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Background: Inflammatory skin diseases (ISDs) and Alzheimer’s disease (AD) share chronic immune activation, but their causal link
remains unclear.

Methods: We performed a bidirectional two-sample Mendelian randomization using GWAS summary data from Europeans.
Instrumental SNPs were analyzed with inverse-variance weighted (IVW), weighted median, and MR-Egger methods, with sensitivity
tests for pleiotropy and heterogeneity.

Results: Forward MR revealed significant causal effects of ISDs on AD, including lichen planus (OR 1.318, p=0.005), psoriasis
vulgaris (OR 1.126, p=0.004), psoriasis with arthropathy (OR 1.032, p=0.002), psoriatic arthritis (OR 1.053, p=0.016), psoriasis (OR
1.072, p=0.008), papulosquamous conditions (OR 1.046, p=0.007), and follicular cysts (OR 1.066, p=0.047). No heterogeneity or
pleiotropy was detected. Reverse analysis showed no causal effect of AD on ISDs.

Conclusion: These findings support a potential causal role of chronic skin inflammation in AD risk, though effect sizes were modest
and clinical implications remain exploratory. This suggests that neuroimmune mechanisms may represent potential targets for further
investigation.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder distinguished by the accumulation of amyloid-3
(AP) plaques and the formation of intracellular neurofibrillary tangles composed of hyperphosphorylated tau protein,
resulting in disrupted neuronal communication, neuroinflammation, and progressive cognitive decline.' Clinically, AD is
characterized by progressive memory impairment, language and visuospatial deficits, executive dysfunction, and
neuropsychiatric symptoms that ultimately impair daily functioning and independence.” The pathogenesis of AD is
multifactorial, involving interactions between amyloid-f and tau pathology, dysregulated lipid metabolism, immune
dysfunction, oxidative stress, and both genetic and environmental risk factors.> Recent research has emphasized the
critical role of immune-metabolic interactions in accelerating neurodegeneration, while cerebral microvascular dysfunc-
tion and other vascular or metabolic factors are increasingly recognized as important contributors to disease onset and
progression.”® As AD continues to pose a substantial global burden, identifying modifiable risk factors remains a key
public health objective.
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Inflammatory skin diseases (ISDs) comprise a heterogeneous group of chronic immune-mediated disorders—includ-
ing psoriasis, lichen planus, atopic dermatitis, rosacea, acne, hidradenitis suppurativa, and seborrheic dermatitis—all
characterized by recurrent cutaneous inflammation.”® Papulosquamous diseases such as psoriasis and lichen planus
typically present as scaling papules or plaques with distinctive histopathological and clinical features.” "
Epidemiologically, oral lichen planus (OLP) has a pooled prevalence of 0.89% in the general population and 0.98% in
clinical settings, while cutaneous lichen planus affects less than 1% of individuals.'*'? Psoriasis demonstrates a variable
incidence, ranging from 30.3 to 321.0 per 100,000 person-years worldwide, and a prevalence from 0.14% in East Asia to
1.99% in Australasia, with peak incidence in midlife."*'> The chronic plaque-type form accounts for the majority of
psoriasis cases.'®!” Both conditions are frequently associated with comorbidities such as metabolic syndrome and
systemic diseases, thereby amplifying their overall health impact.''®

Emerging evidence suggests that ISDs and AD may share overlapping pathogenic mechanisms, providing a biological
basis for their potential association. Both AD and ISDs are characterized by chronic inflammatory responses and
dysregulated immune signaling. For example, pro-inflammatory cytokines such as interleukin-17 (IL-17) and tumor
necrosis factor-alpha (TNF-a), which are central to the pathophysiology of psoriasis and lichen planus, also contribute to
neuroinflammation and neurodegenerative cascades in AD. Furthermore, the skin and central nervous system originate from
the embryonic ectoderm, supporting the concept of a “skin-brain axis” in which cutaneous immune disturbances may
influence neuroinflammatory processes. This mechanistic overlap, encompassing chronic systemic inflammation, oxidative
stress, and immune dysregulation, underscores a plausible biological pathway linking chronic skin inflammation to
neurodegeneration and emphasizes the importance of exploring potential causal relationships between ISDs and AD.

