ORIGINAL ARTICLE

Polygenic Score: A Tool for Evaluating the
Genetic Background of Sporadic Hidradenitis
Suppurativa

Chiara Moltrasio''®, Ronald MQura2’18, Andrea Conti’, Luca Fania®, Wolfram Jaschke”, 7
Raffaele Dante Caposiena Caro®, Karin Chersi®, Flavia Manzo Margiotta’, Antonella Di Cesare”,

Elia Rosi®, Florian Regensberger’, Barbara Boeckle’, Nina Frischhut’, Stefania Cappellani’,

Cecilia Del Vecchio?, Elena Maria Nardacchione?, Iris Zalaudek®?, Esther von Stebut'®, Irene Berti'",
Michele Boniotto'?, Adamo Pio d’Adamo”"?, Matthias Schmuth’, Valentina Dini’, Francesca Prignanog,
Damiano Abeni'’, Andrea Chiricozzi'*'®, Angelo Valerio Marzano'''¢, Sergio Crovella'”""® and
Paola Maura Tricarico'"'®

®Open

Journal of Investigative Dermatology (2025) m, m—u; d0i:10.1016/}.jid.2024.11.019

Sporadic hidradenitis suppurativa (spHS) is a multifactorial disease in which genetic predisposition is inter-
twined with environmental factors. Owing to the still-to-date limited knowledge of spHS genetics, we calcu-
lated polygenic scores (PGSs) to study the genetic underpinnings that contribute to spHS within European
demographic. A total of 256 patients with spHS and 1686 healthy controls were analyzed across 6 European
clinical centers. PGSs were calculated using a clumping and thresholding technique on 70% of the total sample,
with the remaining 30% used for testing. The PANTHER tool was used to identify overrepresented genes. We
generated a PGS characterized by 923 SNPs with a statistically significant association with spHS (P =2 x 107?).
The statistically significant age-, sex-, and ancestry-adjusted association of our developed PGSs in spHS allows
us to attribute a genetic contribution to the susceptibility of spHS (pseudo-R2 = 0.0053). Variants enriched for
developing PGSs show a statistically significant preference for mapping to genes that encode primarily for cell
adhesion proteins. Although this study developed a polygenic model associated with spHS, the low number of
patients enrolled is a limitation. However, we believe that with larger experimental datasets, our model has the

potential to serve as a valuable tool for predicting spHS states in future studies.
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INTRODUCTION

Sporadic hidradenitis suppurativa (spHS) is a chronic, auto-
inflammatory, and debilitating skin disorder clinically char-
acterized by recurrent painful nodules, abscesses, and
pus-draining tunnels often accompanied by extensive scar-
ring in apocrine gland—bearing skin (van Straalen et al, 2022).
It is characterized by a multifactorial etiology that intertwines
genetic predisposition with environmental factors, thereby

modulating disease susceptibility, onset, endotype/pheno-
type, and response to treatment. The prevalence in Europe
stands at 0.8%, with a female—male ratio of 3:1 and with
patients experiencing a substantial diagnostic delay averaging
between 7 and 12 years from the first symptoms to correct
diagnosis (Saunte et al, 2015). This delay significantly hinders
timely intervention, which is essential for curbing disease
progression and for initiating appropriate therapeutic
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measures. Hidradenitis suppurativa (HS) predominantly
manifests as a sporadic skin disorder; however, in around 8%
of cases, it occurs as a familial disease with an autosomal
dominant inheritance and low penetrance—mostly related to
gamma secretase complex genes—and more rarely, it is part of
a broader syndrome with different immune/inflammatory-
associated conditions, further complicating the disease spec-
trum (Maronese et al, 2024; Moltrasio et al, 2022).

The multifactorial nature of spHS suggests that its vari-
ability arises from a combination of genetic factors—both
independent and epistatic—along with environmental in-
fluences and gene—environment interactions (van Straalen
et al, 2022). A polygenic model could offer a compelling
explanation for the observed differences in disease suscepti-
bility, severity, age of onset, and treatment response, reflect-
ing the intricate genetic landscape underlying spHS.

