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Background: Psoriasis is a chronic immune-mediated skin disease influenced by genetic, environmental, and lifestyle factors, with
increasing burden among working-age adults.

Objective: To examine global trends in psoriasis prevalence among working-age adults, evaluate associations with lifestyle factors
using a simplified Life’s Essential 4 (LE4) index, and explore potential dietary causal relationships through Mendelian randomization
(MR).

Methods: Global prevalence trends from 1990 to 2021 were analyzed using GBD 2021 data, calculating age-standardized rates (ASR)
and estimated annual percentage changes (EAPC), with projections to 2031. Regional variations across SDI levels were also assessed.
The LE4 index, derived from core lifestyle components of the Life’s Essential 8 framework using NHANES data, was evaluated via
survey-weighted logistic regression and restricted cubic spline analysis. Two-sample MR analyses were conducted using the inverse-
variance weighted (IVW) method to assess dietary traits.

Results: The global prevalence of psoriasis among working-age adults increased from 555.7 to 600.6 per 100,000 (EAPC: 0.22%),
with projections reaching 631.6 by 2031; Notably, upward trends were consistently observed across all SDI regions. Higher LE4 scores
(>81.2) were associated with lower odds of psoriasis (OR: 0.518, P=0.040). MR analyses suggested that genetically predicted fizzy
drink consumption increased risk (OR: 1.57, P=0.0215), whereas salad vegetable intake showed a protective association (OR: 0.85,
P=0.0224).

Conclusion: The burden of psoriasis among working-age adults shows a modest global increase with regional heterogeneity.
Healthier lifestyle patterns and favorable dietary factors were associated with reduced risk, highlighting the importance of modifiable
behaviors in prevention strategies.
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Introduction

Psoriasis is a chronic autoimmune skin disease with a strong genetic basis, in which genetic, immune, and environmental
factors jointly contribute to its complex pathogenesis." Data from the Global Burden of Disease (GBD) 2021 study
indicate that global psoriasis prevalence has nearly doubled since 1990, accompanied by marked increases in incidence
and DALYs, with the highest burden concentrated in high-SDI regions.” It significantly reduces patients’ ability to work
and may lead to early retirement, with moderate-to-severe cases experiencing a 15-20% reduction in working ability.
Previous studies have demonstrated that moderate-to-severe psoriasis is associated with significantly higher work
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absenteeism compared to mild disease, resulting in substantial productivity loss and financial consequences.* Given the
considerable impact of psoriasis on occupational functioning, the epidemiological analysis in this study focuses on the
working-age population (15—64 years) to better characterize the disease burden in this group.

Lifestyle factors such as diet, physical activity, smoking, and sleep are closely associated with the development and
progression of psoriasis. Although previous studies have shown a relationship between Life’s Essential 8 (LES) scores
and psoriasis, LE8 includes clinical biomarkers such as blood pressure and cholesterol, making it more complex and less
focused on modifiable behaviors.>® In contrast, our study focuses exclusively on four core lifestyle behaviors and
constructs a simplified, behavior-focused lifestyle score (LE4), derived from the behavioral domains of the standardized
LES8 framework. These components were selected because of their established links to systemic inflammation and
cardiometabolic dysfunction, both central to psoriasis pathophysiology. Other potentially modifiable behaviors, such as
alcohol consumption and psychological stress, were considered; however, their inclusion would have substantially
reduced the effective sample size due to missing or incomplete data in the NHANES dataset. To preserve statistical
power, maintain nationally representative estimates, and ensure model stability, we prioritized the core behavioral
domains with standardized and complete measurements. Additionally, while previous research has explored the interac-
tion between genetic risk and lifestyle factors in psoriasis, most studies focus on gene-behavior interactions.” Our study,
however, places greater emphasis on the independent effects of behavior itself. In addition, Observational studies suggest
that regular physical activity, reduced alcohol intake, and higher consumption of omega-3-rich fish, fruits, and vegetables
may benefit psoriatic patients.® However, confounding and reverse causation inherent in observational designs limit
causal inference. Mendelian randomization (MR) offers a powerful approach to assess causal relationships between
modifiable exposures, such as dietary patterns, and disease outcomes.’

