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Background: Previous epidemiological investigations have reported associations between beer, cheese, and dried fruit intake and the 
incidence of psoriasis (PS). Nevertheless, the extent of shared genetic architecture underlying these associations remains insufficiently 
characterized. Therefore, it is essential to examine their molecular relationships from a genomics perspective.
Methods: A stratified, stepwise analytical framework was applied, utilizing genome-wide association study data for PS and three 
dietary intake patterns (beer, cheese, and dried fruit intake). In the initial phase, linkage disequilibrium score regression, genetic 
covariance analysis, and high-definition likelihood approaches were employed to quantify genome-wide genetic correlations. 
Subsequently, local genetic overlap analyses were conducted to delineate chromosomal regions harboring relevant associations. 
Finally, the conditional/conjunctional false discovery rate (condFDR/conjFDR) methodology was implemented to identify potential 
shared genetic loci (genetic overlap) across the phenotypes.
Results: The analysis revealed consistent genome-wide genetic correlations between psoriasis (PS) and the three dietary intake traits 
across LDSC, GNOVA, and HDL. PS showed a significant positive genetic correlation with beer intake (Rg = 0.1082 [LDSC], 0.0796 
[GNOVA], and 0.144 [HDL]), whereas negative genetic correlations were observed for cheese intake (Rg = −0.1523, −0.1089, and 
−0.1866) and dried fruit intake (Rg = −0.2187, −0.1639, and −0.2623). Local analyses further identified multiple chromosomal regions 
with shared genetic signals. Finally, condFDR/conjFDR analyses supported these overlaps and enabled the identification of several 
significant shared loci between PS and the dietary traits.
Conclusion: This study systematically investigated the genetic associations between PS and three dietary intake patterns from 
a genomic perspective and characterized their genome-wide and local genetic overlap. The shared loci identified enhance the 
understanding of nutrition–disease molecular mechanisms and provide genetic evidence to inform future mechanistic research and 
risk-modification strategies.
Keywords: psoriasis, dietary intake patterns, genetic correlation, genetic loci, genetic overlap

Introduction
Psoriasis (PS) is a chronic immune-mediated inflammatory dermatosis characterized by aberrant proliferation and 
differentiation of epidermal keratinocytes, leading to sharply demarcated erythematous plaques surmounted by silvery- 
white scales on the skin surface.1 According to the most recent Global Burden of Disease Study, the worldwide 
prevalence of PS ranges from 0.7% to 11.4%, affecting more than 125 million individuals, with an adult prevalence of 
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approximately 2.3%. Marked geographical disparities have been documented, with the highest prevalence reported in 
Europe and North America.2,3 Over the past three decades, epidemiological surveys have indicated a progressive increase 
in PS prevalence, accompanied by rising age-standardized incidence rates and disability-adjusted life years between 1990 
and 2019.4 Etiological investigations have demonstrated that, in addition to non-modifiable intrinsic factors such as 
genetic susceptibility, immune dysregulation, and environmental triggers,5 various modifiable external factors substan
tially influence disease development, primarily involving dietary patterns, lifestyle behaviors, and environmental 
exposures.6,7 Accumulating epidemiological evidence suggests that specific traditional dietary components, particularly 
beer, cheese, and dried fruit, may affect the onset of PS owing to their unique nutritional profiles and bioactive 
constituents.8–11 Given that confounding interactions between dietary factors in conventional observational studies 
may bias results, and despite growing interest in diet–PS links, an important research gap remains: integrative analyses 
that jointly leverage genome-wide (global) and region-specific (local) genetic information to systematically characterize 
shared genetic architecture between PS and dietary intake traits are still limited. Therefore, applying genomic methodol
ogies to elucidate intrinsic associations between PS risk and these three dietary intake patterns may provide more robust 
and accurate evidence.

