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SIGNIFICANCE
Hidradenitis suppurativa is a common recurrent inflamma-
tory skin disease, which is underdiagnosed by physicians. 
Severe disease is associated with multiple comorbidities, 
but mild disease with fewer symptoms has been poorly in-
vestigated. This study of otherwise healthy blood donors 
with self-reported hidradenitis suppurativa symptoms and 
their registry data on drug prescription, found that people 
with symptoms of mild hidradenitis suppurativa had 1.73 
times the risk of depression and 1.24 times the risk of 
need ing pain medication compared with healthy controls. 
As people with even mild hidradenitis suppurativa are at 
risk of pain and depression, clinical practice should increase 
its focus on diagnosis of this disease.

Hidradenitis suppurativa is a common recurrent in-
flammatory skin disease. It is associated with multi-
ple comorbidities whose temporal relationships are 
unknown due to long diagnostic delays. This study 
of otherwise healthy blood donors with self-reported 
symptoms of hidradenitis suppurativa investigated the 
temporal relationships of comorbidities. A prospec-
tive survival analysis on a nationwide cohort of blood 
donors, using registry data on drug prescription, was 
used to calculate the hazard ratio of time until first 
prescription of medical treatment for the following 
hidradenitis suppurativa-related comorbidities: heart 
disease, diabetes, depression, thyroid disease and 
pain. Hidradenitis suppurativa status was determined 
by a validated questionnaire, and the survival analysis 
was adjusted for age, sex, body mass index, smoking 
status and having an International Classification of Di-
seases Version 10 (ICD-10) diagnosis of hidradenitis 
suppurativa. Of the participants, 1,012 reported hidra-
denitis suppurativa symptoms, and these symptoms 
increased the hazard ratio of antidepressants (1.73, 
95% confidence interval 1.17–2.56, p ≈ 0.006) and 
analgesics (hazard ratio 1.24, 95% confidence inter-
val 1.11–1.39, p < 0.001). Pain and depression are the 
first comorbidities to present in hidradenitis suppura-
tiva pathogenesis.

Key words: hidradenitis suppurativa; survival analysis; pre-
scription; comorbidity; analgesia; antidepressants.
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Hidradenitis suppurativa (HS) is a chronic skin 
disease, which affects 1–2% of the population of 

western contries (1, 2). In HS, recurrent and inflamed 
painful nodules develop in intertriginous areas of the 
skin. These nodules progress to abscesses and/or tunnels 
(sinus tracts), which may suppurate with malodourous 
discharge (3, 4), causing non-specialists to often mistake 
early signs of HS for acne, folliculitis or staphylococcal 
abscesses (5).

HS is associated with multiple comorbidities: meta-
bolic syndrome (MetS), disorders of the lipoprotein 
metabolism, diabetes, hyperthyroidism, obesity, smok-
ing, depression, anxiety and Crohn’s disease (6–11). The 
mean worldwide diagnostic delay of HS is 7.2–10.2 years 
(12, 13), and studies indicate that up to 90% of people 
with HS symptoms remain undiagnosed (2, 14). Conse-
quently, diagnosed cases are those with the most severe 
disease (15), as HS progresses during the long period of 
diagnostic delay, and knowledge of HS-related comor-
bidities therefore originates from cross-sectional studies 
of patients with severe and long-term disease. Currently, 
very little is known about the development of HS-related 
comorbidities during the long diagnostic delay between 
disease manifestation and diagnosis. We hypothesize 
that even mild cases of HS will have increased risk of 
developing comorbidities.

To examine this hypothesis, filled prescriptions were 
used as a surrogate for the diseases they treat, and mul-
tiple survival analyses were conducted amongst other-
wise healthy blood donors screened for HS through a 
validated screening questionnaire (16). The endpoints 
were different groups of medication, as defined by which 
disease they were used to treat (based on Anatomical 
Therapeutic Chemical [ATC]) code). This study popula-
tion experience a healthy donor effect (healthy worker 
bias) (17), which will have a mitigating influence on 
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prescription frequency. The results are therefore repre-
sentative of comorbidities that develop in individuals 
with a mild HS phenotype.