To date, no study has definitively established a causal relationship between atopic dermatitis or other ISDs and AD.
Observational research has reported an increased incidence of AD among individuals with ISDs; however, these
associations are inherently limited by residual confounding from factors such as age, comorbidities, and lifestyle that
may influence both conditions. Furthermore, the cross-sectional or cohort designs of these studies cannot easily exclude
the possibility of reverse causation, where early, undiagnosed neuropathological processes might influence systemic
inflammation or health behaviors. Earlier studies have also not fully addressed whether inflammation or metabolic
disturbances act as intermediaries or are merely correlated bystanders. While available epidemiological and mechanistic

studies suggest an elevated prevalence of neuropsychiatric symptoms in ISD populations,'® 2!

while experimental models
highlight possible contributions of immune cells and mediators to cognitive decline.”> Mitochondrial dysfunction and
oxidative stress, which are central to AD pathogenesis, may be amplified by neuroinflammatory activity,”>** and the
skin-brain axis is an emerging topic of interest.”> However, Mendelian randomization (MR) studies investigating
cytokines such as (Interleukin-6) IL-6 and IL-18 have not found causal relationships with AD risk, leaving uncertainty
about underlying pathways.?® Notably, cognitive impairment is more frequent in individuals with psoriasis and psoriatic
arthritis compared to controls, with prevalence estimates of 44% and 91.9%, resl:\ectively.”’28 Despite these observations,
the absence of rigorous MR research directly evaluating ISDs and AD remains a critical gap in the field. Addressing this
gap is essential for clarifying causality and guiding prevention or intervention strategies.*’

Mendelian randomization (MR) offers a powerful approach to address these limitations and strengthen causal
inference. By using genetic variants as instrumental variables (IVs) for an exposure, MR mimics the random assignment
of a randomized controlled trial. Because these genetic variants are inherited randomly and fixed at conception, their
association with an outcome is generally free from confounding by environmental or lifestyle factors and is not
susceptible to reverse causation. This property makes MR particularly suited to clarify whether the epidemiological
associations between ISDs and AD reflect a true causal pathway.

To advance understanding in this area, the present study employs a bidirectional two-sample Mendelian randomiza-
tion (TSMR) design to assess the potential causal association between ISDs—specifically psoriasis and lichen planus—
and AD. These two skin diseases are selected for their well-established systemic inflammatory characteristics and higher
prevalence of metabolic comorbidities, making them particularly relevant for examining shared mechanisms with AD.
MR leverages the random allocation of genetic variants to minimize confounding and reverse causation, thus providing
more robust causal inference compared to traditional observational studies.*® By employing genetic markers as instru-
mental variables (IVs), this approach seeks to clarify whether psoriasis and lichen planus contribute to AD risk. This
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study aims to enhance genetic epidemiological evidence regarding skin-brain interactions and to inform the development
of preventive or therapeutic strategies to address the global burden of AD.

Method

Study Design

This study utilized a bidirectional TSMR design to investigate the causal relationship between ISDs (exposure) and AD
(outcome) (Figure 1). The analysis employed genetic variants as Vs to infer causality. This study was conducted in strict
compliance with the Strengthening the Reporting of Observational Studies in Epidemiology using Mendelian
Randomization (STROBE-MR) guidelines to ensure methodological rigor and transparency.