Several GWASs on HS have been conducted, described in
the article by Jamec et al (2022), which highlights the
importance of registries and multicenter GWAS efforts in
advancing our understanding of HS genetics. Notably, the
study by Sun et al (2023) stands out as the only one listed in
the GWAS catalog that is directly relevant to polygenic risk
score (PRS) calculations. In their multicohort study, Sun et al
(2023) identified 10 loci associated with HS across diverse
populations, making it a reference for our analysis.

Polygenic scores (PGSs) have a different objective and
strategies with respect to GWASs, aimed at identifying novel
genes associated with the disease, because it combines the
effects of SNPs in a single number that predicts the genetic
predisposition for a disease. Considering that in a polygenic
disorder, a single variant is not informative for assessing dis-
ease risk, PGS has been widely applied in polygenic diseases;
in fact, PGS is an important tool with the potential to enhance
disease risk prediction and predict progression and recur-
rence of disease (Polygenic Risk Score Task Force of the
International Common Disease Alliance, 2021).

To date, owing to the still-limited knowledge of spHS ge-
netics, the disease falls into the low polygenic diseases class
(Pace et al, 2022); moreover, a PGS that can contribute to a
more accurate disease risk prediction is still not available.
The early disease detection is crucial in managing spHS
because it could allow for the implementation of targeted
treatments or even measures that could potentially prevent
the condition from progressing into more severe stages.

All this considered, the primary objective of our research is
to investigate the genetic factors that contribute to the
occurrence and risk of developing spHS within the European
population. To analyze genetic predisposition and assess the
combined influence of multiple common variants on spHS
susceptibility, we calculated a PGS for our spHS cohort, using
data from a large GWAS study (Sun et al, 2023).

This approach, which offers a quantitative measure of an
individual’s genetic risk modulation on the basis of the spe-
cific set of genetic variants they carry, could help elucidate
the complex genetic basis of this disease.

RESULTS

Sample characteristics

Among the 256 patients with spHS who passed the quality
control (QC) in our experimental dataset, there were 147
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females and 109 males, with a female—male ratio of 1.3:1
(Figure 1a).

The median age of disease onset was 20 (interquartile
range [IQR] = 14) years, whereas the median age at diagnosis
was 29 (IQR = 19) years (Figure 1b) with a diagnostic delay
of 4 (IQR = 10) years. In more detail, we found that 36.7% of
all patients experienced early disease onset (n = 94 patients),
defined as an onset that occurs before age 18 years (15;
IQR = 3 years), whereas the remaining 162 patients experi-
enced late disease onset (26; IQR = 15 years) (Figure 1c). In
particular, females presented a median age of onset of 18
years (IQR = 11.5 years), significantly lower than the males’
onset age of 20 years (IQR = 13 vyears) (P = .0012)
(Figure 1d).

Forty-one patients (16%) were classified as Hurley stage |
with a median International Hidradenitis Suppurativa
Severity Score System = 2; 133 patients (52%) were classified
as Hurley Il (median International Hidradenitis Suppurativa
Severity Score System = 7), whereas 82 patients (32%) were
classified as Hurley Il (median International Hidradenitis
Suppurativa Severity Score System = 14). Associated condi-
tions were reported in 142 (55.5%) patients, the most com-
mon being acne (8.1%) and class | obesity (3.6%). Body mass
index was 26.9 (£5.31) for all patients, being 27.1 (£5.51)
among the males and 26.8 (+£5.17) among females. Finally,
95 patients (37.1%) were smokers, 20 (7.8%) were exsmok-
ers, and 70 (27.3%) never smoked. For 71 patients (27.7%),
these data were not available.

The control group consisted of 682 female and 712 male
clinically healthy individuals without known history of spHS.
The total median age was 39 years (q1 = 34, g3 = 44 years),
being the median 38 (q1 = 33, g3 = 42) years for the females
and 41 (q1 = 35; q3 = 42) years for the males.

