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Background: Ankylosing spondylitis (AS) and hidradenitis suppurativa (HS) represent two chronic inflammatory diseases that share
similar underlying immunological characteristics. Observational studies suggest a potential association, but the causal relationship
remains underexplored.

Objective: To evaluate bidirectional causal links between AS and HS using Mendelian randomization (MR).

Methods: We implemented two-sample bidirectional MR analyses, utilizing summary statistics obtained from genome-wide associa-
tion study (GWAS) datasets. Genetic instruments for AS (ncase=9069, ncontrol=1550) and HS (ncases=409, ncontrols=211,139) were
selected under stringent criteria (p<5e-5 LD clumping: r’<le-2, clumping window=1e4 kb). Primary analyses used inverse-variance
weighted (IVW) regression, supplemented by MR-Egger, weighted median, and sensitivity analyses.

Results: Genetically predicted AS significantly increased HS risk IVW OR=3.49, 95% CI=1.43-8.52, P=0.006), with no evidence of
reverse causation (HS—AS: OR=1.00, 95% CI=0.9998-1.00, P=0.816). To validate the stability of our estimates, sensitivity analyses
were performed. The MR-Egger intercept and Cochran’s Q test yielded nonsignificant P values (both P>0.05), supporting the
robustness of our findings.

Conclusion: This investigation provides genetic evidence indicating a causal relationship between ankylosing spondylitis and an
increased risk of hidradenitis suppurativa, underscoring a shared etiological pathway, likely involving the IL-17/IL-23 axis. No
significant causal effect was observed from HS to AS within the limitations of the current data.
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Introduction
Ankylosing spondylitis (AS) is an immune-mediated inflammatory arthritis, and it falls within the broader category of
spondyloarthropathies (SpA), a group that comprises reactive arthritis and enteropathic arthritis.' In addition to affecting
the skeletal system, AS can also involve various extra-articular organs. A variety of extraarticular features are commonly
observed in patients with AS. These include inflammatory bowel disease (affecting up to 50% of patients), acute anterior
uveitis (identified in 25-35% of cases), and psoriasis (seen in approximately 10% of individuals).'

Hidradenitis suppurativa (HS), also referred to as acne inversa, is a long-standing inflammatory disorder affecting
the skin. This condition typically presents with persistent or recurrent lesions, including double-headed comedones,

tender indurated papules and nodules, as well as interconnected draining sinus tracts. Moreover, hypertrophic or
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atrophic scars often develop as residual sequelac of chronic inflammation. HS lesions predominantly localize to
intertriginous areas and sites rich in apocrine glands. Typical affected locations encompass the axillae, groin, perianal
region, perineum, and inframammary regions. Typically, HS typically manifests in adolescent and young adult
individuals. The condition has a population prevalence of approximately 1-4%, and women are disproportionately
affected relative to men.’

Emerging evidence indicates that SpA and HS have overlapping clinical manifestations, shared genetic susceptibility,
and similar immunological profiles, as well as common underlying immunopathological targets and comparable treat-
ment strategies.>* Clinically, targeted biologic therapy is now the mainstay of treatment of moderate to severe HS. The
anti-TNF-a antibody adalimumab and the anti-IL-17 secukinumab, which are the only two biologics approved for HS by
the US Food and Drug Administration and Medicines Agency, show moderate efficacy of approximately 50% in placebo-
controlled studies.>® Similarly, they are the mainstay of treatment of AS.”* A narrative review of the literature revealed
that the occurrence rate of spondyloarthritis, its subtype AS and RA, In HS, the prevalence of spondyloarthritis is
presently found to be higher in comparison with that noted in the general population (0.93-28.2% versus 0.2—1.6%).”'°
Based on the above researches, it seems that AS and HS are strongly correlated. Nevertheless, conclusive evidence
supporting a causal link between AS and HS remains lacking, largely due to the presence of unadjusted confounding
factors and reverse causality bias inherent to observational research designs.