Data Sources

Data Sources of Exposure

The exposure data were sourced from genome-wide association studies (GWAS) datasets. Seven phenotypes related to
ISDs were included: “Follicular Cysts of Skin and Subcutaneous Tissue”, “Lichen Planus”, “Psoriasis With
Arthropathy”, “Psoriatic Arthritis”, “Psoriasis Vulgaris”, “Psoriasis”, and “Papulosquamous Conditions”. To address
potential overlap among these phenotypes, particularly the psoriasis-related conditions (eg, psoriasis, psoriasis vulgaris,
and psoriatic arthritis), we ensured that the GWAS data for each phenotype were derived from independent study
populations, as indicated by nine distinct GWAS IDs, thereby minimizing sample overlap. Additionally, during instru-
mental variable selection, we applied a stringent clumping procedure (r* < 0.001 within a 10,000 kb window) to
guarantee SNP independence and avoid linkage disequilibrium. Sensitivity analyses were also performed by excluding
SNPs associated with multiple phenotypes to assess the robustness of the MR estimates. The total number of single
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Figure | Conceptual framework of bidirectional Mendelian randomization (MR) study. Schematic overview of MR design assumptions: (1) Genetic instruments (single
nucleotide polymorphisms, SNPs) strongly associate with exposures (follicular cysts of skin and subcutaneous tissue, FCST; lichen planus, LP; psoriasis with arthropathy, PsA;
psoriatic arthritis, PsA) or outcome (Alzheimer’s disease, AD); (2) No confounding between instruments and exposure/outcome; (3) No direct instrument-outcome
pathways excluding exposure-mediated effects. Bidirectional causality was tested between AD and multiple biomarkers/diseases using primary (inverse-variance weighted,
IVW) and supplementary methods (MR-Egger, Weighted median).
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nucleotide polymorphisms (SNPs) ranged from 8,536,277 to 16,380,466 across studies. All participants in these datasets
were of European ancestry, ensuring genetic homogeneity.

Data Sources of Outcome

The outcome data were also obtained from GWAS datasets, encompassing ten IDs related to AD. These IDs included
finn-b-AD_EO_EXMORE, finn-b-G6 _AD WIDE, finn-b-G6 ALZHFEIMER, ieu-a-297, ebi-a-GCST90027158, and ieu-
b-2, among others. The number of participants for each ID ranged from 54,162 to 487,511, with case populations ranging
from 587 to 39,106 and control populations from 37,154 to 468,828. All datasets were restricted to individuals of
European ancestry, ensuring consistency in genetic analysis (Supplementary Table 1). The total number of SNPs included
ranged from 7,055,882 to 20,921,626.

Screening of Vs

The screening of IVs was performed in accordance with the three fundamental assumptions of MR analysis: (1) IVs must
be strongly associated with the exposure; (2) IVs must be independent of confounders; and (3) [Vs must influence the
outcome solely through the exposure pathway. The significance threshold for SNP inclusion was set at P <5 x 10°%. To
avoid linkage disequilibrium, the r* threshold was set at < 0.001, and the genetic distance threshold at > 10,000 kb. The
exposure and outcome datasets were harmonized by excluding strand-ambiguous SNPs with intermediate allele frequen-
cies and ensuring an allele frequency (AF) greater than 10%. The F-statistic for the included SNPs was calculated, and
only those with F > 10 were considered strong IVs for inclusion in the study.

Statistical Analysis
TSMR Analysis
The primary statistical method applied for the MR analysis was the inverse-variance weighted (IVW) method. This
method was selected due to its ability to combine the Wald ratio estimates of the causal effects of different SNPs, thereby
providing a consistent estimate of the causal effect of exposure on the outcome.®’ Given the inclusion of several traits
with a limited number of instrumental variables, sensitivity analyses (including weighted median and MR-Egger) were
particularly emphasized to ensure robustness, as these methods provide reliable estimates under weaker instrument
scenarios or in the presence of pleiotropy. Supplementary statistical methods were also applied to strengthen the accuracy
and validity of the results. The weighted median method was included, which provides consistent estimates even if up to
50% of the weights originate from invalid IVs.*> Additionally, MR-Egger regression was used to account for horizontal
pleiotropy, offering an unbiased estimation of causal association in the presence of horizontal pleiotropy.*® To account for
the risk of false-positive findings due to multiple comparisons, a Bonferroni correction was applied. Given that seven
independent skin traits were tested, the threshold for statistical significance was set at P < 0.007 (0.05/7).

