weight loss, for 

decreasing cardiovascular risk factors and also possibly improving HS symptoms.

A systematic review and meta-analysis that included 9 studies showed HS to be 

significantly associated with hypertriglyceridemia, decreased high-density lipoprotein level, 

and metabolic syndrome.36 We also found that HS patients are more likely to have 

hyperlipidemia. Hypertension has been associated with HS in various studies,36 which we 

also observed. This could be explained, at least partially, by increased obesity and tobacco 

use in HS patients.

An association with PCOS37,38 has been described in female HS patients8,39 but not in 

all studies.40 We also observed this association in our female patients. The link between 

HS and PCOS may result from increased androgens and similar demographics between 

these conditions; both disorders also share comorbid conditions such as obesity, diabetes, 

and metabolic syndrome. Clinicians should have a low threshold for screening female HS 

patients with clinical signs of androgen excess for PCOS.

Thyroid dysfunction is associated with HS in some studies, but others have not established 

an association.8,41–43 Our results corroborate the association, which may result from 

the immunologic etiology of both disorders, as well as the role of the thyroid gland 

in metabolism. Our data did not separate thyroid disorders into hyperthyroidism or 

hypothyroidism, but hypothyroidism most likely represents most cases.

Various cutaneous comorbid conditions have been associated with HS. Classically, HS has 

been described as part of a follicular occlusion tetrad, which includes acne conglobata, 

pilonidal cysts, and dissecting cellulitis. In fact, in a recent multicenter study, 23.6% 

of patients with HS had concomitant pilonidal cysts.44 In a Korean population-based 

nationwide study, Lee et al21 showed significant associations between HS and acne 

conglobata, pilonidal cysts, and psoriasis. Our study had similar findings and also 

demonstrated a significant association with atopic dermatitis. Sherman et al45 described 

a 2-way association between HS and atopic dermatitis in a recent retrospective cohort study 

of 6,779 HS patients.

Psychiatric comorbid conditions, namely depression and anxiety, have also been associated 

with HS. A large meta-analysis found a strong association between HS and both anxiety 

and depression.46 Our study adds further evidence to this association. Interestingly, Wright 
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et al47 reported that children, adolescents, and adults with HS are at higher risk for 

depression compared with controls. Thus, the emotional and psychological burden of 

HS may lead, or at least contribute, to development of anxiety and depression. A large 

systematic review and meta-analysis showed a significant association not only between 

HS and depression and anxiety, but also between HS and bipolar disorder, schizophrenia, 

substance-related disorders, alcohol use disorder, and suicide.48 Another recent systematic 

review also demonstrated a significant association between HS and depression, anxiety, and 

suicidality.49 Our study did not find an association with suicidality, but absolute numbers 

were low, which precludes drawing any firm conclusions.

Tobacco use is one of the most commonly associated behaviors linked to HS. In a large 

retrospective cohort analysis of nearly 4 million tobacco smokers, Garg et al50 demonstrated 

that the incidence of HS is twice as high in smokers than nonsmokers. A systematic review 

and meta-analysis of 25 studies showed that HS patients were 4 times more likely to smoke 

tobacco.51 We also demonstrated an association between HS and tobacco use; currently, it 

is unknown whether tobacco use is a trigger for HS or simply an associated disorder. We 

also found HS to be associated with substance use. In a cross-sectional population-based 

study of HS patients, Garg et al52 showed that HS patients were twice as likely to have 

a substance use disorder. There is a growing body of literature for this association that is 

important to recognize because HS causes a high pain burden, which could cause patients to 

turn to substance use for analgesia.53,54

We did not find an association between HS and IBD, although our overall numbers were 

small. In a meta-analysis of 8 studies, Chen and Chi55 found an association of HS and 

IBD; another meta-analysis of 6 studies found similar results.56 This association may also 

hold true in pediatric HS patients.57 A plausible reason for this includes the increased 

potential for misdiagnosis of HS as cutaneous Crohn disease in patients with Crohn disease. 

In addition, the cross-sectional nature of our study can lead to an underestimation of 

the association of HS and IBD because some patients with HS have undiagnosed Crohn 

disease. Similar to the case with IBD, we also found no association between HS and 

spondyloarthropathy. Lee et al21 showed a significant association in their large, nationwide, 

population-based study from Korea. Richette et al58 also demonstrated this association in 

their multicenter prospective study.