Therefore, this study employs a multifaceted approach to comprehensively elucidate the epidemiology, and risk
factors of psoriasis. Utilizing data from the Global Burden of Disease (GBD) Study (1990-2021), we first examined
epidemiological trends in prevalence, age, and sex distributions among the working-age population (15—64 years). Next,
leveraging the NHANES database, we developed a composite Lifestyle Essential 4 (LE4) score and assessed its inverse
association with psoriasis risk. We further investigated causal relationships between dietary factors and psoriasis using
Mendelian randomization (MR) analysis.

Methods

Data Acquisition

Global Burden of Psoriasis

This study utilized data from the 2021 Global Burden of Disease (GBD) dataset, a comprehensive resource providing
detailed insights into various diseases, stratified by age and sex, spanning 1990 to 2021.''" Our primary focus is the
working-age population (15-64 years), as defined by the World Health Organization (WHO). Psoriasis significantly
affects this group, with greater disease severity markedly increasing work absenteeism and contributing to 38% of total
productivity losses.* Accordingly, this study aims to analyze psoriasis prevalence in this demographic. To achieve this,
we extracted epidemiological data from the Global Health Data Exchange (GHDx) platform for 1990-2021 to assess the
disease burden. Given the public availability of the 2021 GBD dataset, ethics committee approval was not required. The
study adhered to established guidelines for accurate and transparent health estimates reporting.

The Association Between LE4 and Psoriasis

The National Health and Nutrition Examination Survey (NHANES), conducted by the CDC, assesses the US popula-
tion’s health and nutritional status, collecting data on demographics, diet, and lifestyle. All studies were approved by the
NCHS Ethics Review Board, with informed consent obtained from participants. We developed the LE4 index from Life’s
Essential 8, comprising four behaviors: healthy eating (via Healthy Eating Index), regular physical activity, non-smoking,
and sufficient sleep, selected for their associations with health outcomes and psoriasis.'? Data from 20052014 included
demographics, sleep, smoking, physical activity, and diet quality (HEI-2020)."* This analysis examines LE4’s impact on
psoriasis prevalence and severity. Psoriasis cases were identified by self-report: participants answering “Yes” to “Have
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you ever been told by a doctor or healthcare provider that you have psoriasis?” were categorized as patients; others were
excluded.

Mendelian Randomization

To investigate the causal effects of diet and psoriasis, we conducted a two-sample Mendelian randomization (MR)
analysis. Psoriasis outcome data were sourced from the FinnGen R11 dataset, encompassing 448,899 individuals (11,479
cases and 437,420 controls) and 20,094,059 single nucleotide polymorphisms (SNPs).'* Exposure data for the 187
dietary traits were obtained from the GWAS Catalogue (accession GCP000266)."> Ethical approval and consent to
participate were obtained in all original studies.

Statistical Analysis

Global Burden of Psoriasis

This study examined psoriasis prevalence trends in the working-age population. Age-standardized rates (ASRs) were
calculated using direct standardization with the 2021 GBD world standard population, using the formula:'®

where a; represents the age-specific rate, w; i is the standard population weight for each age group, and A is the number
of age groups.

Trends were assessed using the Estimated Annual Percentage Change (EAPC), derived from linear regression with
the natural logarithm of rates as the dependent variable and year as the independent variable:'”

EAPC = 100 x (exp(f) — 1)

Where B is the regression coefficient from the linear regression model fitting the natural logarithm of the rates.

The 95% confidence intervals (CIs) for the Estimated Annual Percentage Change (EAPC) were derived from a linear
regression model. Trends were classified as increasing (EAPC and lower 95% CI > 0), decreasing (upper 95% CI < 0), or
stable otherwise. Region-specific EAPCs and corresponding CIs were calculated independently.

Analyses encompassed global trends, patterns across Socio-Demographic Index (SDI) levels, national prevalence
estimates for 2021, and age- and sex-specific trends stratified by SDI categories and age groups.

Prevalence projections through 2031 were generated using a Bayesian Age—Period—Cohort (BAPC) model imple-
mented with Integrated Nested Laplace Approximation (INLA). Estimates are presented as posterior medians with 95%
uncertainty intervals (Uls).

The BAPC model incorporates smoothing priors for age, period, and cohort effects to reduce overfitting and enhance
temporal stability. All statistical analyses and visualizations were performed in R version 4.4.1 using the packages
ggplot2, maps, dplyr, ggsci, INLA, and BAPC.