Statistical analysis was conducted using R software (version 4.4.1) and the TwoSampleMR package, both of which
are well-established tools for MR analysis. For power analysis, the F-statistic was used, with an F-statistic greater than 10
indicating no weak IV bias.**

Reverse TSMR Analysis

In the reverse direction, the IVW estimates provided no evidence supporting a causal effect of genetically predicted
Alzheimer’s disease on arthropathic psoriasis (OR = 0.981, 95% CI: 0.864—1.115, p = 0.772), psoriatic arthritis under
a broader Alzheimer’s disease definition (OR = 0.986, 95% CI: 0.895-1.085, p = 0.768), psoriasis vulgaris (OR = 0.965,
95% CI: 0.824-1.130, p = 0.660), overall psoriasis (OR = 1.012, 95% CI: 0.978-1.048, p = 0.490), papulosquamous
disorders (OR = 1.054, 95% CI: 0.974—1.140, p = 0.191), or follicular cysts of the skin and subcutaneous tissue (OR =
0.977, 95% CI: 0.897-1.065, p = 0.599). Sensitivity analyses were generally consistent with the primary findings.
Although heterogeneity was detected in several models, MR-Egger intercept tests did not indicate significant horizontal
pleiotropy (all p > 0.05 where available), and leave-one-out analyses showed that exclusion of individual SNPs did not
materially alter the IVW estimates. Overall, the reverse MR analyses did not support a causal effect of Alzheimer’s
disease liability on the examined chronic inflammatory skin diseases.
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Sensitivity Analysis
To test the stability of the instrumental variable effects, several sensitivity analysis methods were applied. The MR-Egger
intercept was used to detect the presence of horizontal pleiotropy, with a significant intercept indicating directional
pleiotropy.>> Cochran’s Q test was conducted to assess heterogeneity among the SNPs, which could indicate pleiotropy or
other sources of heterogeneity.*® Leave-one-out (LOO) analysis was performed to evaluate the robustness of the results
by assessing the impact of individual SNPs on the overall analysis,?’ this approach is particularly valuable for traits
instrumented by a small number of SNPs, as it ensures that no single variant is driving the observed association. The
reverse sensitivity analysis mirrored these steps, interchanging the exposure and outcome as in the reverse TSMR
analysis.

In conclusion, the statistical and sensitivity analyses were systematically designed to ensure the robustness and
reliability of the findings in this MR study. These methods were selected for their strengths and relevance to the study
objectives, reflecting current scientific practices in the field.

Result
Result of TSMR Analysis

This study employed a TSMR design to examine the causal association between various skin conditions and AD. A total
of 110 SNPs were included in the analysis, with the distribution as follows: 3 for follicular cysts of the skin and
subcutaneous tissue, 3 for lichen planus, 5 for psoriasis with arthropathy, 18 for psoriatic arthritis, 10 for psoriasis
vulgaris, 59 for psoriasis, and 12 for papulosquamous conditions. The F-values ranged from 150.87 to 68,733.53,
demonstrating strong instrument strength (Supplementary Tables 1-4).

Using the IVW method, we identified strong evidence supporting a causal association between follicular cysts of the
skin and subcutaneous tissue and AD (OR: 1.066; 95% CI: 1.001-1.136; p = 0.047). However, after applying the
Bonferroni-corrected significance threshold (P < 0.007), this association did not reach statistical significance. Sensitivity
analyses indicated no heterogeneity (Q = 1.223; p = 0.542), no horizontal pleiotropy (MR-Egger p = 0.655), and robust
findings in the LOO analysis. Similarly, lichen planus was causally associated with AD (OR: 1.318; 95% CI:
1.086—-1.598; p = 0.005), with no evidence of heterogeneity (Q = 0.705; p = 0.703), no horizontal pleiotropy (MR-
Egger p = 0.666), and consistent LOO results. For psoriasis with arthropathy, a causal association was observed (OR:
1.032; 95% CI: 1.011-1.053; p = 0.002), with no heterogeneity (Q = 1.926; p = 0.588), no horizontal pleiotropy (MR-
Egger p = 0.944), and robust LOO results. Psoriatic arthritis demonstrated a causal relationship with AD (OR: 1.053;
95% CI: 1.010-1.098; p = 0.016), supported by the absence of heterogeneity (Q = 18.417; p = 0.363), no horizontal
pleiotropy (MR-Egger p = 0.358), and robust LOO findings. Although the p-value for psoriatic arthritis was above the
Bonferroni-corrected threshold, the consistency across sensitivity analyses supports the robustness of the finding.
Psoriasis vulgaris also showed a causal association (OR: 1.126; 95% CI: 1.038-1.221; p = 0.004), with no heterogeneity
(Q = 0.703; p = 0.951), no horizontal pleiotropy (MR-Egger p = 0.897), and stable LOO results. Psoriasis itself was
linked to AD (OR: 1.072; 95% CI: 1.018-1.129; p = 0.008), with no evidence of heterogeneity (Q = 40.293; p = 0.709),
no horizontal pleiotropy (MR-Egger p = 0.672), and robust LOO findings. Finally, papulosquamous conditions were
found to have a causal association with AD (OR: 1.046; 95% CI: 1.012—1.080; p = 0.007), with no heterogeneity (Q =
8.730; p = 0.273), no horizontal pleiotropy (MR-Egger p = 0.118), and consistent LOO results (Figure 2—5). Overall,
after applying multiple testing correction, associations for lichen planus, psoriasis with arthropathy, psoriasis vulgaris,
and papulosquamous conditions remained statistically significant, while others showed consistent direction and robust-