Genome-wide association studies (GWAS) provide essential information on genetic variation related to PS and three 
dietary intake patterns (beer, cheese, and dried fruit intake), thereby enabling the investigation of their genetic associa
tions. The development of novel genetic statistical methodologies has rendered feasible the analysis of genetic relation
ships among complex traits. These approaches have yielded promising results in multiple studies, facilitating the 
identification of genetic connections across diverse complex traits. For instance, shared biological mechanisms were 
revealed between attention deficit hyperactivity disorder and cortisol alterations associated with externalizing 
behaviors;12 shared genetic loci were identified between inflammatory bowel disease and major depressive disorder;13 

and genetic structural relationships were clarified between alcohol and cheese intake and inflammatory bowel disease.14 

Building upon these established analytical strategies, this study undertakes a comprehensive examination of the genetic 
interactions between PS susceptibility and the three dietary intake patterns mentioned above.

This study established an integrated genetic statistical framework to delineate correlation patterns among target traits. 
At the genome-wide scale, linkage disequilibrium score regression (LDSC),15 genetic covariance analysis (GNOVA),16 

and high-definition likelihood (HDL)17 were applied to evaluate global genetic correlations, whereas local analysis of 
variant association (LAVA)18 was employed to characterize genetic interaction features within specific chromosomal 
regions. To precisely identify shared genetic variant loci, a conditional/conjunctional false discovery rate (condFDR/ 
conjFDR) approach19 was adopted, enabling both quantification of polygenic interaction strength and effective detection 
of shared genetic susceptibility loci.19 We aimed to characterize shared genetic architecture between psoriasis (PS) and 
three dietary intake patterns (beer, cheese, and dried fruit intake) by assessing genome-wide and local genetic overlap and 
identifying shared pleiotropic loci.

Methods and Materials
GWAS Data
The genomic data on dietary behaviors analyzed in this study were retrieved from the IEU OpenGWAS platform. GWAS 
summary statistics for three dietary intake patterns—beer intake (dataset ID: “ukb-b-5174”), cheese intake (dataset ID: 
“ukb-b-1489”), and dried fruit intake (dataset ID: “ukb-b-16576”)—were derived from the UK Biobank cohort, in which 
participants were recruited between 2006 and 2010. Phenotypic information for PS was obtained from the 
“L12_PSORIASIS” dataset of the FinnGen project (release 12).20 FinnGen was launched in 2017 and comprises both 
legacy samples collected from earlier Finnish cohorts (spanning from the late 1980s to 2017) and additional samples 
collected thereafter through Finnish biobanks. Given the binary (PS) versus continuous/ordinal nature of dietary intake 
traits, statistical power depends on case–control numbers, trait prevalence, measurement error, and GWAS sample size; 
thus, we leveraged large, well-powered GWAS datasets and applied multiple complementary methods to enhance the 
detection of shared genetic signals. The population characteristics of each cohort are summarized in Table 1.
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To ensure analytical rigor, stringent quality control procedures were implemented. Genetic variants were required to 
satisfy the following criteria:1 inclusion in the 1000 Genomes Project Phase 3 reference panel; (2) exclusion of variants 
lacking rsID identifiers or containing duplicate rsIDs; and (3) restriction to biallelic polymorphisms; and (4) exclusion of 
variants within the extended MHC region (chr6: ~25–34 Mb) to minimize potential bias arising from long-range linkage 
disequilibrium (LD). To minimize potential bias due to population stratification, analyses were restricted to individuals of 
European ancestry, consistent with the underlying GWAS datasets. A detailed workflow of the study is illustrated in 
Figure 1.

Global Genetic Correlation Analyses
The LDSC workflow for estimating global genetic correlations between two traits consists of several sequential steps: 
data preprocessing, linkage disequilibrium (LD) score computation, regression modeling, genetic correlation estimation, 
error adjustment, and result interpretation.15 Initially, LD scores are calculated for single-nucleotide polymorphisms 
(SNPs), with each SNP assigned a score representing the extent of genotypic association with other SNPs. Weighted least 
squares regression is subsequently applied to examine the relationship between SNP effects (Z-scores) and LD scores, 
thereby yielding an estimate of genetic covariance (ρg) between traits. To enhance estimation precision, the Jackknife 
method is used to evaluate standard errors and correct potential estimation biases. Normalization of genetic covariance 
then allows calculation of the genetic correlation (rg), which represents the shared genetic foundation of the traits. 
Throughout this process, LDSC effectively mitigates the influence of sample overlap by incorporating the constrained 
intercept method to adjust bias, while integrating population structure adjustments (eg, principal component analysis) to 

Table 1 Date Sources

Phenotypes Phenotypic Code Ancestry

Psoriasis L12_PSORIASIS European
Beer intake ukb-b-5174 European

Cheese intake ukb-b-1489 European

Dried fruit intake ukb-b-16576 European

Figure 1 Flowchart of the study. This figure is created by biorender.
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reduce false-positive signals. Moreover, because LDSC does not require individual-level genotype data, its application 
can be extended broadly to diverse genetic epidemiological investigations.