PGSs

The clumping and thresholding technique, implemented us-
ing the command-line PLINK software, version 1.9 (Chang
et al, 2015), generated multiple PGSs on the basis of 8
different P-value thresholds, which reflect the strength of
association between single nucleotide variants and the HS
phenotype in selected GWASs. After validation, the PGS with
the lowest Akaike Information Criterion value in a logistic
regression model—accounting for the effects of sex, age, and
ancestry—was selected. This PGS, consisting of 923 SNPs
and a P-value threshold of 1.0 x 1072, showed a statistically
significant association with spHS, adjusted for age, sex, and
ancestry (P = 2.0 x 107?) (Table 1). To avoid biased esti-
mation of phenotypic variance, we used pseudo-R2 on the
basis of the area under the curve (https://doi.org/10.1002/
gepi.21614) as a metric. The pseudo-R2 for our best PGS
model was 0.5%, whereas the null model (which included all
covariates except the PGS) had a pseudo-R2 of 3.8%. There
was no sign of overfitting in the PGS model, as indicated by
the small SD (0.3) from the mean accuracy (84.14%) ob-
tained through 10-fold cross-validation. The receivers’ oper-
ating characteristic curve analysis of the raw clumping and
thresholding PGS, based on a P-value threshold of 1.0 x
1073, showed an area under the curve of 53.9%. After
adjusting for covariates, the area under the curve increased to
82.0% (Figure 2b), whereas the corresponding null model
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Figure 1. Descriptive analysis of patient data. (a) A donut chart of the count of patients by sex. (b) A density plot with the distribution of age of diagnosis and age
at onset for each patient. (c) A donut chart of the count of patients by onset category. (d) A boxplot with the P-value of the Wilcoxon test to evaluate the

significance of age at onset according to sex.

(which included all covariates except the PGS) show an area
under the curve value of 81.6% (Figure 2a). Our data showed
a difference, although not significant, between patients with

Table 1. Logistic Regression Model Used to Evaluate
the Association between PGS and spHS Disease State

Coefficient Name B value P-Value
Intercept —9.632 13690
1.986 52107"

Polygenic score 3.698e+02 .02101
3.28 x 107" <.0001

Female sex 5.485e-01 .05794
4.55 x 107" 3.2 x 1072

Age, y —3.217e-04 .97951
—1.99 x 1072 3.98 x 103

PC1 1.888e+03 <.0001
1.29 x 10*3

PC2 1.270e+03 <.00011.99 x 1072
2.84 x 1072

PC3 —3.853e+02 .00131
—2.64 x 102 <.0001

Abbreviations: PC, principal component; PGS, polygenic score; spHS,
sporadic hidradenitis suppurativa.

In order, 1st column reports the coefficient name, 2nd column reports the
estimated B value, and 3rd column reports the P-value derived from Z-test
on P estimated value.

early-onset spHS and those with late-onset spHS (early onset:
0.187 £ 0.140, late onset: 0.314 + 0.204; P = .0129)
(Figure 3a); moreover, the genetic susceptibility of female
patients with spHS was not significantly higher than that of
male patients (female: 0.296 £ 0.191, male: 0.195 £ 0.165;
P = .0842) (Figure 3b).

Protein classes—enriched analysis

By analyzing the PGSs using the statistical overrepresentation
test provided by the PANTHER software, we retrieved 2
significantly differentially represented protein classes inside
the genes where the PGS'’s variants map (Table 2).

The protein classes were ordered from highest to lowest
fold enrichment. Cell adhesion proteins (PC00069) were
overrepresented with a positive fold change of 3.06, whereas
C2H2 zinc finger transcription factors (PC00248) were un-
derrepresented, showing a fold change of 0.09.