ness in sensitivity analyses.

Result of Reverse TSMR Analysis

This study applied a reverse TSMR approach to evaluate potential causal associations between AD and several skin
conditions, including follicular cysts of the skin and subcutaneous tissue, hypertrichosis, lichen planus, psoriasis with
arthropathy, psoriatic arthritis, psoriasis vulgaris, psoriasis, papulosquamous conditions, and psoriatic and enteropathic
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Outcome Exposure Method N.SNPs OR(95%Cl) P
VW 3 1.067(1.001-1.137) 0.047
AD FCST MR Egger 3 1.090(0.991-1.199) 0.326
Weighted median 3 1.065(0.994-1.140) 0.073
VW 3 1.317(1.086-1.598) 0.005
LP MR Egger 3 1.506(0.921-2.463) 0.350
Weighted median 3 " 1.330(1.069-1.656) 0.011
VW 4 1.032(1.011-1.053) 0.002
PsA MR Egger 4 1.030(0.979-1.084) 0.375
Weighted median 4 = 1.032(1.011-1.053) 0.003
IVW 18 1.053(1.010-1.098) 0.016
PsA MR Egger 18 1.013(0.924-1.109) 0.792
Weighted median 18 = 1.028(0.969-1.091) 0.365
VW 5 1.126(1.038-1.221) 0.004
PV MR Egger 5 1.110(0.894-1.377) 0.414
Weighted median 5 2 1.131(1.028-1.245) 0.011
IVW 47 1.072(1.018-1.129) 0.008
Psoriasis MR Egger 47 1.045(0.920-1.187) 0.503
Weighted median 47 " 1.084(1.004-1.170) 0.038
VW 8 1.046(1.012-1.080) 0.007
PSC MR Egger 8 1.079(1.032-1.128) 0.015
Weighted median 8 - 1.057(1.022-1.094) 0.001
T T T T T
09 1 1.2 1.5 1.7

Inverse variance weighted - MR Egger Weighted median

Figure 2 Causal associations between inflammatory skin diseases (ISDs) and Alzheimer’s disease (AD). Table summarizing Mendelian randomization (MR) results for asthma
(exposure) and 6 outcomes. Effect estimates (odds ratio, OR), 95% confidence interval (Cl), p-values, number of instrumental SNPs (single nucleotide polymorphisms, N.
SNPs), and sensitivity analyses (inverse-variance weighted, IVW; MR-Egger; Weighted median) are shown. Significant causal effects (p < 0.05) were observed for multiple
outcomes including follicular cysts of skin and subcutaneous tissue (FCST), lichen planus (LP), psoriasis with arthropathy (PsA), psoriatic arthritis (PsA), psoriasis vulgaris
(PV), psoriasis, and papulosquamous conditions (PSC).

arthropathies. The F-values were greater than 10, confirming strong instrument strength. No evidence of causal
associations was identified between AD and any of the investigated skin conditions in the reverse TSMR analysis.