By using genetic variants as instrumental variables, Mendelian randomization (MR) offers an effective approach to
minimize confounding bias that is frequently present in observational investigations, thereby facilitating robust causal
inference. Distinct genotypes lead to different intermediate phenotypes. When such a phenotype serves as an individual’s
exposure status, the correlation between genotype and disease status can capture the causal effect of the exposure variable
on the clinical outcome. This framework is unaffected by conventional confounders or reverse causality, owing to the
random allocation of alleles during meiosis.

Materials and Methods

In the present two-sample MR analysis, multiple single nucleotide polymorphisms (SNPs) were selected as genetic tool.
Three key assumptions needed to be satisfied (Figure 1): first, the genetic instruments are robustly associated with the
exposure; second, the instrumental variables are not related to confounding factors; and third, genetic variants exert an
effect on the outcome only through the exposure pathway.!' Bidirectional causal relationships between AS and HS were
further assessed using MR approaches.

Data Sources

We searched publicly available genome-wide association study (GWAS) databases, including IEU openGWAS and the GWAS
Catalog, to identify and extract appropriate datasets. All data included in this study were obtained from public repositories, this
case is exempt from approval based on national legislation guidelines, such as item 1 and 2 of Article 32 of the

Measures for Ethical Review of Life Science and Medical Research Involving Human Subjects dated February 18,
2023, China.

Details regarding the summary statistics utilized in this work are presented in Table 1. To ensure sufficient instrument strength
in bidirectional MR analysis, we adopted distinct dataset combinations for opposing directions. The AS—HS estimation utilized
GWAS summary statistics from datasets ebi-a-GCST005529'2 (for xposure) and finn-b-L12_HIDRADENITISSUP (for out-
come), whereas the reverse HS—AS analysis employed datasets finn-b-L12 HIDRADENITISSUP (exposure) and ukb-b-18194
(outcome). This adjustment was necessitated by the complete absence of valid instrumental variables (F-statistic >10) when
pairing dataset ebi-a-GCST005529 (exposure) with dataset finn-b-L.12 HIDRADENITISSUP (outcome), likely attributable to
incomplete SNP coverage in dataset E for trait B-related loci.

SNP Selection

The most significant and independent SNPs were chosen for the main analysis under the thresholds of p<5e-5 and linkage
disequilibrium (LD) r’<le-3."? For the exposure analysis of AS, 51 SNPs were associated with AS, and a total of 9 SNPs
linked to HS were identified. Given the relatively lenient significance threshold employed, we evaluated the possibility of
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Figure | Schematic overview of the core assumptions underlying Mendelian randomization. Solid lines represent SNPs associated with the exposure that influence the
outcome exclusively through this exposure, while dashed lines indicate SNPs that are independent of confounders between the exposure and outcome. \: predicts; X: no
direct effect; ?: Causality has yet to be established.

Abbreviations: AS, ankylosing spondylitis; HS, hidradenitis suppurativa.

weak instrument bias using the F statistic, with F > 10 indicating sufficient instrument strength. To avoid any potential
confounding links between SNPs and the outcome, the selected variants were further cross-referenced against the NCBI
genotype-phenotype database using a threshold of p < Se-5. Before MR analysis, exposure and outcome datasets were
harmonized by aligning SNPs to the same effect allele. 49 independent SNPs were employed as genetic instruments for
AS after removal of rs2596501 and rs2517655 due to correlation with other selected variants. Details on IVS are
provided in the Supplementary Tables 1 and 2.