The Association Between LE4 and Psoriasis

This study included 40,816 participants from the 2005-2006 and 2009-2014 NHANES cycles. After exclusions (463
pregnant women, 17,866 with missing psoriasis data, and 12,733 with missing LE4 data), the final analytic sample
comprised 5133 participants. Covariates, selected based on prior studies, included age, sex, race, education level, and
poverty-to-income ratio (PIR).'® To ensure national representativeness, survey weights were applied per NHANES
guidelines using the formula: weight = WTMEC2YR/2. Normally distributed variables were reported as mean =+ standard
deviation (SD), and categorical variables as counts (percentages). Group differences (psoriasis vs. non-psoriasis) were
assessed using weighted #-tests. Survey-weighted logistic regression was used to analyze associations, reporting means
and standard errors for continuous variables. The association between LE4 scores (as continuous and categorical
variables) and psoriasis was examined using multivariable logistic regression in three models: Model 1 (unadjusted),
Model 2 (adjusted for age, sex, and race), and Model 3 (further adjusted for PIR and education). Trend tests were
conducted, and restricted cubic spline (RCS)'’ regression explored non-linear relationships between LE4 scores and
psoriasis prevalence.
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To determine whether the observed association of the composite LE4 score was driven by specific components,
additional survey-weighted logistic regression analyses were conducted for each individual LE4 component (smoking
score, physical activity score, sleep score, and diet quality score) separately. A mutually adjusted model including all four
components simultaneously was further constructed to evaluate their independent contributions.

Survey-weighted logistic regression models were applied to examine these associations. The primary models were
adjusted for age, sex, race/ethnicity, poverty income ratio (PIR), and education level. Sensitivity analyses were subse-
quently performed with additional adjustment for body mass index (BMI) and depressive symptoms, which were

hypothesized to function as potential mediators in the pathway between lifestyle behaviors and psoriasis risk.

Mendelian Randomization

In the MR analysis, the inverse-variance-weighted (IVW) method with multiplicative random effects served as the
primary approach.?’ Horizontal pleiotropy was assessed using the MR-Egger regression intercept, with P >0.05 indicat-
ing no significant directional pleiotropy.?! Instrumental variable heterogeneity was evaluated using the Q test, with P >
0.05 suggesting no significant heterogeneity.?’ The Steiger test was conducted to assess reverse causation, with P < 0.05
and a direction of TRUE confirming no reverse causality.”® Statistical power was calculated following Burgess et al’s
method,” and calculations were performed using the online tool available at https:/sb452.shinyapps.io/power/. All
analyses were performed using the TwoSampleMR (v0.6.8), MendelianRandomization (v0.8.0), and MRPRESSO (v1.0)
packages in R version 4.4.1. Effects were reported as odds ratios (OR), with statistical significance set at P < 0.05.

We implemented a rigorous four-step screening protocol to select high-quality instrumental variables: (1) genome-
wide significance threshold (P < 5 x 10°®); (2) exclusion of weak instruments (F-statistic > 10); (3) linkage disequili-
brium control (r* < 0.001, clumping window = 10 Mb [10,000 kb], using the 1000 Genomes European reference panel)**.

The Mendelian randomization (MR) analysis relies on three core assumptions: first, the genetic variants used as
instrumental variables must be strongly associated with the target exposure; second, there should be no interference from
unmeasured confounders between the genetic variants and the outcome; and finally, the effect of genetic variants on the
outcome must be entirely mediated through the exposure factor via a single pathway. To test the robustness of the results,
we further employed several sensitivity analyses, including assessing heterogeneity (Cochran’s Q test), examining
horizontal pleiotropy (MR-Egger intercept test), and identifying and adjusting for outlier instrumental variables caused
by pleiotropy (MR-PRESSO).?* For MR analysis, a STROBE-MR checklist*® was presented in Supplementary Table 1.

Results

Global Burden of Psoriasis

In 2021, the global burden of psoriasis among the working-age population remained substantial. The global age-
standardized prevalence rate (ASPR) for the working-age population increased from 555.7 cases per 100,000 (95%
UL 514.5-599.5) in 1990 to 600.6 cases per 100,000 (95% UI: 557—647.5) in 2021. The global estimated annual
percentage change (EAPC) was 0.22% per year, indicating a steady upward trend in psoriasis prevalence (Table 1 and
Figure 1).

