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What’s already known about this topic?

Hidradenitis suppurativa (HS) is characterized by a high heritability, estimated at around 80%. 

Despite this, causative monogenetic mutations are rare, and have only been able to explain 

approximately 5% of HS cases. A large international genome-wide association study (GWAS) 

collaboration is currently viewed as the best option for discovering genetic causes for HS.

What does this study add?

This study confirms the previous HS heritability estimate. Additionally, it shows that HS is most 

likely caused by gene-gene interactions rather than monogenetic mutations or solely additive 

genetic factors.A
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This discovery is important for  GWAS, and the possibility of gene-gene interaction  should 

therefore be taken into account when mapping genetic causes underlying HS.
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Abstract

BACKGROUND: Hidradenitis suppurativa (HS) is a recurrent inflammatory skin disease that, 

apart from rare causative loss-of-function mutations, has a widely unknown genetic aetiology. Our 

objective was to estimate the relative importance of genetic and environmental factors underlying 

HS susceptibility.

METHODS: Through the Danish Twin Registry and the Danish National Patient Registry we 

joined information on zygosity with that of HS status. HS cases were identified by International 

Code of Diseases 8 (705.91) and 10 (L73.2). Heritability was assessed by the classic biometric 

model and the possibility of gene-gene interaction through the multi-locus modeling approach.

RESULTS: Amongst 100,044 registered twins, we found 170 twins (from 163 pairs) diagnosed 

with HS. The seven concordant pairs were all monozygotic, and monozygotic twins had a 

casewise concordance rate of 28% (95% CI: 7%; 49%), corresponding to a familial risk of 73 

(95% CI 13; 133) times that of the background population.

The biometrical modelling suggested a heritability of 0.80 (95% CI 0.67; 0.93), and the multilocus 

index estimate was 230 (95% CI: 60; 400). This is highly indicative of gene-gene interactions, 

with the possibility of up to six interacting loci.

CONCLUSION: This twin study is substantially larger, and employs a more valid phenotype than 

prior studies. Genetics account for the majority of the HS susceptibility, and HS is most likely 

caused by gene-gene interactions rather than monogenetic mutations or solely additive genetic 

factors. New approaches aimed at assessing potential interactions at a SNP-SNP level should be 

implemented in future HS genome-wide association studies.
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Introduction

Hidradenitis suppurativa (HS) is a chronic recurrent inflammatory skin disease with a 

characteristic clinical presentation of inflamed nodules, non-infectious abscesses, 

draining/non-draining tunnels (sinus tracts) and scarring in the intertriginous skin areas 1-3.

In Western, African and Australian populations, HS has a female/male ratio of approximately 

3-4/1, a typical onset in the 3rd decade of life 4, 5 and a suggested prevalence rate of around 1% 
6-9. There is sparse evidence concerning HS in Asia, but it is suggested that it may be 

considered a predominantly male disease, with a prevalence of approximately 0.1% 10.

HS is associated with multiple comorbidities 1-3, 11, and a significantly reduced health-related 

quality of life 1-3, 12. The pathogenesis is poorly understood, but environmental and genetic 

factors are involved.

Tobacco and mechanical shear are believed to be the primary environmental factors. Nicotine 

may induce pro-inflammatory cytokines 13, while shear forces are mainly associated with 

obesity, and are thus likely multifactorial 3. Both smoking and obesity have been associated 

with severe disease and lower remission rates 14-16.

In Western countries, an estimated 30-40% of patients with HS report at least one first-degree 

relative with HS symptoms 17, 18, consequently an autosomal dominant inheritance pattern 

with decreased penetrance has been suggested. Genetic studies have found causative loss-of-

function mutations in the γ-secretase complex (PSENEN, PSEN1, or NCSTN) of some Han-

Chinese families 19, but these mutations are not generally present in Western HS populations 
20, nor do they reliably co-segregate with HS 21. Recent estimates imply that these mutations 

are responsible for 5-6% of HS cases in Western populations 22. Furthermore, genome-wide 

association studies (GWAS), looking for single nucleotide polymorphisms (SNPs) associated 

with the HS phenotype, have so far yielded no results 23. Recently, a Dutch twin study found a 

high heritability (77%, 95% CI: 54%; 90%) for HS  based on 58 self-reported HS cases 

amongst 4,686 twins 24. Five concordant monozygotic (MZ) pairs and one concordant 

dizygotic (DZ) pair out of 27 and 25 affected pairs were found.