DISCUSSION

In our spHS cohort, female—male ratio is 1.3:1, a very low
one compared with literature data from other European co-
horts (Morss et al, 2020), and with females having an earlier
HS onset than males (18 vs 20 years). Despite that the
number of patients enrolled is limited, our findings are
consistent with wider epidemiological studies that indicate
sex-specific differences in disease manifestation and pro-
gression (Rosi et al, 2022; Sabat et al, 2022). The importance

www.jidonline.org
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Figure 2. ROC and PGS. ROC curve for (a) the base model that included all covariates (ie, sex, age, and first three principal component) except the PGS and (b)
the one that included PGS. PGS, polygenic score; ROC, receiver operating characteristic.

of considering sex as a key factor in understanding spHS’s
clinical landscape (Mintoff and Pace, 2024) could be partially
attributed to hormonal influences, which are known to
differently affect the immune response and skin physiology
between males and females. Furthermore, although not sta-
tistically significant, we observed a difference between pa-
tients with early-onset spHS and those with late-onset spHS;
thus, the proportion of patients experiencing early HS onset
highlights the potential for genetic predisposition to play a
significant role in disease manifestation and progression.

Notably, the multifactorial nature of sporadic HS is a
widely accepted concept in dermatology because the clinical
phenotypes result from both genetics, polygenic traits, and
environmental factors (Visan et al, 2024). In our study,
focused on genetic factors, we aimed to evaluate and quan-
tify the extent to which disease susceptibility in spHS can be
explained by common associated genetic variants and, as a
consequence, the possibility of creating a PGS that can be
used as a tool that summarizes the contribution of common
genetic variants to spHS disease state. The statistically
significant age-, sex-, and ancestry-adjusted association of
our developed PGS in spHS allows us to hypothesize a
genetic contribution to the susceptibility of spHS.

P =.0129

1
.
3
.

Genetic susceptibility

early late
Age at onset

The proportion of phenotypic variance explained by a PGS
(ie, R? coefficient of determination) varies greatly depending
on how polygenic the disease is. Usually, highly polygenic
diseases, that is, diseases that have a major genetic additive
influence (Kachuri et al, 2024) (eg, coronary atherosclerosis
and type 2 diabetes), are characterized by an R” between 5
and 10%, whereas low polygenic diseases, as in our case, are
identified by an R? value <5%, pointing that gene interac-
tion, epigenetics, and other factors such as environmental
and immunology play a role to determine the onset of spHS
(Farooqi et al, 2023; Khera et al, 2018).

In addition, in our study, we used the same single nucle-
otide variants data to investigate the biological pathways
involved in the disease. Using a statistical overrepresentation
test, we have been able to infer the most informative PAN-
THER’s protein classes according to the PGS we developed.
Our findings have elucidated the biological pathways aligned
with the known etiopathology of the disease, such as cell
adhesion molecules and zinc finger transcription factors.
Considering the pathways results, cell adhesion proteins
(PC00069) were overrepresented with a positive fold change
of 3.06, whereas C2H2 zinc finger transcription factors
(PC00248) were underrepresented. Cell adhesion proteins

P =.0842

Genetic susceptibility

male female
Sex

Figure 3. Genetic susceptibility grouped by age of onset and sex. Boxplot and P-value of the Wilcoxon test to verify statistical differences of the genetic

susceptibility, that is, the polygenic risk, and (a) age of onset and (b) sex.
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Table 2. Protein Classes Enriched by a Statistical Overrepresentation Test

Log2 Fold Adjusted
Protein Class ID PANTHER Protein Class Observed Genes  Expected Genes  Fold Enrichment  Enrichment P-Value
PC00069 Cell adhesion molecule 17 5.56 3.06 1.61 1.14 x 1072
PC00248 C2H2 zinc finger transcription factor 1 10.82 0.09 —3.47 3.91 x 1072

Abbreviations: 1D, identification; PGS, polygenic score.