MR Estimates

Two-directional Mendelian randomization analyses were conducted. The first analysis estimated the genetically predicted
causal effect of AS on HS, and the second evaluated the reverse causal effect of HS on AS. The primary MR method was
the inverse-variance weighted (IVW) model, which treats all genetic variants as valid instrumental variables. IVW

Table | Comprehensive Details Regarding the GWAS Summary Statistics

GWAS ID Data Source Sample Size | Cases/Controls | Population | Year
Exposure: AS ebi-a-GCST005529 IEU openGWAS 22647 9069/1550 European 2013
Outcomes: HS finn-b-L12_HIDRADENITISSUP | FinnGen database | 211548 409/211139 European 2021
Reverse MR Analysis | GWAS ID Data Source Sample Size | Cases/Controls | Population | Year
Exposure: HS finn-b-L12_HIDRADENITISSUP | FinnGen database | 211548 409/211139 European 2021
Outcomes: AS ukb-b-18194 UK Biobank 462,933 1296/461637 European 2018
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estimates were derived using unconstrained weighted least-squares regression, with the regression slope representing the
causal effect.'* We also applied weighted median estimation and MR-Egger regression to assess causal relationships
under various model specifications.

The weighted median method can provide an unbiased causal estimate when at least 50% of the instrumental
variables are valid.'> MR-Egger regression allows for an intercept term to account for horizontal pleiotropy, yielding
more robust estimates even if some instrumental variables are invalid.'® We assessed the reliability and stability of the
results using heterogeneity testing, pleiotropy evaluation, and sensitivity analyses.

Heterogeneity among instrumental variables was examined using Cochrane’s Q statistic; a p-value < 0.05 indicated
significant heterogeneity, and a random-effects model was then used. Otherwise, a fixed-effects model was applied.'’
A leave-one-out sensitivity analysis was performed by sequentially removing each instrumental variable to test the
consistency of MR results.'> The MR-PRESSO test was used to detect horizontal pleiotropy. The MR-PRESSO outlier
test evaluates the deviation of each SNP from the fitted regression line; larger deviations suggest a higher probability that
the SNP is an outlier requiring exclusion.'®

The intercept from MR-Egger regression can be used to detect and adjust for directional pleiotropy. However,
MR-Egger generally yields wider confidence intervals and is therefore considered a supplementary approach to IVW.
Accordingly, MR-Egger was used in cases with significant pleiotropy, and MR-PRESSO was employed to detect and
remove outliers. In the absence of major pleiotropy or outliers, IVW results were used as the primary findings.

We performed all analyses utilizing the two-sample MR package (v0.6.11) and MR-PRESSO package (v1.0)
implemented in R programming language (version 4.1.3).

Results
Causal Impact of AS on the Risk of Hidradenitis Suppurativa

Following the implementation of strict exclusion criteria, we detected no evidence of weak instrument bias in our
analysis, with F-statistics greater than 10 for AS. No outlier SNPs were identified in the MR-PRESSO analysis. No
significant heterogeneity was detected in the Cochran’s Q test for AS (p > 0.05). We therefore applied the fixed-
effects model within the IVW framework. Our analysis provided robust evidence supporting a significant causal
relationship between AS and HS (IVW OR=3.49, 95% CI=1.43-8.52, P=0.006, Figure 2A). Estimate of IVW were
consistent with those obtained from the weighted median method. No significant indication of horizontal pleiotropy
was detected by pleiotropy assessment, as demonstrated by a nonsignificant MR-Egger intercept (p > 0.05), support-
ing the reliability of IVW estimates for causal inference. Comprehensive outcomes of the robustness checks are
summarized in Table 2. The leave-one-out plot is shown in Figure 2B, and the funnel plot is presented in
Supplementary Figure 1.

Causal Effects of Hidradenitis Suppurativa on AS

We further performed reverse-directional analysis with HS as the exposure and AS as the outcome. The F-statistic for all
instrumental variables exceeded 10, indicating no evidence of weak instrument bias. All MR-Egger regression tests
yielded non-significant results (pleiotropy test p > 0.05), suggesting no directional pleiotropy. The MR-PRESSO
approach did not identify any outlier single-nucleotide polymorphisms(SNPs). Accordingly, fixed-effects models were
applied for the AS group. Analysis using the IVW method revealed no causal effect of HS on AS (OR=1.00, 95% CI:
0.9998-1.00, P=0.816). The forest plot illustrating the genetically predicted causal effect of HS on AS is presented in
Figure 3A. Detailed results of sensitivity analysis are summarized in Table 2, the leave-one-out plot is displayed in
Figure 3B, and the funnel plot is provided in Supplementary Figure 2.