MATERIALS AND METHODS

Study design and population

In this study, the hazard ratio (HR) of filled prescriptions used 
to treat known HS-related comorbidities was compared between 
HS screen-positives and healthy controls. The study is part of the 
Danish Blood Donor Study (DBDS), which is a prospective cohort 
of healthy blood donors (2, 18–20). DBDS began in March 2010 
as a Danish multicentre, public-health study and biobank (www.
dbds.dk), and now includes more than 127,000 blood donors aged 
18–67 years. Fewer than 5% of invited donors have declined to 
participate. At inclusion into the DBDS, participants receive a 
questionnaire pertaining to health-related items, such as age, body 
mass index (BMI), current smoking status, Major Depression 
Inventory (MDI), etc. (18).

Questionnaire and hidradenitis suppurativa phenotype

In July 2015, a validated HS screening questionnaire (16) was 
incorporated into the DBDS questionnaire (21). Screen-positives 
were those who reported a minimum of 2 HS lesions (boils) in an 
intertriginous skin area during the last 6 months. MDI is a validated 
Danish questionnaire for depression that covers both diagnostic 
criteria according to the International Classification of Diseases 
Version 10 (ICD-10) and the Statistical Manual of Mental Disor-
ders IV classification (22). The current study classified an MDI 
result as indicative of depression if at least 2 major and 2 minor 
depressive symptoms were present (ICD-10 criteria).

Registries

Shortly after birth all Danish inhabitants are assigned a unique 
10-digit Civil Personal Register (CPR) number, which makes 
easy record-linkage on a personal level possible (23). These 
registries were used to identify all drugs prescribed during the 
study period, as well as to identify all patients diagnosed with HS 
between 1995 and 2017. For further explanation 
see Appendix S11.

ATC codes and drug types investigated

All types of medicine are assigned an ATC code, 
which describes the active substance, and on 
which organ or system it acts in humans (24). In 
this study, ATC codes were used as a surrogate 
for the diseases they treat, and the following 
drugs relevant for HS-related comorbidities 
were analysed: heart medication, antidiabetics, 
antidepressants, thyroid drugs, and pain medi-
cation. Heart and pain medication were further 
subdivided. See supplemental material online 
for further explanation.

Statistical and survival analyses

Statistical analyses were performed using 
R-3.5.1 for Windows (The R Foundation for 
Statistical Computing, Vienna, Austria; GNU 
General Public license). For descriptive statis-
tics (25) means and standard deviations (SD) 
are provided. Differences between groups were 

calculated, with t-tests or Mann–Whitney U tests, depending on 
normality. All participants with missing information on BMI or 
smoking status were included in the descriptive analysis, but 
excluded from the survival analyses.

Several Cox’s proportional hazards regression models (26) were 
calculated, with the time of filled prescriptions (see above) as pri-
mary outcomes. All analyses were adjusted for age, sex, BMI, and 
smoking status (yes/no); all factors known to be associated with HS 
(10). Sub-analyses with men and women as separate groups, and 
sub-analyses for those subgroups of heart and analgesics medica-
tion, with at least 5 participants in each group, were performed.

Participants entered into the analyses the date they completed 
a DBDS questionnaire with the HS screening questionnaire, and 
were censored at the time they attained the prescription examined 
for in the individual analysis, or by July 1, 2018 (latest date for 
current The Danish National Patient Registry (DNPR) edition). 
Finally, subgroup analyses incorporating all diagnosed HS cases 
from the DNPR were performed to distinguish between partici-
pants with HS symptoms and participants diagnosed with HS.

The Benjamini–Hochberg procedure for multiple testing, 
applying a false discovery rate of 0.05, was used to correct the 
survival analyses.

RESULTS

Participants and prescription demographics
A total of 53,173 blood donors completed the DBDS 
questionnaire between July 1, 2015 and July 2018. In 
this period, they accrued 284,882 prescriptions over the 
course of 83,178.7 person years. Descriptive statistics 
are shown in Table I.