Discussion

This study employed MR to examine the potential causal relationships between chronic ISDs—including skin and
subcutaneous follicular cysts, lichen planus, psoriasis (and its subtypes), and papulosquamous disorders—and AD, with
the goal of informing treatment strategies and risk reduction approaches for susceptible populations. The importance of
this research lies in addressing the complex and not yet fully understood pathogenesis of AD, in which chronic low-grade
inflammation, potentially arising from localized sites such as the skin, may contribute to neurodegeneration, increased
apoptosis, and brain atrophy characteristic of AD.>®*° Utilizing genetic data from public databases, MR analyses,
including IVW methods and supplementary approaches, consistently demonstrated associations between these skin
conditions and AD, with robust findings supported by multiple sensitivity analyses. These findings establish
a foundation for investigating the interaction between systemic inflammation and neurodegenerative processes, providing
context for a detailed discussion of their clinical implications and underlying mechanisms.

Evidence from MR analysis supports a possible causal association between psoriasis, psoriatic arthritis, and AD,
likely mediated by shared inflammatory pathways. Mechanistically, activation of the Nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) pathway is implicated in both neuroinflammation and neurodegeneration
in AD,***! as well as in driving the inflammatory cascade in psoriasis.** The S100 protein family, particularly S100
calcium-binding protein B (S100B), is upregulated in both AD and psoriasis, potentially exacerbating cerebral amyloi-
dosis and gliosis in AD* and amplifying inflammatory processes in psoriatic lesions.***> Several inflammatory

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



Cai et al

A B 0.4 C
0.15|
0.3] 0.04|
o o i o .
<o.10| . =t 1 = |
5 §0.2 § 0.02
S $ $
@ I % @ T
% 0.05| LZL 0.1 %
5 & & 0.00| |
0.00/ . 0.0
-0.02|
0.166 0.701 1.235 0.275 0.612 0.949 0.270 0.543 0.816
SNP effect on ' FCST ' SNP effecton ' LP' SNP effect on ' PsA'
D E F
0.4
0.10]
a a a
< .05 Iy " <o.1 . = I
= 0:05| . . = 0.2
o o o
% Il uG:J . a(l:.) . +
%o.oo‘— & o 5 T |—s 3 Y
n | % 0.0/ 0.0 -“':'-:’.'..3 + :
-0.05/ 1 .
0.120 0.519 0.917 0.154 0.447 0.741 0.076 0.333 0.589
SNP effect on ' PsA* SNP effecton ' PV' SNP effect on ' Psoriasis *
G
. 0.05| 1
(=)
<
g .
‘g 0.00] e
k7 =
& MR Method
=
)

Inverse variance weighted
MR Egger
B Weighted median

-0.05|

0.094 0.504 0.915
SNP effect on ' PSC'

Figure 3 Scatter plots of single nucleotide polymorphism (SNP)-exposure effects against SNP-outcome effects. (A=G) Scatter plots showing causal estimates for: (A)
follicular cysts of skin and subcutaneous tissue (FCST), (B) lichen planus (LP), (C) psoriasis with arthropathy (PsA), (D) psoriatic arthritis (PsA), (E) psoriasis vulgaris (PV),
(F) psoriasis, and (G) papulosquamous conditions (PSC). Regression slopes represent causal effect size (Bj/). Mendelian randomization (MR) methods (inverse-variance
weighted, IVW: green line; MR-Egger: yellow line; Weighted median: Orange line) demonstrate consistent directional effects.

cytokines, including IL-17, IL-6, Interleukin-23 receptor (IL-23R), Interleukin-12B (IL-12B), and TNF-a, are implicated
in both conditions, with IL-17A in particular considered a driver of AD progression through the Toll-like receptor 4
(TLR4)/NF-kB pathway.*®*® Furthermore, the (Janus kinase/signal transducer and activator of transcription) JAK/STAT
and Wnt/B-catenin pathways play pivotal roles in regulating immune responses and neuroinflammation in both AD and
chronic ISDs.** ! These findings highlight the potential of shared inflammatory mechanisms, suggesting that therapeutic
interventions targeting pathways such as NF-«kB, IL-17, or JAK/STAT might influence disease progression and could be
further investigated for potential dual benefits in both conditions.