Figure 4 shows forest plots assessing the genetically predicted causal associations between AS and HS in both
directions.

4 https: Clinical, Cosmetic and Investigational Dermatology 2026:19


https://www.dovepress.com/article/supplementary_file/579441/579441%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/579441/579441%20Supplementary%20Material.docx

Chang et al

>

MR Test

/ Inverse variance weighted / Weighted median
/ MR Egger / Weighted mode
y / Simple mode

—L12_HIDRADENITISSUP
o
=

o
~
'

:finnge

o
[N}
'

0.2+ |

0.06 0.09
SNP effect on || id:ebi-a-GCST005529

SNP effect on Hidradenitis suppurativa || i

o]

156600247 -
156878529 -

51734907 -
182531875 -
rs12615546 -

(X ]

rs1801274 -
157933433 -
151660545 -
1517233311 -
512200874 -
157191548 -
rs26662390 -
111189138 -
rs11065668 -
1s7374163 -
rs1600082 -
1$9033 -
1S7854567 -
1S22B3760 -
755650203 -

Tl'qb 190000000

5639324 -
1s10244904 -
154651529 -
rs55867767 -
rs11624288 -

152407752~ %
i

rs2608048 -
rs15627021 -
156647633 -
rs177665610 -
152273684 -
1510245071 -
154120267 -
152058813 -
rs1260550 -
151041826 -
rs9901869 -
151128808 -
156556418 -
rs56164007 -
134078410 -
152806
r$11209028 -
541209637 -

rs-

’eooe
L)
W [ LXYY 9000900004 %0040

4

<

%o,

[ ]

) 1 L}
0.5 1.0 15 20
MR leave-one-out senstivity analysis for
‘|l idebl-a-CCST005529 on Hidradenitis suppurativa || idiinn-b-L 12_HIDRADENITISSUP'

Figure 2 (A) The scatter plot generate from the Mendelian randomization (MR) analysis, where the slope of each line represents the MR effect calculated using the IVW
model. The scatter plot illustrating the genetically predicted causal effect of AS on HS; (B) The plots of MR and leave-one-out analyses of a genetically causal association

between AS on HS.
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Table 2 MR Sensitivity Analyses

Exposure | Outcome | SNPS | Heterogeneity | MR Egger Pleiotropy Test | MR-PRESSO Outllier

Q p-value | Intercept p-value
AS HS 47 61.85 | 0.059 —0.055 0.133 None
HS AS 9 10.82 | 0.212 —0.0004 0.375 None

Discussion

Using pooled GWAS data, the present study comprehensively explored the causal relationship between AS and HS. To
the best of our knowledge, this is the first MR study to investigate the bidirectional causal association between AS and
HS. Our bidirectional MR analysis provides robust genetic evidence supporting a unidirectional causal relationship
between ankylosing spondylitis (AS) and hidradenitis suppurativa (HS).