Regional Differences

The burden of psoriasis among the working-age population exhibits significant regional disparities, closely associated
with socio-demographic index (SDI) levels. In high-SDI regions, the age-standardized prevalence rate (ASPR) increased
from 934.1 cases per 100,000 (95% UI: 869.6-1002.7) in 1990 to 1007.2 cases per 100,000 (95% UI: 944.6-1074) in
2021, markedly higher than in low-SDI regions (Table 1). This may be closely related to lifestyle and dietary habits in
highly developed areas, thereby driving the increase in psoriasis burden. At the national level, Germany had the highest
prevalence (1925.5 cases per 100,000; 95% UI: 1785.3—2069.3), while Somalia had the lowest (133.1 cases per 100,000;
95% UI: 121.9-145.2) (Figure 2).
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Table | Global and Regional Trends in Psoriasis Burden: Prevalence (1990-2021)

Location

1990

2021

1990-2021

ASR per 100,000 No. (95% Ul)

ASR per 100,000 No. (95% UI)

EAPC_95% CI

Andean Latin America

993.7(913.4 to 1080.1)

1180(1180 to 1281.3)

0.58 (0.55 to 0.62)

Australasia 628.3(575.4 to 686) 722.6(660.6 to 788.5) 0.56 (0.49 to 0.63)
Caribbean 682.4(622.9 to 747.4) 716.6(655 to 784.5) 0.17 (0.17 to 0.18)
Central Asia 450.7(411.2 to 493.2) 504.9(460.8 to 552.9) 0.4 (0.37 to 0.42)

Central Europe

506.8(467.1 to 549.3)

584.5(545.8 to 625.8)

0.48 (0.46 to 0.5)

Central Latin America

677(622.5 to 736.1)

744.2(684.2 to 809.8)

031 (03 to 0.31)

Central Sub-Saharan Africa

308.8(281.2 to 339.5)

354.4(322.3 to 389.3)

0.47 (039 to 0.55)

East Asia

415.7(383.9 to 449.9)

542.5(502.1 to 586.1)

0.88 (0.84 to 0.92)

Eastern Europe

475.3(438 to 515.6)

540.3(498.4 to 585.6)

0.43 (0.41 to 0.45)

Eastern Sub-Saharan Africa

169.6(155.6 to 184.3)

173.8(159.7 to 188.9)

0.1 (0.08 t0 0.11)

Global

555.7(514.5 to 599.5)

600.6(557 to 647.5)

022 (0.2 to 0.24)

High SDI

934.1(869.6 to 1002.7)

1007.2(944.6 to 1074)

0.2 (0.18 to 0.21)

High-income Asia Pacific

442.2(407.6 to 480.2)

466.5(430.3 to 507.7)

0.14 (0.12 to 0.15)

High-income North America

1081.2(1006.6 to 1160.1)

136.1(1074.3 to 1199.2)

0.19 (0.17 to 0.2)

High-middle SDI 537.4(496.2 to 581.5) 651.2(602.5 to 703.5) 0.62 (0.6 to 0.63)
Low SDI 293.4(270.7 to 318.4) 317.8(293.2 to 344.6) 0.22 (0.17 to 0.26)
Low-middle SDI 397.7(366.8 to 431.5) 446.2(411.3 to 484.2) 0.28 (0.25 to 0.3)
Middle SDI 482.4(444.7 to 522.8) 582.4(537.6 to 630.1) 0.59 (0.57 to 0.61)

North Africa and Middle East

489.4(450.5 to 531.4)

619.9(570.2 to 673.8)

0.82 (0.8 to 0.84)

Oceania

397.1(361.7 to 435.4)

445(405.6 to 488)

0.35 (033 to 0.36)

South Asia

397.2(366.4 to 430.6)

430.5(397 to 467)

0.03 (~0.02 to 0.09)

Southeast Asia

522.6(480.2 to 568)

629.4(578.9 to 683.5)

0.59 (0.58 to 0.61)

Southern Latin America

632.2(575.3 to 693.6)

720.8(657.4 to 789.8)

0.39 (0.38 to 0.4)

Southern Sub-Saharan Africa

271.7(249.6 to 295.5)

287.9(264.6 to 313.6)

0.26 (0.23 to 0.28)

Tropical Latin America

474.1(436.9 to 514.4)

464.8(428.5 to 504.4)

~0.09 (0.1 to —0.07)

Western Europe 1267.5(1180.7 to 1359.9) 1400.8(1306.9 to 1500.7) 0.25 (0.21 to 0.28)

