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Prurigo nodularis (PN) has been associated with
autoimmune diseases, though longitudinal data are
limited. This study investigates the risk of autoimmune
disease development in PN patients using a global
electronic health record database. This retrospective
cohort study analysed data from the Global Collabo-
rative Network within the TriNetX research network.
Adults (=18 years) with PN were compared with pro-
pensity score-matched controls without PN. Matching
considered age, sex, comorbidities, race, and socioeco-
nomic status. Patients with prior autoimmune diseases
or cancers were excluded. Incident autoimmune
diseases, including systemic lupus erythematosus
(SLE), Sjogren’s syndrome, psoriasis, ankylosing spon-
dylitis (AS), rheumatoid arthritis (RA), Crohn’s disease
(CD), and ulcerative colitis (UC), were evaluated using
hazard ratios (HR). Among 17,963 PN patients and the
same amount of matched pairs, PN patients had higher
risks for SLE (HR: 2.16, 95% CI: 1.44-3.24), Sjogren’s
syndrome (HR: 1.86, 95% CI: 1.33-2.59), and psoria-
sis (HR: 3.20, 95% CI: 2.58-3.97). Stratified analysis
revealed that female PN patients had higher risks for
SLE and Sjogren’s syndrome, while psoriasis risk was
elevated in both sexes, especially in males. Risks for
AS, RA, CD, and UC were not significant. Sensitivity
analyses validated these findings. In conclusion, PN is
linked to increased risks for SLE, Sjogren’s syndrome,
and psoriasis, highlighting the need for proactive scre-
ening and management of autoimmune diseases in PN
patients.
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rurigo nodularis (PN) is a chronic skin condition cha-
racterized by intensely itchy, thickened nodules and

SIGNIFICANCE

This study highlights that people with prurigo nodularis,
a chronic, itchy skin condition, are more likely to develop
autoimmune diseases like psoriasis, lupus, and Sjégren’s
syndrome. By analysing real-world data from a large,
diverse group of patients, our findings reveal important links
that could improve early detection and care for those at risk.
Understanding these associations not only helps doctors
treat prurigo nodularis more effectively but also supports
better long-term health planning. Ultimately, this research
may guide future treatments and lead to better quality of life
for people living with prurigo nodularis and related immune
conditions.

persistent inflammation (1). Current treatment options for
PN-related pruritus include systemic immunomodulatory
therapies such as corticosteroids, cyclosporine, met-
hotrexate, and, more recently, biologics like dupilumab
and nemolizumab, which target key cytokines involved in
PN pathogenesis (2-5). The pathogenesis of PN is not yet
fully understood, though the chronic itch—scratch cycle
is believed to play a pivotal role, leading to immune and
neural dysregulation.

PN is associated with various comorbidities, parti-
cularly autoimmune diseases. A US study reported sig-
nificantly higher risks for conditions like thyroid disease,
irritable bowel diseases, type 1 diabetes, coeliac disease,
and psoriasis (ORs 1.39—4.82) (6). A cross-sectional
Korean study further revealed sex-specific patterns,
with females more likely to have hypothyroidism and
Crohn’s disease, and males showing higher odds of
rheumatoid arthritis (RA), hyperthyroidism, systemic
lupus erythematosus (SLE), and autoimmune thyroiditis
(ORs 0.55-4.20) (7).

Despite these reports, current research on the associa-
tion between PN and autoimmune diseases is limited by
small scale and cross-sectional study design. To address
these gaps, we conducted this large-scale study aiming
to assess the risk of new-onset autoimmune diseases in
a longitudinal cohort design.

2025 ©Author(s). Published by MJS Publishing, on behalf of the Society for Publication of Acta Dermato-Venereologica. This is an Open Access article distributed under
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MATERIALS AND METHODS

This multicentre, retrospective cohort study utilized data
from the TriNetX research network, a global database of
electronic health records that is updated prospectively. In
the TriNetX research network, collaborative institutions
span regions including the United States, Latin America,
Europe, and the Asia-Pacific. The TriNetX platform
includes de-identified medical records from partnered
healthcare organizations, providing a robust resource
for epidemiological research (8—10). The Global Colla-
borative Network, a subset of TriNetX, was used in this
study. In the supplementary files, Table SI depicts the
specific coding algorithm in detail, and Table SII depicts
the description of all applied sensitivity analysis models;
further information regarding the TriNetX database is
stated in Appendix S1.