Oxidative stress emerges as a key contributory factor linking lichen planus, psoriasis, and AD. Elevated reactive
oxygen species (ROS) can trigger mitochondrial dysfunction, including DNA mutations, impairment of the respiratory

chain, and alterations in membrane permeability, all of which are believed to contribute to AD pathogenesis.”*>* In
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Figure 4 Forest plots of Mendelian randomization (MR) analyses for multiple exposures on Alzheimer’s disease (AD). Forest plots presenting causal effect estimates of
multiple exposures on AD: (A) follicular cysts of skin and subcutaneous tissue (FCST), (B) lichen planus (LP), (C) psoriasis with arthropathy (PsA), (D) psoriatic arthritis
(PsA), (E) psoriasis vulgaris (PV), (F) psoriasis, (G) papulosquamous conditions (PSC). Each subplot displays individual single nucleotide polymorphism (SNP) estimates (black
dots) with Y-axis representing inverse of standard errors (I/SE) and X-axis showing causal effect sizes (). Green vertical line indicates inverse-variance weighted (IVW)
estimate, Orange vertical line represents MR-Egger estimate.

psoriasis and psoriatic arthritis, oxidative stress intensifies inflammation and tissue damage through ROS-mediated
signaling.>*>° Similarly, in OLP, mitochondrial dysfunction associated with Succinate dehydrogenase complex iron
sulfur subunit B (SDHB) overexpression has been linked to heightened oxidative stress.”’ These findings suggest that
oxidative stress may represent a shared pathogenic mechanism connecting AD with lichen planus and psoriasis. This
underscores the potential of antioxidant therapies as preventive or therapeutic strategies and supports further investiga-
tion into oxidative stress modulators for reducing the burden of these diseases.

Abnormalities in glycolipid metabolism have also been identified as a possible shared mechanism among lichen
planus, psoriasis, and AD. In AD, alterations in glucose metabolism and insulin resistance are recognized as early
features, potentially promoting amyloidogenesis and neuroinflammation.”® *® For psoriasis, disturbances in glucose
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Figure 5 Leave-one-out (LOO) sensitivity analysis for bidirectional causal effects between inflammatory skin diseases (ISDs) and Alzheimer’s disease (AD). (A-G) Sequential
exclusion of individual single nucleotide polymorphisms (SNPs) to test robustness of Mendelian randomization (MR) estimates for AD on: (A) follicular cysts of skin and
subcutaneous tissue (FCST), (B) lichen planus (LP), (C) psoriasis with arthropathy (PsA), (D) psoriatic arthritis (PsA), (E) psoriasis vulgaris (PV), (F) psoriasis, (G)
papulosquamous conditions (PSC). Red horizontal lines represent pooled inverse-variance weighted (IVW) estimates. Consistent effect sizes across all LOO iterations

confirm that no single SNP disproportionately drove the causal associations.

metabolism and dyslipidemia have been linked to disease activity and therapeutic response.®’®* Patients with OLP also
exhibit a higher prevalence of abnormal glucose metabolism (such as diabetes mellitus and impaired glucose tolerance)
and dyslipidemia, including elevated triglycerides and cholesterol, compared to controls.®*®® The recognition of
abnormal glycolipid metabolism as a possible shared feature among these diseases raises the hypothesis that monitoring
and managing metabolic parameters in patients with AD, lichen planus, and psoriasis could be beneficial. These findings
highlight the potential value of early screening of glucose and lipid profiles and support further research into interven-
tions targeting metabolic dysfunction in these populations.

Hormonal dysregulation may serve as another unifying risk factor for AD, lichen planus, and psoriasis. In AD, factors
such as reduced estrogen signaling during menopause and decreased testosterone levels due to androgen deprivation
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therapy have been associated with increased risk.°”*® In psoriasis, lower estrogen levels have been associated with
increased disease severity, with estrogens shown to suppress psoriasis-related cytokines.®” For OLP, higher follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) levels may influence disease mechanisms via estrogen and
progesterone pathways, with estrogen proposed as a potential biomarker.”””" These results indicate that hormonal
dysregulation may represent a common risk factor for AD, lichen planus, and psoriasis, suggesting that hormone-
based therapies or monitoring remain to be further explored as possible management strategies. This provides a rationale
for additional studies on hormone-modulating treatments and their potential in slowing disease progression.