In short, 1.9% (1,012/53,173) were HS screen-
positives. Compared with healthy controls, these were 
primarily female, younger, more overweight, more were 

Table I. Descriptive statistics

Hidradenitisa

n = 1,012 (1.90%)
Healthy
n = 52,161 (98.1%) cp-value 

Days from DBDS inclusion to July 1, 
2018, mean (SD)

558 (283) 572 (282) 0.48

Sex, n (%)
1.7×10–15  Female 618 (61.1) 25,240 (48.4)

  Male 394 (38,9) 26,921 (51.6)
Smoker, n (%)

< 2.2×10–16  Yes 267 (26.4) 6,768 (13.0)
  No 741 (73.2) 45,263 (86,8)
  NA 4 (0.4) 130 (0.2)
Body mass index, kg/m2, mean (SD) 27.7 (5.5) 25.7 (4.2)

< 2.2×10–16
  NA, n (%) 3 (0.3) 153 (0.3)
Age at enrolment, years, mean (SD) 37.0 (11.8) 40.4 (13.1) 5.1×10–16

Diagnosed with HS according to the 
DNPR, n (%) 153 (15.1) 130 (0.25) < 2.2×10–16

Demographics on prescriptions
Number who received prescription, n (%) 761 (75.2) 35,959 (68.9) 2.3×10–5

Prescriptions (mean per person (SD))b 6,848 (6.77) 278,034 (5.33) 1.32×10–4

Time to first prescription, mean (SD) 203.5 (232.4) 256.3 (257.9) 6.8×10–14

aBased on whether they fulfil the questionnaire definition for HS. bNumber of prescriptions from the 
time of inclusion to 1 July 2018. cPearson’s χ2, Wilcoxon signed-rank test (age) or Welch’s 2-sample 
t-test (body mass index).
HS: hidradenitis suppurativa; SD: standard deviation; NA: not available; DBDS: Danish Blood Donor 
Study; DNPR: The Danish National Patient Registry. Bold numbers indicate all statistically significant tests.

1https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3737

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3737
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active smokers, and a higher proportion had been diag-
nosed with HS (for all p < 2×10–15).

During the study period, 69.1% (36,720/53,173) of the 
participants received one or more prescriptions. 75.2% 
(761/1,012) of the screen-positives filled a prescription, 
and they were responsible for 2.4% (6,848/284,882) 
of all prescriptions. Amongst the controls, 68.9% 
(35,959/52,161) filled a prescription. Screen-positives 
were more likely to fill at least one prescription within 
the study period (p = 2.3×10–5), on average they filled a 
higher number of prescriptions 6.8 vs 5.3 (p = 1.3×10–4), 
and filled the first prescription earlier than the controls 
(p = 6.8×10–14).

Survival analyses on prescriptions
As shown in Table II, survival analysis for time to fil-
led prescription revealed that HS screen-positives had a 
shorter time to filled prescription for antidepressant (HR 
1.73, 95% confidence interval (CI) 1.17–2.56, p = 0.006) 
(Fig. 1a). Similar, but not significant, results were found 
when analyses were stratified by sex. Screen-positives 
also had a shorter time to filled prescription on all kinds of 
pain medication (HR 1.24, 95% CI 1.11–1.39, p < 0.001) 
(Fig. 1b), and for non-steroidal anti-inflammatory drugs 
(NSAID) specifically (HR 1.20, 95% CI 1.09–1.42, 
p = 0.001) (Fig. 1c). For all kinds of pain medication 
and for NSAID specifically positive results were found 
for females (all kinds of pain medication (HR 1.25, 

95% CI 1.10–1.43, p < 0.001), and 
NSAID (HR 1.31, 95% CI 1.12–
1.53, p < 0.001)).

When correcting for multiple test-
ing, HS symptoms did not affect the 
time to filled prescription for antidia-
betics, heart or thyroid medication.

Incorporating diagnosed HS status 
into the survival analyses as a variable 
resulted in no noteworthy changes in 
the effect of HS symptoms on HR of 
filled prescriptions. However, being 
diagnosed with HS in the DNPR ad-
ditionally increased the HR of time 
to filled prescription for all kinds of 
pain medication (HR 1.6, p = 0.004), 
common antipyretics (HR 1.8, 
p = 0.002) and for antidepressants 
(HR 1.6, p = 0.004).