GNOVA is a genetic covariance estimation approach based on GWAS summary statistics that enhances estimation 
precision and statistical power by incorporating functional genomic annotation stratification analysis.16 In this frame
work, high-quality SNPs are screened and LD information is calculated, with the assumption that SNP effects vary across 
distinct functional regions. The method of moments is applied to construct linear equations, which are solved for genetic 
covariance through weighted matrices, while block jackknife procedures are used to correct for sample overlap. GNOVA 
also enables stratification analyses according to functional annotations or minor allele frequency, thereby uncovering 
shared genetic architecture among complex traits and yielding precise covariance estimates. This approach is particularly 
well-suited for large-scale GWAS data analyses.

HDL is a full-likelihood genetic correlation estimation method that achieves greater precision than LDSC by fully 
exploiting LD information contained in GWAS summary statistics.17 In this approach, GWAS Z-statistics for SNPs are 
computed and genetic covariance models are constructed based on LD matrices. Maximum likelihood estimation is then 
applied to derive genetic correlations, while eigenvalue decomposition is employed to regularize LD matrices and 
alleviate computational complexity. Unlike LDSC, which relies solely on diagonal elements of LD matrices, HDL 
incorporates the entire matrix structure to generate more accurate genetic correlation estimates, offering distinct 
advantages, particularly in analyses of low-heritability or binary traits. Both simulation and empirical evidence have 
demonstrated that HDL substantially improves the precision and statistical power of genetic correlation estimation.

Local Genetic Correlation Analyses
LAVA estimates local genetic correlations between two traits using localized genetic correlation modeling approaches.18 

In this framework, genetic effects of individual SNPs within target regions are first estimated through linear regression 
models to compute local genetic signals. To ensure consistency of effect direction, GWAS summary statistics from 
different traits are aligned prior to analysis. The local genetic covariance matrix (Ω) is then estimated, from which the 
local genetic correlation (ρ) for each trait pair is derived. Moreover, LAVA accommodates multi-trait inference by 
incorporating partial correlations and multiple regression analyses, thereby enabling the characterization of complex 
genetic relationships. Both simulation experiments and empirical validations have demonstrated that LAVA accurately 
controls Type I error rates and exhibits superior statistical power in the analysis of multi-trait local genetic correlations, 
establishing it as an effective tool for disentangling genetic relationships among complex traits.

condFDR/conjFDR Analysis
condFDR and conjFDR are statistical approaches for GWAS data analysis designed to improve genetic signal detection and 
identify cross-trait shared genetic loci.19 condFDR is grounded in an empirical Bayesian framework that corrects GWAS 
results for target traits by incorporating SNP association information from auxiliary phenotypes, thereby reducing the false 
discovery rate (FDR) through optimized ranking of statistical tests. The analytical workflow involves preprocessing 
independent GWAS datasets, standardizing SNP effect directions, and applying quality control procedures; constructing 
conditional quantile plots to illustrate SNP enrichment patterns; calculating FDR based on p-value stratification from 
auxiliary phenotypes; and generating two-dimensional FDR lookup tables to enhance detection sensitivity.

conjFDR extends condFDR and is specifically designed to identify SNPs that exert simultaneous effects on two traits. Its 
calculation process involves estimating condFDR values separately for both traits and adopting the larger value as the final 
conjFDR, thereby providing conservative estimates of shared genetic signals. This method is capable of identifying shared 
variants even when the overall genetic correlation is modest. To mitigate bias from population stratification or sample overlap, 
conjFDR applies genomic inflation factor correction and reduces LD interference through decorrelation procedures (r2 < 0.1).