Patients who had more than 2 visit records between
January 2005 and December 2018 and were 18 years or
older were enrolled in the current study (Fig. 1). Partici-

pants with records of PN diagnosis were identified as the
PN cohort, while heathy people without records of prior
PN diagnosis were enrolled as the non-PN controls. The
application of International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM)
codes in defining PN in real-world studies has been vali-
dated in previous studies (11). In both cohorts, patients
who had been diagnosed for any neoplasms or have a
previous record of autoimmune diseases, including anky-
losing spondylitis (AS), RA, SLE, Sjogren’s syndrome,
psoriasis, Crohn’s disease (CD) and ulcerative colitis
(UC) and dermatopolymyositis, or deceased before or on
the index date were excluded from the study. For each
analysis, propensity score matching was applied, and the
baseline characteristic differences between the PN and
control cohorts were assessed both prior to and following
matching (Table I). In the main analysis, covariates in the
matching process included age at index, sex, race, body
mass index, status of comorbidities (including diabetes

TriNetX Global Collaborative Network
With greater than 2 visit record (2005/01/01-2018/12/31)
and= 18 years old
(n=56,412,017)

Prurigo nodularis group
(n=69,559)

Healthy control group
(n=7,337,060)

Exclude:

Deceased or diagnosed for any cancers or have previous
record of autoimmune diseases before or on the index date

Prurigo nodularis group
(n=17,973)

Healthy control group
(n=4,446,550)

Propensity score matching 1:1 on age at index, sex, race, body
—> | mass index, status of comorbidities, comedication use,
smoking, alcoholism and substance use, medical utilization
status and socioeconomic status.

Prurigo nodularis group
(n=17,963)

Healthy control group
(n=17,963)

Fig. 1. Patient selection process. In the current study, autoimmune diseases includes ankylosing spondylitis, rheumatoid arthritis (with or without
rheumatic factor positive), systemic lupus erythematosus, Sjégren’s syndrome, psoriasis, inflammatory bowel diseases, and dermatopolymyositis).
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mellitus, hypertension, hyperlipidaemia, cerebrovascular
diseases, vitamin D deficiency, chronic kidney disease),
status of co-medication use (glucocorticoids, methotrex-
ate, dupilumab, antidepressants), lab data (C-reactive
protein), status of smoking, alcoholism and substance
use, medical utilization status (ambulatory and acute
inpatient visit), and socioeconomic status (problems rela-
ted to housing and economic circumstances, persons with
potential health hazards related to socioeconomic and
psychosocial circumstances). Outcome events were set
as new-onset autoimmune diseases and disorders, inclu-
ding AS, RA, SLE, Sjogren’s syndrome, psoriasis, CD,
and UC. Although the inclusion of psoriasis under the
category of autoimmune diseases remains debated (12),
we included it as 1 of the study endpoints of interest in
this study due to its autoimmune-associated pathogenetic
mechanisms identified to date and its clinical relations-
hip with other autoimmune diseases. Incident outcome

events occurring prior to 3 months after index date were
excluded from further analysis to prevent potential bias.
Detailed information on all sensitivity analysis app-
lied is given in Table SII. To minimize potential bias
from overmatching, the sensitivity analyses employed
several distinct analytical algorithms. To mitigate the
risk of reverse causality, models incorporating various
wash-out periods were also utilized. Given that specific
autoimmune-related diseases such as atopic dermatitis,
psoriasis, type 1 diabetes, and thyroid disorders could
introduce significant confounding bias to the incident
outcomes, we conducted separate analyses excluding
these diseases from both PN and non-PN controls to vali-
date the results. To avoid confounding by indication, we
have applied different inflammatory skin diseases, inclu-
ding hidradenitis suppurativa (HS), alopecia areata (AA),
and rosacea as active comparator to compare the risk of
autoimmune diseases with PN patients. Furthermore,

Table I. Baseline characteristics of study subjects (before and after propensity score matching)