DISCUSSION

This study found that HS screen-
positives had a significantly higher 
HR of filling prescriptions on antide-
pressant medication (HR 1.73), pain 
medication (HR 1.24) and NSAIDs 
(HR 1.20). As the study population 
was not sampled from a dermatolo-
gical department/specialized care 
unit, they include undiagnosed cases 
with, probably, a milder phenotype 
(15). The likelihood of inclusion of 
people with a milder phenotype in 
this study is further increased by the 
fact the study population comprises 
blood donors. Pain and depression 
are evidently the first HS-related 
comorbidities to manifest and, as 
HRs are not markedly changed after 
adjusting for diagnosed HS, these 

Table II. Effect of hidradenitis suppurativa (HS) disease status on hazard ratio (HR) of 
receiving medicinal prescriptions

HS events 
(event rate)

Healthy events 
(event rate) HR (95% CI) p-value

All heart medication, n = 1,745 40 (0.04)   1,705 (0.03) 1.33 (0.97–1.82) 0.08
  Men, n = 916 17 (0.04)   899 (0.03) 1.54 (0.95–2.49) 0.08
  Women, n = 818 23 (0.04)   795 (0.03) 1.20 (0.79–1.82) 0.40
Subgroup analysis for all groups with n ≥5
Diuretics, n = 256   9 (0.009)   247 (0.005) 1.44 (0.74–2.83) 0.29
  Men, n = 65 One group <5 One group <5
  Women, n = 188 One group <5 One group <5
Beta-blocker, n = 321 10 (0.01)      311 (0.006) 1.51 (0.80–2.84) 0.21
  Men, n = 134 One group <5

One group <5
One group <5
One group <5  Women, n = 168

Calcium antagonist, n = 302   7 (0.007)  295 (0.006) 1.39 (0.65–2.96) 0.39
  Men, n = 182 One group <5

One group <5
One group <5
One group <5  Women, n = 117

Drugs affecting the RAS system, n = 588 17 (0.017) 571 (0.011) 1.82 (1.12–2.96) 0.02
  Men, n = 354   7 (0.018) 347 (0.013) 1.55 (0.73–3.30) 0.25
  Women, n = 228 10 (0.016) 218 (0.009) 2.05 (1.08–3.90) 0.03
Lipid modifying drugs, n = 672 11 (0.011) 661 (0.013) 1.15 (0.63–2.09) 0.65
  Men, n = 439   6 (0.015) 433 (0.016) 1.17 (0.52–2.63) 0.70
  Women, n = 231   5 (0.008) 226 (0.009) 1.13 (0.46–2.76) 0.79
Antidiabetics, n = 160     9 (0.009)

One group <5
One group <5

     151 (0.003)
One group <5
One group <5

1.83 (0.92–3.64) 0.084
  Men, n = 78
  Women, n = 81
Antidepressants, n = 683 28 (0.028) 655 (0.013) 1.73 (1.17–2.56) 0.006a

  Men, n = 269   8 (0.020) 261 (0.010) 1.66 (0.78–3.54) 0.19
  Women, n = 406 20 (0.032) 386 (0.015) 1.74 (1.10–2.74) 0.02
Thyroid drugs, n = 606 16 (0.016) 590 (0.011) 1.27 (0.77–2.10) 0.35
  Men, n = 92 One group <5

One group <5
One group <5
One group <5  Women, n = 512

All pain medication, n = 13,394 325 (0.32) 13,069 (0.25) 1.24 (1.11–1.39) < 0.001a

  Men, n = 5,948 102 (0.26)   5,846 (0.22) 1.22 (1.00–1.48) 0.053
  Women, n = 7,369 223 (0.36)   7,146 (0.28) 1.25 (1.10–1.43) < 0.001a

Subgroup analysis for all groups with n ≥ 5
NSAID/anti-rheumatic, n = 9,665 240 (0.24) 9,425 (0.18) 1.20 (1.09–1.42) 0.001a