In order, Tst and 2nd columns report the protein class unique identifier and protein class name of PANTHER protein class database, respectively, 3rd and 4th
columns report respectively the number of observed and expected genes inside PGS gene list, 5th and 6th columns report respectively the fold change and
log2 fold change of how many times the number of observed genes is higher than the expected one, and 7th column report the Bonferroni adjusted P-value

obtained by binomial distribution test.

are essential for the formation and maintenance of a healthy
skin; in fact, they are involved in cell—cell contacts and in
cellular interactions with the extracellular matrix (D’Arcy and
Kiel, 2021). Recently, Jin et al (2023), studying HS epithelial
cells, identified changes in gene signatures that revolve
around cell—cell adhesion. In addition to this, Sanchez et al
(2019) demonstrated that the structure and composition of
the extracellular matrix are altered in biopsies of HS lesions.
It is well-established that cell adhesion proteins and the
extracellular matrix influence biological processes in kerati-
nocytes, such as migration and proliferation, both of which
are impaired in HS (Kashyap et al, 2022). The over-
representation of cell adhesion proteins further supports the
idea that their alteration may play a significant role in HS
pathology. HS is a chronic inflammatory skin disease, where
inflammation and associated immune responses are key
drivers of its onset and progression (van Straalen et al, 2022).
C2H2 zinc finger transcription factors (PC00248) are a large
family of proteins involved in gene regulation, but they are
not typically characterized as major players in skin inflam-
mation or immunity. However, some specific members of this
family may influence processes related to skin inflammation
and immunity indirectly through their role in regulating gene
expression. In the context of skin, some C2H2 zinc finger
proteins play a role in skin development, keratinocyte dif-
ferentiation, wound healing, and repair processes, all of
which are related to skin health and may indirectly influence
immune responses and inflammation. Moreover, although
C2H2 zinc finger transcription factors are not directly asso-
ciated with classical immune pathways, certain family
members may regulate the expression of genes that influence
immune responses, including cytokines or chemokines,
which can impact inflammation. However, their role in im-
mune modulation is not as prominent as those of other well-
known transcription factors (eg, NF-kB, signal transducer and
activator of transcriptions) that are directly involved in im-
mune and inflammatory pathways. Besides, some C2H2 zinc
finger proteins have been implicated in skin diseases,
including psoriasis (Liu et al, 2022) and possibly other in-
flammatory conditions, through their role in epidermal dif-
ferentiation and skin barrier function. For example, mutations
in certain zinc finger proteins can disrupt normal skin ho-
meostasis, potentially leading to inflammation. These are, of
course, hypotheses that we have formulated in an attempt to
interpret whether the results obtained from the pathway
analysis align with the known etiology and pathology of the
disease. Our goal was to explore how the identified pathways

and molecular mechanisms may contribute to the disease
process and whether they provide additional insights into the
underlying biological factors. Although the associations that
we observed are intriguing, further experimental validation is
needed to confirm the relevance of these pathways in disease
progression and to establish a more direct link between our
findings and the pathophysiology of the condition. None-
theless, this analysis provides a useful framework for guiding
future research and deepening our understanding of the dis-
ease mechanisms at play.

In addition to our pathway analysis findings, recent studies
have explored the broader genetic landscape of HS through
the application of PRSs.

A notable study by Nielsen et al (2024) investigated the
genetic correlation between HS and cardiometabolic dis-
eases, such as coronary artery disease and diabetes, using a
PRS for HS. Their analysis, conducted in a large cohort from
the UK Biobank, revealed that a high PRS for HS (>75th
percentile) was significantly associated with increased odds
of both coronary artery disease (OR = 1.09, 95% confidence
interval = 1.06—1.12) and diabetes (OR = 1.13, 95% con-
fidence interval = 1.10—1.17). These findings suggest that the
genetic susceptibility to HS may also predispose individuals
to cardiometabolic conditions, highlighting the pleiotropic
effects of genetic variants involved in both inflammatory skin
diseases and systemic metabolic disorders.