Before matching

After matching®

PN cohort Control cohort PN cohort Control cohort
Item (n=17,973) (n=44,446,550) SMD (n=17,963) (n=17,963) SMD
Age at index
Mean+SD 45.0+19.3 34.7+20.3 0.52 45.0+19.3 45.4+19.6 0.02
Sex
Male 7110 (39.6) 1921834 (43.2) 0.07 7106 (39.6) 6722 (37.4) 0.04
Female 10446 (58.1) 2383440 (53.6) 0.09 10440 (58.1) 10468 (58.3) 0.00
Unknown sex 417 (2.3) 141276 (3.2) 0.05 417 (2.3) 773 (4.3) 0.11
Race, n (%)
White 8252 (45.9) 2481957 (55.8) 0.20 8250 (45.9) 8336 (46.4) 0.01
Black or African American 3319 (18.5) 665418 (15.0) 0.09 3314 (18.4) 3305 (18.4) 0.00
Asian 1130 (6.3) 204144 (4.6) 0.07 1127 (6.3) 1113 (6.2) 0.00
American Indian or Alaska Native 74 (0.4) 14518 (0.3) 0.01 74 (0.4) 76 (0.4) 0.00
Native Hawaiian or other Pacific Islander 66 (0.4) 17884 (0.4) 0.01 66 (0.4) 124 (0.7) 0.04
Other race 733 (4.1) 233244 (5.2) 0.06 733 (4.1) 1095 (6.1) 0.09
Unknown race 4399 (24.5) 829385 (18.7) 0.14 4399 (24.5) 3914 (21.8) 0.06
Socioeconomic status
Persons with potential health hazards related to 281 (1.6) 32394 (0.7) 0.08 280 (1.6) 215 (1.2) 0.03
socioeconomic and psychosocial circumstances
Lifestyle
Mental and behavioural disorders due to 1340 (7.5) 129951 (2.9) 0.21 1339 (7.5) 1275 (7.1) 0.01
psychoactive substance use
Comorbidities
Hypertension 2928 (16.3) 348043 (7.8) 0.26 2928 (16.3) 2869 (16.0) 0.01
Hyperlipidaemia 1731 (9.6) 223639 (5.0) 0.18 1731 (9.6) 1744 (9.7) 0.00
Diabetes mellitus 1601 (8.9) 149365 (3.4) 0.23 1601 (8.9) 1540 (8.6) 0.01
Vitamin D deficiency 623 (3.5) 79863 (1.8) 0.10 623 (3.5) 590 (3.3) 0.01
Chronic kidney disease (CKD) 461 (2.6) 31006 (0.7) 0.15 461 (2.6) 400 (2.2) 0.02
Cerebrovascular diseases 398 (2.2) 40103 (0.9) 0.11 398 (2.2) 339 (1.9) 0.02
Medications
Glucocorticoids 4511 (25.1) 401726 (9.0) 0.44 4501 (25.1) 4488 (25.0) 0.00
Antidepressants 2549 (14.2) 232781 (5.2) 0.31 2543 (14.2) 2513 (14.0) 0.00
Methotrexate 52 (0.3) 2000 (0.0) 0.06 48 (0.3) 27 (0.2) 0.03
Dupilumab 17 (0.1) 55 (0.0) 0.04 10 (0.1) 10 (0.1) 0.00
Medical utilization status
Ambulatory visit 11259 (62.6) 2258806 (50.8) 0.24 11249 (62.6) 11204 (62.4) 0.01
Acute inpatient visit 41 (0.2) 2222 (0.1) 0.05 41 (0.2) 33 (0.2) 0.01
Laboratory data
CRP, n (%)
= 3 (mg/l) 585 (3.3) 45658 (1.0) 0.15 585 (3.3) 515 (2.9) 0.02
BMI, n (%)
2 25 (kg/m?) 3857 (21.5) 594677 (13.4) 0.21 3856 (21.5) 3809 (21.2) 0.01

2Propensity score matching was performed on age at index, sex, race, body mass index, status of comorbidities (including diabetes mellitus, hypertension,
hyperlipidaemia, cerebrovascular diseases, vitamin D deficiency, chronic kidney disease), status of comedication use (glucocorticoids, methotrexate, dupilumab,
antidepressants), lab data (C-reactive protein), status of smoking, alcoholism and substance use, medical utilization status (ambulatory and acute inpatient
visit), and socioeconomic status (problems related to housing and economic circumstances, persons with potential health hazards related to socioeconomic and

psychosocial circumstances).