In summary, condFDR enhances the discovery potential of GWAS, whereas conjFDR facilitates the identification of 
shared genetic architecture across traits. These approaches are of considerable value in complex trait genetics, particu
larly for investigating comorbidity mechanisms and functional genomic annotation. For loci identified using condFDR/ 
conjFDR, systematic gene annotation was conducted through the SNP2GENE functional module of the FUMA 
platform.21
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Results
Global Genetic Correlation
Comprehensive genetic epidemiological analyses identified association patterns between PS and three specific dietary 
habits. LDSC indicated a positive genetic correlation between PS and alcohol intake (Rg = 0.1082, P = 0.0108). In 
contrast, negative correlations were observed for cheese intake (Rg = −0.1523, P = 1.2584e-05) and dried fruit intake (Rg 
= −0.2187, P = 1.3801e-10) (Table 2).

Independent validation with GNOVA and HDL algorithms corroborated these findings. The concordant results across 
multiple methods reinforced the authenticity of genetic interactions between PS and the dietary patterns under investiga
tion (Table 2). Collectively, these observations broaden the understanding of shared genetic determinants linking PS with 
dietary intake behaviors.

Local Genetic Correlation
Local genetic correlation analyses across chromosomal regions uncovered multilayered association characteristics 
between PS and the three dietary intake patterns. Multiple statistically significant loci were identified throughout the 
genome, reflecting substantial heterogeneity in the genetic basis of PS relative to different dietary behaviors.

For the association between PS and beer intake, a genomic segment with significant positive correlation was detected 
on chromosome 2 (Figure 2A and Supplementary Table 1).

For cheese intake, three loci reaching significance were identified: two positively correlated regions on chromosomes 
10 and 5, and one negatively correlated region on chromosome 11 (Figure 2B and Supplementary Table 2).

For dried fruit intake, five regions, all showing negative correlations, were identified, located on chromosomes 11, 12, 
16, and 17 (Figure 2C and Supplementary Table 3).

Table 2 Genetic Correlation of Psoriasis and Three Food Intake Patterns

Trait1 Trait2 LSDC-Rg LSDC-P GNOVA-Rg GNOVA-P HDL-Rg HDL-P

Beer intake Psoriasis 0.1082 0.0108 0.0796 0.0007 0.144 1.33e-03
Cheese intake Psoriasis −0.1523 1.2584e-05 −0.1089 4.1256e-11 −0.1866 1.21e-07

Dried fruit intake Psoriasis −0.2187 1.3801e-10 −0.1639 7.1956e-16 −0.2623 9.41e-10

Abbreviations: LDSC, Linkage Disequilibrium Score Regression; GNOVA, Genetic Covariance Analysis; HDL, High-Dimensional 
Likelihood; Rg, genetic correlation.

Figure 2 LAVA analysis of psoriasis and three dietary intake patterns. The dashed line indicates the expected line with a correction P of 0.05. (A) Local genetic correlation 
between psoriasis-beer intake. (B) Local genetic correlation between psoriasis-cheese intake. (C) Local genetic correlation between psoriasis-dried fruit intake. LAVA, local 
variant association.
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Overall, local genetic correlation analysis revealed complex association patterns between PS and dietary intake at the 
chromosomal level, demonstrating multiple significantly correlated loci across distinct dietary factors.

conjFDR Analysis Identifies Shared Genomic Loci Between Two Traits
Quantile-quantile (Q-Q) plot visualization confirmed genome-wide associations between PS and the three dietary intake 
patterns (Figure 3). The analyses demonstrated that as the association signal strength of PS increased, the corresponding 
association strength of dietary behaviors exhibited a distinct leftward shift. This shift not only validated the genetic 
correlations among these traits but also suggested the existence of shared susceptibility loci, thereby providing a basis for 
further exploration of their underlying biological mechanisms.