In this study, we report HS recurrence rates and heritability based on time-to-event analyses in 

a large population-based sample of MZ and DZ twins from the Danish Twin Registry (DTR), 

using the Danish National Patient Register (DNPR) to obtain high validity physician-verified 

HS diagnoses. Our objective was to estimate the contribution of genetic and environmental 

factors in HS susceptibility, and to assess the prospects of future GWAS.A
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Materials and methods

Study design and population

To estimate the HS concordance rates in MZ and DZ twins, and to estimate heritability in 

regard to the weight of genetic and environmental factors, we conducted a registry-based 

historical follow-up study of twins using linked data from DTR and DNPR 25-27.

Danish registries and HS cases

The Danish Civil Registration System (initiated April 2, 1968) links all citizens to a unique ten-

digit Civil Personal Register (CPR) number 25. Through the CPR number, information on vital 

status, zygosity (from DTR) and date of hospital diagnoses (from DNPR) can be linked. Positive 

HS status was identified by registrations of a code for HS according to either International Code of 

Diseases (ICD)-8 (705.91) and/or ICD-10 (L73.2).

Study population

Twin pairs born before year 2001, in which both twins were alive on January 1, 1977 or later. End 

of follow-up was March 1, 2014.

Risk of HS by age

Event history analysis of HS was applied, taking into account the timing of events on age-scale for 

each sex separately. Independent censoring (left-truncation and right-censoring) and same 

censoring for pairs is assumed for the analysis. Risk of HS by age is assessed through the 

cumulative incidence function of HS estimated with delayed entry (by 1977) to provide the most 

valid risk of HS by age. The lifetime risk of HS occurrence, i.e. by age 75 is presented. 

Analyses of twin similarities

Twin studies offer a possibility to distinguish between the genetic and environmental contributions 

to phenotypic variance of a particular trait, by analyzing concordance rates for MZ and DZ twin 

pairs. Higher phenotypic similarity between MZ than between DZ twin pairs indicates a genetic 

attribution to the etiology. We provide measures of such influence first, on a risk scale taking time 

to events into account 28, 29, and, second, on a scale of liability to HS from classic biometric 

modeling 30. Furthermore, the relative recurrence risk of HS is obtained from the casewise 

concordance rates, and is thus a measure of the risk of HS, given an affected co-twin, compared to 

the HS risk in the background population 31. 

The multi-locus modeling approach 32 was applied to the concordance rates for MZ and DZ twins 

to provide a range of indices for genetic heterogeneity of loci influencing the risk of HS. A A
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multilocus index of two concurs with an additive action of multiple loci, while indices greater than 

two suggest that loci interact to describe the observed effect.

Since DZ concordance was empirically low for our data, we provide a sensitivity analysis of the 

results obtained, given that one concordant DZ pair was observed as in the Dutch twin study 24. 

And, further, if the genetic influence for HS was purely additive in nature, corresponding to a 

multilocus index equal to 2, we estimate the number of concordant DZ pairs that we should 

expect, given everything else unchanged. Furthermore, we consider the strongest possible epistasis 

effect corresponding to the interaction of multiple loci, and DZ casewise concordance risk equal to 

the lifetime risk. The range may be interpreted as representing epistasis beyond the biometric 

model that is relying on also distributional assumptions on risk of HS.

For full information on the Danish registries, risk of HS by age and analyses on twin similarities 

please see the supplemental information. 

Results

Population specifics

No twins born before 1927 were diagnosed with HS. We subsequently limited the sample to birth 

cohorts 1927 – 2000; 100,044 twins (50,022 pairs), of which 48.5% were females (Table 1). 

During the period 1977-2014, 181 twins were registered with a HS diagnosis in the DNPR. 

Significantly more females (121 (0.25%)) than males (60 (0.12%)), p < 0.001, had been 

diagnosed. 