PN: prurigo nodularis; SMD: standardized mean difference. Bold font represents a standardized mean difference of more than 0.1.
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stratified analyses were conducted to assess the varying
risks of autoimmune diseases across different sex and age
subgroups. Age subgroups were defined as 18—64 years
and >65 years, with 65 years reflecting conventional age
cutoffs used in epidemiological studies to differentiate
between middle-aged and older adults (13, 14).

In all analyses, the statistical analytic function of the
TriNetX research network (TriNetX research network)
was applied. Python 3.12.7 (https://www.python.org/
downloads/release/python-3127/) was also utilized. We
conducted 1:1 nearest-neighbour propensity score mat-
ching, using a caliper width of 0.1 pooled standard devia-
tions of the logit of the propensity score, as per the default
configuration in the TriNetX platform. Calculating
standardized mean differences (SMD), the difference in
baseline characteristics was present before and after mat-
ching between PN group and control group. When SMD
value surpassed 0.1, the difference between 2 cohorts was
considered to be significant. Cox proportional hazards
regression models were used to estimate hazard ratios
(HRs) for the development of autoimmune diseases. The
timescale for the survival analysis was defined as the
respective wash-out period (in most analyses, 3 months)
from the index date to the first occurrence of an autoim-
mune outcome. The follow-up time was defined as the
duration from the end of the wash-out period to the first
occurrence of the outcome or the end of data availability,
whichever occurred first. Due to platform limitations, the
TriNetX analytics environment does not support formal
testing of the proportional hazard’s assumption (e.g., via
Schoenfeld residuals). The significance of the findings
was determined using 95% confidence intervals (95%
ClIs) for the HRs.

RESULTS

Baseline characteristics of the study participants

Table I displays the baseline characteristics of the PN
and control cohorts, both before and after propensity

score matching. Before matching, the PN cohort con-
tained 17,973 eligible patients, and the non-PN control
group contained 4,446,550 patients. After matching, the
PN cohort had 17,963 patients, and the non-PN control
group had the same number of patients. The PN cohort
had a significantly higher mean age (45.0+19.3 years)
compared with the control cohort (34.7+20.3 years)
before matching. Sex distribution also differed slightly,
with females representing 58.1% of the PN cohort and
53.6% of the control cohort. There were notable racial
differences, with a higher percentage of White indivi-
duals in the control cohort (55.8%) compared with the
PN cohort (45.9%). The PN cohort also showed higher
prevalence rates for comorbidities including hyperten-
sion, hyperlipidaemia, and diabetes mellitus. Following
matching, the SMDs for all baseline variables were
reduced to under 0.1, signifying balanced matching
across demographics, comorbidities, and medical uti-
lization status.

Risk of autoimmune diseases in PN patients

The risk of autoimmune diseases in the PN patients is
presented in Fig. 2. Compared with the control cohorts,
individuals with PN were significantly more likely to
develop SLE (HR: 2.16, 95% CI: 1.44-3.24), Sjogren’s
syndrome (HR: 1.86, 95% CI: 1.33-2.59) and psoriasis
(HR: 3.20, 95% CI: 2.58-3.97) in a 15-year follow-up
period. However, other autoimmune diseases such as AS
(HR: 1.41,95% CI: 0.76-2.60), RA (HR: 1.03, 95% CI:
0.60-1.77), CD (HR: 0.98, 95% CI: 0.60-1.61) and UC
(HR: 1.09, 95% CI: 0.74-1.62), presented insignificant
risk in PN patients. The PN group had a mean follow-up
time of 5.95 years (standard deviation: 4.48 years), with a
median follow-up of 5.93 years and an interquartile range
(IQR) of 7.74 years. Similarly, the PN-free control group
had a mean follow-up of 6.19 years (standard deviation:
3.96), with a median follow-up of 6.25 years and an IQR
of 5.80 years. Kaplan—Meiers plot of each outcome are
presented in Fig. S1.