Application of the condFDR/conjFDR approach to genome-wide analysis identified four pleiotropic variants shared 
between PS and beer intake at the significance threshold of conjFDR < 0.05 (involving RP11-84D1.2, RAPGEF6, 
C5orf56, and DNAJC28 genes) (Figure 4A and Supplementary Table 4). Notably, RAPGEF6 has been implicated in 
immune-cell signaling and inflammatory regulation, supporting the biological plausibility of its involvement in PS- 
related pathways.22

Extended analyses revealed that PS and cheese intake shared four loci (located within AC007381.2, CDKAL1, 
FOSL1, and ATP6V0A1 gene regions) (Figure 4B and Supplementary Table 5), while seven shared variants were 
associated with dried fruit intake (distributed across AC144521.1, KIF3A, MAD1L1, SF3B2, PC, STXBP4, and RP11- 
795H16.2 genes) (Figure 4C and Supplementary Table 6). Importantly, to our knowledge, this study is among the first to 
apply the conjFDR framework to identify shared loci between PS and dietary traits—particularly for cheese and dried 

Figure 3 Conditional quantile-quantile plot. The dashed line indicates the expected line under the null hypothesis, and the deflection to the left indicates the degree of 
pleiotropic enrichment. (A) Beer intake-Psoriasis. (B) Psoriasis-Beer intake. (C) Cheese intake-Psoriasis. (D) Psoriasis-cheese intake. (E) Dried fruit intake-Psoriasis. (F) 
Psoriasis-Dried fruit intake.
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Figure 4 ConjFDR Manhattan plot of psoriasis and three dietary intake patterns. (A) PS-Beer intake. (B) PS-Cheese intake. (C) PS-Dried fruit intake. The statistically 
significant causality is defined to be conjFDR <0.05.
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fruit intake—thereby highlighting the novelty of these pleiotropic signals. Several of the identified loci show biological 
relevance to PS-related mechanisms; for example, FOSL1 is linked to inflammatory transcriptional programs,23 

ATP6V0A1 is involved in cellular acidification processes relevant to immune function,24 and KIF3A has been associated 
with epithelial/skin biology.25 Collectively, these genome-wide results provide genetic evidence for a shared molecular 
basis linking PS occurrence with specific dietary intake patterns.

Discussion
This study systematically investigated the genetic associations between PS and three dietary intake patterns using GWAS. 
Genome-wide analyses demonstrated a significant positive genetic correlation between PS and beer intake, whereas 
significant negative correlations were observed with both cheese and dried fruit intake. Local genetic correlation analyses 
further identified distinct association signals across multiple chromosomal segments. Validation through Q-Q plots 
confirmed the presence of overlapping genetic patterns among these phenotypes. In conjunction with the conjFDR 
analytical framework, multiple shared genetic variant loci were identified. From a clinical perspective, these results 
primarily support risk stratification and hypothesis generation by highlighting shared genetic architecture between PS and 
dietary intake traits, rather than providing a basis for dietary prescriptions. Collectively, these findings provide novel 
genetic-level insights into shared genetic mechanisms underlying the relationships between beer, cheese, and dried fruit 
intake and PS, thereby broadening the conceptual framework of nutrition–disease genetic association networks.

Recent studies suggest that beer intake may be associated with a higher risk of psoriasis.26 Large-scale prospective 
cohort studies reported that women consuming ≥5 servings of non-light beer weekly exhibited a 1.83-fold higher 
incidence of PS,27 whereas observational studies demonstrated a risk ratio of 1.30 for PS occurrence in high alcohol 
consumers compared with low consumers.28 From a mechanistic perspective, alcohol and its metabolites activate hepatic 
Kupffer cells and circulating monocytes to release pro-inflammatory mediators, thereby initiating persistent systemic 
inflammatory responses.26 Ethanol and reactive oxygen species generated during metabolism further induce pro- 
inflammatory cytokines in lymphocytes, macrophages, and keratinocytes through modulation of diverse signal transduc
tion pathways, creating an inflammatory milieu that contributes to PS onset.29 Among the shared genetic variants 
identified, RAPGEF6 warrants particular attention, as it may serve a critical regulatory role in beer intake–induced PS. 
RAPGEF6 encodes Rap guanine nucleotide exchange factor 6, a member of the small GTPase regulatory protein family, 
which activates key signaling molecules including Rap1A, Rap2A, and M-Ras, thereby exerting central influence on 
immune cell regulation and inflammatory processes.22 Animal studies have shown that RAPGEF6-deficient mice display 
pronounced immune dysfunction, including splenomegaly, abnormally elevated serum immunoglobulin E and G levels, 
and altered pro-inflammatory cytokine secretion profiles, highlighting its indispensable role in immune homeostasis.30 In 
the context of PS pathogenesis, aberrantly activated T cells infiltrate lesional sites and secrete inflammatory mediators 
such as IL-17 and IFN-γ, whereas RAPGEF6 dysfunction may amplify this pathological immune cascade.31 Additionally, 
genetic variants in RAPGEF6 may influence susceptibility to alcohol intake patterns, indirectly modulating PS onset risk, 
as supported by prior evidence of ethanol-induced enhancement of pro-inflammatory factor secretion in PS cell co- 
culture systems and the proposed role of RAPGEF6 in psychiatric behavioral regulation.32 Furthermore, C5orf56 has 
been identified as a shared susceptibility gene between PS and cardiovascular diseases in recent GWAS reports.33