We found significant associations between HS and major adverse cardiac events and also 

kidney disease. Another population-based cohort study demonstrated a similar association 

between HS and major adverse cardiac events,59 and Bailey et al60 confirmed the association 

in a recent systematic review and meta-analysis of 8 studies. This may be the result of 

chronic systemic inflammation, and it may be prudent to discuss this risk with HS patients.60 

There is scant literature on the association between HS and kidney disease, but Miller et al61 

found higher estimated glomerular filtration rate values in HS patients than in controls.

Our study has several limitations. In the REP database, diseases are entered only after they 

are recognized and recorded by the physician. Thus, if a disorder was not brought to medical 

attention or was insufficiently documented, it would not be identified in the database. This 

could be particularly true for patients with mild HS or mild versions of the comorbid 
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conditions we studied. Furthermore, HS is a clinical diagnosis, and other diseases may 

present similarly. In addition, the racial makeup of Olmsted County (ie, 83.6% White and 

6.9% African American in 2019) is not representative of the United States overall, which is 

particularly important when considering that HS may have a racial predilection.16 Although 

our study demonstrated an increased and varied burden of comorbid conditions associated 

with HS, we were unable to stratify by severity and could not make conclusions regarding 

the association between HS severity and comorbid conditions.

Our results are similar to those of prior studies demonstrating a significant burden of 

comorbid conditions in HS patients. These varied associations highlight the need for a 

thorough review of systems, comprehensive physical examination, and possible laboratory 

monitoring and specialty referrals when caring for HS patients. A discussion with the 

patient’s primary care physician regarding these comorbid conditions (Figure 3) may be 

prudent and could translate into early management and prevention of complications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Comorbid conditions significantly associated with hidradenitis suppurativa
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Figure 2. 
STROBE Flow Chart. Selection of study cases of hidradenitis suppurativa (HS) and matched 

control patients. ICD indicates International Classification of Diseases; REP, Rochester 

Epidemiology Project.
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Figure 3. 
Flow Chart. Consultations and investigations to consider in a patient with hidradenitis 

suppurativa (HS)
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Table 1.