5 . Study cohort, n (%)
Outcome: Autoimmune diseases

PN patients PN-free patients
Ankylosing spondylitis 24 (<0.1) 18 (<0.1)
Rheumatoid arthritis 27 (0.2) 26 (<0.1)
Systemic lupus erythematosus 72 (0.4) 35(0.2)
Sjégren syndrome 99 (0.6) 54 (0.3)
Psoriasis 333(1.9) 110 (0.6)
Crohn's disease 31(0.2) 33(0.2)
Ulcerative colitis 51(0.3) 48 (0.3)

Hazard ratio (95% (

1.41 (0.76, 2.60)
1.03 (0.60, 1.77)
o 2.16 (1.44, 3.24)
1.86 (1.33,2.59)
3.20 (2.58,3.97)
0.98 (0.60, 1.61)
1.09 (0.74, 1.62)

R

—to—

0

0.5

1 15 2 25 3 35 4 45

Fig. 2. Forest plot of autoimmune diseases risk in prurigo nodularis patients. The PN group had a mean follow-up time of 5.95 years (standard
deviation: 4.48 years), with a median follow-up of 5.93 years and an interquartile range (IQR) of 7.74 years. Similarly, the PN-free control group had a
mean follow-up of 6.19 years (standard deviation: 3.96), with a median follow-up of 6.25 years and an IQR of 5.80 years. Propensity score matching was
performed on age at index, sex, race, body mass index, status of comorbidities (including diabetes mellitus, hypertension, hyperlipidaemia, cerebrovascular
diseases, vitamin D deficiency, chronic kidney disease), status of comedication use (glucocorticoids, methotrexate, dupilumab, antidepressants), lab data
(C-reactive protein), status of smoking, alcoholism and substance use, medical utilization status (ambulatory and acute inpatient visit), and socioeconomic
status (problems related to housing and economic circumstances, persons with potential health hazards related to socioeconomic and psychosocial
circumstances). Wash-out period was set as 3 months after index date. The follow-up time was set as 15 years.
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Table II. Stratification analysis of sex in the risk of autoimmune diseases in PN patients

Male Female

Outcomes PN cohort (%) Control cohort (%) HR (95% CI)? PN cohort (%) Control cohort (%) HR (95% CI)®?
Ankylosing spondylitis 10 (<0.1) 10 (<0.1) 2.18 (0.66, 7.25) 16 (0.2) 10 (<0.1) 2.33 (0.96, 5.66)
Rheumatoid arthritis 10 (0.1) 10 (0.1) 0.99 (0.32, 3.08) 21 (0.2) 30 (0.3) 0.70 (0.40, 1.22)
Systemic lupus erythematosus 10 (<0.1) 10 (=0.1) 1.61 (0.57, 4.53) 59 (0.6) 21 (0.2) 2.96 (1.80, 4.87)

Sjégren’s syndrome 10 (<0.1) 11 (0.2) 0.66 (0.26, 1.70) 88 (0.8) 36 (0.3) 2.47 (1.67, 3.64)
Psoriasis 144 (2.0) 26 (0.4) 5.92 (3.90, 8.99) 173 (1.7) 76 (0.7) 2.39 (1.83, 3.13)
Crohn disease 10 (£0.1) 10 (£0.1) 1.31 (0.52, 3.32) 19 (0.2) 14 (<0.1) 1.39 (0.70, 2.77)
Ulcerative colitis 20 (0.3) 10 (0.1) 2.05 (0.96, 4.39) 28 (0.3) 34 (0.3) 0.82 (0.49, 1.35)

2Propensity score matching was performed on age at index, sex, race, body mass index, status of comorbidities (including diabetes mellitus, hypertension, hyperlipidaemia,
cerebrovascular diseases, vitamin D deficiency, chronic kidney disease), status of comedication use (glucocorticoids, methotrexate, dupilumab, antidepressants), lab
data (C-reactive protein), status of smoking, alcoholism and substance use, medical utilization status (ambulatory and acute inpatient visit), and socioeconomic status
(problems related to housing and economic circumstances, persons with potential health hazards related to socioeconomic and psychosocial circumstances).

PN: prurigo nodularis; 95% CI: 95% confidence interval; HR: hazard ratio. On the TriNetX analytics platform, for deidentification purposes, if the number of incident

cases is 10 or fewer, it will be reported as 10. The bold content refers to significant hazard ratio.