  Men, n = 4,531   73 (0.19) 4,458 (0.17) 1.11 (0.88–1.41) 0.37
  Women, n = 5,080 167 (0.27) 4,913 (0.19) 1.31 (1.12–1.53) <0.001a

Common antipyretics, n = 8,441 194 (0.19) 8,247 (0.16) 1.10 (0.95–1.27) 0.19
  Men, n = 3,622   64 (0.16) 3,558 (0.13) 1.25 (0.98–1.60) 0.08
  Women, n = 4,772 130 (0.21) 4,642 (0.18) 1.04 (0.87–1.24) 0.67
Opioid analgesic, n = 2,166 54 (0.053) 2,112 (0.040) 1.17 (0.89–1.54) 0.27
  Men, n = 1,086 15 (0.038) 1,071 (0.040) 0.85 (0.50–1.44) 0.54
  Women, n = 1,067 39 (0.063) 1,028 (0.041) 1.36 (0.98–1.89) 0.06
Migraine medication, n = 1,065 32 (0.032) 1,033 (0.020) 1.49 (1.04–2.12) 0.03
  Men, n = 214   6 (0.015) 208 (0.008) 1.97 (0.87–4.47) 0.10
  Women, n = 841 26 (0.042) 815 (0.032) 1.41 (0.95–2.09) 0.09

All survival analysis were corrected for body mass index (BMI), age, sex and smoking status. Analyses were 
not conducted for groups with fewer than 5 participants.
aSignificance after Benjamini-Hochberg correction for multiple testing. Inconsistencies for subgroup analysis 
are due the fact that people can have multiple prescriptions (e.g. heart medication), and thus they can be 
enrolled in multiple subgroup analyses.
NSAID: non-steroid anti-inflammatory drug; RAS: Renin-Angiotensin system. Bold numbers indicate all 
statistically significant tests.
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comorbidities manifest even in people with a mild HS 
phenotype/in early stages of the disease.

Pain is often reported as the most disabling factor 
in HS (27). Pain is experienced by 77.5% of patients 
during a period of 7 days (28). However, even the 
highest rated treatment modalities are only moderately 
effective for HS-related pain (29). A US registry study 
of 254,000 annual HS-related healthcare visits found 
that analgesics were prescribed in 25.1% of HS-related 
consultations (30). Surprisingly, in the US study, 82.1% 
of analgesics prescribed were for opioids (30), but only 
16.2% (2,166/13,394) of analgesic prescriptions in the 
current study were for opiods. This discrepancy can be 
partly explained by 3 factors: Danish physicians fol-
low the analgesic algorithm created by the WHO (31), 
which has the use of opioids as the last step; US patients 

with HS have been shown to have an increased risk of 
substance abuse (odds ratio 1.5), with opioids ranking 
second amongst substances abused (32); and, as the US 
study was a hospital-based registry study, the patients 
probably had a more severe HS phenotype (15) and thus 
were more likely to need opioids. Interestingly, a study 
investigating the type of pain experienced by patients 
with HS showed that they most often experience both 
nociceptive and neuropathic pain (33). NSAIDs are typi-
cally used to treat nociceptive pain, whereas neuropathic 
pain can be treated with antidepressants. The fact that 
participants with a HS diagnosis in the DNPR have a 
further increased HR of time to filled prescription of pain 
medication supports the statement that these participants 
have a more severe phenotype.

The association between depression and HS is well 
established (7, 11, 34), and recently a Danish nationwide 
registry study revealed that diagnosed depression most 
often temporally precedes the diagnosis of HS (35). The 
results of the current study are in agreement with this, 
but further indicate that depression is one of the first 2 
HS-related comorbidities to manifest. A post hoc sub-
group analysis further revealed that 27.1% (112/414) of 
participants whose MDI was indicative of depression at 
the time of enrollment later received an antidepressant 
prescription, with only 8.9% (4,664/52,580) of those 
who did not fulfil the MDI criteria later receiving an 
antidepressant prescription (p < 2.2×10–16). This indicates 
that antidepressants were prescribed for depression and 
not for pain.