Demographics and Comorbid Conditions

Valuea

Variable Cases (n=1,160) Controls (n=1,160) Odds ratio (95% CI) P valueb

Age, y 35.4 (13.8) 35.5 (13.7) 1.00 (1.00–1.01) .82

Female 847 (73.0) 847 (73.0) 1.00 (0.83–1.20) >.99

White 895 (77.9) (n=1,149) 1,082 (94.3) (n=1,147) 4.72 (3.55–6.29) <.001

Acne vulgaris or conglobata 88 (7.6) 39 (3.4) 0.42 (0.29–0.62) <.001

Alzheimer disease 3 (0.3) 4 (0.3) 1.33 (0.30–5.96) >.99

Anxiety 140 (12.1) 95 (8.2) 0.65 (0.49–0.85) .002

Atopic dermatitis 18 (1.6) 7 (0.6) 0.39 (0.16–0.93) .04

Depression 274 (23.6) 177 (15.3) 0.58 (0.47–0.72) <.001

Diabetes 144 (12.4) 66 (5.7) 0.43 (0.31–0.58) <.001

Dissecting cellulitis 71 (6.1) 9 (0.8) 0.12 (0.06–0.24) <.001

Down syndrome 6 (0.5) 2 (0.2) 0.33 (0.07–1.65) .29

Herpes zoster 9 (0.8) 7 (0.6) 0.78 (0.29–2.09) .80

Hyperlipidemia 163 (14.1) 106 (9.1) 0.62 (0.48–0.80) <.001

Hypertension 171 (14.7) 102 (8.8) 0.56 (0.43–0.72) <.001

IBD 13 (1.1) 5 (0.4) 0.38 (0.14–1.08) .10

Lymphomas 3 (0.3) 7 (0.6) 2.34 (0.60–9.07) .34

Major adverse cardiac event 9 (0.8) 1 (0.1) 0.11 (0.01–0.87) .02

Metabolic syndrome 4 (0.3) 2 (0.2) 0.50 (0.09–2.73) .69

NASH 18 (1.6) 9 (0.8) 0.50 (0.22–1.11) .12

Obesity 222 (19.1) 72 (6.2) 0.28 (0.21–0.37) <.001

Obstructive sleep apnea 12 (1.0) 7 (0.6) 0.58 (0.23–1.48) .36

PCOS 20 (1.7) 6 (0.5) 0.30 (0.12–0.74) .009

Periodontitis 45 (3.9) 41 (3.5) 0.91 (0.59–1.40) .74

Pilonidal cyst/sinus 9 (0.8) 0 (0) 19.15 (1.11–330) .004

Psoriasis 24 (2.1) 9 (0.8) 0.37 (0.17–0.80) .01

Kidney disease 52 (4.5) 26 (2.2) 0.49 (0.30–0.79) .004

Sexual dysfunction 8 (0.7) 4 (0.3) 0.50 (0.15–1.66) .39

Sleep disturbance 113 (9.7) 53 (4.6) 0.44 (0.32–0.62) <.001

Spondyloarthropathy 5 (0.4) 4 (0.3) 0.80 (0.21–2.99) >.99

Substance use disorder 137 (11.8) 56 (4.8) 0.38 (0.28–0.52) <.001

Suicidality 21 (1.8) 10 (0.9) 0.47 (0.22–1.01) .07

Thyroid disease 78 (6.7) 54 (4.7) 0.68 (0.47–0.97) .04

Tobacco smoking 207 (17.8) 78 (6.7) 0.33 (0.25–0.44) <.001

Abbreviations: IBD, inflammatory bowel disease; NASH, nonalcoholic steatohepatitis; PCOS, polycystic ovary syndrome.

a
Values are mean ( sd) or No. (%).

b
P values by Fisher exact test unless otherwise noted.
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Table 2.

Comparison of Female and Male Patients With Hidradenitis Suppurativa

Valuea

Variable Female (n=847) Male (n=313) P valueb

Age, y 34 (13) 39 (15) <.001

White 665 (79.1) (n=841) 230 (74.7) (n=308) .13

Acne vulgaris or conglobata 71 (8.4) 17 (5.4) .10

Alzheimer disease 2 (0.2) 1 (0.3) >.99

Anxiety 110 (13.0) 30 (9.6) .13

Atopic dermatitis 11 (1.3) 7 (2.2) .29

Depression 219 (25.9) 55 (17.6) .003

Diabetes 97 (11.5) 47 (15.0) .11

Dissecting cellulitis 52 (6.1) 19 (6.1) >.99

Down syndrome 5 (0.6) 1 (0.3) >.99

Herpes zoster 5 (0.6) 4 (1.3) .26

Hyperlipidemia 95 (11.2) 68 (21.7) <.001

Hypertension 110 (13.0) 61 (19.5) .007

IBD 7 (0.8) 6 (1.9) .13

Lymphomas 1 (0.1) 2 (0.6) .18

Major adverse cardiac event 6 (0.7) 3 (1.0) .71

Metabolic syndrome 3 (0.4) 1 (0.3) >.99

NASH 9 (1.1) 9 (2.9) .03

Obesity 174 (20.5) 48 (15.3) .053

Obstructive sleep apnea 2 (0.2) 10 (3.2) <.001

PCOS 20 (2.4) N/A N/A

Periodontitis 30 (3.5) 15 (4.8) .39

Pilonidal cyst/sinus 5 (0.6) 4 (1.3) .26

Psoriasis 22 (2.6) 2 (0.6) .04

Kidney disease 34 (4.0) 18 (5.8) .20

Erectile dysfunction N/A 8 (2.6) N/A

Sleep disturbance 79 (9.3) 34 (10.9) .44

Spondyloarthropathy 3 (0.4) 2 (0.6) .62

Substance use disorder 88 (10.4) 49 (15.7) .02

Suicidality 12 (1.4) 9 (2.9) .13

Thyroid disease 65 (7.7) 13 (4.2) .03

Tobacco smoking 137 (16.2) 70 (22.4) .02

Abbreviations: IBD, inflammatory bowel disease; N/A, not applicable; NASH, nonalcoholic steatohepatitis; PCOS, polycystic ovary syndrome.

a
Values are mean (sd) or No. (%).

b
P values by Fisher exact for categorical variables, T-Test for continuous variables.
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