Mean age at first occurrence was 36.4 years. Females were younger at time of diagnosis (35.5 

years vs. 38.1 years) than males, but not significantly (p = 0.17).

The majority of HS-cases had HS registered as a main-diagnosis (170 of 181, 94%), 4% with HS 

as a secondary diagnosis and 2% as a “reference diagnosis”.

Among the 170 twins with an HS main-diagnosis 93 (54.7%) were registered more than once in 

the DNPR. 

Risk of HS by age

The risk of HS before a given age by sex is shown in Figure 1, and the lifetime risk, was found to 

be 0.38% (95% CI: 0.31%; 0.44%), with 0.23% (95% CI: 0.15%; 0.32%) for males and 0.53% 

(95% CI: 0.42%; 0.63%) for females.

Twin similarityA
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The 170 twins registered with HS as a main-diagnosis were from 163 twin pairs, thus yielding 7 

concordant HS twin pairs; all MZ (3 male and 4 female pairs). In 3 of those pairs, the co-twin was 

diagnosed within the first year after the proband, while in another 3 there were 5 or more years 

between the diagnoses of the 2 twins. 

A total of 36 MZ pairs with at least one HS case were identified during follow-up: 7 concordant 

and 29 discordant pairs corresponding to a HS casewise concordance rate of 28% (95% CI: 7%; 

49%) (Table 2). Hence, approximately 1/3 of co-twins to MZ twins with HS will also develop HS. 

All the 67 same-sexed DZ twins, 51 opposite-sexed twins and 9 same-sexed twins with unknown 

zygosity were discordant for HS.

The familial risk of HS by age for MZ pairs increase from young adulthood until the mid-forties, 

and then stabilizes with increasing age around the casewise concordance rate of 28%. In Figure 2, 

the individual risk by age, the marginal risk, increases by age to the estimated lifetime risk of 

0.38%. This risk varies by sex as shown in Figure 1. Expectedly, since we have not identified any 

concordant DZ pairs, the DZ familial risk may be as low as the risk of the background population. 

The relative recurrence risk in MZ twins (the ratio between the curves in Figure 2) is estimated at 

73 (95% CI: 13; 133) (Table 2). Hence, the risk of HS in an MZ twin with an affected co-twin is 

more than 70 times the background population risk.

Following the model-based approach for type of genetic influence presented in 28, taking into 

account the high MZ relative recurrence risk, and that no DZ concordant pairs have been observed 

among eligible twins during the observation period, our results suggest a multilocus index estimate 

of 230 (95% CI: 60; 400). This estimate is of high indeterminacy; however, it strongly suggests 

the presence of epistatic effects (gene-gene interactions) underlying the trait of HS. Assuming this 

magnitude of the multilocus index, we would expect up to six interacting loci for HS.

Sensitivity analysis: If purely additive effects of loci is the mechanism for risk of HS, the 

multilocus index is two. If further assuming that the lifetime risk and MZ casewise concordance is 

as observed, then a calculation involving the maximum likelihood estimator of DZ casewise 

concordance reveals that 10 concordant DZ pairs would be expected. This is a major contradiction 

to empirical findings, hence solely additive effects on risk scale cannot be reasonably assumed as 

the only action underlying the risk of HS and gene-gene interaction is most plausible. If one 

concordant DZ pair had been observed, we would obtain an estimated multilocus index of 33 

(95% CI: 0; 211), still highly suggestive of epistatic genetic effects (see supplemental information 

for further comments). A
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The classic biometric models presented in Table 3 reveals for the first model, the flexible saturated 

model with overall best fit to data, an estimate of the tetrachoric correlation in MZ pairs of 0.80 

(95% CI: 0.64; 0.90) which is an upper bound of overall genetic influence possible from any 

classic biometric model of sources of variation in the trait of HS. The second biometric model 

estimated, the ADE model, further assumes that genetic and environmental factors do not interact, 

and that genetic influences on variation in HS liability may be attributable to a sum of additive- 

and dominant genetic effects, while environmental effects are non-shared for the pair. The ADE 

model is close in fit to the data in comparison to the saturated model in terms of AIC and provides 

a better fit than all other submodels of the saturated model. For instance, any shared environmental 

contribution (C) to HS is most unlikely. The ADE model suggests a heritability of 0.80 (95% CI: 