Western Sub-Saharan Africa 372.1(344.5 to 402.4) 430.7(398.9 to 464.7) 0.58 (0.53 to 0.63)

Age and Sex-Specific Patterns

Age-specific analysis of the working-age population in 2021 revealed that psoriasis prevalence gradually increased with
age, reaching a peak in the 50-54 age group. In this age group, the number of male patients was 2,193,505, with an age-
standardized prevalence rate (ASPR) of 988.2 per 100,000 people; female patients numbered 1,803,175, with an ASPR of
808.8 per 100,000 people (Figure 3). Additionally, data from 2021 showed that females had higher psoriasis prevalence
than males between the ages of 15 and 39. However, after age 40, prevalence among males exceeded that of females—a
trend consistent with observations from 1990 (Figure 4).
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Figure | The global disease burden of Psoriasis 1990-2021.
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Figure 2 The global disease burden of Psoriasis for both sexes in 204 countries and territories in 2021.
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Figure 4 Age-standardized prevalence rates of Psoriasis by sex, and age group, 1990 and 2021.
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Future Projections

The global burden of psoriasis among the working-age population is projected to continue increasing, with the age-
standardized prevalence rate (ASPR) expected to rise from 600.6 per 100,000 in 2021 to 631.6 per 100,000 in 2031,
representing an increase of approximately 5.16%. During this period, the ASPR in males is projected to increase from
617.2 to 648.7 per 100,000, while in females, it is expected to rise from 585.1 to 613.9 per 100,000 (Figure 5).

The Association Between LE4 and Psoriasis

Baseline Characteristics of the Study Population

A total of 5133 participants were selected according to the inclusion criteria mentioned in the methodology, with 53.38%
being male and 46.62% female. The overall prevalence of psoriasis in the study population was 3.27%. The average age
of psoriasis patients was higher (46.16+£13.96 years). Additionally, the LE4 score of psoriasis patients was lower than that
of non-psoriasis patients (see Figure 6 and Table 2).

The LE4 Score and Psoriasis

Using three regression models, the results presented in Table 3 demonstrate an association between the LE4 score and
psoriasis among the US population. In the fully adjusted Model III, compared with the reference group (Q1, LE4 < 50.0),
individuals in the fourth quartile (Q4, LE4 > 81.2) had significantly lower odds of psoriasis, with an odds ratio (OR) of
0.518 (95% CI: 0.277-0.970, P = 0.040). This corresponds to a 48.2% reduction in the odds of psoriasis among
individuals in the highest LE4 category. Although no statistically significant associations were observed for the second
(Q2, 50.0 < LE4 < 67.5) or third (Q3, 67.5 < LE4 < 81.2) quatrtiles (all P > 0.05), a decreasing trend in psoriasis risk was
observed with increasing LE4 scores.

Figure 7 presents the results of the restricted cubic spline (RCS) analysis, further supporting a significant inverse
association between LE4 score and psoriasis risk. The overall model P-value was 0.0192, while the nonlinearity test
yielded a P-value of 0.0643, with the LE4 score centered at the median value (67.5).
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Figure 5 Future forecasts of global burden of Psoriasis.
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NHANES Survey
(2005-2006,2009-2014)
n=40816 participants

Enrolled analysis
n=22487 participants

Enrolled for final analysis
n=5133 participants

Figure 6 Data screening.

(Supplementary Table 2).

Exclusion

pregnant(n=463)
Missing Psoriasis(n=17866)

Exclusion

Missing other covariates
data(n=12733)

associated with increased odds of psoriasis (Supplementary Table 3).

Table 2 Baseline Characteristics of the Study Population.

In component-level analyses using survey-weighted logistic regression adjusted for age, sex, race/ethnicity, PIR, and
education, the smoking score was significantly inversely associated with psoriasis (OR per 1-point increase = 0.995, 95%
CI: 0.991-0.999, P = 0.025). In contrast, physical activity (OR = 0.998, P = 0.531), sleep (OR = 0.998, P = 0.574), and
diet quality (OR = 1.000, P = 0.985) were not independently associated with psoriasis in the fully adjusted models

In sensitivity analyses further adjusting for BMI and depressive symptoms, the association between LE4 and psoriasis
was attenuated and no longer statistically significant. Severe obesity and depressive symptoms were independently