Stratification analysis

The stratified analysis by sex and age revealed distinct
patterns in autoimmune disease risk among PN patients
(Tables II and III). Psoriasis risk in females was eleva-
ted, with an HR 0f2.39 (95% CI: 1.83-3.13). For males
with PN, the risk of psoriasis was particularly high, with
an HR of 5.92 (95% CI: 3.90-8.99), indicating a more
than fivefold increase compared with male controls.
However, other diseases, such as SLE (HR: 1.61, 95%
CI: 0.57-4.53) and Sjogren’s syndrome (HR: 0.66, 95%
CI: 0.26-1.70), did not show elevated risks in males. In
contrast, female PN patients exhibited a notably higher
risk of SLE (HR: 2.96, 95% CI: 1.80—4.87) and Sjogren’s
syndrome (HR: 2.47, 95% CI: 1.67-3.64). AS, RA, and
CD showed no significant association with PN in the age
and sex stratification analysis. However, in PN patients
aged 18 to 64, a significant risk of UC was observed (HR:
2.75,95% CI: 1.49-5.08).

Sensitivity analysis

In sensitivity analyses using alternative definitions
and algorithms, increased risks for psoriasis, SLE, and
Sjogren’s syndrome in the PN cohort remained robustly
significant. For example, applying stricter PN criteria with
frequently used medications (Table SIII, Algorithm 3),
psoriasis risk showed an HR of 3.81 (95% CI: 2.94-4.93),
with stable associations for SLE (HR: 1.91) and Sjogren’s

syndrome (HR: 2.00). In shorter follow-up periods of
5 and 10 years, risks for psoriasis (HR: 2.92 and 2.70,
respectively), SLE, and Sjogren’s syndrome remained
significant, while risks for AS, RA, UC, and CD con-
sistently showed no significance (Table SIV). Similarly,
across wash-out periods of 12, 24, and 36 months, risks
for psoriasis, SLE, and Sjogren’s syndrome remained
stable, with an HR of 3.14 for psoriasis at 12 months
and 2.96 at 36 months (Table SV). Matching for various
covariates maintained significant associations for psoria-
sis, SLE, and Sjogren’s syndrome, while AS, RA, UC,
and CD showed no significant association (Table SVI).
After excluding patients with atopic dermatitis or psoria-
sis, PN remained significantly associated with increased
risks of SLE, Sjogren’s syndrome, and psoriasis, but not
RA, CD, or UC (Tables SVII and SVIII). Similar results
were observed after excluding those with type 1 diabetes
or thyroid disorders, with significant associations for
SLE, Sjogren’s syndrome, psoriasis, UC, and ankylosing
spondylitis, while RA and CD remained non-significant
(Tables SIX and SX). Using different active comparators
validated an elevated risk for psoriasis across all groups:
HR 1.40 with HS, 2.23 with AA, and 1.82 with rosacea.
SLE and Sjogren’s syndrome risks were significant
only in the HS comparison, not with AA or rosacea
(Table SXI). These findings support consistent associa-
tions of PN with psoriasis, SLE, and Sjogren’s syndrome
across varying sensitivity analyses.

Table III. Stratification analysis of age in the risk of autoimmune diseases in PN patients
18-64 years old

Older than 65 years old

Outcomes PN cohort (%)2 Control cohort (%) HR (95% CI)? PN cohort (%)® Control cohort (%) HR (95% CI)?
Ankylosing spondylitis 19 (0.2) 10 (£0.1) 2.17 (0.98, 4.80) 10 (£0.1) 10 (£0.1) 1.08 (0.31, 3.73)
Rheumatoid arthritis 17 (£0.1) 13 (<0.1) 1.29 (0.63, 2.67) 10 (£0.1) 14 (0.2) 0.75 (0.33, 1.70)
Systemic lupus erythematosus 49 (0.4) 21 (0.2) 2.39 (1.43, 3.98) 23 (0.4) 16 (0.2) 1.57 (0.83, 2.98)
Sjégren’s syndrome 51 (0.4) 22(0.2) 2.29 (1.39, 3.77) 48 (0.7) 31 (0.5) 1.66 (1.06, 2.61)
Psoriasis 223 (1.9) 70 (0.6) 3.31 (2.53, 4.33) 110 (1.7) 51 (0.8) 2.38 (1.71, 3.33)
Crohn disease 22(0.2) 15 (0.1) 1.50 (0.78, 2.89) 10 (£0.1) 10 (£0.1) 1.42 (0.53, 3.82)
Ulcerative colitis 38 (0.3) 14 (£0.1) 2.75 (1.49, 5.08) 13 (0.2) 14 (0.2) 1.00 (0.47, 2.13)

aPropensity score matching was performed on age at index, sex, race, body mass index, status of comorbidities (including diabetes mellitus, hypertension,
hyperlipidaemia, cerebrovascular diseases, vitamin D deficiency, chronic kidney disease), status of comedication use (glucocorticoids, methotrexate, dupilumab,
antidepressants), lab data (C-reactive protein), status of smoking, alcoholism and substance use, medical utilization status (ambulatory and acute inpatient
visit), and socioeconomic status (problems related to housing and economic circumstances, persons with potential health hazards related to socioeconomic and
psychosocial circumstances).