Observational epidemiological studies have reported an inverse association between cheese intake and psoriasis risk, 
although the underlying nutritional and genetic mechanisms remain unclear. Large-scale US national survey data indicate 
that dairy and calcium intake among PS patients are markedly lower than in healthy controls,34 implying that moderate 
cheese intake may confer preventive benefits. Pathophysiologically, PS patients frequently exhibit hypocalcemia, with 
more than one-third presenting abnormally reduced serum calcium levels. As a rich source of calcium, cheese can 
compensate for this critical nutritional deficiency.35 At the molecular level, calcium abundant in cheese interacts 
synergistically with Vitamin D to optimize intracellular calcium regulatory networks, thereby ameliorating the abnormal 
hyperproliferation of PS keratinocytes.36 Moreover, dairy intake can alleviate sodium-induced cutaneous microvascular 
dysfunction by reducing ascorbate-sensitive oxidative substances, providing evidence for the vascular protective role of 
cheese in PS prevention.37 As a key member of the tRNA methylthiotransferase family, CDKAL1 not only regulates 
translational fidelity but also plays a central role in cellular energy metabolism and calcium homeostasis.38 CDKAL1 
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deficiency markedly impairs adipose tissue mitochondrial function, leading to morphological abnormalities, respiratory 
dysfunction, and ATP synthesis defects.38 As PS is characterized as a metabolic inflammatory disorder associated with 
mitochondrial dysfunction and oxidative stress, calcium homeostasis disruption represents a pivotal feature. This includes 
impaired function of calcium-regulating proteins such as SERCA within the endoplasmic reticulum.39 Importantly, our 
GWAS-based results indicate shared genetic architecture between cheese intake and PS and do not establish that cheese 
intake causally prevents PS. The high calcium content of cheese may be relevant to calcium homeostasis in PS, but these 
mechanistic links remain speculative and require direct experimental and interventional validation. FOSL1 expression is 
markedly elevated in PS patients and shows positive correlations with PASI scores, serum TNF-α, and IL-6 levels,23 

highlighting its pro-inflammatory role in PS pathogenesis. The proposed calcium–inflammation network concept offers 
new perspectives on the role of calcium ions in inflammatory regulation, suggesting that adequate calcium levels may 
attenuate systemic inflammation by reducing lipopolysaccharide aggregation and suppressing excessive macrophage 
activation.40 Therefore, cheese intake may mitigate FOSL1 overexpression through calcium-dependent signaling path
ways, thereby reducing PS-associated inflammatory cascades and exerting potential preventive effects. Accordingly, any 
clinical implications should be framed as hypothesis-generating and primarily relevant to prevention/risk modification 
rather than therapeutic recommendations.