Previous studies have reported that 2-28% of patients with HS exhibit axial involvement, while approximately 10%
of individuals with axSpA develop HS. The temporal correlation between these conditions suggests a potential shared
immunological mechanism.'>?° In the majority of SpA patients, HS occurs before the clinical diagnosis of SpA, with
frequent axial involvement. Notably, these two conditions are both strongly associated with HLA-B27 positivity.?'. In
essence, AS represents the advanced radiographic stage within the axSpA disease spectrum, sharing identical clinical
manifestations and genetic susceptibility (HLA-B27 association), which seemed there is a strong correlation between AS
and HS. Our findings align with cohort studies reporting higher HS prevalence in AS populations,®® but extend these
observations by establishing temporality and directionality. As patients with axial SpA who present concurrent HS tend to
display more severe disease activity,”* systematic evaluation for HS in individuals diagnosed with SpA carries substantial
clinical significance. Meanwhile, a considerable number of patients diagnosed with hidradenitis suppurativa (HS) have
reported symptoms indicative of inflammatory arthritis.”' In studies involving larger patient cohorts, the estimated
prevalence of inflammatory arthritis ranges from 0.8% to 5.2%.° Specifically, the odds ratio for spondyloarthritis is 2.1
(95% confidence interval [CI]: 1.4-3.2), while that for rheumatoid arthritis is 2.0 (95% CI: 1.3-3.0).'° Our results differ
somewhat from previous estimates. These discrepancies may be attributed to variations in study design and analytical
methodologies. Observational analyses are susceptible to clinical confounding factors that can distort both exposure and
outcome assessments, thereby limiting reliable causal inference. Even when a significant association is detected in
observational studies, this does not necessarily indicate a direct causal relationship. By contrast, Mendelian randomiza-
tion is largely unaffected by such confounders and thus enables more robust causal evaluation.

This unidirectional causal relationship may be linked to their pathogenesis. Recent transcriptome-based investigations
have yielded robust support for the notion that shared pathological processes underlying these conditions are associated
with the accumulation of neutrophils and macrophages within inflamed tissue sites, accompanied by elevated expression
levels of proinflammatory cytokines (IL-1a, IL-1p, IL-17A/F, IL-23, and TNF-a,), activation of the JAK—STAT signaling
pathway, and genetic variants associated with B-cell costimulation, such as CXCR5.%* In lesional skin specimens from
patients with HS, the frequency of CD4+ T cells expressing IL-17 and TNF was significantly elevated. Notably, anti-TNF
therapy led to a marked reduction in the number of IL-17-expressing CD4+ T cells within HS skin lesions.**

The AS—HS causality may be mediated by shared genetic architectures in IL-17/IL-23-related pathways. Our
sensitivity analysis showing attenuated causality after excluding IL-23R region variants (rs11209026) supports this
hypothesis. Mechanistically, HLA-B27 misfolding in AS could induce ER stress and IL-23 overproduction,” which
primes vd T cells to secrete IL-17A — a cytokine directly implicated in both axial joint inflammation and HS-associated
follicular hyperkeratosis. The null HS—AS relationship suggests that HS-related genetic variants (eg, NCSTN mutations
affecting y-secretase®®) primarily drive local skin barrier defects rather than systemic autoimmunity This compartmenta-
lization contrasts with psoriasis-associated variants (eg, IL23R), which frequently exhibit pleiotropic effects on both
cutaneous and joint inflammation.?

Clinically, our results advocate for dermatologic surveillance in AS management. The increased HS risk per AS
genetic predisposition suggests that early recognition of HS in AS patients could prevent disease progression through
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Figure 3 (A) The scatter plot generate from the Mendelian randomization (MR) analysis, where the slope of each line represents the MR effect calculated using the IVW
model. The scatter plot illustrating the genetically predicted causal effect of HS on AS; (B) The plots of MR and leave-one-out analyses of a genetically causal association
between HS on AS.
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exposure—outcome  SNPs model OR (95% Cl) P-value
AS—HS 47 MR Egger (47 SNPs) = 19.5 (2.0, 187.3) 0.013
AS—HS 47 Weighted median (47 SNPs) —a— 2.20(0.61, 8.00) 0.230
AS—HS 47 IVW (47 SNPs) e 3.49 (1.43, 8.52) 0.006
AS—HS 47 Simple mode (47 SNPs) & 2.61(0.20, 33.65) 0.470
AS—HS 47 Weighted mode (47 SNPs) —_— 1.91(0.34, 10.64) 0.460
HS—-AS 9 MREgger(9SNPs) e 100100 099800, 1.00300) 0370
HS—AS 9 Weighted median (9 SNPs) - 1.00000 (0.99900, 1.00030) 0.680
HS—AS 9 IVW (9 SNPs) = 1.00003 (0.99970, 1.00029) 0.816
HS—AS 9 Simple mode (9 SNPs) " 1.00004 (0.99950, 1.00050) 0.874
HS—AS 9 Weighted mode (9 SNPs) E 1.00008 (0.99960, 1.00050) 0.717
I T T TTTTI T T TTTITI I TTTITmr 11
010 0.30 0.70 2.0 4.0 9.00 30.00 80.00