This investigation represents an early attempt to utilize MR to evaluate the potential causal association between
chronic ISDs—including psoriasis, psoriatic arthritis, and lichen planus—and AD. By employing genetic variants as Vs,
the study introduces a new analytical framework for causality assessment, addressing a significant gap in the current
understanding of the relationship between dermatological and neurodegenerative disorders. Notably, the MR methodol-
ogy adopted here seeks to overcome some of the inherent limitations observed in conventional MR approaches. In
particular, this novel framework acknowledges the risk of overattributing causality to exposure factors, which may occur
when broader social and biological contexts are not considered. By integrating the multifaceted roles of exposure
variables within complex causal mechanisms, the study aims to provide a more nuanced interpretation of potential
causal pathways, which may inform strategies for prevention. Furthermore, leveraging large-scale genetic datasets and
functional genomics is expected to increase the accuracy of instrumental variable selection, reduce bias from envir-
onmentally driven variants, and enhance the robustness of the causal inferences drawn. These methodological advances
may improve the validity of findings and contribute to evolving standards for MR analyses in complex disease research.

Despite these strengths, several limitations must be acknowledged. The use of summary-level data in this MR
analysis restricts the capacity to investigate possible nonlinear associations between chronic ISDs and AD, potentially
resulting in an incomplete characterization of the relationship. Future studies incorporating individual-level data could
enable a more comprehensive exploration of nonlinear effects. Additionally, the exclusion of specific biological markers
—such as cytokines including IL-17, IL-6, or TNF-o—as IVs may introduce residual confounding, given their
established role in inflammatory pathways relevant to both skin diseases and neurodegeneration. Incorporating such
biomarkers in future MR designs could improve the specificity and precision of causal inference.***® Moreover, the
study’s focus on a relatively homogeneous ethnic population limits the generalizability of the results to broader and more
diverse populations. Expanding future research to multi-ethnic cohorts would enhance the applicability and global
relevance of these findings.

To address these limitations, several directions for future research should be considered. Employing advanced
statistical approaches, such as nonlinear MR or machine learning-based analyses, may better capture the complex
dynamics underlying the association between ISDs and AD. The integration of additional biomarkers, for instance,
cytokines or S100 proteins, within the MR framework could provide further insights into the inflammatory mechanisms
that potentially link these conditions.***® Broadening the scope of MR analyses to more diverse populations is likely to
strengthen the external validity of observed associations and support the development of more inclusive prevention and
intervention strategies. Collectively, these methodological improvements, together with a multidisciplinary focus that
integrates genetic, biological, and environmental data, are anticipated to advance the understanding of the interplay
between chronic ISDs and AD.

Overall, this MR analysis suggests a possible causal association between chronic ISDs—such as psoriasis, psoriatic
arthritis, lichen planus, and papulosquamous disorders—and the risk of AD. The findings indicate that these conditions
may share underlying pathophysiological mechanisms, including dysregulation of inflammatory pathways (for example,
involving NF-kB, IL-17, and S100B), increased oxidative stress, disturbances in glycolipid metabolism, and hormonal
imbalances. These mechanisms are thought to contribute to both skin inflammation and neurodegenerative processes. The
IVW analyses, together with sensitivity assessments, support a potential association, with odds ratios demonstrating an
elevated risk of AD among individuals with these chronic skin diseases. These results highlight the hypothesis that
therapeutic strategies targeting shared inflammatory, metabolic, or hormonal pathways could be explored, although

further research is needed to confirm these relationships and determine their clinical significance.

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



Cai et al

Conclusion

The MR framework used in this study enhances causal inference at the genetic level by addressing methodological
challenges encountered in prior observational and genetic studies. However, several limitations should be con-
sidered, including the reliance on summary-level data, potential ethnic homogeneity of the sample, and the
exclusion of certain biological markers. These factors may limit the generalizability and specificity of the
conclusions. Future research incorporating individual-level data, diverse populations, and additional biomarkers
may further clarify the relationship between chronic ISDs and AD. Overall, these findings may inform the
development of hypotheses for integrated clinical strategies to manage shared risk factors and provide
a rationale for further investigation into early diagnostic or personalized therapeutic approaches for both AD
and chronic ISDs.
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