Recent observational evidence suggests that dried fruit intake may be inversely associated with psoriasis risk, 
although the underlying mechanisms remain to be fully established. Dried fruits are generally rich in dietary fiber and 
polyphenolic antioxidants, which may help modulate inflammatory pathways and oxidative stress. These bioactive 
components could potentially influence immune responses and keratinocyte proliferation and differentiation; however, 
causal effects cannot be inferred from the available epidemiological data.41 In the APPLE project, a cross-sectional study 
by Zanesco et al42 reported an inverse correlation between dried fruit intake and PS severity, supporting a protective 
effect. Furthermore, a systematic review and meta-analysis of 560 participants confirmed that omega-3 fatty acid 
supplementation significantly reduced psoriasis area and severity index scores by 1.58 points and improved clinical 
manifestations such as erythema and scaling.43 A recent Mendelian randomization analysis also established an inverse 
causal relationship between dried fruit intake and PS.10 Among the identified genetic loci, KIF3A has been extensively 
investigated for its role in dried fruit–mediated PS prevention. A large-scale GWAS by Leppers-van de Straat et al 
demonstrated that KIF3A variants rs11740584 and rs2299007 were significantly associated with immune dermatitis 
susceptibility. These alleles generated novel CpG sites and increased DNA methylation levels, resulting in down
regulation of KIF3A expression and compromised skin barrier integrity.25 Mechanistic studies further showed that 
KIF3A-deficient mice exhibited elevated transepidermal water loss, disrupted claudin-1 expression in tight junctions, 
and heightened susceptibility to allergen-induced dermatitis.44 Notably, omega-3 fatty acids abundant in dried fruits may 
regulate KIF3A expression through epigenetic mechanisms. A comprehensive review by Balić et al indicated that omega- 
3 fatty acids indirectly enhance transcription of skin barrier–related genes, including KIF3A, by suppressing activation of 
the pro-inflammatory transcription factor NF-κB, thereby sustaining keratinocyte differentiation and intercellular junction 
stability.41 The remaining genes identified have been less extensively studied in the context of PS and require further 
investigation. Overall, our conclusions regarding dried fruit intake should be interpreted primarily as evidence of shared 
genetic architecture and hypothesis-generating clinical relevance (eg, prevention/risk modification), rather than as direct 
therapeutic recommendations.

Several limitations should be acknowledged. First, the dietary intake phenotypes were largely derived from self- 
reported questionnaire data (eg, UK Biobank) and are therefore susceptible to recall bias, social desirability bias, and 
measurement error/misclassification; consequently, non-differential misreporting may attenuate true genetic associations 
and increase uncertainty in effect estimates. Second, lifestyle factors correlated with dietary habits (eg, physical activity 
and smoking) were not fully accounted for, which may have introduced residual confounding. Third, potential sample 
overlap between the exposure and outcome GWAS datasets cannot be entirely excluded, which may bias correlation- 
based estimates and inflate statistical significance. Fourth, although multiple complementary statistical approaches were 
applied, the influence of LD cannot be completely eliminated, and we did not conduct sensitivity analyses using 
alternative LD reference panels, which should be considered in future studies to further assess robustness. Fifth, these 
summary-statistic methods assume polygenicity, additive effects, and well-calibrated GWAS with appropriate LD 
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references; our conclusions also depend on the quality of the original public GWAS summary statistics. Sixth, condFDR/ 
conjFDR identifies genetic overlap (pleiotropic enrichment) and does not imply causality. Seventh, the analyses were 
restricted to individuals of European ancestry, limiting generalizability; replication in more diverse populations is 
warranted. Finally, because dedicated studies directly interrogating diet–gene–disease interactions remain limited, our 
interpretation of the implicated genes relied partly on evidence from other diseases, and further functional validation is 
needed.

Conclusion
In conclusion, this study identified genome-wide genetic correlations between PS and three dietary intake patterns (beer, 
cheese, and dried fruit intake), with genetic correlation coefficients ranging from 0.1082 to 0.2187, providing genomic 
evidence of shared genetic architecture between these traits. Through multi-level genomic integration analyses, we 
further identified several core shared loci, including RAPGEF6, CDKAL1, and KIF3A, which may implicate immune- 
and inflammation-related biological pathways relevant to PS. Notably, our findings reflect genetic overlap and correlation 
rather than causal dietary effects; therefore, any discussion of “dietary intervention” should be framed as genetically 
informed, hypothesis-generating evidence that warrants further causal inference and interventional validation, rather than 
as actionable clinical recommendations. Given that the analyses were restricted to individuals of European ancestry, 
validation in more diverse populations is warranted to improve generalizability. These findings can inform future 
Mendelian randomization, functional genomics, and personalized nutrition studies.
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