0.67; 0.93) hence reaching the maximum quantity of genetic influence suggested by the saturated 

model (information on each submodel is available in Supplemental Table 1). Although the ADE 

biometric model assumes no epistasis, it may be seen as a limiting model for the weakest possible 

epistasis effect. Hence, the ADE model, assuming a DZ kinship of 0.25, provides a lower bound 

for the epistatic contribution to sources of genetic variation in HS.

Discussion

Our findings of strong evidence for a genetic component to HS liability (heritability estimate 

of 80%, 95% CI: 67%; 93%), supports results from the Dutch twin study (heritability estimate 

of 77%) 24. However, our study implies that gene-gene interactions are highly likely, and 

therefore the optimism regarding HS GWAS should probably be tempered. Causative loss-of-

function mutations in the γ-secretase complex has been known for a decade, but these rare 

mutations only explain a minority of HS cases 19, 20. Only one GWAS on HS have been 

presented, and it found no genetic associations to HS 23. While this GWAS was only powered 

to uncover association between HS and SNPs with very large effect sizes, it is important to 

realise that GWAS in general are rarely sufficiently powered to detect possible gene-gene 

interactions 33. Our findings of a high concordance rate and correlation in MZ twins, with 

simultaneous absence of concordant DZ twin pairs, may help explain why only rare causative 

mutations for HS have been found so far.

A common aspect of all GWAS is that the sample size needed to achieve sufficient power 

relies on the attributable risk (effect size) of the yet unknown associations. This is important 

as potential epistatic effect between just two SNPs increases the number of potential A
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associations from a few millions to billions/trillions 34, 35, resulting in a subsequent loss of 

power as p-values needed to achieve statistical significance plummets. To combat this 

problem several new approaches aimed at assessing potential interactions at a SNP-SNP level 

are being developed 34-38. One method, employing established knowledge on genetic 

pathways, have successfully shown significant interactions within Parkinson’s disease, 

schizophrenia, hypertension, type 2 diabetes and breast and prostate cancer 38. Consequently, 

we need to rethink our approach for future GWAS on HS as unspecific analysis will be highly 

inefficient if not impossible. With the current methods weak epistatic effect of common 

variants can only be shown by including an estimated few tens of thousands cases 34. 

The main difference from previous studies 24 hinges on one Dutch DZ pair, in which both co-twins 

screened positive for HS in a questionnaire. The screening question used was, however, un-

validated, and the proportion of false positives cannot be assessed. Similar questions have 

achieved positive predictive values (PPV) of 85-89% 39, albeit in a sample population with an HS 

prevalence of 50%. Applying the same sort of test to a population with a HS prevalence of 1.2% 

(e.g. the Dutch study 24) we would only expect a PPV of 7.4%. In contrast, our study is based on 

physician-diagnosed cases of HS. Applying this HS phenotype means a risk of underreporting the 

number of HS-patients, due to long diagnostic delays 6, 40-42, but ensures a high validity of the 

phenotype with minimal selection bias (i.e. PPV ≈ 100%). It is worth mentioning, that our 

sensitivity analysis showed that even finding a single concordant DZ pair, would still entail an 

estimated multilocus index of 33, highly suggestive of epistatic genetic effects. A low PPV is 

more likely to affect the estimate of gene-gene interaction than the heritability estimate, which 

may explain why both studies arrive at similar heritability estimates.

Approximately 30-40% of Western patients with HS report at least one affected first-degree 

relative 17, 18, and recently a US study estimated sibling recurrence risk of HS to be 19.9% 43. In 

the present study this risk was 8.2% (14/170), a result contributable to the seven concordant MZ 

twin pairs. The three prior estimates 17, 18, 43 all relied on anamnestic information and not 

confirmed clinical diagnoses. A lower first-degree relative risk would be expected when HS 

phenotype is based on clinical diagnoses. An assertion confirmed in a recent nationwide Danish 

registry study which reported a HS familial risk for first-degree relatives of 3.8% 11. Ultimately, 

the disparity need not be incompatible, but is rather a consequence of the underdiagnosis of HS 

cobbled with the uncertainty of anamnestic information, as family history of HS has been linked to A
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earlier disease onset 18, which in turn is linked to severity 44, and as severe cases are most likely to 

be referred to dermatologic departments.