In the context of our study, these findings underscore the
importance of considering genetic factors and their systemic
implications in HS. Although our pathway analysis revealed
key molecular disruptions in the extracellular matrix and
immune responses, the application of PRSs offers a comple-
mentary approach to understanding the genetic basis of HS
and its comorbidities. Future studies should aim to further
dissect the role of specific genetic variants and proteins
identified in both our work and others to explore their po-
tential as biomarkers or therapeutic targets for managing not
only HS but also its associated comorbid conditions.

Looking forward to a potential clinical application,
enrolling a higher number of patients with spHS, as in the
study of Nielsen et al (2024), PGS could be a supplementary
tool for risk assessment and early diagnosis of HS, moving
toward a more tailored approach based on individual genetic
risk profiles. Although this approach has not yet been applied
to patients with spHS, we believe that our results can
contribute to this field as similar studies have done for other
dermatological conditions such as psoriasis and atopic
dermatitis (Arehart et al, 2022; Yang et al, 2024).

www.jidonline.org
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We are aware that our study is limited by the low number
of patients enrolled. Future research needs to address this
limitation and explore the challenges of integrating
genetic testing into routine clinical practice, including is-
sues related to cost, accessibility, and interpretation of ge-
netic risk scores. Despite these limitations, our findings
support the role of genetics in spHS and open new possi-
bilities for understanding this complex disease. Incorpo-
rating PGS into clinical practice could potentially reduce the
delay in disease diagnosis and provide better treatment
options for individuals with higher scores, unclear symp-
toms, or a family history of HS.

MATERIALS AND METHODS

Patient’s recruitment

Initially, 263 patients with sporadic HS were enrolled in 6 European
clinical centers, and 1686 healthy controls were enrolled at the
Institute for Maternal and Child Health IRCCS Burlo Garofolo
(Trieste, Italy). The inclusion criteria for recruited patients required
compliance to the diagnostic criteria for HS (Revuz and Jemec,
2016). From patient charts, we collected demographic data (age,
sex, weight, height, body mass index, smoking status) and clinical
data, including age at disease onset, age at disease diagnosis, and
comorbidities. Disease and patients” characteristics were stratified
according to Hurley staging and International Hidradenitis Suppu-
rativa Severity Score System (van der Zee and Jemec, 2015;
Zouboulis et al, 2017).

All participating individuals signed a written informed consent
previously approved in agreement with the Helsinki Declaration and
local legislations. The study was approved by the institutional review
boards of Comitato Etico Unico Regionale of Friuli Venezia Giulia,
Institute for Maternal and Child Health IRCCS Burlo Garofolo and
Hospital Clinics Giuliano Isontino (ASUGI) (Trieste, Italy), Comitato
Etico Milano Area 2 Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico (Milan, Italy), the Ethics committees of Medical
University of Innsbruck (Innsbruck, Austria), the Ethics committees of
Medical University of Cologne (Cologne, Germany), and Comitato
Etico Lazio Area 3 of Policlinico Universitario Agostino Gemelli
IRCCS (Rome, ltaly).

Genomic DNA extraction and genotyping

Genomic DNA was extracted from saliva samples using the
Oragene-DNA (Oragene) kit, following the manufacturer’s in-
structions; Qubit instrument (Invitrogen) was used to evaluate DNA
quantity. DNAs from patients with HS were subjected to Illumina
Infinium Global Screening array, version 3.0 genotyping, whereas
DNAs from healthy controls were subjected to Illumina Infinium
OmniExpressExome genotyping, version 1.6. This happened
because healthy controls and patients were not genotyped at the
same time. However, after QC and genotype imputation (described
in the next section), it was possible to merge the 2 arrays using in-
house scripts.