Variable Non-Psoriasis Psoriasis p-value | SMD
(n=4965) (n=168)

Demographics

Male 2658 (53.53%) 82 (48.81%)

Female 2307 (46.47%) 86 (51.19%)

Gender (overall) - 0.531 0.053

Age (mean * SD) 43.65 £14.48 46.16 + 13.96 0.079 0.176

Metrics (mean + SD)

Smoking Score 67.96 + 40.86 | 60.27 £ 38.92 0.029 0.193

Sleep Quality Score 80.97+ 25.83 79.88 £ 24.06 0.550 0.044

Physical Activity Score 75.07+38.04 71.46 £ 40.98 0.487 0.092

HEI (Diet Quality) 388l +31.73 39.84 + 30.74 0.673 0.033

LE4 Score 65.70 £ 20.09 | 62.86 £ 18.57 0.094 0.147
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Table 3 The LE4 Score and Psoriasis

Exposure (LE4 Score Group)

Model I OR (95% CI) P-value

Model Il OR (95% CI) P-value

Model 11l OR (95% CI) P-value

QI (LE4 <50.0)

Ref

Ref

Ref

Q2 (50.0<LE4<67.5)

0.857 (0.555-1.32) 0.48

0.847 (0.544-1.32) 0.46

0.842 (0.536-1.32) 0.45

Q3 (67.5<LE4<81.2)

0.695 (0.391-1.24) 0.21

0.671 (0.369-1.22) 0.19

0.667 (0.341-1.30) 0.23

Q4 (81.2<LE4)

0.583 (0.343-0.991) 0.047

0.524 (0.304-0.901) 0.020

0.518 (0.277-0.970) 0.040

Notes: LE4, Life’s Essential 4; Model | was unadjusted. Model Il was adjusted for age; gender. Model Il adjusted for age; gender; eth; edu; pir.
Abbreviations: OR, odds ratio; Cl, confidence interval; edu, Education level; pir, Poverty ratio;

Mendelian Randomization
Through standard selection procedures, a total of 1531 instrumental variables (IVs) were identified, with all IVs
exhibiting F-statistics greater than 10, indicating no evidence of weak instrument bias (Supplementary Table 4). The
Mendelian randomization (MR) analysis revealed significant associations between 13 exposure factors and psoriasis,
including preferences for strawberries and chicken (strawberry preference: OR = 1.66, 95% CI: 1.15-2.38, P = 0.00636;
chicken preference: OR = 1.61, 95% CI: 1.11-2.32, P = 0.0112). These results suggest a potential causal relationship
between preferences for strawberries and chicken and the risk of psoriasis.

Additionally, statistical power calculations were conducted to assess the confidence in the impact of each dietary factor
on psoriasis. Specifically, preference for Diet fizzy drinks liking showed a significant effect on psoriasis (OR = 1.57, 95%
CI: 1.07-2.30, P = 0.0215), with a statistical power of 96.10%, indicating high confidence in concluding that beverages are
a risk factor for psoriasis. The MR Steiger directionality test further confirmed the consistency of the causal direction. The
Cochrane Q statistic supported homogeneity among the exposure factors (P > 0.05), ruling out heterogeneity. MR-Egger
intercept analysis indicated no evidence of horizontal pleiotropy (P = 0.9724) (Supplementary Tables 5 and 6). These
findings enhance our confidence in the study’s conclusions. Furthermore, preferences for F-sauces (OR = 0.86, 95% CI.:
0.77-0.95, P = 0.00496) and F-salad vegetables (OR = 0.85, 95% CI: 0.74-0.98, P = 0.0224) demonstrated statistical
powers of 77.50% and 76.50%, respectively. Although these powers are slightly below 80%, we still have sufficient
grounds to consider these dietary factors as potential protective factors against psoriasis (Figures 8 and 9, Supplementary
Tables 7 and 8).
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exposure method nsnp pval OR(95%Cl) egger_intercept_pval Q_pval power
F-sauces liking (derived food-liking factor) Inverse variance weighted 8 0.004957498 - 0.86(0.77 to 0.95) 0.902626005 0.7380355 77.50%
Strawberries liking Inverse variance weighted 5 0.006357303 : —— 1.66(1.15t02.38) 0.541970888 0.8679846 72.70%
Chicken liking Inverse variance weighted 2 0.011196631 :'—0—4 1.61(1.11t02.32) - 0.4935008 65.60%
F-fish liking (derived food-liking factor) Inverse variance weighted 27 0.014889296 - 0.92(0.86 t0 0.98) 0.693796428 0.9076985 64.30%
Lager liking Inverse variance weighted 10 0.015565990 ',.4 1.21(1.04 to 1.42) 0.877523292 0.6075658 72.30%
Roast chicken liking Inverse variance weighted 2 0.019599179 :-—o—c 1.54(1.07t0 2.21) - 0.4813943 58%
Diet fizzy drinks liking Inverse variance weighted 4 0.021521568 :'—0—‘ 1.57(1.07 t0 2.30) 0.972445126 0.1041148 96.10%
F-savoury food liking (derived food-liking factor) Inverse variance weighted 21 0.021839188 L 0.92(0.86 t0 0.99) 0.722014655 0.4504625 66.80%
F-salad vegetables liking (derived food-liking factor) Inverse variance weighted 10 0.022433265 l‘\' 0.85(0.74 t0 0.98)  0.290002737 0.2223934 76.50%
Milk chocolate liking Inverse variance weighted 5 0.026926928 ,LH 1.25(1.03t0 1.53) 0.400688223 0.7302353 53.30%
Mackerel liking Inverse variance weighted 14 0.029884061 -" 0.88(0.78t0 0.99) 0.837947142 0.3439040 61.90%
F-low caloric food liking (derived food-liking factor)  Inverse variance weighted 7 0.038066355 L] 0.89(0.79t0 0.99) 0.908914401 0.5000078 47.20%
Avocado liking Inverse variance weighted 11 0.041244089 '01' 0.84(0.70t0 0.99) 0.705300777 0.1265531 65.20%
P<0.05 was considered statistically significant 005 1 2 3 4