PN: prurigo nodularis; 95% CI: 95% confidence interval; HR: hazard ratio. On the TriNetX analytics platform, for deidentification purposes, if the number of incident
cases is 10 or fewer, it will be reported as 10. The bold content refers to significant hazard ratio.
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DISCUSSION

Our study showed that PN is associated with increased
risks of SLE, Sjogren’s syndrome, and psoriasis, with the
psoriasis risk notably higher than in other inflammatory
skin diseases like HS, AA, and rosacea. These findings
offer large-scale, real-world evidence to support the
autoimmune comorbidity profile of PN.

PN is marked by a shift from Th2 responses to a pro-
fibrotic state driven by COL11A 1+ fibroblasts and kerati-
nocyte interactions. It involves chronic inflammation and
T-cell-mediated cytokines (IL-4, IL-13, IL-31), which
are also implicated in autoimmune diseases (15—18). Our
analysis showed a strong association between PN and
psoriasis (HR 3.20, 95% CI: 2.58-3.97), aligning with
previous findings (6), though psoriasis is not a classical
but still considered an autoimmune disorder. Psoriasis is
driven by the Th1/IL-23/IL-17 axis, while PN is prima-
rily mediated by Th2 responses (1, 19). Both conditions
share skin barrier dysfunction, which may promote a
bidirectional inflammatory cycle and their coexistence
(20). Moreover, IL-22, a major pro-inflammatory cyto-
kine produced by Th17, Th22, NK, and yd T cells, may
represent another crucial link between PN and psoriasis
(21). Elevated 1L-22 levels, linked to chronic inflam-
matory diseases like coronary artery disease and type
II diabetes, may contribute to comorbidities in psoriasis
and PN patients (6, 22-24). Its role in promoting kerati-
nocyte hyperplasia and acanthosis, which are hallmark
features of both PN and psoriasis, suggests that systemic
IL-22 expression could drive disease progression in both
conditions (25). Given that IL-22 promotes keratinocyte
proliferation and acts synergistically with IL-17 to upre-
gulate antimicrobial peptides, the Th22/IL-22 polariza-
tion observed in PN may reflect a shared inflammatory
pathway with psoriasis, contributing to their coexistence
in patients (26,27). Additionally, although IL-17 plays a
central role in psoriasis, studies have shown its involve-
ment in some Th2-driven diseases as well (28). A 2020
study on cutaneous transcriptomics found that PN and
psoriasis share more genetic similarities than either does
with atopic dermatitis (29). Among the shared differenti-
ally expressed genes (DEGs) between PN and psoriasis,
several are related to the Th17/Th22 pathways (e.g.,
CXCL1, DEFB4A, S100A7/8/9), suggesting common
immune-driven mechanisms and further reinforcing the
link between these 2 conditions. However, psoriasis often
occurs before age 45, which is close to the mean age of
PN patients in this study. Although psoriasis and PN
share symptoms like pruritus and their association has
been confirmed across models with different wash-out
periods and proxy algorithms, potential misclassification
and reverse causation biases should not be overlooked.
The role of common biologics for both PN and psoria-
sis is also worth noting. While dupilumab is a potential
treatment for refractory PN, especially in patients with
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comorbid AD, it has been associated with new or wor-
sening psoriasis (30). Caution is advised when using
dupilumab in PN patients with psoriasis, and combination
therapies such as dupilumab with ustekinumab may offer
a solution, pending further research (31).