Dominant and gene-gene interaction effects may coincide, and the conclusions of the multilocus 

model (Table 2) and the biometric ADE model (Table 3) strongly indicate epistatic genetic effects 

in HS etiology, with potentially up to six interacting loci.

Interactions aside from epistasis should also be considered. Obesity and smoking are 

associated with HS 3, 13, 14 and these environmental factors may through gene-environment 

interactions explain the decreased penetrance previously observed 17. One potential 

mechanism is that obesity adds mechanical stress locally in the hair follicle, which may push 

HS-prone individuals over a clinical threshold 45. This hypothesis is supported by Riis et al. 21 

who suggests that not all γ-secretase complex mutations are causative on their own, as they 

affect stabilising proteins. Ultimately, gene-gene interactions as the dominant underlying 

mechanism of HS would explain why so few cases can be attributed to monogenetic γ-

secretase complex mutations 22, and why mutations in several other genes have been linked to 

HS without being shown to be causative 21, 46. 

Strengths and Limitations

The study’s greatest strength is that it is population-based with a minimum of selection bias. 

The familial risk of MZ twins is the most reliable estimate ever achieved as it relies 

exclusively on physician-diagnosed cases. Furthermore, by only identifying those twins with 

HS registered as a main diagnosis we ensure negligible levels of misclassification. 

Additionally, the lifetime risk of 0.38% is compatible with the prevalence found in Danish 

registries 11. This indicates that the twin sample is representative of the entire Danish 

population, and that external validity is adequate.

One limitation of the study is that no outpatient data were registered before 1994, and that 

patients treated solely by general physicians or specialists outside hospitals were not 

registered. Likewise, knowledge regarding the existence of HS has only recently been 

properly disseminated in the medical community, and underreporting of HS during the study 

period is almost a certainty. This would ultimately result in an underestimation of the HS risk 

and would explain why only 181 HS cases was diagnosed amongst 100,044 Danish twins. 

However, this underestimation should be identical for both MZ and DZ twins, and should 

therefore not influence the relative difference between the concordance rates. Another A
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limitation is exemplified by the high number of MZ concordant pairs diagnosed within one 

year of each other, potentially indicating an intensified diagnostic awareness after a HS-

diagnosis in a MZ twin. Conversely, the pattern could also be compatible with a genetic 

influence on HS age-of-onset. Furthermore, based on the recognized disparities between 

Western and Asian HS patients 10, it is unknown if the results of this study can be extrapolated 

to Asian populations.   

Finally, information on obesity and smoking was unavailable, thus making assessment of potential 

gene-environment interactions impossible.

Conclusion

Our study suggest a primarily genetic origin (80%, 95% CI: 67%; 93%) of HS. Furthermore, a 

three digit multilocus index estimate, strongly indicate that the genetic susceptibility to HS is 

caused by gene-gene interactions, rather than monogenetic mutations or additive genetic effects. 

Future GWAS on HS needs to consider this during the choice of analytical approaches.
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Table 1. Descriptive statistics and concordant rates

Twins born 1927-2000 Total MZ DZ OS UZ

Twins, No. 100,044 20,028 33,180 34,536 12,300

Pairs, No. 50,022 10,014 16,590 17,268 6,150

Females, No.

(%)

48,538

(48.5)

10,010

(50)

15,544

(46.9)

17,268

(50)

5,716

(46.5)

Mean follow-up time, years

(SD)

30.0

(9.3)

32.3

(7.8)

30.9

(8.7)

29.9

(9.3)

24.2

(10.4)

HS registration in the DNPR 

HS twins, No.