protective factor risk factor

Figure 8 Mendelian Randomization Results.
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Discussion

In this study, we systematically analyzed global psoriasis prevalence trends and identified significant associations
between lifestyle factors and psoriasis risk. Mendelian randomization analysis suggested a potential causal relationship
between dietary factors and psoriasis. The study comprises five components, ranging from a global epidemiological
investigation of psoriasis in working-age populations to lifestyle risk factors.

Comparisons with Other Studies

A recent study revealed a notable global increase in the prevalence of psoriasis, rising from 23.06 million cases in 1990
to 42.98 million in 2021—an 86% increase. Men were found to carry a slightly higher disease burden than women,
particularly in regions with a higher Sociodemographic Index (SDI). In 2021, Germany reported the highest age-
standardized prevalence rate (ASPR) at 1,593.7 cases per 100,000 people, while Somalia recorded the lowest at 114.9
cases per 100,000.

The trends highlighted by this research are consistent with earlier studies, confirming the steadily increasing burden of
psoriasis globally. However, this study uniquely focuses on the working-age population (18—64 years), emphasizing
a significant rise in psoriasis prevalence among economically active adults. This age-specific focus provides important
insights into potential productivity loss and economic burden associated with psoriasis in economically active popula-
tions. Germany again emerged with the highest prevalence rate within this demographic, at 1,925.5 cases per 100,000
(95% uncertainty interval: 1,785.3-2,069.3), contrasted by Somalia’s lowest rate of 133.1 cases per 100,000 (95%
uncertainty interval: 121.9-145.2).

Utilizing updated datasets and advanced predictive modeling techniques, the study identified notable increases in
psoriasis burden specifically among working-age individuals, predominantly in high-income regions. These findings
highlight an urgent need for targeted public health interventions for economically active populations, offering crucial
evidence to inform regional strategies for psoriasis prevention and management.

The present study comprehensively examined the impact of lifestyle and nutritional factors on psoriasis, emphasizing
the role of extrinsic environmental influences—particularly modifiable behaviors such as alcohol consumption, smoking,
stress management, sleep patterns, sedentary behavior, and dietary intake—in shaping disease onset, severity, and
progression.® In the component-level analyses, smoking emerged as the strongest contributor to the observed association
between the composite LE4 score and psoriasis. This finding is consistent with extensive evidence linking tobacco
exposure to systemic inflammation and immune dysregulation, both of which are central to psoriasis pathogenesis.
Although physical activity, sleep, and diet quality were not independently significant in the fully adjusted models, the
composite LE4 score reflects an overall behavioral profile. The graded association observed for the composite score
suggests that cumulative lifestyle behaviors remain relevant at the population level.