Odds Ratio

Figure 4 For the effect of AS on HS and HS on AS, causal effect estimates are expressed as OR and 95% CI.
Abbreviations: AS, Ankylosing Spondylitis; HS, hidradenitis suppurativa.

targeted immunomodulation. Notably, the two biologic medications authorized for the treatment of HS include adali-
mumab (anti-TNF-a) and secukinumab (anti-IL-17) by the U.S. Food and Drug Administration,’ -6 supporting biological
plausibility of our genetic findings.

Our analysis was limited by potential horizontal pleiotropy despite rigorous MR-Egger regression (intercept
p=0.055). Future studies should validate causality using drug-target MR with AS-related biologics (eg, IL-17 inhibitor
gene scores) as instruments. Moreover, the European ancestry of GWAS data may limit generalizability. In addition,
although we found strong genetic evidence for a causal effect of AS on HS, and our analysis predicts that approximately
2-10% of HS cases observed in an AS patient cohort are attributable to the causal effect of AS itself, based on the genetic
evidence from MR (Supplementary Note 1), the estimated odds ratio (OR=3.49) was accompanied by a wide confidence

interval, This suggests that the precise magnitude of the risk increase requires more precise quantification in future,
larger-scale studies. Nonetheless, the present result robustly supports the shared etiological pathways between the two
diseases. In the reverse MR analysis (HS—AS), we utilized GWAS data for HS from the FinnGen consortium (409
cases). The relatively small number of cases may limit the statistical power to detect weak to moderate genetic
associations. Therefore, the null finding of no causal effect of HS on AS could partly result from insufficient power
rather than definitively indicate a lack of biological association. Future replication using larger GWAS datasets for HS is
warranted to confirm this finding. We utilized different dataset combinations for the forward (IEU/FinnGen) and reverse
(FinnGen/UK Biobank) analyses, the core reason for using different data sources in the forward and reverse analyses was
to ensure that both analyses were computationally and scientifically feasible. When attempting the reverse MR analysis
(HS — AS) using the same combination as in the forward direction (ie, FinnGen HS data as the exposure), we
encountered a critical issue: the relatively small number of HS cases (n=409) in FinnGen resulted in a GWAS with
insufficient power to identify a robust set of genetic instruments. After applying standard MR quality control steps (eg,
genome-wide significance threshold, clumping for independence), no single-nucleotide polymorphisms (SNPs) remained
as valid instrumental variables (IVs). An MR analysis cannot be performed with zero IVs. Therefore, to meaningfully test
the reverse causal hypothesis, we were compelled to seek a larger GWAS for HS as the exposure source, which led us to
the UK Biobank summary statistics. This approach prioritizes analytical validity (having valid IVs) and statistical
independence in each direction over symmetric data sources, which is a common and rigorous practice in bidirectional
MR when data resources are asymmetric.

In conclusion, Our study establishes AS as an independent risk factor for HS development. For dermatologists, this
implies: HS patients with comorbid AS may represent a distinct subtype requiring combined rheumatologic-dermatologic
management. Existing AS therapies (eg, TNF/IL-17 inhibitors) could be prioritized for HS patients with elevated
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inflammatory markers. Future RCTs should test this targeted treatment approach. AS patients, especially those with
HLA-B27 positivity or elevated inflammatory markers (CRP/IL-17), should undergo routine dermatologic evaluation for
early HS signs (eg, axillary/inguinal nodules). HS patients without axial symptoms need not routinely screen for AS,
given the absence of reverse causation.
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