(%)

181 

(0.18)

44 

(0.19)

73 

(0.19)

55 

(0.15)

9 

(0.07)

Mean Age HS 

(SD)

36.4 

(11.8)

33.1 

(7.4)

36.8 

(12.5)

39.9

 (12.7)

27.7 

(10.8)

Discordant pairs, No. 167 30 73 55 9

Concordant pairs, No. 7 7 0 0 0

HS registration in the DNPR as main diagnosis

HS twins, No. 170 43 67 51 9

Mean Age at HS diagnosis,

(SD)

35.9 

(11.6)

33.2 

(7.5)

35.8 

(11.9)

39.7

 (13.0)

27.7 

(10.8)

Discordant pairs, No. 156 29 67 51 9

Concordant pairs, No. 7 7 0 0 0

Mean follow-up time, years 

(SD)

35.1

(5.1)

35.6

(4.1)

35.9

(3.8)

34.8

(5.3)

29.2

(11.0)

Descriptive statistics for the 50,022 twin pairs born between year 1927 and 2000, where both 

twins were alive by January 1, 1977 when the DNPR was implemented. End of follow-up was 

March 1, 2014.

DNPR: Danish National Patient Registry. HS: Hidradenitis Suppurativa. MZ: monozygotic, DZ: 

same-sex dizygotic, OS: opposite-sex and UZ: unknown zygosity. 
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Table 2. Lifetime risk, casewise concordance rate and relative recurrence risk of HS

Table showing the lifetime risk for twins 

as a group, and for males and females 

separately, as well as the, casewise 

concordance rate and relative recurrence risk for monozygotic twins with lifetime risk as a reference.

CI = confidence interval, DZ = dizygotic twins, MZ = monozygotic twins.

Lifetime risk, % (95% CI)
Casewise concordance 

rate, % (95% CI)

Relative recurrence risk 

(95% CI)

Overall Male Female MZ MZ DZ

0.38 (0.31-

0.44)

0.23 (0.15-

0.32)

0.53 (0.42-

0.63)
27.8 (7.02-48.6) 73 (13-133) NA

Note: Adjusting for time to event.
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Table 3. The test specifics for the Saturated and ADE models as calculated by the classic biometric model

Casewise concordance 

rate, % (95% CI)

Relative recurrence risk 

(95% CI)

Tetrachoric correlation 

(95% CI)

Heritability 

(95% CI)

Biometric 

model
AIC*

Prevalence, % 

(95% CI)
MZ DZ MZ DZ MZ DZ h2

Saturated 2420.59
0.097 

(0.073-0.128)

26.6 

(13.3-

46.2)

0.097 

(0.073-

0.128)

275.6 

(99.4-

451.7)

NA

0.80 

(0.64-

0.90)

-0.76 

(NA-NA)
- 

ADE 2421.90
0.097 

(0.073-0.128)

26.0 

(12.7-

45.8)

0.67 

(0.47-

0.95)

268.5 

(92.4-

444.6)

6.93 

(5.07-8.80)

0.80 

(0.63-

0.90)

0.20 

(0.17-0.23)

0.80 

(0.67-0.93)

Note: Ignoring time to event and observation window 1977-2014.

* AIC for an ACE-model is 2425.38

Table showing the heritability for HS according to the most parsimonious model of the classic biometric models.

A = additive genetic effects, C = shared environment, D = genetic dominance, E = nonshared environment, AIC = Akaike information criterion, CI = 

confidence interval, NA = not available.  
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Figure legends

Figure 1: HS cumulative incidence by age and sex

Legend: The sex- and age-based cumulative incidence rates of twins, showing a cumulative 

incidence rates for females of 0.53% (95% CI: 0.42%; 0.63%) and 0.23% (95% CI: 0.15%; 

0.32%) for males. The overall estimate was 0.38% (95% CI: 0.31%; 0.44%).

HS = hidradenitis suppurativa.

Figure 2: Casewise concordance rate of HS

The risk of HS in a MZ twin by age given that the co-twin was diagnosed with HS before that age 

(the casewise concordance rate). The individual risk of HS by age (cumulative incidence) is shown 

for comparison. 95% risk band in shaded areas. 

MZ = monozygotic twins, HS = hidradenitis suppurativa. 
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