Compared with the broader Life’s Essential 8 (LE8) framework, the LE4 index provides a simplified structure,
reduced measurement burden, and a clearer focus on directly modifiable behaviors. This streamlined design may enhance
feasibility and scalability in clinical and public health settings, thereby facilitating population-level prevention and health
management strategies.

In sensitivity analyses adjusting for BMI and depressive symptoms, the association between LE4 and psoriasis was
attenuated. This attenuation suggests that part of the relationship between lifestyle behaviors and psoriasis risk may be
mediated through metabolic and psychological pathways. These findings align with the hypothesis that unhealthy
lifestyle patterns may influence psoriasis risk indirectly through their effects on adiposity and mental health.

Dietary patterns also demonstrated meaningful associations. Previous studies have shown that low-calorie and ketogenic
diets may reduce psoriasis severity.”” In our analysis, consumption of diet fizzy drinks was associated with increased psoriasis
risk, whereas fish-based sauces and fresh salad vegetables appeared to confer potential protective effects. The Mendelian
randomization findings linking diet fizzy drinks—defined as carbonated beverages sweetened with non-nutritive sweeteners—to
increased risk may reflect several plausible biological mechanisms. Experimental and observational evidence suggests that non-
nutritive sweeteners may alter metabolic regulation®® and disrupt gut microbiota composition.”” Such disturbances in metabolic
homeostasis and microbial balance have been implicated in systemic inflammation, a key driver of psoriasis. Although causal
pathways remain under investigation, these mechanisms may partially explain the observed association. Conversely, the
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protective associations observed for salads and fish-based dietary patterns may be attributable to anti-inflammatory and
cardiometabolic benefits from nutrients such as dietary fiber, antioxidants, and omega-3 fatty acids. These components improve
endothelial function, reduce oxidative stress, and modulate systemic inflammation, thereby potentially reducing disease
burden.*

By incorporating Mendelian randomization, our study strengthens causal inference and reduces residual confounding
compared with conventional observational analyses.

Limitations

This study has notable limitations. First, the Mendelian Randomization (MR) analysis and lifestyle habits (LE4 score)
data were sourced from populations in the United States and Europe, respectively, limiting the generalizability of findings
to global populations with diverse genetic, environmental, or healthcare contexts. Second, self-reported lifestyle data,
including alcohol consumption, smoking, and dietary habits, may be subject to recall or social desirability bias,
potentially affecting the accuracy of associations. Finally, the study lacks data on long-term lifestyle intervention effects
and patient perspectives, which could inform practical implementation. Future research should include more diverse
cohorts and longitudinal data to enhance applicability.

Due to limitations of the GBD and NHANES datasets, psoriasis subtypes could not be distinguished. Given potential
heterogeneity in pathophysiology and metabolic comorbidities across subtypes, subtype-specific associations with life-
style factors may not have been fully captured.

The Global Burden of Disease (GBD) estimates are model-based outputs derived from the DisMod-MR 2.1 Bayesian
meta-regression framework, which integrates heterogeneous data across countries and time periods. Although uncertainty
is quantified using 95% uncertainty intervals and hierarchical modeling, estimates for low- and middle-income regions
with limited data may carry greater uncertainty and should be interpreted cautiously. Improvements in disease surveil-
lance and registry coverage would further enhance the precision of global estimates.

While the Bayesian Age—Period—Cohort (BAPC) framework enables flexible temporal forecasting, projections
inherently depend on historical trend stability and model assumptions. Although 95% uncertainty intervals were
provided, future structural changes or alternative model specifications could influence absolute estimates. Therefore,
projections should be regarded as scenario-based forecasts rather than exact predictions.

Conclusions

In conclusion, the global burden of psoriasis among working-age adults is increasing. Our findings emphasize the
contribution of modifiable lifestyle and dietary factors, with higher LE4 scores associated with lower risk. Mendelian
randomization analyses further suggest that diet fizzy drinks may elevate psoriasis risk, whereas salad vegetable intake
appears protective. These results support the promotion of healthier dietary behaviors as part of population-level
strategies to reduce psoriasis burden.

Data Sharing Statement

The data supporting this study are from the following sources: GBD 2021, which is publicly available upon registration,
and preprocessed datasets from the GWAS Catalog and NHANES, which are provided in the Supplementary Tables of
this article.
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