The current study did not find a higher HR of anti-
diabetics, heart or thyroid medication despite the fact 
that HS is related to diabetes (6, 35), MetS (6, 35) and 
hyperthyroidism (9). However, only 15.1% of the HS 
screen-positives had also been diagnosed with HS. As 
the majority of screen-positives therefore have a milder 
HS phenotype than seen in the clinic (15), this indicates 
that these comorbidities develop either primarily in 
those with more severe disease or later in the disease 
course. This theory is supported by recent findings that 
demonstrate that, temporally, hypercholesterolaemia is 
diagnosed after a patient has been diagnosed with HS, 
whereas diabetes often precedes the HS diagnosis by as 
little as 6 months (35). While the results of the current 
study regarding hyperthyroidism do not match the as-
sociation with HS found in the literature (9), too little is 
known about the temporal association of these diseases 
to draw conclusions.

Study strengths and limitations
An important strength of this study is that the DBDS 
enabled us to collect community-based, rather than 
hospital-based, data. Hereby, all participants with 
symptoms compatible with HS diagnostic criteria are 
identified, and sampling is not skewed towards severe 

Fig. 1. Forrest plots for the hazard ratios of prescription of (a) 
antidepressant medication, (b) all types of pain medication, (c) non-steroid 
anti-inflammatory drugs (NSAIDs). HS: hidradenitis suppurativa; BMI: 
body mass index: age.enroll: years of age at enrolment.
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cases from specialized clinics (15). The results of the 
current study therefore better depict the comorbidities of 
mild HS. Likewise, by using prescriptions as a surrogate 
for disease, the current study was able to capture those 
participants who are treated by their general physicians 
for mild phenotypes of disease. A further strength of the 
current study is that the DBDS collects information on 
BMI and smoking status, both of which are associated 
with HS (10), and with the development of comorbidities. 
Furthermore, the Danish National Prescription Registry 
has an excellent capture rate for all medicinal groups in-
vestigated in this study (84.6% for the lowest group) (36).

A limitation of the current study is that, while it is 
intuitive that the study population must have milder HS 
symptoms than those treated at specialized clinics (15), 
the current study cannot determine the actual HS severity 
of the participants.

Another limitation is the healthy donor effect inherent 
to this study, which increases the risk of type II errors, 
as it less likely to sample those who will later fill a 
prescription than it is to sample people who will not. 
Consequently, the HRs presented here are conservative. 
An additional limitation exists for depression, as only 
moderate or severe levels of depression are treated 
with antidepressants, and as antidepressants are also 
used for related conditions, such as anxiety and neuro-
pathic pain. Some degree of uncertainty concerning 
prescription reasons therefore exist; however, the post 
hoc subgroup analysis using the MDI showed that anti-
depressant prescriptions were most often prescribed to 
those experiencing symptoms of depression. Likewise, 
mild phenotypes of hypertension and/or diabetes treated 
solely with exercise and dietary restrictions will not be 
revealed in the current study. It should still be pointed 
out, however, that as Danish general physicians are not 
obligated to report diagnoses to the DNPR (only hospi-
tals are), identifying diseases through their ICD-10 code 
would also not have revealed these cases.

In addition, without access to chart information, weight 
loss or cessation of smoking is not known, and over a 
number of years changes will affect disease development, 
and thus prescription necessity. This therefore means 
there is a risk of creating residual confounding, which 
may, in turn, affect our results in a way that cannot be 
predicted. However, logic dictates that this residual con-
founding will be less than the confounding introduced by 
not controlling for BMI and smoking status.

Conclusion
Undiagnosed cases with a probably mild HS pheno-
type have an increased HR of filling a prescription for 
antidepressants (HR 1.73) analgesics (HR 1.24) and 
anti-inflammatory analgesics (HR 1.2), but not of anti-
diabetics, heart or thyroid medication. The fact that even 
mild HS increases the risk of depression is important, 

as depression is estimated to be the leading cause of 
global burden of disease by 2030 (37), and as pain has 
previously been shown to be the most disabling factor in 
HS (27). The current study shows that pain and depres-
sion are the first HS-related comorbidities to manifest, 
and that they appear even in milder cases of HS.
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