Our analysis found a significantly increased risk of
SLE in PN patients (HR: 2.16), though this was not signi-
ficant in males. Given the clinical heterogeneity of SLE,
especially its cutaneous forms, further research is needed
to assess whether specific subtypes are more strongly
linked to PN. The PN-Sjogren’s syndrome association
was generally supported, but became non-significant
under stricter PN definitions, suggesting possible mis-
classification bias. As for ulcerative colitis, a significant
association was observed only in younger PN patients,
while most models showed no consistent link, highligh-
ting uncertainty in contrast to earlier studies suggesting
associations with both UC and Crohn’s disease (6). Inte-
restingly, while no significant association was observed
between PN and RA in the primary analysis, sensitivity
analyses using inflammatory skin diseases such as AA
and rosacea as comparators revealed a relatively lower
risk of RA among PN patients. This discrepancy may be
attributed to underlying immunological differences. PN
is predominantly associated with Th2- and Th22-skewed
inflammation, characterized by elevated levels of 1L-4,
IL-13, and IL-31(27), whereas RA and AA are driven by
Th1 or Th17 pathways, involving interferon-y, TNF-a,
IL-6, and IL-17 (32, 33). These divergent immune pro-
files may result in differential susceptibility to systemic
autoimmune joint involvement. These findings highlight
the complexity of immune dysregulation in PN and
underscore the need for mechanistic studies exploring
disease-specific immune trajectories and cross-organ
immune interactions.

Prior epidemiological studies have established sig-
nificant associations between PN and both diabetes
mellitus and thyroid disorders (6,7). Given the existing
strength of evidence and our intent to investigate less
well-characterized autoimmune comorbidities, we did
not include diabetes and thyroid disease as primary
outcome endpoints. Nevertheless, both conditions are
clinically relevant and may influence the associations
between PN and other autoimmune outcomes. To account
for this potential confounding, we conducted additional
sensitivity analyses. The associations between PN and
SLE, Sjogren’s syndrome, and psoriasis remained consis-
tent with the findings from the main analyses. However,
inconsistent associations were observed for AS and UC.
Given the relatively small number of incident cases for
these outcomes, the statistical power was limited. These
findings may be subject to confounding and misclassi-
fication biases, underscoring the need for future studies
with larger datasets to validate these associations.

Our study focused on common autoimmune diseases
based on existing literature; however, it is essential to
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acknowledge that the autoimmune comorbidity profile
associated with PN may vary across populations. For
example, studies based on Western population have
reported a higher co-occurrence of PN with autoim-
mune thyroiditis, type 1 diabetes mellitus, and coeliac
disease (34). A population-based claims analysis from
Germany further highlighted unique comorbidity pat-
terns in European PN patients (35). Ethnic, geographic,
and environmental differences, along with healthcare
access and diagnostic practices, may shape the spectrum
of autoimmune diseases linked to PN. To enhance the
generalizability and precision of PN comorbidity profi-
ling, future research should consider stratified analyses
by geographic region or ancestry.

The strength of this study included the use of propen-
sity score matching to reduce confounding, sensitivity
analyses with stricter PN definitions to minimize mis-
classification, and inclusion of active comparators to
validate observed associations. Limitations of this study
should be stated. The retrospective design of the cur-
rent study restricts our ability to determine a causal link
between PN and the risk of autoimmune diseases. There
is also the possibility of reverse causality, meaning the
observed risk differences cannot be directly attributed
to PN. As an observational study, our results may be
subject to survival bias, where patients who live longer
are overrepresented. Additionally, despite adjusting for
known variables, unmeasured confounders, such as
environmental factors or genetic predispositions, may
introduce residual confounding. (36), potentially influ-
encing the current results. Moreover, because TriNetX
data are derived from a network of selected healthcare
institutions, there is a risk of selection bias, as the
patient population may not fully represent the general
population. The use of administrative data also raises
concerns about incomplete diagnoses, which could intro-
duce potential misclassification bias. Furthermore, it is
unclear whether all diagnoses were made by specialists,
further increasing the risk of misclassification. Issue of
generalizability should also be considered. Though the
current study applied a global-federated electronic health
record database, patient-level geographic identifiers are
not accessible within the analytic environment. As a
result, we are unable to report country- or region-specific
baseline distributions.

In summary, our study demonstrates a strong associa-
tion between PN and several autoimmune diseases, par-
ticularly psoriasis, SLE, and Sjégren’s syndrome. These
findings highlight the need for further research into the
underlying mechanisms and potential targeted therapies.
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