QC and data analysis

The patients and controls in the study passed a QC procedure on
genotypes files in PLINK binary format, performed separately for
each cohort. This was necessary because the groups were genotyped
using different arrays. QC was performed by using PLINK, version
1.9 (Purcell et al, 2007); PLINK, version 2.0 (Chang et al, 2015); and
R (R Core Team, 2023) to filter out the following:
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e Unevaluated variants in at least 5% of each cohort;

e Variants with a minor allele frequency <1%;

e Variants with a Hardy—Weinberg equilibrium P < 1 x 1075;

e Samples with at least 5% of nongenotyped single nucleotide
variants;

e Samples with a rate of heterozygosity outside the range of 6 SDs
from the cohort average;

e Second-degree or higher kinship samples; and

e Samples with a non-European ancestry detected by principal
component analysis.

After QC procedure, the genotyped data were subjected to a
genotyping imputation procedure. The imputation was performed
according to standard procedures (Naj, 2019; Zhao et al, 2018), with
modifications, using an in-house pipeline and the Italian Genome
Reference Panel (IGRP1.0) (Cocca et al, 2020) as reference panel of
human haplotypes. Eagle2 software (Loh et al, 2016) was used to
perform phasing, whereas impute5 (Rubinacci et al, 2020) was used
for phased genotypes imputation.

Our custom genotype imputation consisted of 2 main steps per-
formed to prevent a possible imputation bias given by the different
[llumina beadchip used to genotype our 2 cohort of individuals (ie,
spHS and healthy controls). In the first step, we imputed both case
and control datasets separately and then merged the results by the
intersection of variants with an imputation score > 0.99 in both
cohorts; in the second step, the merged dataset was imputed again,
and the result was filtered to keep only variants with imputation
score > 0.80 and minor allele frequency < 0.001. The number of
variants and individuals remaining after each step is shown in
Figure 4; the final experimental dataset was 256 patients with spHS
and 1397 controls.

To compute and test PGSs, we randomly assign our samples to
training or testing datasets with a 70—30 proportion. All PGSs were
computed on a training dataset (180 spHS and 978 controls) using
summary statistics from GWASs of HS (Sun et al, 2023) and PLINK
software (Purcell et al, 2007) to perform a polygenic computation
through clumping and thresholding technique. The selected GWAS
for our PGS computation was created using a cohort of 758,033
individuals (1640 cases and 756,393 controls) fully independent
from ours.

To evaluate the performance metrics of obtained PGS, all
biostatistical analyses were performed on testing dataset (76 spHS
and 419 controls).

In conducting the biostatistical analysis of our PGS, a logistic
regression model was employed, adjusted for critical demographic
and genetic variables, including sex, age, and population structure.
The latter was quantitatively represented by the first 3 principal
components derived from data from patients with spHS, ensuring a
robust adjustment for potential confounding factors that could in-
fluence the association between PGS and HS disease state. This
analytical approach not only enhances the accuracy of our PGS
association to HS but also underscores the importance of consid-
ering a comprehensive array of variables to accurately elucidate the
genetic underpinnings of this complex disease (Choi et al, 2020).
The best-performed PGS was evaluated using the Akaike Information
Criterion value given by the performed logistic regression model; all
subsequent statistical analysis were performed on the best-
performed PGS.

To qualitatively evaluate our PGS from an etiopathological point
of view, a statistical overrepresentation test was performed using
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CASE =263
variants = 608,036

Figure 4. Fluxogram. Fluxogram with
the number of samples and variants
remaining after each step of
preprocessing and QC. QC, quality
control.

CTRL = 1,686
variants = 962,215

Quality Control
prior first
imputation

CASE =263
variants = 470,143

CTRL =1,414
variants = 593,532

Dataset after
imputation filtering

CASE =263
variants = 195,669

and intersection

CTRL =1414
variants = 195,669

Final dataset after
2nd imputation QC

CASE = 263; variants = 12,660,958
CTRL = 1,414; variants = 12,660,958

PANTHER online tool (Mi et al, 2019). The test was performed using
as input file the list of genes where the SNPs of PGS mapped,
whereas the binomial distribution test was selected as statistical test
for overrepresentation against the PANTHER protein class database.
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